
 

DISCLAIMER  

The IPBES Global Assessment on Biodiversity and Ecosystem Services is composed of 

1) a Summary for Policymakers (SPM), approved by the IPBES Plenary at its 7th 

session in May 2019 in Paris, France (IPBES-7); and 2) a set of six Chapters, accepted 

by the IPBES Plenary.  

 

This document contains the draft Chapter 2.1 of the IPBES Global Assessment on 

Biodiversity and Ecosystem Services. Governments and all observers at IPBES-7 

had access to these draft chapters eight weeks prior to IPBES-7. Governments 

accepted the Chapters at IPBES-7 based on the understanding that revisions made to 

the SPM during the Plenary, as a result of the dialogue between Governments and 

scientists, would be reflected in the final Chapters. 

 

IPBES typically releases its Chapters publicly only in their final form, which implies a 

delay of several months post Plenary. However, in light of the high interest for the 

Chapters, IPBES is releasing the six Chapters early (31 May 2019) in a draft form. 

Authors of the reports are currently working to reflect all the changes made to the 

Summary for Policymakers during the Plenary to the Chapters, and to perform final 

copyediting.  

 

The final version of the Chapters will be posted later in 2019. 

 

 

 

 

 

 

The designations employed and the presentation of material on the maps used in the 
present report do not imply the expression of any opinion whatsoever on the part of the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 
concerning the legal status of any country, territory, city or area or of its authorities, or 
concerning the delimitation of its frontiers or boundaries. These maps have been 
prepared for the sole purpose of facilitating the assessment of the broad 
biogeographical areas represented therein. 
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Executive Summary 

 

GLOBAL TRANSFORMATION INVOLVED KEY TRADEOFFS, AND INEQUALITIES, AS 

GROWING INTERACTIONS DROVE ECONOMIC GROWTH BUT ALSO DEGRADATION 

ACCELERATIONS IN CONSUMPTION & INTERCONNECTION HAVE HAD TRADEOFFS 

 

i. Meeting basic material needs and rising hopes of growing populations has had tradeoffs. 

Nature has been degraded by the aggregated impacts of myriad actions (well established). 

Today, humans extract more from the earth than ever before (~60 billion tons of renewable and 

non-renewable resources) {2.1.2.} with population doubling over 50 years {2.1.4.} and the per 

person consumption of materials up 15% since 1980. Over three decades, global extraction of 

biomass, fossil fuels, minerals, and metals rose ~80% {2.1.6, 2.1.11, 2.1.14}. Urban area 

doubled since 1992 and half of agricultural expansion was into tropical forests {2.1.13}. Fishing 

now covers over half the ocean {2.1.11.}. Since 1980, greenhouse emissions doubled {2.1.11, 

2.1.12}, raising average global temperature by at least 0.7 degrees {2.1.12} and plastic pollution 

increased ten-fold {2.1.15}. Over 80% of global wastewater is discharged into the environment 

without treatment, while 300–400 million tons of heavy metals, solvents, toxic sludge, and other 

wastes are dumped into the world’s waters each year {2.1.15}. Fertilizers enter coastal 

ecosystems, producing more than 400 hypoxic zones and affecting a total area of more than 

245,000 km2 {2.1.15}. The number of invasive alien species doubled over 50 years {2.1.16}. 

Today, a full 75% of the terrestrial environment, 40% of the marine environment, and 50% of 

streams manifest severe impacts of degradation {2.1.12}.  

 

ii. Accomplishments and shortfalls in the past  − and the futures that we will shape − follow 

from variations in values, demography, innovation, trade and governance (well established). 

Over the last 50 years, utilitarian instrumental views framed nature chiefly as a source of inputs, 

although narrow views have been challenged by varied institutions {2.1.3}. Irrespective of 

values, our increasing numbers drive degradation. Urban concentration shifts the tradeoffs that 

we face {2.1.4}, while education affects changes in populations and per-person degradation − 

potentially at the cost of losses of the knowledge held by IPLCs {2.1.4}. Scarcities in nature’s 

contributions have driven innovations that shift tradeoffs, from the Green Revolution to massive 

hydroelectric dams, with genetic engineering, fracking, wind power, and other trends all to be 

fiercely debated {2.1.5}. The diffusion of such innovations could lower total degradation, while 

globalization has shifted degradation far away from consumption {2.1.5, 2.1.6}. Local 

community governance has organized more sustainable production {2.1.8} while nations, as 

‘global community citizens’, have initiated a range of governance agreements, which had a range 

of fates. Nations also have adopted domestic conservation policies and even adjusted economic 

policies for nature {2.1.9, 2.1.10}. Supply chains are challenging national governance yet also 

signaling citizens’ environmental preferences {2.1.7}. 

 

iii. Within and across countries, outcomes trajectories have been unequal – for nature, for 

basic individual human needs, and for aggregate economic growth rates (well established). 

Forest cover stabilized in high-income but since 1990 fell 30% in low-income countries {2.1.11} 

as agricultural area fell in the former but rose in the latter {2.1.11, 2.1.13}. Natural assets values 

fell 1% in low-income countries, since 1995, yet rose 5% in middle- and upper-middle-income 
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countries {2.1.2, 2.1.13}. While 860 million people face food insecurity in Africa and Asia, 

obesity is rising in high- and middle-income countries {2.1.2}. Per-capita demand for materials 

from nature is 4 times higher in high- than low-income countries {2.1.2}. Per-capita 

consumption of animal protein rose by 50% during 1960-2010, to ~55 g/capita/day within the 

US and the EU, and ~30 g/capita/day in Latin America, but only ~15 g/capita/day in Asia and 

Sub-Saharan Africa {2.1.2}. Contrasts are clear in the satisfaction of basic needs and the 

maintenance of nature and the two are linked, e.g., 40% of the globe’s population lacks access to 

clean and safe drinking water and the highest gaps drive up child mortality in Africa {2.1.2}. 

Environments-based health burdens (e.g., air or water pollution) are born by people with lower 

income {2.1.2, 2.1.15}, while GDP per capita is 50 times larger in high- than in low-income 

countries and still it is rising faster within the former {2.1.2}. 

 

I. INDIRECT DRIVERS: THE ROOT CAUSES OF TRANSFORMATIONS (PRO & CON)  

VALUES, DEMOGRAPHY, INNOVATION, TRADE & GOVERNANCE DRIVE OUTCOMES 

I-A. INDIRECT DRIVERS − VALUES 

 

1. The ways in which nature is conceived of and valued have had enormous implications for 

different consumption and production choices that influence degradation (well established). 

Values differ across people, and evolve over time, informed by cultures and experiences 

{2.1.2.3}. Values toward nature may be grounded in ethical principles, and relationships, or 

predominantly utilitarian, focused on immediate preferences or leaning toward consideration of 

the future {2.1.2.3}. Globalization, migration, urbanization, and climate change are disruptors 

that can catalyze shifts in values towards nature {2.1.3}. Relational worldviews and values with 

strong ties to the land are central in many cultures around the world, associated to self-imposed 

restriction based on norms {2.1.3}. Narrower utilitarian, instrumental views of nature as a source 

of economic inputs, though, underpinned a variety of actions that promote resource extraction, 

industrialization, urbanization, and global trade, which continue to intensify {2.1.3}. Such views 

have been challenged in the last fifty years by calls for other ethics to mediate the interactions 

among and between humans and nature {2.1.3}. Examples of such narratives are the “living in 

harmony with nature” principle of the Rio 1992 Summit of The Earth conference, the Mother 

Earth emphasis within “the future we want” vision from Rio+20, and Pope Francis’ recent 

encyclical {2.1.3}. Such visions of well-being and links to nature clearly have evolved over time 

{2.1.3}. For instance, if nature is degraded over time, while economies grow, core values may 

shift from a narrower orientation toward economic development to an integration of other 

dimensions such as varied capacities, justice, security and equity − all linking with nature in 

different ways {2.1.3}. Yet, stepping back, while all these views contributed to conservation and 

restoration in some locations, at the global level degradation of nature has continued despite 

increasing high-level awareness of degradation and scarcity {2.1.3}.  

 

I-B. INDIRECT DRIVERS − DEMOGRAPHY 

  

2. For any values, population size is a big factor in scales of degradation (well established). 

Populations have been growing, globally, increasing 1.56 times since 1980 overall, and despite 

regional variations this growth is expected to continue − with implications for degradation 

{2.1.4, 2.1.13}. The largest current increases are in lower-income countries and in Africa, where 

the total population doubled, yet countries are starting to experience decreases, as high-income 
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countries have experienced in the past {2.1.4}. That said, those decreases in fertility rates result 

not from an automatic ‘demographic transition’, based upon economic development alone, but 

instead from conditions including women’s empowerment and their access to family planning 

methods {2.1.3}.  

 

3. Education causes and is caused by economic growth – which in turn degrades, lowering 

human capital – yet education also can influence the rates of degradation (well established). 

Education has increased globally, in particular for women, with implications for human capital 

accumulation and, thereby, use of nature {2.1.4}. Together, those capital assets form a large 

share of national wealth, in particular for lower-income countries, and support an ongoing 

investment in education {2.1.4}. Environmental education can support lower degradation per 

unit of economic growth, through shifts in both production and individual habits {2.1.4}. This 

has benefits for human capital, as for example pollution lowers human productivity {2.1.4, 

2.1.13}. 

 

4. Appreciation of indigenous and local knowledge (ILK) for managing nature is rising yet, 

at the same time, these local knowledge systems continue to be degraded (well established). 

Indigenous and local knowledge (ILK) generated within IPLCs increasingly is seen as relevant 

for sustainable production. It offers broadly applicable alternatives to centralized and technically 

oriented solutions, which often have not substantially improved prospects for smaller producers 

{2.1.4, 2.1.5, 2.1.11, 2.1.13}. Yet, at the very same time, values and knowledge change with 

exposures including formal education, which can erode local worldviews that prioritized nature 

{2.1.3, 2.1.4}. 

 

5. Migration is both a cause and an effect of nature’s degradation. Links in both directions 

are connected to patterns of vulnerability, in rural as well as urban areas (well established). 

Migration has increased greatly, with 220 million international migrants entering other countries 

since 1980: more in high-income countries; rising more in upper-middle-income countries 

{2.1.4}. Environmental and economic factors contribute to this migration. Today, environmental 

migrants number several million {2.1.2, 2.1.4} given inequity across regions in conditions for 

well-being and in provisioning and regulating contributions from nature that are among the most 

important determinants {2.1.2, 2.1.4}. Immigrants are often among the most vulnerable groups 

in society, with low access to nature’s contributions to basic needs (water, sanitation and 

nutrition), yet they can have impacts on how nature is managed, including due to differences in 

values {2.1.2, 2.1.4}.  

 

6. Urbanization has been rapid, with enormous consequences including spatial patterns of 

land use that affect nature and NCP provision in urban and rural areas (well established). 

Today, close to 60% of the world’s population lives in cities, with the fastest increases in Asia-

Pacific (25% rise in urban share in 1980-2010) and Africa (37%). There are 2.8 billion people 

now in megacities, with the fastest growth in low- (45% since 1980) and lower-middle-income 

(39%) countries {2.1.4}. In the developing world, many of those people live in slums, with a low 

quality of environment and life {2.1.4}. Cities are sources of innovations in transport, industry 

and medicine, however. Their high densities affect spatial patterns of land use and, thereby, 

nature {2.1.4}.  Urban consumers have huge impacts and thus the potential to drive global 

changes {2.1.4}. 
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I-C. INDIRECT DRIVERS − TECHNOLOGY 

 

7. By region, IPLC practices are expanding in their use or disappearing (well established). 

Much of the globe’s population appropriates natural resources via rural or primary management 

of terrestrial, marine and freshwater ecosystems {2.1.2, 2.1.4, 2.1.5}. Related IPLC practices 

based on longstanding knowledge of complex local ecological systems are seen to be resilient in 

IPLCs and among smallholders who together are ~2 billion people with 25% of land {2.1.5}. For 

instance, the agroforestry systems in many tropical countries have common characteristics: 

highly diversified, productive, complex, and using rotations in agriculture – as well as grazing, 

hunting, and fishing {2.1.5}. Yet a combination of lifestyle change, adaptation to climate change, 

seasonal migration, enclosures, privatization, and degradation of resources is strongly affecting 

both the settlement patterns and the lifestyles of the peoples who manage directly these diverse 

systems {2.1.5}.  

8. Technological advances in agriculture brought new benefits and costs (well established). 

The Green Revolution brought opportunities and risks − exemplifying the need to consider both 

social and environmental tradeoffs of innovations that benefit aggregate economic output 

{2.1.5}. Yields of rice, maize and wheat all increased, steadily, through greater application of 

irrigation, fertilizers, machinery, and seed varieties with higher yields and resistance to disease 

{2.1.5}. Yet despite aggregate gains, there were losses for some groups and for the environment 

(all raising possible tradeoffs in agricultural genetic engineering) {2.1.5}. Food security may 

have fallen, for some, as production shifted from subsistence approaches which had fed 

Indigenous Peoples and Local Communities to monocultures that offered lower nutrition and 

access to markets {2.1.2, 2.1.5}. Further, despite greater food availability famine continued 

given institutional failures {2.1.2, 2.1.5}. 

  

9. Transitions from biomass to other energy sources have large impacts (well established). 

Innovations have also greatly shifted how energy is produced and used around the world {2.1.5}. 

More than in other regions, households in Sub-Saharan Africa and East Africa in particular still 

depend on biomass for domestic energy supply (and some high-income countries are promoting 

renewable woody biomass). By setting, this can adversely affect human health and provision of 

contributions such as climate regulation and species habitats {2.1.5}. Information constraints, 

costs of capital, cultural preferences, and slow development of market institutions inhibit 

adoptions of modern fuels (e.g., liquid petroleum gas or electricity) {2.1.5}. The resulting 

deforestation not only lowers multiple contributions from nature but also threatens local supplies 

of energy {2.1.5, 2.1.12}. Demands for energy are also increasingly met by hydroelectric dams, 

with projected expansions in Latin America, Africa and Asia − again changing the production-

degradation tradeoffs {2.1.5}. 

 

10. Scarcity of nature’s contributions has motivated various adjustments (well established). 

Scarcities due to the degradation of nature have motivated shifts towards methods of production 

with lower material or environmental intensities {2.1.2.1}. For instance, households invest in 

cleaner stoves when rising incomes raise food consumption and thus also fuels consumption for 

cooking, such that indoor air quality falls {2.1.5}. Information on water quality motivates 

purification efforts from village infrastructures to household filters and bottled water {2.1.5}. In 
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irrigation, scarcity of water quantity drives societal innovation like upstream-downstream 

allocation committees {2.1.5}. High prices for fossil fuels inspire novelties from rural extensions 

of electric grids to solar lamps and wind energy as well as batteries to store the output {2.1.5}. 

Positive effects of such innovations include those from their diffusion {2.1.5}. Broader use 

allows low-income countries to avoid more environmentally destructive stages of economic 

growth by ‘leapfrogging ahead’ to more modern technologies of production with less 

degradation per unit of output {2.1.2.1}. Policy innovations may seek to spur such private 

innovation and adoption in light of critical degradations of nature {2.1.5}. Concerns about 

climate change, for instance, have led to proposals for carbon taxes, so that fuel and other prices 

reflect degradation and spur innovation in both mitigation and adaptation {2.1.5}. 

 

I-D. INDIRECT DRIVERS − ECONOMY 

 

11. Transitions across sectors greatly influence the degradation of nature (well established). 

As economies have grown, since 1950, many have shifted from agriculture toward both industry 

and services {2.1.6}, resulting in far higher shares in agriculture for value added, and 

employment, for the low-income countries {2.1.6}. This affects management of nature, given 

that industrialized economies are characterized by the lowest materials intensities {2.1.6} – 

although we must keep in mind that this is due in part to their imports of agriculture (see below). 

At 0.5 tons of material extraction per US$1000 GDP, Europe and North America had the lowest 

2013 intensities (down from 0.8 and 1 in 1980, respectively) {2.1.6}, as influenced by the 

methods noted above as well as sectors characterized by lower material per unit of economic 

output {2.1.6}. Yet even material efficiency can be swamped by rising production {2.1.6} and, 

while Asia lowered intensity from ~3 tonnes per $1000 US GDP in 1980 to 2.3 tonnes in 2001, 

since 2002 intensity rose again, reaching 2.9 tonnes in 2013 − with immense impact on average 

global intensity {2.1.6}. African economies still have the highest intensities but gains over 30 

years have been significant, e.g., from 5.2 tonnes per $1000 US GDP in 1980 to 3.9 tonnes in 

2013 {2.1.6}. Evidence is mixed for time paths as economies grow, with the scale of 

consumption potentially offset by the mix of what is consumed and the way in which it is 

produced. Forests show reversals from degradation to recovery, while different pollution types 

have mixed paths, including due to trade {2.1.6, 2.1.13}.  

 

12. Concentration of output and funds – sometimes associated with industrial innovation − 

influences what is produced and who benefits within and across countries (well established). 

Today, a few corporations and/or financiers often control large shares of the flows in any market, 

as well as amounts of capital assets that rival total revenues for a vast majority of countries 

{2.1.6}. These concentrations and their locations can hamper nature governance efforts (see 

below) {2.1.6}. Related, increasing shares of relevant sectors (e.g., coffee, fruits & vegetables, 

textiles & apparel, furniture) are supplied through value chains featuring considerable power at 

the retail ends {2.1.6}. This affects bargaining in exchanges of labor, and goods made with 

natural resources, including in the agricultural, fisheries and forestry sectors {2.1.6}. The 

location of power additionally affects regulatory oversight, with respect to environmental and 

social issues {2.1.6} – e.g., infrastructure development is known for its murky oversight and for 

its impacts upon nature. Funding via tax havens provided 68% of foreign capital for Amazonian 

soy and beef production and supported 70% of the vessels that are implicated in illegal, 

unreported and unregulated fishing {2.1.6, 2.1.11}. 
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13. Expanding trade means consumption affects degradation elsewhere (well established). 

Domestic material consumption per capita is highest for the higher-income plus rapidly growing 

upper-middle-income countries {2.1.2, 2.1.6}. Net goods flows vary, with some countries 

exporting more and others importing more {6}. Generally, higher-income countries reduced 

agricultural outputs over the last 50 years {2.1.6, 2.1.12}, and domestic water footprints, while 

importing crops from low-income countries {2.1.6}. Environmental degradation from the 

production of those traded goods should be taken into account in assessing importing countries’ 

net impacts, as total  impacts can rise as domestic degradation falls {2.1.6}. This all influences 

equity too, e.g., whether in current market institutions suppliers of resources get ‘equitable’ 

compensation {2.1.6}. Different tradeoffs arise when forest in low-income countries is 

conserved by importing from high-income countries, which can occur when efficient uses of 

capital lower the total areas in production – a phenomenon that may lower local incomes in that 

sector or spur other local sectors {2.1.6, 2.1.13}. 

 

I-E. INDIRECT DRIVERS − GOVERNANCE 

 

14. Pro-environmental signaling from consumers has grown, within multiple supply chains, 

yet the documentation of significant impacts on nature has been limited (well established). 

Consumers at the ends of supply chains increasingly request information about the practices and 

the degradation linked with production. It can be facilitated by civil society, even across borders, 

as third parties collaborate with all of the private actors engaged in varied exchanges {2.1.6, 

2.1.7}. Sustainable-production certifications, terrestrial or marine, have risen greatly – for 

practices both environmental and social – yet despite some positive anecdotes, large impacts 

remain rare {2.1.6}. 

 

15. Community governance has reduced or reversed degradation in cases (well established). 

Local actors have often conserved nature in common-property systems − using local information, 

social norms, and abilities to impose cost {2.1.2, 2.1.8}. For centuries, IPLCs have contributed in 

this way to regional economies. In recent decades, the share of resources such as forests 

governed by Indigenous Peoples and Local Communities has grown {2.1.8}. Governance of 

shared resources can be facilitated by access to resources and information sharing; for instance, 

the unassessed smaller fisheries have fared worse {2.1.8}. Lacking comprehensive global data, 

we have sufficient cases of  both successes and failures to have learned that community 

governance can be effective, yet it is not always {2.1.8}, and successes may rely in part on the 

roles of formal governments − e.g., without the public defense of local rights to manage resource 

and to exclude others, community areas of terrestrial and aquatic resources can be invaded and 

local efforts thus undermined {2.1.8}. 

 

16. Public clarifications of rights influence investments that affect nature (well established). 

Allocating private rights may generate conflicts concerning fairness or equity − yet clear rights 

can improve the efficiency of both investment and management by, e.g., smallholders who are 

incentivized to monitor nature locally, as for terrestrial multiple-use protected areas {2.1.8, 

2.1.9}. Clear examples of the importance of rights also exist for large- and small-scale fisheries 

which used rights-based governance to maintain fish stocks {2.1.8}. Successes in management 

have been more frequent when such local rights were established in ways that respected local 
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procedures. When government ignores local governance, public interventions can be destructive 

{2.1.8, 2.1.9}. 

 

17. Public facilitation of sustainable land-use practices − such as agroforestry, agroecology, 

some intensification − shows promise and perhaps potential for upscaling (well established). 

With appropriate support, both financial and non-financial, sustainable agroecological practices 

have restored nature and its contributions. At varied scales, these have been observed in multiple 

locations across the globe from farmer-managed regeneration in dry parkland forests in Africa to 

a variety of Indigenous Peoples and Local Communities forests which function under forestry 

certifications {2.1.8}. Yet there can also be spillovers from such intervention – e.g., raising 

forest cover within a country may be facilitated by degradation elsewhere, as forest clearing 

simply shifts (see Asian examples) {2.1.8}. 

 

18. Leading economic policies (e.g., roads, credit, private rights) can be adjusted to lower 

degradation of nature and potentially at a low cost to affected economies (well established). 

One way governments stimulate economies is by investing in infrastructures for transport 

{2.1.9}. An obvious option to reduce its degradation is planning the routes for economic 

corridors {9}. With good local information, and processes, this can lower the costs of satisfying 

all stakeholder safeguards. Another core policy is establishing and enforcing clear tenure {2.1.8, 

2.1.9}. Clarifying smallholder rights, including around customary tenure, can lower natural 

degradation {2.1.8, 2.1.9}. Further, it can spur greater investment in productivity, including 

within sustainable approaches. 

 

19. Popular economic subsidies to degrading behaviors can be adjusted (well established). 

Subsidies to various forms of energy (gasoline, electricity, etc.) are common − and popular 

{2.1.9}. Possible adjustments include maintaining income transfers while removing price 

distortions that have raised environmentally damaging behaviors {2.1.9}. Alternatively, such 

credits, or transfers, can be made conditional on environmental metrics (just as in conservation 

policies below) {2.1.9}.     

 

20. Public conservation policies like Protected Areas and Payments for Ecosystem Services 

reduced degradation if pressure was confronted and local actors engaged (well established). 

A growing set ‘payments for ecosystem services’ (PES) compensate local actors for restrictions 

on uses of nature {2.1.9}. States also directly restrict production or extraction as in protected 

areas, the most extensive conservation measures, and undertaken costly actions to restore nature 

{2.1.9}. The gains for nature from such interventions have ranged from none to quite significant, 

based on whether and how pressures were confronted and if that included engaging with locals 

{2.1.9}. Impacts have been more common in high-income countries, although funding transfers 

support interventions in low-income countries that provide global public goods (e.g., carbon 

storage and  habitats) {2.1.9}. Restrictions in low-income countries can have positive local 

outcomes if support is provided yet unless local actors are a focus, economic costs can be higher 

than local benefits {2.1.9}. Generally, equity considerations can shift the choices and 

implementation of such policy. Policies’ benefits and costs often are not equally distributed 

across either income levels or other dimensions, including race, though who bears the burden 

varies greatly with varied use patterns. Rights allocations and subsidies affect disparities, in 

either direction − again varying by context. 



Unedited draft chapters 31 May 2019 

13 

 

 

21. Governments have coordinated to reduce some types of degradation (well established). 

National borders limit governance of transboundary resources. While various global ‘commons’ 

are judged to be worth conserving, including outside of national jurisdictions, accountability for 

failures of sustainable management there has been, at the least, uneven {2.1.10}. Like 

individuals in communities, nations can agree upon self-regulations that aid global ‘commons’ 

by mutually limiting degradation, even when facing high costs of organizing restrictions, as well 

as threats to their stability based on nations’ political shifts over time {2.1.10}. For global 

coordination such as about biodiversity, the ozone layer, the climate system, the oceans, and 

poles, the coordination of actors can be even more difficult than for local communities {2.1.10}. 

Still, even if some policies have not had short-run impact, efforts are ongoing. For example, a 

relatively recent endorsement by 170 states of FAO’s Code of Conduct for Responsible Fisheries 

(CCRF), in 1995, as well as a growing endorsement of The Agreement on Port State Measures to 

Prevent, Deter and Eliminate Illegal, Unreported and Unregulated Fishing, which came into 

force in June 2016 (now with 54 countries), have contributed to a lowering of illegal, unreported, 

and unregulated fishing {2.1.10}. 

 

II. DIRECT DRIVERS  

DEMANDS HAVE LED TO VARIED ACTIONS WITH MULTIPLE IMPACTS UPON NATURE 

 

II-A. DIRECT DRIVERS – SECTORS (actions that link indirect drivers to aggregated impacts) 

 

22. Fisheries have the largest footprint − with all of industrial extraction, aquaculture and 

mariculture, and the small fisheries critical for the livelihoods of millions (well established). 

Today, industrial fishing has a footprint four times larger than agriculture, in which more than 

the 70,000 reported industrial fishing vessels cover at least 55% of the oceans − with hotspots for 

fishing in the northeast Atlantic, northwest Pacific, and upwelling regions off South America and 

West Africa {2.1.11}. Smaller fisheries account for over 90% of the commercial fishers (over 

100 million people), as well as nearly half (46%) of the total global fish catch, yet the rest of 

global fish production is quite concentrated, within a few countries and a few corporations. 

Knowledge of inland fisheries is limited, despite their societal and ecological significance 

(accounting for up to 12% of global fisheries production). The contribution of aquaculture and 

mariculture to global fish production is increasing (6 - 9% growth in 1990-2012), with mixed 

effects upon coastal and marine ecosystems. While nearly 75% of the major marine fish stocks 

are currently depleted, or overexploited, since 1992 the global fishery community has 

incrementally adopted sustainable development principles created under the umbrella of 

mainstreaming biodiversity in fisheries. 

 

23. Agriculture, including grazing, has immense impacts upon terrestrial ecosystems, with 

important differences depending upon an enterprise’s intensity and size (well established). 

Agricultural systems remain quite varied, with plant- and animal-based systems, monocultures 

and mixed farming, plus newly emerging systems including organic, precision, and peri-urban 

approaches to production. Today, over a third of the world's land surface and ~ 3/4 of freshwater 

resources are devoted to agropastoral production {2.1.11}. Grazing occurs on ~ 50% of 

agricultural lands and ~70% of drylands {2.1.11}. About 25% of greenhouse gas (GHG) 

emissions come from land clearing, crop production, and fertilization, with animal-based food 
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contributing 75% of it. Intensive agriculture has led to increases in food production at a cost of 

multiple regulating and non-tangible contributions from nature and even overall decreases in 

well-being in cases {2.1.11}. Small land holders (< 2 ha) contribute ~ 30% of global crop 

production and ~30% of the global food supply − using 24% of agricultural land and with the 

largest agrobiodiversity levels {2.1.11}. Their diverse agricultural systems, developed over 

centuries, have reduced negative impacts on nature, providing a wide range of material and 

regulating and non-material contributions, while generating the basis for sustainable agriculture 

intensification, soil management and integrated pest management {2.1.11}. Organic agriculture 

has developed rapidly, with variable outcomes: in general, it has contributed to higher 

biodiversity, improved soil or water quality, and nutritional values, although often at the expense 

of lowering yields and/or raising consumer prices {2.1.11}. 

 

24. Industrial roundwood harvests have risen, while bioenergy use rose dramatically in the 

rural areas of poorer regions, with some sustainable forest management (well established). 

Reductions in forest cover during 1990 to 2015 totaled 290 million ha (~ 6%), although the areas 

of planted forests rose by 110 million ha (51%) {2.1.11}. Industrial roundwood made up half of 

the global harvest (3.9 billion m3 in 2017), with fuelwood the other half {2.1.11}. Industrial 

harvest is falling in high-income countries but rising in upper-middle and lower-middle-income 

countries {2.1.11}. Global bioenergy uses almost tripled, largely in Africa, although bioenergy 

fell as a share − from 15% to 10% − with 30% of global fuelwood deemed unsustainable and 

over 200 million people facing rural fuelwood scarcities, mostly in South Asia and East Africa 

{2.1.11}. Sustainable forestry has been tried in many countries, over some time, including for 

forest certification, with some positive impacts upon forest cover and biodiversity, although 

mixed social impacts {2.1.11}. 

 

25. Harvesting wild plants and animals from land- and sea-scapes supports the livelihoods 

of a large share of the globe’s population, raising sustainability concerns (well established). 

Over 350 million people − mostly lower-income households in Africa, Asia, Latin America − 

depend on non-timber forest products (NTFPs) for subsistence and income. Over six million tons 

of medium-to-large-sized mammals, birds, and reptiles are harvested in the tropics, annually, for 

bushmeat. Also, ~ 6 million wild ungulates are harvested in the northern hemisphere every year, 

by game hunters {2.1.11}. Evidence on sustainability is sparse, yet a well-managed harvesting of 

resources with strong local involvement could benefit both livelihoods and conservation 

{2.1.11}.  

 

26. Mining has risen dramatically, with big impacts on terrestrial biodiversity hotspots and 

global oceans, most in developing areas with weaker regulation (established but incomplete). 

Hundreds of mined products serve quite diverse purposes, globally, contributing more than 60% 

of 2014 GDP for 81 countries, with 17,000 large-scale sites in 171 countries. Most minerals are 

produced by large international corporations {2.1.11}. Still, small-scale mining is important in 

the livelihoods of many rural poor in the developing world − where many corporations have now 

located, given weaker environmental and social regulations (Africa is estimated to have 40% of 

global gold, 60% of cobalt, and 90% of platinum reserves) {2.1.9, 2.1.11}. Such impacts of 

mining are a growing concern, including per conflicts and illegality – although systematic 

quantitative data are unavailable {2.1.9, 2.1.11, 2.1.13}. Mining utilizes under 1% of global land 

but its negative impact on biodiversity, availability and quality of water, and human health may 
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be larger than from agriculture {2.1.11}. Gold mining is of particular concern, given the rising 

demands and big impacts on biodiversity hotspots (despite protected areas) {2.1.11}.  Ocean 

mining has been increasing, with ~ 6,500 offshore oil and gas installations, worldwide, in 53 

countries (60% in the Gulf of Mexico) and possible expansion in the Artic and Antartic regions 

as ice melts {2.1.11}. 

 

27. Dams, roads, and cities have strong local negative impacts on nature, yet they also can 

have positive spillovers associated to increased efficiency and innovation (well established). 

While new infrastructure tends to have negative local consequences for nature, it can also have 

significant positive and negative spillovers {2.1.11}. The total number of dams has escalated in 

50 years, with ~ 50,000 large dams (> 15 m height), and ~ 17 million reservoirs (> 0.01 ha) 

holding ~ 8,070 km3 of water {2.1.11}. Urban area, while accounting less than 3% of the total 

land area, is rising faster than urban population and is associated with large effects beyond cities, 

which affect regional climates, hydrology and pollution {2.1.11}. Yet urban areas can excel in 

stewardship, e.g., raising flood resilience, reducing emissions, and constructing biodiversity 

friendly spaces {2.1.11}. New transport infrastructure tends to raise forest losses on frontiers, 

with direct negative impacts on biodiversity, plus exacerbate the environmental impacts of other 

developments, such as large mining operations {2.1.11}. Yet within more developed settings, 

shifts in transport costs can help forests {2.1.11}. Increasing human encroachment, land 

reclamation, and coastal development have strong impacts on coastal environments {2.1.11}. 

More and better planned infrastructure is found in higher income countries while fast, ill-planned 

expansion of infrastructure is found in rapidly growing urban and peri-urban settlements, 

especially in Africa and South and East Asia {2.1.11}. 

 

28. Tourism has risen dramatically with huge impacts on nature overall, higher impacts for 

the higher-end options, and mixed outcomes from nature-based options (well established). 

Tourism grew dramatically in the last 20 years both domestically and internationally, especially 

from high- and upper-middle-income countries, with international travel levels tripling {2.1.11}. 

During 2009-2013, tourism’s carbon footprint rose 40% to 4.5 Gt of carbon dioxide (8% of the 

total greenhouse gas emissions involved in transport and food consumption related to tourism) 

{2.1.11}. Most of those emissions are in, or from, high-income countries. The impacts of a trip 

varies 1000-fold in terms of energy use, being higher for luxury accommodations and selected 

transportation types for the globally growing class of wealthy travelers {2.1.11}. The demand for 

nature-based- or eco-tourism also has risen, with mixed effects on nature and societies {2.1.11}. 

 

29. Both airborne and seaborne transportation of goods and people has risen dramatically, 

causing both increased pollution and a significant rise in invasive species (well established). 

Transport of goods and people has risen drastically over the last few decades, with the number of 

air flights doubling globally (1980-2010) and tripling for high-income countries {2.1.11}. 

Seaborne carriage has doubled for oil, quadrupled for general cargo, and quintupled for grain and 

minerals over this period, while the voyage lengths also have increased {2.1.11}. The transport 

of goods and people has direct, indirect, and cumulative impacts upon nature including pollution 

(of air, water and soil), greenhouse-gas emissions (contributing 15% of the global CO2 

emissions), and varied durable consequences along trade routes including introductions of alien 

invasive species {2.1.11}. 
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30. Restoration can offset current degradation levels, with varied intensities and outcomes, 

although global initiatives have focused mostly on our forests (established but incomplete). 

Restoration increasingly is required, given the ongoing degradation of various ecosystem types. 

It offers direct and indirect benefits through material, regulating and non-material NCPs 

{2.1.11}. Approaches range from passive to active − with distinct costs, limitations, extents, and 

outcomes − though no global data are available on its current extent and outcomes {2.1.11}. One 

large-scale initiative is the Bonn Challenge aiming to restore 350 M ha of degraded forestland 

worldwide by 2030, yet no similar global challenges have been proposed for any non-forest 

ecosystems {2.1.11}.  

 

31. Illegal extraction – including fishing, forestry and poaching – adds to unsustainability, 

yet is fostered by markets (local, global) and poor governance (established but incomplete). 

Illegal, unreported or unregulated (IUU) fishing made up 33% of the world’s total catch in 2011, 

being highest off the coast of West Africa and in the Southwest Atlantic {2.1.11}. Illegal forestry 

supplies 10-15% of global timber, going up to 50% in some areas, worsening both revenues (for 

private or state owners) and livelihoods for poor rural inhabitants. Illegal pressures also increase 

the costs of trying sustainable forest management {2.1.11}. Illegal production of biofuels is 

large, especially for small, poor, informal actors in Africa {2.1.11}. Poaching is rising, pushing 

species (e.g., rhinos, tigers) toward extinction despite considerable international efforts {2.1.11}. 

Illegality is incentivized by high prices of species in demand and, for the low prices often 

received by the poor, driven by weak regulation and enforcement, with corruption and poor 

management {2.1.11}. 

 

II-B. DIRECT DRIVERS − AGGREGATED IMPACTS OF ALL ACTIONS ON NATURE 

 

32. The largest transformations in the last 30 years have been from increases in urban area, 

expansions of the areas fished, and the transformations of tropical forests (well established). 

Today, 75 percent of the total land surface and 40 percent of the ocean area are severely altered 

{2.1.12}. The total area of cities has doubled from 1992 to 2015, with the most severe impacts in 

tropical and subtropical savannas and grasslands {2.1.13}. Agriculture area in the tropics 

expanded mostly at the expense of tropical forests, with large expansions (∼35 million ha) 

associated with cattle ranching in Latin America, linked to diets, and plantations, including for 

oil palm {2.1.13}. Land-cover changes have led to increasing fragmentation of the remaining 

forest as well {2.1.13}. Technological advance in agriculture, fisheries and aquaculture, and 

forestry has yielded at times irreversible shifts in ecosystems and in nature’s contributions. These 

are exacerbated by greater  livestock densities, changes in fire regimes, and intensifications 

leading to accelerated pollution of soils and water {2.1.13}. Soil degradation − including erosion, 

acidification, and salinity − has increased globally, although further systematic and reliable 

information will be required {2.1.13}.  

 

33. Demands for materials for nature have escalated, especially in middle income countries 

and the Asia-Pacific region, accounting for unprecedented global impacts (well established). 

The total demands for living and non-living materials increased three-fold from 1980 to 2010, 

while the demand for materials used in construction and industry quadrupled during that time. 

The most drastic increases in demands for construction materials – on the order of ten times − 

occurred within upper-middle- and lower-middle-income countries and the Asia-Pacific region.  
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The extraction of living biomass from agriculture, forestry, fishing, hunting, and other activities 

has nearly doubled, globally − with the rapidly growing upper-middle-income countries having 

the highest current levels for the rates of extraction for all living and non-living materials 

{2.1.12, 2.1.14}.  

 

34. Pollution has been increasing at least as fast as total population, with key differences by 

region and by type of pollution − with more monitoring needed (established but incomplete). 

While quantitative assessment of pollution is limited in terms of the amount and quality of data 

in many countries, current data show pollution rising at least as fast as is the human population. 

Untreated urban sewage, industrial and agriculture runoffs, as well as oil spills, and dumping of 

toxic compounds, have had strong negative effects on freshwater and marine water quality 

{2.1.15}. Non-greenhouse-gas atmospheric pollution, such particulate matter, is highest in 

countries with low or no regulation standards and poor enforcement, often at lower income. 

Fertilizer use rose four-fold in only 13 years, in Asia-Pacific, and doubled in high-income 

countries {2.1.11, 2.1.15}.  

 

35. Alien species increasingly are recorded across continents, although less in Africa, given 

variable rates of species ‘invasibility’ and monitoring capacity (established but incomplete). 

Current cumulative records of alien species are ~ 30 times larger in high- than in low-income 

countries. Though comparable across Europe and Central Asia, the Americas and Asia-Pacific, 

they are ~ 4 times lower in Africa {2.1.12, 2.1.16}. This has resulted from increased trade and 

population densities but also large differences in detection capacities and ‘invasibility’ across 

alien species. 

 

36. Climate has changed since pre-industrial times due to anthropogenic activities and has  

influenced impacts, on nature and society, of many other critical drivers (well established). 

Anthropogenic activities − in particular those raising greenhouse-gas emissions − are estimated 

to have caused approximately a 1.0°C warming by 2017, versus pre-industrial times, with ~0.2°C 

(±0.1°C) rises per decade. The fastest changes are observed in flat landscapes at higher latitudes 

{2.1.17}. The frequency and the magnitude of extreme weather events both have increased 

across the last five decades, while the global average sea level rose at a rate of over 3 mm yr-1 

over the last decades {2.1.12, 2.1.17}. Greenhouse-gas emissions are increasing fastest in the 

upper-middle-income countries and the Asia-Pacific region. In 1980, high-income countries were 

highest but emissions are decreasing in these regions with changes in behavior, due to perceived 

threats, plus responses in governance and innovation – as well as some shifts in emissions to 

other countries {2.1.17}.  

 

III. DEVELOPMENT PATHWAYS 

DOMINANT DEVELOPMENT DYNAMICS INVOLVED COMPLEX INTERACTIONS ACROSS 

COUNTRIES AND REGIONS, LEADING TO INEQUALITIES IN NATURE AND TRADEOFFS 

 

37. Rising interactions via global trade shifted consumption’s footprints (well established). 

The consumption footprint per capita of each country, measured as the amount of land needed to 

support consumption, rises with per capita income or per capita GDP. Thus, it is far from equal. 

It rises even more rapidly for elements beyond the consuming country’s borders that can reflect 

stronger governance of nature within the consuming countries. That affects nature more in low-
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income countries with weaker governance {2.1.18}. Alternatively, production might shift to 

more efficient locations and reduce total degradation as efficient production lowers market 

incentives for supply. Strategies in international governance also affect nature beyond countries’ 

borders. For instance, protected areas can block inefficient production in forest habitats in low-

income tropical countries that are highly prized, shifting production to less-prized locations 

elsewhere. On net, though, trade-based degradation has flowed toward those countries with 

lower income. 

 

38. The tradeoffs between economic growth and degradation have shifted (well established). 

Even for higher-income countries, earlier economic development during the last 50 years mostly 

occurred at the expense of local nature. When trade and governance increased imports of nature 

from low-income countries, economic aid (perhaps compensating global public goods as above) 

could provide those countries with local net benefits {2.1.2, 2.1.18}. In contrast, concentrating 

power in global supply chains lowers economic returns in lower-income countries from 

appropriations of nature – sometimes with net local environmental and economic costs. These 

interactions helped high-income countries to protect their nature while continuing to have 

economic growth {2.1.2, 2.1.18}, although the relative rates of growth, based on such exchanges, 

depend on the bargaining power. 

 

39. Economic and environmental inequality evolved, across income levels (well established). 

Globally, GDP per capita has increased relatively steadily over time {2.1.2}. Increases have been 

unequal over space, however. Globally, economic inequalities have steadily increased (note that 

within countries, the evolutions of inequalities have been uneven, averaging out to little change). 

That in turn can shift bargaining power, yielding unequal divisions of the gains from interactions, 

though dynamics can include convergence, with more rapid GDP growth in emerging economies 

(more generally, middle-income countries blend the high- and low-income countries’ pathways). 

Inequalities within and among countries can make collective actions (coordination, cooperation) 

that are needed for conserving and restoring nature’s contributions even harder to achieve {2.1.2, 

2.1.18}. 

 

40. Social instabilities linked to scarcities in nature are part of current and future threats to 

nature based upon economic, social, and geopolitical conflicts (established but incomplete). 

Conflicts result from interactions concerning availability and control over nature’s contributions 

{2.1.18}. More than 2,500 conflicts over fossil fuels, water, food and land are currently 

occurring. Lower-income countries that tend to be rich in natural resources have experienced 

more conflict − exacerbating environmental degradation, lowering GDP growth, and raising 

migration {2.1.18}. Communities expelled from lands or threatened by degradation (e.g., 

deforestation, mining or the expansion of industrial logging) have been associated with related 

violence (e.g., ~1,000 activists and journalists killed during 2002 to 2013) {2.1.11, 2.1.18}. 

Armed conflicts have direct physical impacts on ecosystems, beyond their destabilizing effects 

on resource uses and productivity {2.1.18}. The ecosystems relatively untouched by human 

activities can be particularly vulnerable to intrusions of this type, because remote ecosystems 

with few humans have harbored illegal activities {2.1.11, 2.1.18}. 

 

41. Social-ecological dynamics yield balances and regime shifts (established but incomplete). 

Interactions among drivers can generate iterative dynamics that raise outcomes variability 
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{2.1.18}. Some systems equilibrate, e.g., if scarcities are perceived then prices and governance 

initiatives may rise as responses, then recede {2.1.18}. Other systemic interactions have led to 

rapid changes and extreme outcomes including ‘regime shifts’ for ecosystem functions: marine 

hypoxic zones; species invasions; or desertification {2.1.18}. Some collapses have arisen in 

high-income settings, as challenges for rulemaking and enforcement confounded local 

regulations, despite capacities. Some dysfunctions have resulted in conflicts, in and across 

societies, which extend dysfunction: e.g., food shortages due to climate shifts, and unequal 

access, have generated ‘food riots’ {2.1.18}. Serious conflicts and societal shifts have arisen 

within mining, water, biodiversity, and land − sometimes financed by resource extraction and 

exacerbating environmental degradation {2.1.18}. 

 

42. Dynamics include (non-linear) recoveries to good balances (established but incomplete). 

Systemic interactions have led some settings towards a positive ‘equilibrium’, with a reduction 

of degradation or a restoration of nature {2.1.18}. For example: policies that affect a fishery 

stock  by shifting some behaviors may ‘tip’ the setting into sustainable harvesting, in which 

individual actors shift into making choices consistent with stock preservation; or, conservation 

sometimes spreads if one group observes benefits to earlier adopters and, so, chooses to mimic 

their actions. Further, individual nations’ participation in some global collective agreements has 

spread when payoffs from joining rise with the participation of other countries – so leadership 

matters {2.1.18}. 
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2.1.1  Introduction 

 

The globe’s diverse citizens strive to achieve a good quality of life, with diverse perspectives on 

what is needed to achieve that, as a result of varied relationships with each other and with nature. 

Nature supports all these individual and collective pursuits, through contributions detailed in this 

volume (see NCPs): provisioning or material contributions, such as food and timber; regulating 

contributions, such as climate regulation and protection of soils; plus cultural and non-material 

contributions, such as learning and inspiration. Meeting the individual and societal demands for 

nature has posed severe and heterogeneous challenges. Some groups still do not have their basic 

needs met from nature’s contributions yet increasing demands upon nature are exceeding rates at 

which contributions can be sustained (IPBES 2018a, b, c, d). At current trends, we risk drastic 

degradation, with drops in contributions critical for societies and uneven distributions of losses. 

 

Basic needs and luxuries depend on nature, i.e., on land, plants and animals, minerals, and water 

whose supplies depend upon myriad functions of ecosystems, such as nutrient cycling and water 

purification. How nature is manipulated, including within markets, depends upon socioeconomic 

factors: values, incomes, technologies and power (i.e., who determines which development ideas 

are implemented and how). Scarcities drive human responses, including governance institutions, 

from norms to national policies. Yet markets’ prices often fail to reflect scarcities in nature, thus 

degradation remains invisible in local and global economic systems, for rural and urban settings. 

Likewise, individuals and society often fail to fully recognize and to incorporate the value from 

nature’s contributions, despite their immense importance for multiple dimensions of well-being. 

 

For this global assessment of nature, and its contributions to people, we are concerned with all of 

these pursuits. Every one of the Sustainable Development Goals (SDGs), for instance, is critical. 

Yet we focus on the consequences for nature from economic and social development trajectories, 

over the past 50 years, that centrally involve interactions across local, national and global scales. 

Those consequences, in turn, enable or constrain potential for future development, sustainable or 

otherwise. Our focus in this chapter is on understanding the indirect and direct drivers affecting 

past and present, and influencing possible trajectories for nature, and people, at different scales. 

 

To broadly describe the interactions between society and nature that underpin trajectories within 

development, we analyze the evolution of different categories of drivers that affect nature and its 

contributions to people. First, we cover Indirect Drivers, i.e., factors behind human choices that 

affect nature. This starts with Values, as goals affect choices. We next consider ‘Demographic’ 

(population, migration, education) and then ‘Technological’ (innovation) factors. Next come the 

‘Economic’ factors: structural transition, i.e., shifts across economic sectors such as agriculture, 

manufacturing, and services; concentrated production, i.e., shifts in output shares for big actors; 

and trade as well as financial flows that continue to increase within and across national borders. 

Finally, we consider ‘Governance’, an overarching sub-category of Indirect Drivers that includes 

all types of governance. They respond to scarcities in nature’s capacity to generate contributions: 

scarcities increase the likelihoods of responses although many other factors also determine them.  
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Within Governance, we distinguish different forms, while emphasizing their many interactions. 

We start with efforts by private actors within supply chains, e.g., the certification of production 

processes for environmentally beneficial features for which at least some consumers would pay. 

Moving outside markets, we consider coordination at local levels within community governance. 

We then consider the governance by formal states, i.e. policies from local scale to national scale, 

and their interaction with community governance which can either enhance or worsen outcomes. 

Finally, we consider coordination across governments – i.e., ‘global community governance’ – 

that must address challenges similar to those which face smaller-scale community governance. 

 

We then move to the Direct Drivers, i.e., direct human influences upon nature -- in seven 

sections. The first section (2.1.11) covers human actions, e.g., farming, fishing, logging, and 

mining, that respond to indirect drivers and directly affect nature. Interventions often aim to shift 

such actions, based on theory and evidence about dominant dynamics. Section 2.1.12 gives an 

overview of all the influences on nature from those actions for aggregate influences upon nature, 

which are detailed in the following sections These include land/seascape change (2.1.13), 

resource extraction (2.1.14), pollution (2.1.15), invasive alien species (2.1.16) and climate 

change (2.1.17). Both sections consider efforts to reduce degradation and recover nature, i.e., 

restoration efforts and outcomes.  

 

Following Chapter 1, our final section (2.1.18) ‘closes the loop’. Direct drivers feed processes in 

Nature that, in turn, feed into the process of co-production of all nature’s contributions to people 

(NCP). In turn, NCP abundance and scarcities affect the quality of life of everyone within a 

society and, thereby, spur shifts in Indirect Drivers such as values, market prices and other 

institutions. Thus, we can work through cases of drivers’ consequences coming around to shape 

drivers’ evolutions. We consider the implications of such iterations for future (sustainable?) 

development pathways. 

  

Understanding development trajectories with global interconnections. 

Intensified global interconnections have been a defining feature of the last 50 years. Any global 

perspective includes how regional, national, and sub-national trajectories – for nature, economic 

development & governance − have interacted at a global level. Figures below articulate how as a 

consequence, the trajectories observed across the last 50 years, while related to each other, have 

differed considerably across space and time, e.g., as experienced by different groups of countries 

in terms of nature (Figure 1), economic growth, and environmental governance (Figures 2 & 3).  

The figures aim to illustrate how low-, middle-, and high-income countries followed distinct but 

interconnected trajectories, given differing and interacting bundles of indirect and direct drivers 

in and across regions with cumulative and/or cascading effects over time. In many cases, varied 

trajectories are present in single countries. An example for forests, in Textbox 2.1.1, illustrates 

how various interconnections of multiple drivers across and within regions shaped forest 

landscapes. 
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Observed historical trajectories for important elements of nature can be summarized using a few 

possible steps: degradation to start, almost surely; then possibly also stabilization, and recovery 

(Figure 1). The trajectories for different societies are not necessarily independent, however, and 

we explore how they could be the result of interacting trajectories of indirect and direct drivers – 

due to individuals’ and societal choices. For instance, if one society recovered certain capacities 

of nature after degrading them (as is observed in various regions especially in the ‘global north’), 

how could that transition have occurred within a world in which other societies did not choose or 

were not able to reverse related negative trends within nature? Looking across 50 years, were the 

observed transitions simply independent choices by heterogeneous societies to regulate more, or 

invest more in sustainability, or consume less? Or did recoveries rely upon degradation in other 

countries? And, going forward, what are the implications of those interactions for trajectories?  

 
Figure 2.1.1. Illustrative trajectories along differing development pathways for ‘nature’, i.e., its 

productive stocks or its capacity to generate valued contributions, at the time scale of decades. 

The first trajectory is ongoing degradation, the second is stabilization after degradation, and the 

third is not only stabilization but also a reversal or recovery. The vertical line is a point of 

transition, whose timing depends upon many factors, including scarcities in nature. 

 

Next we wish to consider whether multiple dynamics could generate each trajectory in Figure 

2.1.1 because exactly how a country or region managed to stabilize or to improve elements of 

nature affects not only the sustainability of those changes but also the implied consequences for 

others. For instance, some societies enjoyed greater initial endowments of particular natural 

resources − such as minerals, land, climate, and ecosystem productivity on many dimensions 

(Scheffer et al., 2017) − which in general could improve those trajectories.  

 

However, natural wealth alone has proven not to be sufficient for ongoing positive trajectories, 

independent of society’s institutions and choices. In fact, many distinct evolutions of different 

bundles of indirect drivers could affect nature similarly − i.e., generate the same trajectories in 
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Figure 2.1.1 − yet differ greatly in trade, governance, economic outputs, and various inequalities. 

Further, within many of those dynamics, outcomes differ as a function of countries’ incomes 

(those additional dimensions plus broad differences across income levels motivate Figure 2.1.2).  

Textbox 2.1.1 lists varied interconnections that shaped forest landscapes, both illustrating Figure 

2.1.1’s trajectories, and their interconnections at the global level, and illustrating that there are a 

suite of different implications of the achievement of Figure 2.1.1’s trajectories. In and beyond 

forest cover, these differing and interrelated possible trajectories for nature involve some 

countries being able to ‘transition’ from the degradation of nature to a stabilization or a recovery 

within their borders, while others incur the costs of degradation. In other settings, the 

stabilization or the recovery of nature in one country is not dependent on degradation elsewhere, 

so reversal is possible for all. 

 

Textbox 2.1.1:  Multiple dynamics driving Forest Cover can underlie stabilization 

or recovery 

 

Forests provide examples for such dynamics (IPBES, 2018b). Global forest cover has 

been close to stable, in recent years, yet some regions reduced forest cover while others 

stabilized or even recovered. Existing theories about processes underlying such 

trajectories (Meyfroidt et al., 2018) propose dynamics that have similar forest 

trajectories but differ on other dimensions in Figure 2.1.2. Forest degradation often 

results from agricultural expansion, for which there are many examples, including within 

the tropics, where that remains a significant phenomenon (Barlow et al., 2018; Curtis, 

Slay, Harris, Tyukavina, & Hansen, 2018; Hansen et al., 2013). This is common enough 

that it could explain initial and continuing downward slopes within a version of Figure 

2.1.1 for forest. 

 

‘Forest transitions’ (Fig. 2.1.1, Trajectory #2/#3) were observed in Western Europe and 

North America (Mather & Needle, 1998; Rudel, 1998), then East and South Asia (Foster 

& Rosenzweig, 2003; Kauppi et al., 2006), and parts of Latin America. Different 

dynamics underlying transitions have been highlighted in varied literatures (Caldas et al., 

2007; Gutman et al., 2004; Rudel, Lambin, Geist, & Rindfuss 2006; Rindfuss, Walsh, 

Turner, Fox, & Mishra 2004). We consider some below.   

 

Intensification. For a fixed area, outputs can rise via changing knowledge and practices, 

inputs and tools to promote ‘intensification’ − such as double cropping or higher-yield 

crop varieties  (Thaler, 2017). Incorporating trees is an agropastoral option which also 

aids biodiversity (Pagiola et al., 2016; Perfecto & Vandermeer, 2010). If adoption of any 

of the above alternatives were to be universal, then forests might stabilize or even 

recover in all countries, while across-country inequality would depend upon biophysical 

and societal constraints on yield. 

 

Transition to manufacturing/services. A distinct dynamic is sectoral transition from 

agriculture to manufacturing and services, within processes of both urban and industrial 

growth – often along with rural depopulation and a spatial contraction of increasingly 

intensive agricultural production. This may raise affluence and the demand for 
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improving ecosystem health and ensuing regulating and cultural contributions (e.g., 

Mather & Needle, 1998; Rudel, 1998) that affect both governance and trade (see, e.g., 

Mather, 2007; Rudel et al., 2005; Viña, Mcconnell, Yang, Xu, & Liu, 2016). 

 

Substitution by imports. Countries also have stabilized forest cover by importing wood 

or food, grown at the expense of forests elsewhere (Rudel, Lambin & Meyfroidt, 2011). 

In this dynamic, recoveries rely on others’ degradation. Some countries follow 

Trajectory #1, as still occurs in the tropics. With increasing global trade, sources of 

inequalities between countries include differences in who gained from these trades, 

given differences in power across firms and countries, including in abilities to increase 

value in forest and agricultural products through transformation processes. 
 

 

Again, then, for forest cover, and beyond, the trajectories of countries can be highly contrasting 

(motivating Figure 2.1.2). In general, provisioning contributions from Nature raised Gross 

Domestic Product (GDP), even in per capita terms despite rising populations, during initial 

degradation of nature via transformations of ecosystems for agriculture (i.e., to the left of Figure 

2.1.2’s transition). Further, between-country economic inequality rose – while falling or rising in 

different countries – since scales of economic activity differed. Output per unit of natural 

degradation also differed, as countries with higher income could combine more physical, 

financial, educational and social capital with their natural capital in production. They also could 

have had different past histories, e.g., longer periods of depending on nature beyond their 

borders, through colonization or trade. Thus, many countries’ periods of early economic 

development had similar impacts on nature but differed in economic trajectories, including in 

trade and in (relatively rare) governance of nature. 
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Figure 2.1.2.  Stylized sketches of average trajectories within higher-income (a) and lower-

income (b) countries, for [from bottom to top]: quality of environment and natural resources 

(‘renewable’ like fish or trees, which regrow, or ‘non-renewable’ like oil or ores); institutional 

features of economies (i.e., trade) and societies (i.e., governance); Gross Domestic Product 

(GDP) per capita; and inequality in GDP per capita. This figure builds upon Figure 2.1.1, with 

vertical lines indicating times for transitions that, in reality, happen at different times in different 

countries. 

 

Nonetheless, each trajectory involves particular tradeoffs in meeting the society’s diverse needs, 

through both production and conservation. Yet, since countries’ trajectories are not independent, 

given rising global interconnections, which mechanisms or settings facilitate or drive transitions 

has significant implications for who reaps gains or bears the costs of degradation and recoveries. 

Some possible inequalities in tradeoffs between gains and losses in nature and economic output, 

looking both within and across countries, are illustrated by contrasting trajectories in Figure 

2.1.3. 
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Figure 2.1.3. Stylized sketches of cross-country interactions in trajectories for material 

contributions of nature (y-axis = GDP per capita) and capacity for future material, regulating and 

non-material contributions (x-axis = Nature). Imports and exports of nature are embodied in 

goods, e.g., water in food or trees in timber decrease for exporters and increase for importers. As 

in Figures 2.1.1 and 2.1.2, a vertical line indicates a point of possible societal transitions.   

 

Consider, for instance, the degradation of nature as well as the other outcomes from expansion 

and intensification dynamics of economic activities. Regulations can limit the areas affected by 

those activities (e.g., agriculture), and a country also can invest to raise its outputs per unit area 

and, further, even to lower total ‘environmental footprint’ (e.g., abandon activities and reforest). 

That can produce Figure 2.1.3’s Self-Governing trajectory: recovery for nature, slower GDP 

growth. Whether all this occurs depends on whether the society places a sufficiently high value 

on forest. 

 

Instead, high-income countries may conserve nature (e.g., forest cover) by importing forest and 

agricultural goods from lower-income countries, albeit at the expense of nature for the exporters.  

For importers, an ‘Import Nature’ trajectory may be better than meeting needs by self-governing, 

though whether this occurs depends on whether exporters put a sufficiently low value on forests. 

The tradeoffs depend on export prices, as illustrated in Figure 2.1.3’s two Export Nature 

trajectories. 

 

Alternatively, high-income countries may advocate – and cover the costs of – nature governance 

in low-income countries such as strict protected areas that make some local uses of forest illegal. 

That may provide global public goods − yet sometimes by imposing net costs on the local actors. 

A rise in nature could raise welfare for high-income countries, yet lower GDP for low-income, if 

the latter cannot shift into other activities that support economies (Globally Governed trajectory). 

This motivates a quest for actions to help nature and local economies. For instance, forests might 

also increase if enforced protected areas flanked new railway links that facilitated urban growth. 
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2.1.2 Past Trajectories, Their Tradeoffs & Inequalities 

2.1.2.1  Maintain nature or meet society’s many & diverse short-run goals? 

Compared with pre-1980 realities, the world has changed rapidly (Fig. 2.1.4). Population, urban 

areas and international migration have risen greatly. Overall, quality of life has improved, in the 

senses of, e.g., lower child mortality, or higher caloric intake, and varied summaries such as the 

Human Development Index. Economic development generally has advanced, in terms of per 

capita gross domestic product and per capita consumption, while the value of merchandise being 

exported has also increased. Yet, these improvements have come at a real cost: increasing impact 

upon nature. Since 1980, food production systems have intensified and, although the overall 

areas covered by cities and agriculture have not drastically increased, more fertilizer and 

pesticides are being used while total pollution (including greenhouse gas emissions), the number 

of invasive alien species, and temperature anomalies are increasing, and biodiversity intactness is 

decreasing (see Chapter 2.2 for more on this variable) – despite increasing efforts to protect key 

biodiversity areas. These global patterns will be described in detail in each of the sections of this 

chapter. 

 

The trends differ widely, though, across countries, global regions, and regions within countries. 

To highlight some differences, we will use a World Bank typology that divides all countries into 

four income categories (Fig. 2.1.4, Fig. S2): High, Upper-Middle, Lower-Middle, and Low, 

based on Gross Domestic Product (GDP) (World Bank, 2018q). We also refer to the IPBES 

regions (Fig. S1-Supplementary Materials): Africa, Americas, Europe and Central Asia, Asia 

Pacific (Chapter 1).  
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Figure 2.1.4. Trends in indirect drivers for countries with different income levels. The data 

shown are trends, per country, averaged for each of the four World Bank income categories: 

High, Upper middle, Lower Middle and Low Income. Panels shown are: A) Child mortality rate: 

Mortality rate, under-5 (per 1,000 live births), B) Human Development Index: is a summary 

measure of average achievement in key dimensions of human development: a long and healthy 

life, being knowledgeable and have a decent standard of living. C) Calorie intake: Kilocalories 

consumed per person per day, D) Gross Domestic product: GDP per capita is gross domestic 

product divided by midyear population, Data are in current U.S. dollars., E) Globalization index: 

The KOF Globalisation Index measures the economic, social and political dimensions of 

globalisation., F) Domestic material consumption per capita: all materials used by the economy, 

either extracted from the domestic territory or imported from other countries, per capita, G) 

Merchandise exports: value of goods provided to the rest of the world per country valued in 

current U.S. dollars., H) Total population: Number of people, I) Proportion of urban population: 

Proportion of the total population that is urban, which refers to people living in urban areas, J) 

International Migrant Stock: International migrant stock is the number of people born in a 

country other than that in which they live (includes refugees), K) Absence of conflict as an 

indicator of political stability: Index that measures perceptions of the likelihood that the 

government will be destabilized or overthrown by unconstitutional or violent means, including 

politically-motivated violence as well as terrorism, L) Protection of key biodiversity areas: 

measures progress towards protecting the most important sites for biodiversity in % of such sites 

per country. (AZEs).Values provided are averages of country values for World Bank income 

categories (unless stated otherwise). Sources: (BirdLife International, 2019; FAO, 2016b; 

UNDP, 2016, 2018, World Bank, 2018j, 2018g, 2018p, 2018i, 2018m; WU & Dittrich, 2014) 

2.1.2.2 Inequalities 

2.1.2.2.1 Poverty & Inequalities with respect to Basic Needs  

There have been some marked advances in terms of poverty reduction over the past few decades 

(Fig. S5, references from Fig. S5), though many people around the world still remain in poverty. 

Per the "international poverty line" established by the World Bank in 2008, equivalent to a daily 

income below $1.90 US dollars/person (in 2015 prices), (Ravallion et al., 2008), ~1.2 billion 

people still live in poverty (UN, 2016b). According to the Multidimensional Poverty Index 

(MPI), introduced in 2010 in the Human Development Report (UNDP) using metrics for health, 

education, and standard of living, still ~1.5 billion people are living in extreme poverty. 

 

Further, even while overall income has risen on average to above the international poverty line, 

clearly many other basic needs have not been met, despite significant global stresses on nature. 

Globally, food security (i.e., security in food supply, with elimination of caloric and nutritional 

deficiencies) has been increasing. However, still it remains low within the low-income countries. 

Currently, despite average gains over time at the global level, close to 860 million people still 

suffer severe food insecurity across the globe, of which 48% are in Africa (particularly in sub-

Saharan Africa) and 45% in Latin America (Fig. S5) (WFP, 2017). Conflicts, refugee crises, 

droughts, floods, pandemics, and inadequate social institutions all have contributed to shortfalls 

both in aggregate food production, or food availability, and in the effective food supply, with 37 

countries (28 in Africa) having received emergency food aid in 2016 (Fig. S5) (WFP, 2017). 
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In addition, while the child mortality rate – largely associated with a lack of water sanitation and 

food deficiencies – has decreased overall, this threat remains prevalent in low-income countries, 

in which as many as 10% of the children born alive die before age 5 (World Bank, 2018j). 

Regionally, Africa and the Americas show highest mortality (Fig. S1). While access to improved 

water resources has increased, on average, 40% of the world’s population still is lacking access 

to safe drinking water (Fig. S5)(WHO & UNICEF, 2017), most of them in low-income countries, 

especially within Sub-Saharan Africa (Fig. S5). Furthermore, almost all maternal deaths during 

childbirth (99%) occur in developing countries, over half in Sub-Saharan Africa (Wang, Alva, 

Wang, & Fort, 2011), as a result of water scarcity, poor management, and governance failures.  

 

In terms of broader measures of well-being, the Human Development Index (HDI) that includes 

income, health (life expectancy at birth), and education (average number of years of schooling) 

(UN, 2016b) also illustrates great contrasts across the planet. Low- and lower-middle-income 

countries have much lower HDI values than do the high-income countries (Fig. 2.1.4; World 

Bank, 2018a). Africa has the lowest HDI values among IPBES regions, followed by Asia (Fig. 

S1). Across regions, Indigenous Peoples and Local Communities are among the poorest groups, 

by income but also in access to basic needs, services, and opportunities (Hall & Patrinos, 2012). 

 

Countries differ in many other well-being metrics too (Fig. 2.1.4, S3), such as material 

conditions for life – frequently assessed from an economic perspective with economic indicators 

(next section). Higher-income countries rank higher for indicators associated with societal 

development and for sustainability (Fig S3), (Eira et al., 2013; Inuit Circumpolar Council, 2015; 

Raymond-Yakoubian & Angnaboogok, 2017), including for various indicators of the options 

citizens have, also called ‘freedoms’, that are included in the World Happiness Index (WHI; 

WHI, 2017) (Fig S3). These countries also have better conditions than low-income countries for 

access, equality, tolerance, and inclusion of minorities, as shown by the Social Progress Index 

(SPI) (SPI, 2017) (Fig S3). With respect to metrics for the management of ecosystem services 

and environmental policies such as Environmental Performance Index (EPI, 2018), low-income 

countries rank lower. Yet they rank higher in terms of indicators for diversity, environmental 

degradation, and ecological footprint, including consumption of renewable water resources. 

Low-income countries exhibit higher rankings in the Environmental Component of the Social 

Sustainability Index (SSI.EV) (Fig. S3) which includes linguistic diversity (Maffi, 2005), 

cultural identity, and the retention over time of indigenous ecological knowledge as well as 

practices (Sterling et al., 2017).  

 

2.1.2.2.2 Inequalities in Income 

 

Economic inequality across all countries has been rising since 1820 (Bourguignon & Christian 

Morrisson, 2002; World Bank, 2018q), and also has escalated since 1980 (Fig 2.1.4, S1, S2; 

World Bank, 2018b), with the highest-income countries increasing their incomes faster (OECD, 

2015). In 2017, the GDP per capita was at least four times higher in high-income versus even in 
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upper-middle income countries and nearly 50 times higher than in low-income countries (Fig 

2.1.4; World Bank, 2018b). In terms of growth, GDP per capita is rising fastest for upper-middle 

income and lower-middle income countries (in both cases nearly six times since 1980), while 

much slower in low-income countries (2 times), making the gap among these particular groups 

larger every year.   

 

Within-country inequality also shifted over time in many countries. However, the changes went 

in both positive and negative directions, and so on average, within-country inequality remained 

fairly constant (Bourguignon & Christian Morrisson, 2002; World Bank, 2018n). Still, quite a 

few countries experienced rising within-country income inequality, as expressed by metrics such 

as the Gini coefficient (Fig S4, S5) or the Palma ratio (Palma, 2006), with cases in which lower 

incomes fell while higher incomes rose − particularly in the Americas and Africa.  

 

2.1.2.2.3 Lifestyles & Inequalities in Consumption 

Consumption too has been escalating, across the last few decades, albeit with differences among 

countries and global regions. Energy consumption has been rising since the industrial revolution. 

Wood and oil from whales were replaced in the early 1900s by coal, petroleum and natural gas 

(Smil, 2004). By the middle of the 20th Century, the “Green Revolution” boosted agricultural 

yields through the application of fertilizers, pesticides, fungicides and herbicides, together with 

irrigation, all of which increased energy demands (Dzioubinski & Chipman, 1999). Total energy 

use has doubled in the last 40 years (World Bank, 2018d) (Fig. S6), while substantial transitions 

to modern gridded clean fuels occurred between 1990 and 2010 (Pachauri et al., 2012), allowing 

~ 1.7 billion people access to electricity and about ~ 1.6 billion people access to non-solid fuels 

for household cooking. The greatest increases have occurred in middle-income countries, while 

low-income countries exhibited lower increases (Fig. S6; World Bank, 2017a) with real 

variations in rates of technological development and in the initial endowments of energy 

resources (Burke, 2010; Toman & Jemelkova, 2017). For instance, high-income non-oil-

producing countries have been gradually reducing their use of fossil fuels and increasing the use 

of nuclear and other non-fossil-fuel sources (Fig. S6). Among the highest energy consumers, in 

total as well as per capita consumption, are high-income countries where intensive agriculture is 

more prevalent (Fig. S6).  

 

Global patterns of food consumption also have changed, over the past fifty years, with important 

differences by country (Fig. S6). As nations urbanize, urban dwellers get wealthier, food supplies 

increase, and eating habits change. Diets are rising in refined carbohydrates, added sugars, fats, 

and animal-based foods (e.g., meats, dairy) but falling in pulses, vegetables, coarse grains, fruits, 

complex carbohydrates and fiber, in tandem with the diversity of food sources (Keats & 

Wiggins, 2014; Khoury et al., 2014; Popkin et al., 2012; Tilman & Clark, 2014). Again, the 

variations across regions are significant. From 1966 to 2015, global average caloric intake per 

capita rose by 30% − yet the high-income countries have the highest levels, particularly in 

Europe (Fig. S1), while the lowest levels are found in low-income countries, particularly in Sub-

Saharan Africa (Fig. S1). Likewise, by 2009 while the average per capita consumption of protein 
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exceeded the average estimated daily requirements in all the regions of the globe, it is the highest 

in high-income countries (FAO, 2011b; FAOSTAT, 2016; Paul, 1989; Walpole et al., 2012). 

 

With those changes in diet, the number of obese and overweight people has grown (Fig. S6), to 

2.1 billion in 2013 (Ng et al., 2014). This too differs by region, with six times more obese people  

in high-income than low-income countries today (in % per country, Fig. S3). Furthermore, there 

are large variations across regions in the amount of fats (e.g., fats in foods and oils) for human 

consumption. The lowest quantities consumed are in Africa, while the highest are in parts of 

North America and Europe. Both the quantities and qualities (animal-based versus vegetable 

oils) of fats are key features of the nutritional transitions in national diets (Ranganathan et al., 

2016). Fast-food options are rising in low-income countries, as exemplified by the higher 

numbers of chain restaurants and higher numbers of people visiting them (Fig. S7). 

 

New ‘needs’ have also emerged with economic development. For instance, mobile phones first 

became accessible then quickly exploded to one for every five people in the world (Fig. S6). In 

addition to providing useful services, phones cause important environmental impacts associated 

with mining of precious metals for components and with both the manufacture of electronics and 

their careless disposal (Babu et al, 2007; Fehske et al, 2011; Wanger, 2011; Widmer et al, 2005).  

 

2.1.2.2.4 Inequalities in Environmental Footprints 

With changes in lifestyle, per capita demand for natural resources has increased – unevenly (Fig. 

2.1.4, Fig S1). For instance, domestic material consumption (DMC) − the total amount of 

material directly used in an economy, including domestic extraction and imports (Wiedmann et 

al., 2015; WU, 2017) varies greatly. DMC per capita is ~5 times larger in high-income countries 

than low-income. As DMC per capita rose by 15% since 1980, the largest increases are in upper-

middle-income countries (25%), followed by high-income (14%). By IPBES region, Asia Pacific 

rose most (20%), then Africa (18%), with least in Europe and Central Asia (7%) (Fig. 2.1.4, Fig. 

S2). 

 

Such demands upon nature scale with both the total population and demand per person. As such, 

since 1970, global material consumption has risen over 1.7 times faster than has total population 

(Fig. 2.1.4, Fig. S10). With every 10% increase in GDP, the average material footprint of nations 

– raw material extraction in the final demand of an economy – has risen by 6% (Wiedmann et al., 

2015; WU, 2017). Once again, growth rates are unequal, for absolute and for per capita material 

consumption. For example, from 1980 to 2008 they increased in all regions except Central Asia 

(due to the collapse of the former Soviet Union) and most rapidly in Northeast Asia (Wiedmann 

et al., 2015; WU, 2017). The global amount of material extraction was approximately 70 billion 

tons in 2008 (Wiedmann et al., 2015; WU, 2017). Asia has the highest material extraction of all 

the regions, while 2008’s per capita consumption in North America was ten times higher, at 30 to 

35 tons of raw materials, than in Central Africa. Material extraction in upper-middle-income 

countries is rising the fastest, due to both total population and rapidly increasing GDP and DMC 

per capita (Fig. 2.1.4, S1, S10). 
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All of this has impacts upon ecosystems. Estimates of ecological footprints, based on demands 

for both material and regulating contributions to people from nature, suggest sustained increases 

of footprints that are beyond the biological capacity to supply them (Borucke et al., 2013; Galli 

et al., 2016; Galli, Wackernagel, Iha, & Lazarus, 2014; Lazarus et al., 2015; Lin et al., 2015; 

Wackernagel, Cranston, Morales, & Galli, 2014). This is especially true for the middle-income 

countries that are growing fastest in people, per capita demand, and globalization (Fig. S5). 

 

Critically, environmental footprints of country consumption increasingly stretch beyond borders 

(as discussed in the introduction, see Fig. 2.1.2 and 2.1.3). The world is ever more global, in 

economic, social, and political terms (Fig. S5). Globalization metrics are highest for high-income 

countries and lowest for low-income while growing fastest in upper-middle-income countries 

(Fig. S5). Such indices of increased resource flows include an 8-fold rise in the value of exports 

from 1980 to 2010, with fastest increases in upper-middle income countries (Fig. 2.1.4). 

Footprints associated with exports can be larger than is indicated by these trade values, though, 

because the usage of resources is, on average, larger than physical quantities of traded goods 

(Wiedmann et al., 2015).  

 

2.1.2.2.5 Inequalities in Social, Environmental, and Historical Constraints 

Differences in current conditions and trends among countries are associated partly with different 

natural endowments. High-income OECD countries and upper-middle income countries have the 

largest fractions of renewable freshwater resources and agricultural lands, for instance, while oil-

producing high-income countries have the smallest such fractions (Fig. S3), although the largest 

for non-renewable resources (e.g., petroleum, natural gas). Forest cover is similar for countries 

with rather different income levels, except for oil-producing countries that have little (Fig.S3). 

Globally, natural assets represent about one tenth of total wealth, with produced capital 3 times 

and human capital 6 times as large. Yet for some countries with lower income levels, the natural 

capital constitutes most of their wealth (World Bank, 2018n). The contribution of natural capital 

to total wealth for high-income countries is relatively small, roughly half the magnitude of the 

shares for low-income countries (Lange et al., 2018). Thus, degradation of nature should have 

the strongest detrimental impacts on low-income countries’ future economic development. 

 

Beyond the roles natural conditions play in divergent development pathways among countries – 

which are debated (Diamond, 1997; Gallup et al., 1999) − countries also differ in institutions, 

e.g., in governance, culture, religion, philosophies, and past development. The colonial period 

was characterized by natural-resource flows from the South to the North that often were linked 

with ecological damage and social oppression (Goeminne & Paredis, 2010; Nagendra, 2018). As 

a result, tropical civilizations whose total wealth was closer to their European counterparts in the 

precolonial era are now far poorer (Acemoglu et al., 2005). Patterns of poverty in the tropics 

have been linked to a variety of institutions, such as some arrangements that enable inclusive 

economic growth that lowers poverty (Acemoglu et al., 2001; Easterly & Levine, 2003; Rodrik 

et al., 2004). The current patterns of poverty and the environmental conditions in the Americas, 
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Asia Pacific, and Africa are still strongly influenced by the pervasive experience of past 

colonialism (16th to 19th centuries). Its continuing influences upon resource flows and trade 

arrangements contribute to persistent social inequality as well as weak governance institutions 

which perpetuate inequalities (IPBES, 2018a). 

 

For instance, most economic growth in the last 50 years occurred in countries not experiencing 

civil conflict and with strong state institutions. Additionally, 70% of today’s poor live in "fragile 

states” with cycles of violence, weak institutions, inequality, and low growth. All are obstacles to 

overcoming poverty (Sachs, 2005; Smith, 2007; World Bank, 2016). High-income countries are 

more politically stable, e.g., with European countries more stable than African (Fig. 2.1.4, Fig. 

S1).  

 

All of these inequalities have important societal and environmental consequences – for instance, 

differential conservation practices, depending on governance contexts. Inequality is associated 

with less protected land for relatively democratic countries, yet the reverse is true for relatively 

undemocratic countries (Kashwan, 2017). Some suggest non-linear linkages between inequality 

and both economic and environmental outcomes (Dorling, 2012; Dorling, 2010;  Holland, 

Peterson, & Gonzalez, 2009; Mikkelson, Gonzalez, & Peterson, 2007). Equality has generally 

facilitated collective efforts to protect natural resources under common and public ownership or 

control (Baland & Platteau, 1999, 2007; Bromley & Feeny, 1992; Colchester, 1994; Dayton-

Johnson & Bardhan, 2002; Itaya, de Meza, & Myles, 1997; Ostrom, Burger, Field, Norgaard, & 

Policansky, 1999; Ostrom, 2015; Scruggs, 1998; Templet, 1995). Inequality may yield social and 

environmental vulnerabilities, including through the distribution of risk (Bolin & Kurtz, 2018). 

Inequality may also lead to conflict and, if both become self-sustaining by limiting opportunities 

and mobility − yielding hopelessness and a lack of a vision – that can fundamentally undermine 

the motivation to invest in nature for sustainability (Stiglitz, 2013; Wilkinson & Pickett, 2010).  

2.1.3  Indirect Drivers: Values 

  

2.1.3.1  Different social groups hold different values  

The different values people hold concerning nature, nature’s contributions to people, and their 

relationship to the quality of life affect people’s attitudes toward nature and, thus, the policies, 

norms, and technologies which modulate people’s interactions with nature. Values encompass 

principles or moral judgments that can lead to responsibility concerning and stewardship towards 

nature. They also encompass varied views about the importance or significance of something or 

a particular course of action. For instance, as highlighted within ‘the water-diamond paradox’, 

even though water is necessary for life, while diamonds clearly are not at all, the market prices 

for diamonds usually are far higher due to (at times intentional) market scarcities. (Chan et al., 

2016; IPBES, 2015; Chan et al., 2016; IPBES, 2015; Pascual et al., 2017a; Chapter 1)   
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Values concerning nature can be relational, instrumental or intrinsic (Chapter 1). Individuals and 

social groups who hold in high regard their relationships with nature often hold moral principles 

for living in harmony with nature. Such relational values are central for Indigenous cultures in 

many parts of the world. This is the case, for instance, of the Eeyouch of the Eastern Subarctic in 

Canada, who traditionally view humans, other animals, plants, some aspects of the natural world, 

and spiritual beings as all having conscious agency in a world that is dependent on relationships 

and on an ethic of mutual respect (Berkes, 2012; Descola, 2013; Motte-Florac, Aumeeruddy-

Thomas, & Dounias, 2012; Pascual et al., 2017). Also, some groups in the Tibetan plateau hold 

that intangible and mythical creatures or deities inhabit soils, water, air, rocks and mountains, 

and have different qualities and identities with whom humans need to find a balanced mode of 

interaction (Dorje, 2011). Aymara and Quechua communities in the Andes, as groups elsewhere 

using this or other terms, conceptualize Mother Earth as a self-regulatory organism representing 

the totality of time and space and integrating the many relationships among all the living beings. 

Such conceptualization is used by many Indigenous organizations to re-establish cultural links to 

ancestral practices and to contest forms of environmental degradation that are imposed on them 

(Medina, 2006, 2010; Ogutu, 1992; Posey, 1999; Rist, 2002). Relational views such as these 

examples support approaches to governance that reaffirm important points of interconnection 

and virtues (e.g., respect, humility, gratitude) and often lead to self-imposed restrictions on use 

of nature (Mosha, 1999; Spiller et al., 2011; Verbos & Humphries, 2014).  

 

Instrumental values, in contrast, reflect the importance of an entity in terms of its contribution to 

an end, or its utility. Entities can provide instrumental value for consumptive (e.g., use of water, 

energy, biomass, food) and non-consumptive (e.g., nutrient cycling) uses. Utilitarian paradigms 

viewing nature as a resource for economic development have intensified over the last centuries, 

especially in industrialized regions. In this anthropocentric, materialist worldview nature is seen 

as a pool of material goods and energies to be mastered and employed (Merchant, 1980; Nash, 

1989; Pepper, 1996; Plumwood, 1991), supporting the extraction of biodiversity and resources 

(Dietz & Engels, 2017) and both substitutability and discounting perspectives. Substitutability 

implies that ecosystems or their functions could be lost as long as their contributions to quality of 

life are provided in other ways (Traeger, 2011). Discounting gives less importance in decisions 

to future benefits or costs (Dobson, 1999; Padilla, 2002) – following the assumption that future 

generations will be better off (much as current generations are better off than the past (above)). 

 

In practice, values can be simultaneously instrumental and relational. Many Indigenous Peoples 

and Local Communities in varied rural settings, for instance  – indeed across the IPBES regions 

– relate to nature with deep respect not only due to their conceptualizations of key relational 

values but also because their livelihoods depend upon the food and other materials that nature 

provides.  

 

Intrinsic values are an inherent property of the entity (e.g., an organism), not ascribed by external 

valuing agents (such as human beings). Because of this independence from humans’ experiences, 

intrinsic values are beyond the scope of anthropocentric valuation approaches (Díaz et al., 2015). 

Intrinsic values can be particularly relevant in Nature for non-human and even non-living entities 
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(Krebs, 1999). In the face of environmental degradation, environmental movements in the 1970s 

advocated for the intrinsic value of natural entities (Hay, 2002), regardless of their usefulness to 

humans. These included sentient animals (Singer, 1975), all living beings (Taylor, 1981) or 

ecosystems with living and non-living components (Devall & Sessions, 1985). Intrinsic values 

have been presented as a basis for  laws and regulations or other governance to implement 

conservation agendas that minimize humans’ interactions with nature (Purser & Park, 1995) 

while ensuring the well-being of future human generations by maintaining nature’s contributions 

to people (Mace, 2014). Some argue that the intrinsic value of non-human entities and its 

implications for biodiversity conservation could be considered as part of a wide instrumental 

perspective (Justus et al., 2009; Maguire & Justus, 2008).  

 

Nature is also valued today for its contributions into the future (Faith, 2016; UNEP, 2015), from 

a number of perspectives. Bequest values consider present-day satisfaction of protecting nature 

for future generations, for instance, involving a principle of intergenerational equity. Insurance 

values pertain to resilience, in the face of change, while option values facing uncertainty focus 

on retaining the potential to access nature’s benefits in future (Gómez-Baggethun et al., 2014).  

 

Access to food, water, shelter, health, education, good social relationships, livelihoods, security, 

equality, identity, prosperity, spirituality, plus freedoms of choice, action and participation, are 

valued in different ways by people in a society and across different societies (Díaz, Demissew, 

Joly, Lonsdale, & Larigauderie, 2015). Some of these values may be expressed through the use 

of a standard of exchange used by a community, such as money. Monetary value is considered a 

proxy for how people may perceive the worth of an entity. Multiple considerations influence the 

estimation of an entity’s monetary value - or the amount that people are willing to pay - which 

complicates the identification of its full significance. Due to the diverse ways of conceiving and 

experiencing the relationships between humans and the rest of nature, people also often value 

nature and nature’s contributions to people, including many ecosystem services, in ways that are 

incompatible with the reasoning in monetary exchanges (Pascual et al., 2017b; UNEP, 2015).  

 

2.1.3.2  Values of nature are rapidly changing  

The values at the core of individual and social priorities and behaviors also can evolve over time, 

informed by awareness, experience, culture and society. Pressures associated with globalization, 

climate change, and population migration over the last century have been catalysts for social and 

cultural changes – including changes in the human perceptions of and relationships with nature. 

While urbanization may separate people from nature, there is a trend towards greater awareness 

of the importance of nature to human well-being in the scientific community and across society. 

 

Longstanding values held by communities with strong ties to the land are increasingly disrupted, 

however, by economic globalization (Beng-Huat, 1998; Brosi et al., 2007; Jameson & Miyoshi, 

1998). Varied global influences can challenge local practices, including in the implementation of 

conservation. Local conceptualizations of conservation may differ from external conservation 

paradigms (Miura, 2005), although perhaps even more from consumptive views on exploiting 
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remote ecosystems. Changes in values and lifestyle include the abandonment of indigenous and 

local knowledge, and traditional practices (Halmy, 2016), the erosion of traditional knowledge 

(Youn, 2009), and changes in institutions and community organizations (Kaunga, 2016; Mburu 

& Kaguna, 2016), as documented by IPBES assessments (IPBES, 2018a).  

 

Migration, domestic and international, can disrupt relationships between communities and lands 

if arriving attitudes are not adapted to local socioecological conditions. Migration (resulting from 

conflict, lack of livelihood, urbanization, industrialization of agriculture, and changes in climate, 

among other reasons) can lead to local and also global losses of local environmental knowledge, 

governance and management practices that sustained local livelihoods (Merino, 2012; Robson & 

Lichtenstein, 2013). Significant numbers of people changing locations has driven changes in the 

worldviews, values, and practices of populations that migrate as well as those that receive them.  

 

Climate change itself can also lead to changes in practices and the values associated with them 

(beyond effects through migration). For instance, both farmers and fishermen have been forced 

to shift daily and seasonal practices that affect not only their livelihood outcomes but also their 

longstanding senses of place, community structure, and cultural tradition (Breslow et al., 2014). 

 

A new ethic regarding nature has been called ‘environmental activism’ to explicitly to challenge 

the dominance of the instrumental values (Callicott, 1991; Dunlap & Van Liere, 1978; Guthrie, 

1971; Leach et al., n.d.; Leopold, 2014; Levins et al., 1998; Meadows et al., 1972; Naess, 1973). 

Recent examples include Pope Francis’ encyclical address (2015), reassessing Christianity’s 

vision of humanity’s relation with Earth (Marshall, 2009; Buck, 2017). Relational values also 

enter into conservation dialogues (Chan et al., 2016; Mace, 2014). More holistic approaches to 

sustainable use of nature by humans inspired in part from indigenous worldviews are stated in 

international agendas, e.g., living in harmony with nature is a principle of the Rio 1992 “Summit 

of the Earth” (Mebratu, 1998; UN, 1992) and Rio 2012 Conference on Sustainable Development 

(UN, 2012) and the vision of the Convention on Biological Diversity up to 2050. An 

International Day of Mother Earth is recognized in the Rio+20 “The future we want” document, 

linked to rights of nature (UN, 2009, 2012). Recognition of Mother Earth appears in recent 

climate change agreements (UN, 2015), in the Convention on Biological Diversity (CBD, 2014) 

and in the United Nations Environment Assembly of the United Nations Environment 

Programme (UNEA, 2014).  

 

More generally, Indigenous groups are actively trying to protect their rights while strengthening 

the recognition of the legitimacy of their relational worldviews and related governance practices 

in the face of economic, political, social and environmental pressures (Baer, 2014; Blaser et al., 

2004). For instance, viewing nature as part of social life, not property to exploit, is suggested by 

the inclusion of intrinsic rights of the natural world in the constitutions of Bolivia and Ecuador 

(Lalander, 2015). Yet placing the rights of nature on par with those of Indigenous communities 

may support or undermine indigenous control and raise questions about how rights are linked 

with responsibilities. In Bolivia, for instance, rights of nature have been given equal standing to 

the rights of ethnic groups, while in New Zealand, some native (Māori) communities  have 

successfully fought to gain political and legal power over land-use planning (Menzies & Ruru, 
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2011) in ways that lead to new laws that recognize the spiritual connection of an Iwi (tribe) to 

their ancestral place and the legal personality of national parks and rivers (Salmond, 2014). 

 

Views of what constitutes a good quality of life are also changing. A vision welfare based upon 

economic development and material well-being prevailed in academic literature until the 1980s 

(Agarwala et al., 2014), yet concepts of well-being have integrated additional dimensions and  

focused more on experiences of people (Gasper, 2004; King, Renó, & Novo, 2014; McGregor, 

Coulthard, & Camfield, 2015) include their capacities and connections with nature (Sterling et 

al., 2017), together with education and health, knowledge and skills, happiness and satisfaction. 

Equity, justice, security and resilience lenses are also increasingly being integrated in definitions  

of well-being, alongside the recognition of different types of knowledge about life and cultural 

identities (Sterling et al., 2017). Evolutions of values can have important consequences for nature 

and its contributions, modifying not only material consumption patterns and but also governance. 

2.1.4  Indirect Drivers: Demographic 

2.1.4.1  Population dynamics 

The world’s population has doubled over the last 50 years (Fig. 2.1.4), and is still growing, 

although the growth rate has peaked (Roser & Ortiz-Ospina, 2017). There are over 7 billion 

humans today (PRB, 2014). Important reductions in growth rates have been observed in high-

income countries, while the fastest increases are in the upper-middle- and lower-middle-income 

countries, and in Asia-Pacific (Fig. S1). These differences in growth rates are consistent with a 

‘demographic transition’: population growth rates increase as child mortality decreases, leading 

to increased life expectancy; then fertility and growth decrease, leading to falling population 

growth rates, as has already been observed within some regions (Fogel, 1986; Hirschman, 1994; 

W. Thompson, 2003). The demographic transition occurred over centuries in Europe but more 

quickly in some developing countries over the last few decades in a context of poverty and 

overexploited natural resources. Highest population densities are in high0income countries (Fig 

2.1.4) and, regionally, in Asia-Pacific, followed by Europe and Central Asia (Fig. S1), where 

density is still increasing.  

 

Demographic patterns have been linked with urbanization and with improvements in women’s 

education, rights, and health that tend to reduce child mortality and to improve family planning 

(Caldwell, 2006; Galor, 2012). Developed countries have lower growth rates than do developing 

countries. While convergence is expected, large differences may still remain for at least century 

as some countries, mainly in Africa, may maintain high growth rates if current slow decreases in 

fertility continue (Clarke & Low, 2001; UN, 2004). Further, different ‘demographic transitions’ 

have been suggested, relating to shifts in partnership formation (co-habiting instead of marriage), 

values associated with childbearing decisions (ethics, politics, sex relations, education), and the 

postponement of parenthood. Their environmental impacts bear exploration (Lesthaeghe, 2014).  

 

The world’s population is aging, with consequences for resource consumption and management 

(Fig. S13). The number of seniors – 60 years and above – is growing fast, while those above 80 
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are increasing even faster (McNicoll, 2002). Seniors are growing faster in urban than rural areas 

(McNicoll, 2002). Aging in rural areas has implications for the composition of rural labor forces 

and thus agricultural production patterns, land tenure, social organization in rural communities, 

and rural socioeconomic development. Such shifts over several decades in developed countries 

are now taking place in middle- and low-income countries, challenging generational replacement 

that has been central for governance, environmental protection and sustainable use in rural areas. 

Shifts also highlight poor environmental quality, plus limited access to employment and services 

– especially for young people – within the rapidly growing urban areas of the developing world. 

2.1.4.2  Migration 

The amount of people who migrate to a new country has nearly tripled in the last five decades 

(Fig. 2.1.4), with about 220 million people living today within a country where they were not 

born. The number of international immigrants currently is largest for the high-income countries 

(Fig. 2.1.4), as well as in Europe and Central Asia (Fig. S1). The number is increasing fastest, 

however, within upper-middle income countries (Fig. 2.1.4), and also in Europe and Central Asia 

(Fig. S1), where the number of migrants has increased four-fold between 1980 to 2010, in both 

regions.  

 

International and within-nation migration has multiple drivers (Arango, 2017). Large contrasts in 

political stability, satisfied basic needs, and larger incomes are among some of these key drivers, 

particularly within the Middle East, South America and Asia. Migration may also be triggered by 

environmental conditions, with estimates of several million ‘environmental migrants’ today and 

with orders of magnitude increases in that group expected in the future (IOM; Alarcón, 2011).  

 

Scarcities of resources (Hunter, 2005; Hunter et al., 2005) and unfavorable  conditions (Hunter, 

2005) can shift populations (Lee, 1966; Todaro, 1969). Such degradation can interact with 

extreme events, such as those which caused the severe dust storms that occurred in American and 

Canadian prairies during the 1930s (Cook et al., 2009), leading to the suggestion that migration 

could be one adaptive strategy for households facing environmental pressure. Rising 

temperatures have increased internal migration strategies in Brazil, Uruguay and South Africa 

(Mastrorillo et al., 2016; Thiede et al., 2016). Periods of low rainfall drove both internal and 

international migration in rural Mexico, particularly from municipalities with rain-fed agriculture 

(Leyk et al., 2017). Crop failures driven by low rainfall also have fueled migration in Bangladesh 

(Gray & Mueller, 2012b).  

 

Complex social-ecological interactions also underpin migration across different contexts (Black 

et al., 2011). Villages and families with more resources (e.g., higher agricultural production) are 

more likely to engage in costly long-distance migration, as observed in rural Ecuador (Gray, 

2009a, 2010), and northeastern South Africa (Hunter et al., 2014). The role of gender is context-

dependent (Gray & Mueller, 2012b), with: women’s marriage-related migration falling by half 

during a recent drought in Ethiopia (Gray & Mueller, 2012a); while rural-urban migration 

increased due to deforestation in Ghana’s central region particularly for young men more likely 

to find urban employment (Carr, 2005). Household characteristics are also important. In the 
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Brazilian Amazon and in Southern Mexico, circular or iterative rural-urban migration is more 

likely for young adults, whose remittances often help to expand agricultural production 

(VanWey et al., 2007). Community characteristics also matter, in particular social networks. In 

the context of Mexico-US migration, for instance, the impacts of environmental and resource 

risks, such as droughts, on migration are different for communities with expanded social 

networks due to migration histories (Hunter et al., 2013).  

 

While migration can be a strategy to reduce risks, much environmental migration is involuntary 

(Hunter et al., 2015). Acute events, such as disasters (Fussell et al., 2014; Lu et al., 2016) and 

chronic events, such as regular droughts (Bates, 2002; Hugo, 1996; Renaud et al., 2007), lead to 

involuntary migration. For instance, the disappearance of Lake Chad over the last few decades 

has been a crisis unfolding over the long term that has both internally displaced people (IPCC, 

2007) and generated migrations to other countries (Fah, 2007). In Egypt, water pollution and 

desertification, with other resource scarcity, has driven migration (UN, 2016c).  

 

The degree to which migration aids household adaptation depends upon specific vulnerabilities, 

such as the sensitivity of one’s livelihood to climate (Warner & Afifi, 2014). Poorest households 

may be trapped by environmental change, lacking capital and increasing unable to support even 

the sending of a migrant to provide remittances (Black, Bennett, Thomas, & Beddington, 2011). 

For Bangladesh in 1994-2010, for instance, the poorest households were unable to use migration 

in responding to flooding (Gray & Mueller, 2012b). The poorer also suffer higher exposures to 

environmental hazards (including climate-related), with fewer alternatives for settling in safer 

places. Thus, they endure more severe and long-lasting consequences (Blaikie, Cannon, Davis, & 

Wisner, 1994; Gray, 2009b; Gray & Mueller, 2012a; Gutmann & Field, 2010; IPCC, 2007).  

 

Migration can have positive or negative environmental implications for receiving or for sending 

areas (Adamo & Curran, 2012; Curran, 2002; Fussell et al., 2014; Unruh, Krol, & Kliot, 2004). 

In areas sending migrants, depopulation may improve environmental outcomes such as regrowth 

of forests on abandoned land (Aide & Grau, 2004). Remittances back to sending areas may have 

positive environmental effects, if they reduce resource dependence by substituting bought goods 

for local production. However, this often can increase food vulnerability for those who remained. 

Alternatively, funds could have deleterious environmental effects, if used to expand investments 

in environmentally damaging practices, such as transformation of agricultural lands into urban 

and peri-urban parcels for real estate development (de Sherbinin et al., 2008; Meyerson et al., 

2007). Migration may also hinder local generational replacement, weakening local 

environmental governance and resource management initiatives, particularly within the contexts 

in which global climate change poses strong local pressures upon natural resources (e.g., greater 

exposure of forests to pests and wildfires) that require local protection capacities (Merino, 2012).  

 

In areas receiving migrants, again mixed effects on nature are observed. For instance, migration 

to destinations with high-value amenities can raise resource and environmental degradation. In 

frontier mining, agriculture and ranching settlements, populations rise in ecologically sensitive 

areas (Joppa, Loarie, & Pimm, 2009; Wittemyer, Elsen, Bean, Burton, & Brashares, 2008), e.g., 
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relocation of farm workers to cassava fields in Thailand (Curran & Cooke, 2008) or settlements 

of displaced individuals in northern Darfur, Sudan that are associated with lower vegetation due 

to the expansion of small farming (Hagenlocher et al., 2012). Migration may also shift behavior 

in receiving areas if individuals adopt attitudes from migrants. Recent immigrants to the U.S. 

exhibited greater concern for environmental issues than longer-term immigrants or native-born 

citizens (Hunter, 2000). Yet it has also been found that immigrants’ perspectives about the 

environment can be at odds with resource management practices in receiving areas, as migrants 

are not very familiar with local realities and practices (Merino, 2012; Robson & Berkes, 2011).  

2.1.4.3  Urbanization 

 

Urbanization has been a significant trend in human settlement and development (Fig. 2.1.4, Fig. 

S8), driven by many factors and with significant environmental impacts. Globally, urban 

population rose from ~200 million in 1900 to ~4 billion in 2014 (UN, 2014a), at which point 

over half of the world’s population was urban. That share is expected to reach two-thirds by 

2050, as another 2.5 billion are expected to join urban areas, most in developing countries (CBD, 

2012; Elmqvist et al., 2004; UN, 2014a). While the percentage of urban population is the highest 

in high income countries (~ 75%), it is growing the fastest in low-income and lower-middle-

income countries that rose 53 and 44%, respectively, between 1980 and 2010 (Fig. 2.1.4). 

Europe and Central Asia, and America have highest shares of urban population (~ 65% in each) 

but shares are growing the fastest within Africa (~40% between 1980 and 2010) and within Asia 

Pacific (~25%) (Fig. S1).  

 

Megacities with populations over 10 million people continue to arise and are projected to reach 

41 by 2030. Small to medium-sized cities are growing the fastest and will be the home for the 

vast majority of future urban populations (UN, 2014b). On the other hand, there are 300-400 

shrinking cities in the world, about two-thirds in developed countries, in particular the United 

States, the United Kingdom and Germany (Kabisch & Haase, 2011; UN, 2014a). Comparing 

IPBES regions, Africa, and Asia and the Pacific are urbanizing fastest, with future expansions in 

Asia and the Pacific expected to occur mostly in China and India (CBD, 2012; Seto, Fragkias, 

Güneralp, Reilly, & Pidgeon, 2011; Sui & Zeng, 2001). By 2050, up to 3 billion people will be 

living in the slum areas within cities, mostly in developing countries (Nagendra et al 2018).  

 

Currently, urban areas cover under 3% of lands (Grimm et al., 2008; Mcgranahan et al., 2006; 

Potere & Schneider, 2007). Their extent is, however, expected to triple by 2030 (Seto, Guneralp, 

& Hutyra, 2012), rising faster than urban population. Much of the growth in urban extents has 

been observed in coastal regions, with 11% of all urban land in low-elevation coastal zones (i.e., 

less than 10m above sea level), where people and property are particularly vulnerable to floods 

and sea-level rise  (Güneralp et al., 2015; Gordon McGranahan et al., 2007). In China, over 44% 

of urban land use is within floodplains, contributing to increasingly severe flood hazards (Du et 

al., 2018). Rapid urban expansion is driven by positive feedbacks between urbanization and 

economic growth (Bai, Chen, & Shi, 2012), which generate further socioeconomic disparities 

between the coastal and inland regions (Bai, Shi, & Liu, 2014). 
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Urbanization is influenced by both ‘push’ and ‘pull’ factors (Hare, 1999), with job opportunities 

and services ‘pulling’ migrants while rural poverty, labor surplus, changing values (induced at 

times by the media and education), and civil conflicts acting ‘pushing’ people out of rural areas. 

‘Push’ factors are often stronger, leading to many rural-urban migrants with poor employment 

and public services, including environmental. Poor neighborhoods in mega-cities of developing 

countries typically have poor environmental quality, with precarious access to safe drinking 

water and sanitation (Nagendra et al 2018). Yet the drivers of urbanization are quite variable 

(Bloom et al., 2008; Fay & Opal, 2000), with important roles of national policies (Bai et al., 

2014). For instance, developed countries typically have higher levels of urbanization, with a 

strong correlation to productivity and income (Cohen & Simet, 2018). This forms a basis for 

some countries to promote urbanization as part of a strategy for economic growth, but there are 

large regional disparities, as well as quite mixed results (Bai et al., 2012; Bloom et al., 2008).   

2.1.4.4  Human Capital 

Human capital − including education, knowledge, health, capabilities and skills − is a significant 

component of development, one judged by many to be the largest share of the total wealth of all 

nations (World Bank, 2018n). That share varies by income level: within the low-income 

countries, ‘produced & natural capital’ are the largest share; while in the high-income countries, 

human capital dominates (World Bank, 2018n). Within that human capital, the levels and types 

of education influence economic development, including the scale of output, sectoral mix, and 

techniques used. Yet the relation between education, economic performance, environmental 

attitudes and sustainability is multifactorial − with factors such as economic and development 

policies, consumption patterns, and integration within the global economy playing major roles.  

 

Human capital can be strongly affected, for instance, by the roles of women within a labor force. 

That societal factor can have a strong influence not only on the use of natural capital but also on 

other forms of human capital (World Bank, 2018n), beyond of course yielding more total human 

capital. Between 1995 and 2014, the estimated female share of human capital, globally, rose to ~ 

40% − albeit with regional variations (from 18 to 44%, Credit Suisse, 2018) 

2.1.4.4.1 Less Agricultural Extension 

Meeting the world’s increasing demand for food while still reducing agriculture’s environmental 

impacts is one of the defining challenges of our times. Agricultural extension services constitute 

an important approach, as they may foster more productive uses of our limited natural resources, 

as in precision agriculture (Bongiovanni & Lowenberg-DeBoer, 2004). On the other hand, they 

can catalyze degrading shifts in production systems that lead to many losses of diverse traditional 

farming systems (IPBES, 2018a), or widespread harmful removal of tree cover (IPBES, 2018b). 

 

During the 1960s and up to mid-1970s, rural support via agricultural extension was quite strong, 

particularly as associated with the Green Revolution. During the 1970s, extension was included 

explicitly within approaches to integrated rural development. However, public-sector extension 

became more limited after the 1980s, with its emphasis upon participatory approaches alongside 
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drastic decreases in governmental expenditure on agricultural credits. In Latin America, between 

1991 and 2007 such extension expenditures were reduced to below 10%  (Fig. S9). In addition, 

private support for such agricultural extension also started to decline around the 1980s, leading 

to underfinancing, staffing shortages, and the contraction of extension services (FAO, 2017). 

2.1.4.4.2 Indigenous and Local Knowledge 

Indigenous Peoples and Local Communities (IPLCs) constitute a significant fraction of the 

world’s population and occupy a large fraction of the land area of the planet. Between 1 and 1.5 

billion people are considered as members of Indigenous Peoples and Local Communities (see 

Chapter 1), whiles estimates about smallholders range from 2 to 2.5 billion people (Zimmerer et 

al., 2015). IPLCs manage or have tenure rights within ~38 million km2, in 87 countries (or 

politically distinct areas), on all inhabited continents, covering over 25% of the land surface 

(Garnett et al., 2018; Pearce, 2016). Their territories intersect with key areas for biodiversity 

conservation, including ~ 40% of all terrestrial protected areas and ecologically intact landscapes 

(Bhagwat & Rutte, 2006; Foltz et al., 2003; Sobrevila, 2008). Traditional occupations are a key 

source of livelihoods and income for many IPLCs, thus recognizing their rights to land, benefit 

sharing, and the corresponding local institutions are crucial for supporting local to global 

biodiversity conservation goals (Garnett et al., 2018). 

 

Today, indigenous and local knowledge (ILK) is increasingly seen as relevant for sustainable 

resource use, not only for IPLCs but also more broadly. This reflects a shift from centralized, 

technically oriented solutions, which have not substantially improved the livelihood prospects for 

many small farmers (even if helping others). While there do exist multiple differences between 

indigenous and modern/contemporary knowledge, they still have some substantial overlaps, and 

ways to leverage the two sources of knowledge − e.g., for optimizing agricultural systems around 

agroforestry, multiple tree-cropping systems, and soil management targeted at small holders − 

are being increasingly sought and further developed (Barrios & Trejo, 2003; Cash et al., 2003).  

 

Yet, the traditional practices stemming from ILK clearly are also declining at the very same time,  

and across multiple communities (Forest Peoples Programme, 2016; Chapter 2.3 and Chapter 3). 

For instance, changes in both values and knowledge can be driven by contemporary education, in 

which prestige and progress might be associated to the replacement of traditional knowledge, 

which plays a key role in either the maintenance or the erosion of local worldviews and 

knowledge (Godoy et al., 2009; Reyes-García et al., 2007). More generally, schooling can loosen 

people’s direct personal interactions with nature and lower traditional knowledge, while also 

potentially hindering the traditional transmission of knowledge based on direct learning from 

practice guided by local adults and elders. This occurs by creating cross-generational language 

barriers and changing cultural values (Godoy et al., 2009; Pearce et al., 2011; Reyes-García et 

al., 2014, 2007).  For instance, formal education can remove children from the everyday lives of 

families during the periods crucial for learning traditional knowledge (Ohmagari & Berkes, 

1997; Ruiz-Mallén et al., 2013), effective transmission of which relies upon observation, 

participation, and imitation in families and wider local communities. As formal education 

focuses on abstract and general knowledge, often alien to everyday life and local contexts, it may 
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serve to overwrite elements of traditional knowledge. Thus, different ways of learning (i.e., 

traditional/local vs. formal) may result in multiple cultural identities (Pearce et al., 2011). Yet, 

nonetheless, there are cases in which traditional knowledge and formal education have been 

successfully integrated, e.g., using local language and culture in implementing education and by 

also motivating traditional knowledge transmission (Barnnhardt & Kawagley, 2005; McCarter & 

Gavin, 2011; Michie, 2002; Ruiz-Mallén et al., 2013). 

2.1.4.4.3 Environmental Education 

The patterns and relationships within human behaviors which are related to actions that affect 

nature started to be more closely assessed in the 1970s and 1980s (Hungerford & Volk, 1990). 

Results from systematic meta-analyses confirm that while environmental awareness is important, 

knowledge alone is not enough to motivate pro-environmental action (Bamberg & Möser, 2007; 

Klöckner, 2013). Also, pro-conservation and environmental attitudes tend to be insufficient for 

inspiring significant behaviors (Ajzen & Fishbein, 1980; Monroe, 2003; Schwartz, 1977; Stern, 

2002). Instead, meaningful childhood experiences regarding Nature, in particular in the context 

of family members who model care for nature, have been linked to adult conservation behaviors 

(Children & Nature Network, 2018; Clayton et al., 2012; Hsu, 2017; Tanner, 1980).  

 

While a childhood’s time in nature is clearly instrumental in developing a lifelong commitment 

to care for the Earth, a positive and meaningful connection to nature can also be facilitated and 

enhanced throughout our lives, though, and may start at any time. Nature-based activities have 

been shown to have instrumental influences on adult behavior (Chawla, 1998; Wells & Lekies, 

2006). Opportunities to cultivate that sense of connection can emerge within rural as well as in 

urban environments − not only promoting environment-supporting behaviors but also leading to 

increased health and well-being (Richardson, McEwan, Maratos, & Sheffield, 2016). Several 

studies have demonstrated a positive relationship between the level of involvement in nature-

based activities as diverse as fishing (Oh & Ditton, 2006, 2008), SCUBA diving (Thapa et al., 

2006) and bird watching (Cheung et al., 2017; Hvenegaard, 2002; McFarlane & Boxall, 1996), 

and individuals’ concerns for the resources upon which their activities depend. People also grow 

attached to the specific places where they interact with nature, where they are more likely to 

engage in  conservation actions (Halpenny, 2010; Ramkissoon et al., 2013; Stedman, 2002; 

Tonge et al., 2014; Vaske & Kobrin, 2001). For those already positive toward the environment, 

regular time in nature may play an affirming role by keeping nature “top of mind” and increasing 

the likelihood of taking action to benefit the environment (Manfredo, Yuan, & McGuire, 1992; 

Tarrant, 1999; Thapa, 2010), all highlighting the importance of regular or even frequent 

experiences outdoors in nature (Kellert et al., 2017). 

2.1.5  Indirect Drivers: Technological 

2.1.5.1  Traditional Technologies (Indigenous and Local Knowledge, ILK) 

Both archaeological and contemporary evidence suggest that humans have used and continue to 

use a wide variety of deliberate means to manage species within habitats rich in biotic resources 

(Hoffmann et al., 2016). Indigenous Peoples continue to interact with the planet's ecosystems in 
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many and varied ways: forest-managers in the tropical lowlands or in the mountains; pastoralists 

in savannas and other grasslands; and nomadic or semi-nomadic hunters and gatherers in forests, 

prairies and deserts (Toledo, 2001). Large groups of Indigenous Peoples are also just small-scale 

producers, not always easily distinguishable from the non-Indigenous Peoples producing nearby. 

Within the Andean and Mesoamerican countries of Latin America, the Indigenous Peoples farm 

much like surrounding small-scale farmers (Bellon et al 2018), with technology and knowledge 

flowing between the groups. Similarly, in India, distinctions between scheduled tribes and non-

tribal peoples cannot be made solely upon the basis of productive activities. In these and other 

many cases, non-indigenous and indigenous producers plant crops using similar farming methods 

(Toledo, 2001), while also broadly contributing to dissemination of technologies and knowledge, 

such as in cases of agroforestry and other tree-cropping systems that are increasingly important 

within many regions (Agrawal, 2014). Together, Indigenous People and local communities and a 

wide range of smallholder producers contribute a significant share of our global food production. 

 

Today, Indigenous Peoples and Local Communities (IPLCs) constitute a significant fraction of 

the world’s population and formally or informally occupy and manage a large fraction of lands. 

ILK and related practices are increasingly seen as relevant for sustainable use. This is part of a 

shift from centralized, technically-oriented resource management solutions that, in many cases, 

adapt poorly or are even harmful to local quality of life and environment. Beyond ecological 

knowledge and production technologies, there is increasing appreciation for the importance of 

local institutions that underlie the local access to, use of, and management of natural resources. 

 

Indigenous Peoples’ and Local Communities’ practices usually are based on a broad knowledge 

of the complex ecological systems in their own localities (Gadgil et al., 1993). A wide range of 

outcomes emerge from these relationships, with cases illustrating sustainable resource and others 

with heavy ecosystem impacts via inappropriate management by local populations. For example, 

water use within Indian communities has proven to be highly efficient, for storage and 

distribution. Communities located close to the mountains with abundant precipitation have 

extensive knowledge about canals, dams, pools in hard rocks, and systems known as kul, naula, 

Khatri (Bansil, 2004). Indigenous Australians have demonstrated detailed technical knowledge 

of fire and used it effectively to improve habitat for game and assist with the hunt itself (Lewis, 

1989). Indigenous fire management has been documented across the world for agricultural and 

pastoral use, hunting, gathering, fishing, vegetation growth and abundance, clearing vegetation, 

habitat protection, domestic use, medicine/healing and spiritual use (Mistry et al., 2016; Sletto & 

Rodriguez, 2013). In Brazil, the practice of Mayú, a mutual cooperation in the elaboration of 

large-scale tasks within traditional farming, e.g., cutting of trees and burning the felled biomass, 

is one social institution which has facilitated the formation and establishment of social bonding 

as well as important intergenerational knowledge transfer (Mistry et al., 2016). 

 

In tropical countries (Indonesia, New Guinea, Sri Lanka, Uganda, Tanzania, Nigeria, Mexico), 

IPLC agroforestry systems are based on ancestral practices with common characteristics. These 

systems are highly diversified, productive and complex. Producers manipulate species but also 

vegetation and ecological processes (Toledo & Barrera-Bassols, 2008). As within many regions 



Unedited draft chapters 31 May 2019 

46 

 

of the world, in these countries the rotation of harvesting contributes to landscape heterogeneity 

− and while such rotation in agriculture is well known, less well known is rotation for grazing 

and hunting and fishing. In semiarid regions such as the fringe of Sahel, for instance, seasonal 

patterns of rainfall drive migration by larger herbivores and by traditional herding peoples. This 

can allow for the recovery of grazed lands − which can be disrupted by settlement. Throughout 

arid and semiarid Africa, traditional herders followed migratory cycles, rotating grazing land 

seasonally and, in cases, rotating adjacent grazing areas within a season (Gadgil et al., 1993). 

 

Yet, indigenous and local knowledge and practices are being lost, even as they come to the fore. 

One indication is reduced linguistic diversity. The Ethnologue (Lewis, 2009) identified 6,909 

languages − of which half are at risk of extinction. Linguistic diversity can be correlated with 

biological diversity in regions including Taiwan and the Philippines, the Amazon Basin and 

Papua New Guinea and Eastern Indonesia, Northern and Central Australia, Eastern Siberia, and 

Mesoamerica. Extinction risks for these elements of linguistic diversity are high in Australia, the 

Amazon and Eastern Siberia. In many cases, these losses also correlate with the abandonment or 

transformation of local production systems, with implications for land cover change (involving 

reforestation and/or deforestation), local food self-sufficiency, and the loss of agrobiodiversity. 

2.1.5.2   Technological changes in primary sectors (with direct uses of nature) 

2.1.5.2.1 Significant Transitions in Agriculture 

Agriculture has expanded significantly, in response to increasing demands − a trend not likely to 

decline in the near future, given the increases in livestock, and human populations, and incomes. 

Yet such expansions can be either extensive, via increased area, or intensive, via increased yield 

(output per unit area, often increased through increases in the levels of inputs). At a global scale, 

intensification can imply greater shares of agriculture in some regions yet reductions elsewhere. 

Areas can fall while outputs hold steady, with increases in yields, as in high-income countries in 

Latin America and the Caribbean (Fig. S9). Illustrating regional variation, agricultural yields and 

areas rose concurrently in middle-income countries, as well as in low- and middle-income Sub-

Saharan Africa. For instance, there was a rise in both land area allocated to cereals and the 

cereals yield in Sub-Saharan Africa, while other areas focused on raising yield without any 

significant increase in their farming areas. Most of the agricultural producers in this region are 

smallholders − including those farmers who practice slash-and-burn agriculture, which in some 

areas has contributed significantly to the losses of forest ecosystems and biodiversity. 

 

Historically, the Green Revolution brought important changes with both opportunities and risks. 

During the 1960s, 1970s and 1980s, yields of rice, maize and wheat all increased steadily via the 

application of innovations in seed development, irrigation and fertilizer use. With billions added 

to the world population, since these practices began, many believe that without gains in outputs, 

famine and malnutrition would have been much greater. A nutrition expert who led the FAO, 

Lord Boyd Orr, was awarded a Nobel Peace Prize in 1949. The ‘father’ of the Green Revolution, 

Norman Borlaug, was also awarded a Nobel Peace Prize, in 1970, for ‘providing bread’. Borlaug 
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promoted the aggressive use of all advances in traditional methods − and then later championed 

genetic engineering − to develop varieties with greater yields, as well as resistance to diseases.  

 

Yet, the Green Revolution highlights both the immense potential and significant tradeoffs from 

innovations (RMI 2017). Chemicals uses caused environment and health issues (Singh & Singh, 

2000; WHO & UNEP, 1989; WRI, 1992). Also, intensive fossil-fuel agricultural practices have 

negatively affected the water table in many regions. Food security fell for some, as production 

shifted out of the subsistence approaches which had been feeding many peasants in India. Also, 

monocultures have yielded poorer diets than traditional farming and agrobiodiversity. Looking 

globally, such practices also can lower food security through greater control of food systems by 

corporations upon whose inputs small- and middle-scale producers become dependent (Berlanga, 

2017) and who may promote diets yielding poorer nutrition. Some practices may be subsidized 

by national governments, in the favor of large firms (Fox, 2015). Also, despite food availability, 

famine has continued to come about, given societal failures (Drèze & Sen, 1991). 

 

For nature, a gain from yields can be ‘sparing’ of land, i.e., less need for land for a given output 

(Stevenson et al., 2013). Yet, evidence of land sparing is mixed across scales (local, national and 

global), intensification types (technology-driven versus market driven) and contexts 

(governance). Technology-driven increases in the outputs per unit area can reduce the pressure 

on land (Byerlee & Deininger, 2013) when intensification is far from frontier areas, so demands 

pull labor away from frontier areas. It can increase pressure by raising frontier productivity − 

increasing returns to lands (ibid). The market dynamics matter (DeFries, Herold, Verchot, 

Macedo, & Shimabukuro, 2013; Meyfroidt, Lambin, Erb, & Hertel, 2013; Rudel, Schneider, et 

al., 2009). For the IPBES regions, Africa responded to such increases in demands by increasing 

areas, while Asia and the Pacific responded mainly by increasing yields, using investments in 

both infrastructure and governance (IPBES, 2018a). 

 

Potential adjustments to improve trajectories include applying IPLC agroecological innovations. 

Additional potential adjustments include various uses of biotechnology that, in traditional forms, 

have contributed for millennia. Providing foods and medicines via farmer selection and breeding 

of crops and animals has deep roots in local and traditional knowledge. Ongoing uses include a 

large number of plant varieties (for agro-biodiversity) and livestock breeds adapted to extremely 

varied soil, climate, disease, predation, and management contexts with specific qualities. These 

varieties and breeds constitute an asset to preserve for all of humanity, while modern agriculture 

has tended to homogenize the genetic diversity of crops and herds (see also chapter 2.2). 

 

Further potential adjustments are genetically engineered seeds (genetically modified organisms 

(GMO)) commercialized in 1996 and planted on ~185 million ha, across 26 countries, by 2016 

(ISAAA, 2016) to increase insect resistance (IR) and herbicide tolerance (HT) in maize, soybean, 

cotton and rapeseed, thus lowering damages and crop losses (Lichtenberg & Zilberman, 1986). 

Hundreds of studies of farm-level impacts of HT and IR including field trials in many countries 

reveal substantial but not universal yield gain (Carpenter, 2010; Finger et al., 2011; Matin Qaim, 

2009). Yet by increasing cotton yields 34%, corn yields 12% and soybean yields 3% such seeds 

are estimated to have spared 13 million ha of land from agriculture in 2010 (Barrows et al., 

2014b). Yield gains should be greatest in developing countries (Qaim & Zilberman, 2003), 
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where pest pressures are higher, but smaller where pest damage is effectively controlled by 

conventional means (Carpenter, 2010; National Research Council, 2016; Matin Qaim, 2009). 

 

Evidence about lower pesticide and herbicide use due to such seeds is mixed. National Research 

Council (2000b) reported resistance in only three pest species in the first 14 years of commercial 

IR cropping, yet the cases have increased over time (Bennett, Phipps, Strange, & Grey, 2004). 

The NRC (National Research Council, 2016) determined that damaging levels of resistance 

evolved in some insects targeted by IR crops where resistance-management practices were not 

followed.  For instance, at least 10 species of weeds have evolved a resistance to glyphosate 

within the United States due to a nearly exclusive reliance on it for weed control (Duke & 

Powles, 2009). The situation may be improved by uses of varied weed control mechanisms 

(Barrows et al., 2014a). Overall, as for other innovations, tradeoffs emerged for genetically 

engineered seeds − including increasing costs, though control costs can decline sufficiently to 

improve farms’ margins (Carpenter, 2010).  

 

Tradeoffs for GMO seeds might also include environmental concerns, such as impacts on crops’ 

genetic diversity, people’s health and on farmers livelihoods. Gene flows across GMO and non-

GMO seed can result from cross-pollination between GMO and non-GMO plants from different 

fields, as confirmed for the case of some landraces of Maize in Mexico by a board of scientists 

(Commission for Environmental Cooperation, 2004), thus suggesting more attention is needed 

(NRC 2010). Genes can also be transferred to wild plant species belonging to the same genus, 

which may have unpredictable effects. In terms of health, use of the herbicide glyphosate has 

been linked to an increase in cancer rates and teratogenesis in Argentina (Pengue, 2005) and 

some data suggest accumulations within the animal and human food chains (Krüger et al., 2014) 

− yet the U.S. NRC did not find evidence that consumption of GMO foods is riskier than non-

GMO counterparts (FAO, 2000; NRC 2000b, 2000a; WHO, 2005). Economic benefits and costs 

have been documented in varied contexts (Kathage & Qaim, 2012; Qaim & De Janvry, 2005; 

Qaim & de Janvry, 2003; Brookes & Barfoot, 2012; Zambrano, Fonseca, Cardona, & Magalhaes, 

2009) yet there can exist concerns even about the economic and political pressure upon such 

science itself. 

2.1.5.2.2 Limited Transitions in Biomass Energy 

 

Innovation has also occurred in how energy is produced and used. More than in any other region, 

though, households in Sub-Saharan Africa still depend upon biomass for domestic energy supply 

– with effects on health and nature (Arnold, Köhlin, & Persson, 2006; Bailis, Drigo, Ghilardi, & 

Masera, 2015; Bailis, Ezzati, & Kammen, 2005; Foley, 2001; Ramanathan & Carmichael, 2008; 

Vlosky & Smithhart, 2011), particularly within East Africa. Approximately 95% of the people in 

Burundi, Ethiopia, Rwanda, Tanzania and Uganda use solid fuels to cook and to heat (GACC, 

2017). Persistence within such behaviors is due in part to societal values of fuelwood, the slow 

development of markets for modern fuels (e.g., liquid petroleum gas) and clean cookstoves, with 

little information on personal or social benefits of switching fuels and stoves (Masera, Saatkamp, 

& Kammen, 2000; Schlag & Zuzarte, 2008). High capital costs and poor infrastructure have both 



Unedited draft chapters 31 May 2019 

49 

 

also further inhibited the household adoption of modern fuels and technologies (e.g., electricity). 

In western Uganda, fuelwood consumption has contributed to deforestation (Dovie et al., 2004; 

Ndangalasi et al., 2007; Nkambwe & Sekhwela, 2006) though small-scale agriculture and timber 

remain the primary drivers (Geist & Lambin, 2002; Jagger, Shively, & Arinaitwe, 2012; Mwavu 

& Witkowski, 2008). Outside parks, half of tropical forest on private land is degraded (Nsita, 

2005) in part to gain de facto property rights (Jagger, 2010).  

 

Land-use change has greatly lowered the standing biomass over quite a short period of time (e.g., 

26% in 2003-11). This can induce the planting of trees, as a response to scarcity of biomass. Yet 

it is only at small scale. Greater responses by rural households are in quantity and source of fuels 

− with significant shifts away from fuelwood from the forests to fuelwood from non-forest areas, 

which are larger where significant conversions have lowered biomass (Jagger & Kittner, 2017). 

More use of crop residues is consistent with this sort of shift. Shifting fuels types and sources has 

at least two direct impacts, at the level of a household: an increase in the use of low quality fuels, 

which raising exposures to household air pollution (Forouzanfar et al., 2015); and an increase in 

the time required to collect fuel, with women primarily bearing the cost (Jagger & Kittner, 2017). 

2.1.5.3  Technological changes, and tradeoffs, within urbanization and industry  

Transport investment and other innovations facilitated urbanization, generating both productivity 

− as economies diversified into manufacturing and services − and many other consequences. At 

the landscape level, transport investments also improved market access for peripheral areas. Still, 

most gains may go to urban areas and the linkages can further raise concentrations (Scott, 2009).  

 

Within cities, transport costs again are critical. Given relatively fixed land areas, scale economies 

with high density eventually can be offset by congestion, i.e., traffic with time costs, so another 

urban investment has been in subways (Scott, 2009, ch. 4). Densities also raise the challenges of 

disease (Scott, 2009, pp. 140-141). Innovations such as vaccines address many threats, including 

in low-income settings today, as do investments in sanitation that still affect choices of locations. 

 

For direct uses of nature, scarcities have motivated innovations, including reductions in material 

or pollution intensities per unit production. Changes are due to both purely private motivations or 

regulations (see governance below) and, as consumptions rises, are needed to meet basic needs 

without raising consequent degradation. As consumers and as citizens, people may be willing to 

incur costs for cleaner production. For instance, households might on their own invest in stoves 

(Chaudhuri & Pfaff, 2003; Pfaff, Chaudhuri, & Nye, 2004; Pfaff, Barelli, & Chaudhuri, 2004; 

Pfaff, Chaudhuri, & Nye, 2004; and many studies cited in World Bank, 2007) to produce 

cooking, heating and lighting services with far less pollution. This applies in rural areas but also 

has significant spillovers to ambient air quality within cities.  

 

Scarcities of water quality and quantity clearly have motivated innovations, e.g., to purify water 

(Jalan & Somanathan, 2004) or to find safer sources (Madajewicz et al., 2007). Understanding 

risk is critical for investments in both piped water (Jalan & Ravallion, 2003) and bottled water 

(Kirkpatrick 2018). For water quantity, as for irrigation, at the local and community levels water 
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shortages lead to social innovations such as local upstream-downstream groups to allocate water, 

as in Sri Lanka (Uphoff 1996). Analogously, Ostrom (1990) documents a Spanish community’s 

innovations to make water-use reductions physically and socially feasible, despite outputs goals. 

 

Enormous shifts in energy efficiency are occurring, including in renewable energy. High prices 

for fossil fuels motivate such investments – just as recent lower prices for fossil fuels reduced the 

intensities of both conservation and exploration. Higher costs such as for extensions of electricity 

grids on rural frontiers also motivate investments in substitutes, such as solar, that degrade less. 

The diffusion or spreading of such innovations during industrial development can help nature 

(Popp et al., 2010) and motivate further investments into research and development (Chuang, 

1998; Golombek & Hoel, 2004). Broader use of such innovations could avoid the most 

environmentally destructive elements of economic development (Carson, 2009; Munasinghe, 

1999), allowing ‘leapfrogging’ to modern technologies, e.g., grid or solar electricity, to furnish  

urban centers (Liu, Hull, et al., 2016). Such diffusion may require regulation (Popp et al., 2010) 

or subsidies to flourish (Fu, Pietrobelli, & Soete, 2011; Goldemberg, 1998; Murphy, 2001) yet in 

cases diffusion could even facilitate economic development (Munasinghe, 1999; Popp et al., 

2010) – including within fast-growing economies (Jayanthakumaran et al., 2012). 

 

Yet, as for other innovations, there are tradeoffs including for nature – e.g., fossil fuel emissions 

from cars to windmills that hit birds. Replacing fuelwood with hydropower clearly aids forests 

and indoor air quality (Liu, Hull, et al., 2016) but shifts water flows and flooding, with negative 

effects on biodiversity and more (Bunn & Arthington, 2002). While antibiotics have saved lives 

for over a century, and long been used in animal production, aquaculture, and high-value fruits 

and vegetables (McManus et al., 2002) as well as feeds (Holmstrom et al., 2003; Kumar, Gupta, 

Chander, & Singh, 2005), they enter the soils plus surface and ground water and drain to coastal 

bodies of water where they do not readily degrade (Holmstrom et al., 2003). Their widespread 

overuse also has led to a proliferation of antibiotic-resistant bacteria (Holmstrom et al., 2003; 

Kumar et al., 2005; McManus et al., 2002) to the point of being recognized by the World Health 

Organization as a major, global public-health problem. 

2.1.6  Indirect Drivers: Economic 

2.1.6.1  Structural Transition 

2.1.6.1.1 Economic Composition (shifts across sectors) 

Since 1950, economies have shifted out of agriculture and towards both industry and services, in 

varied mixes. It is clear (Fig. 2.1.5) that agriculture’s share of value added is higher for low- than 

for high-income countries, while the opposite ranking of shares holds in manufacturing and 

services. 
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Figure 2.1.5. Changes in economic composition: Value Added in Agriculture (A) versus 

Industry (B) and Services (C). Values per country are averaged for World Bank income 

categories. Services sum service exports and imports then are divided by GDP, all in current U.S. 

dollars. Sources: (World Bank, 2018b, 2018k, 2018a, 2018h, 2018c, 2018o) 

 

For low-income countries, employment shares across sectors were stable between 1990 to 2016 

at ~ 65% in agriculture, ~ 9% in industry and ~ 26% in services. Across the same time period, 

however, the share of employment in agriculture fell 10% for all the middle-income countries 

(down from ~ 46% in the lower-middle-income and ~ 27% in upper-middle-income countries), 

while the employment share in industry was relatively stable, rising about 4% during this period. 

Thus, employment went into services, which rose to ~37% in lower-middle- and ~61% in upper-

middle-income countries, while also rising about 10%, to 73.1%, within high-income countries.  

 

Shares of GDP had similar trends, with agriculture falling for all country groups − albeit earlier 

for the high-income but more smoothly for the middle-income countries, stabilizing near 9% for 

upper-middle- and 16% for lower-middle-income countries. From the 1960s, industry shares of 

GDP rose more steeply in high-income countries, peaking at about 50% in 1974 while stabilizing 

at around 20% in low-income and ~30% in middle-income countries. Service shares increased 

steadily as well, reaching ~50% in low-income and 63% in middle-income countries by 2016. 

For high-income countries, after fluctuating, they rose steadily until stabilizing around 68%.  

 

According to the Vienna University of Economics and Business (WU, 2017), industrialized 

economies in Europe and North America have lowest material intensities (at 0.5 tons of material 

extraction per US$1000 of GDP in 2013, down from 0.8 and 1 in 1980, respectively). While this 

can be driven by technology shifts mentioned above, and by increased trade mentioned below, it 

(Fig. 2.1.6) is partially due to the shift towards services. 
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Figure 2.1.6. Trend of Material intensity (amount of resources extracted in tons per US$1000 of 

GDP) by world region (1980~2013). Average values for six world regions and the world average 

for the tonnes of extracted materials necessary to produce economic output (in 1000 constant US 

$).  Source: (WU Vienna, 2015). 

 

Yet, scale still matters. Since 1950, world population grew by a factor of 2.7 and global material 

consumption by a factor of 3.7 (Schaffartzik et al., 2014). Furthermore, resource use is unequal, 

linked to poverty. Western industrial countries that shared 44% of global GDP and 15% of world 

population in 2010 have been responsible for almost half of the global material consumption. In 

recent decades, there has been a shift toward China (Muradian et al., 2012).  

 

That shift in relative scales interacts with unequal intensities (Fig. 2.1.6) to modify global 

intensities. Expansion in Asia raised average material extraction intensity for the global economy 

(Fig. 2.1.6), although without ‘decoupling’ the degradation of nature from economic growth  

(WU, 2017): while Asia fell in material intensity for two decades after 1980 (from 3 to 2.3 

tonnes per $1000 US GDP), that measure rose again (to 2.9 tonnes in 2013). African economies 

still have highest intensities but their improvement since 1980 (from 5.2 to 3.9 tonnes) has also 

been significant. 

2.1.6.1.2 Factors Supporting Sectoral Shifts 

Concerns about degradation are one motivation for individuals to put resources into transitions, 

such as across sectors. Such concerns or values are suggested when people take costly actions to 

maintain or to improve natural assets (e.g., Smith 1996; Atkinson, Bateman, and Mourato 2012; 

Freeman, Herriges, and Kling 2013, Merino y Martínez, 2015), e.g., treat water or use improved 

cooking technologies (Alberini et al., 2010; Pattanayak & Pfaff, 2009), conserve ecosystems 

(Ferraro et al., 2012; Kramer, 2007; Majuru et al., 2016) and forests (Merino y Martínez 2015). 
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Scarcity of nature shifts the value placed on nature, as in the ‘diamond-water paradox’ (Farber & 

Griner, 2000; Heal, 2000): water is essential to sustain life yet, when perceived as plentiful, is 

used in non-conserving ways. (Barnett & Morse, 1963; Pratt & Zeckhauser, 1996). Willingness 

to incur costs to shift behaviors also depends upon the belief that costs will be shared among 

interested parties and have positive outcomes. For instance, if families perceive that others free-

ride on their actions, not engaging in contributions but benefiting, they too might free ride 

(Graves, 2009; Matta & Alavalapati, 2006; Starrett, 2003). Still, given a chance they may vote 

for rules that bind behaviors (Álvarez-Farizo et al., 2007; Starrett, 2003; Wilson & Howarth, 

2002; Wiser, 2007). 

 

Beliefs about or perceptions of risk across sectors can help to drive such economic transitions 

(Lubell et al., 2007; Whitehead, 2006). It can be hard to ascertain environmental quality, 

resulting in misaligned perceptions of safety and incorrectly low demand for actions that support 

nature (Orgill et al., 2013). Salient information about the lack of environmental quality can spur 

demands for adjustments (Brown, Hamoudi, Jeuland, & Turrini, 2015; Hamoudi et al., 2012; 

Madajewicz et al., 2007). Within the provision of such information, one key issue is the multi-

dimensionality of environmental amenities or, more generally, nature. For example, dimensions 

of drinking water that can affect behavior include: price, convenience, reliability, taste, turbidity, 

and more (Farber & Griner, 2000; Jeuland et al., 2014, 2016; Ma & Swinton, 2011). As a result, 

offering information on water’s reliability alone may achieve little if other features affect 

decision trends. 

 

When markets perceive scarcities, price rises, providing incentives to invest, as in forests (Foster 

& Rosenzweig, 2003), while countries may respond with policy (Mather, Fairbairn, et al., 1999; 

Mather, 2004; Mather & Fairbairn, 2000), e.g., Bae et al. (Bae et al., 2012) say that South 

Korea’s forest transition was due in some measure to reforestation policies. A different dynamic 

is a buildup of manmade capital that facilitates a switch to industry (Choumert, Motel, & Dakpo, 

2013; Mather, Needle, & Fairbairn, 1999). Hecht et al. (2015) highlight roles of urbanization and 

remittances in behavioral shifts (e.g., farmers migrate to the cities), while if populations stabilize, 

implying less growth in demands for crops, and in labor supply for agriculture, that can result in 

lowering of pressure for new deforestation (Angelsen, 2007; Wolfersberger et al., 2015). For 

instance, Rudel et al. (2000) found for Puerto Rico that non-farm jobs pulled labor out of 

agriculture. Agricultural production could then become more intensive, which can reduce the 

pressures upon forests, while some agricultural lands could revert to forest (Rudel et al., 2005). 

This also lowers pressures on forests due to collection of fuelwood  (DeFries & Pandey, 2010).  

 

2.1.6.1.3 Implications for Nature of Sectoral Shifts (‘composition effects’) 

Sectoral shifts affect nature. A substantial 1990s literature found relationships between pollution 

concentrations and GDP per capita. using data since World War II: as GDP per capita increases, 

pollution concentrations rise then fall (Grossman and Krueger 1991, Shafik and Bandyopadhyay 

1994, Selden and Song 1994, (e.g., Gale & Mendez, 1996; Grossman & Krueger, 1995; Hilton & 

Levinson, 1998). In general, however, it appears that the specific relationships between pollution 
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and economic growth can be quite different across the many types of pollutants, including in that 

they can be sensitive to the period of study and the quality of the data (Carson, 2009; Harbaugh, 

Levinson, & Wilson, 2002; Stern, 2004; Stern, Common, & Barbier, 1996). This speculative 

relationship was labeled the ‘Environmental Kuznets Curve’ (EKC, as a reference to Simon 

Kuznet’s ideas in the 1950s about patterns of economic inequality for economic growth).  

 

Parsing such patterns, Copeland & Taylor (2013) distinguish a few underlying changes that occur 

with the growth of an economy. Thus, when considering policies to shift outcomes, one might 

focus on any of these dimensions. The ‘scale effect’ refers to effects of the amount of production. 

The ‘composition effect’ refers to a change in the mix across types of economic activity – recalling 

that such changes in the sectoral mix could occur in part as a result of international trade. Last is  

the ‘technique effect’ that can apply to any type of economic activity, in which for private reasons 

and due to public policies innovations, as discussed above, lower damages per unit output for any 

sector (Brunel, 2017; Grether et al., 2009; Shapiro & Walker, 2015). Some studies evaluate 

whether international trade induces such effects (Cherniwchan et al., 2017) after Antweiler et al. 

(2001), Cole and Elliot (2003), Managi et al. (2009), Levinson (2009).  

 

These three effects can sum up to reverse trends for nature. One example of non-linear and trend-

reversing behavior during economic development has been forest cover, i.e., ‘forest transitions’ 

(Mather, 1992). Various such sequences have been observed across the globe (Belay et al., 2015; 

He, Lang, & Xu, 2014; Mather, 2007; Mather, Fairbairn, & Needle, 1999; Meyfroidt & Lambin, 

2011; Rudel, 1998; Rudel, Bates, & Machinguiashi, 2002). While these forest cases do differ, 

their commonality is that in each case the trend in land use has been reversed (Barbier et al., 

2017) due to shifts in human choices, given changes in decision conditions. Textbox 2.1.1 (above 

in Introduction) highlights the importance of understanding dynamics well. 

2.1.6.2  Concentrated Production 

Corporations and financial agencies now control amounts of financial capital, which rival the 

revenues of the vast majority of countries. The top nine largest economies are countries but at 

least one company on its own would be the next largest, with larger revenues than the economies 

of India, South Korea and Australia (Anderson & Cavanagh, 2000). Another five corporations 

are, then, among the 22 largest ‘economies’ using these measures of size. One oil company, e.g., 

has a larger ‘economy’ than Mexico, India and Sweden. This size can affect the bargaining over 

any number of exchanges, from contracts with laborers to the exchanges of varied goods in 

which nature is embedded.  

 

Textbox 2.1.2:  Examples of supply chain concentrations relevant for uses of 

natural resources. 

 

Coffee  Despite variations, coffee beans have long been viewed as an undistinguished 

commodity. Around 70% of coffee is grown in farms under 5 ha (Fitter & Kaplinksy, 

2001), so market power is at the other end of the supply chain, e.g., 10 global importers 

control over 60% of global trade. In some countries, buyers collude to drive down prices. 



Unedited draft chapters 31 May 2019 

55 

 

Similarly, roasters are highly consolidated, e.g., 5 European companies controlled over 

58% of the market in 1998. This affects governance of the chain and revenues by stage. 

Producers’ prices remained flat or fell slightly over time while consumer prices 

increased and, in 1995, only 40% of the price stayed in the producing country to be split 

between producers and traders, implying at best zero rents at the start of the supply chain 

(Fafchamps & Hill, 2008; Fitter & Kaplinksy, 2001). A survey in Uganda in 2003 

showed that the volatility of farm-gate prices did not reflect world prices, consistent with 

local traders exploiting small farmers’ relative lack of information. Recently, though, the 

industry gives more attention to some of the characteristics of production locations. That 

can shift some market power to producers changing local communities’ incentives to 

invest in nature and shifting the tradeoffs from using it. 

Horticulture (fruits & vegetables) Similar results hold in horticulture – boosted by 

transportation and refrigeration technologies. Many developing countries with 

geographical advantages in fruit and vegetables supply, including in Africa, try to reach 

European markets. Yet, European food retailing is extremely concentrated with the top 5 

supermarket chains serving approximately 50% of the market in 1996, with producing 

countries capturing only 40% of the value. Europeans’ demands for higher 

phytosanitary, social, and environmental standards − plus high predictability – helped 

out the larger exporters as well. In Kenya and Zimbabwe, for instance, few individuals 

and companies had capital to export (Dolan & Humphrey, 2000) and such opportunities 

made them more productive and also more successful within their domestic markets 

(Pavcnik, 2002). For flowers, recent technological innovations supported expansions by 

the traditional producers. Ecuador possesses advantages with year-round supply and 

cheap labor – yet without producer cooperation and differentiated products that does not 

yield market power. If flower producers are not aware of final market conditions but 

informed by few importers, they get small profit shares. These dynamics affect the 

linkages from consumption to degradation and its local net benefits. 

 

Textiles & Apparel   In the 1980s, Mexican producers of blue jeans, for instance, moved 

from serving a small domestic demand to serving the US  by partnering with 4 major 

manufacturers (Bair & Gereffi, 2001). By 2000, several top US retailers joined them, 

expanding the market. However, the fairly homogeneous nature of their output and a 

reliance on external inputs was conducive to only small rents, spurred an attempt at 

upgrading into marketing and design via their own brands. Yet, as in African 

horticulture, only the few most productive and capitalized firms could manage this. That 

increased market power and concentrated rents for a domestic elite (Bair & Gereffi, 

2001) – while pushing down wages, which exacerbated domestic inequities.  The textiles 

trade used to be driven and governed by cotton producers. However, consolidation of 

retailers shifted the governance of the supply chain downstream. Thus, cotton producers 

have shifted to trying cotton-seed processing, where market power is not so menaced by 

international competition and shifting demands (Hutson et al., 2005). Generally, shifts in 

the power between retail, upstream, and intermediate actors are important for 

understanding growth implications for the newly industrialized economies (Conway & 

Shah, 2011). Many developing countries are exporting textiles given foreign 

requirements that could boost internal productivity. Yet, in terms of surpluses earned, 

this may raise in-country surplus yet not help cotton per se. All of the dynamics are 
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important determinants of the economic and environmental tradeoffs faced, an 

understanding of which in this case can greatly inform policies focused upon water 

pollution. 

 

Furniture (forests upstream)  This chain has five main stages: forestry; sawmills; 

manufacturers; buyers and retailers. Demand shifts and retailer innovations raised retail 

competitive pressures and buyer concentration (Kaplinsky, Memedovic, Morris, & 

Readman, 2003). Traditionally labor intensive, this chain has a trend of falling prices, 

driven by rising competition and global price convergence with global sourcing 

(Raphael, Kaplinsky & Readman, 2005). Buying is now by a few actors who control the 

higher-value-added activities such as marketing, design and after-sales service. 

Manufacturing is heterogeneous. South African producers are traditionally large. Yet 

Kaplinsky et al., 2003 note declining prices due to the better competitive positions of 

buyers and suggested shifting into a different value chain (Saligna wood), with varied 

uses that allow entry with higher unit prices. Ivarsson and Alvstam (2010) examined 

firms’ subcontractors in China and South East Asia. Over half sell over 60% of output to 

one firm, whose bargaining power implies a larger share of surplus, consistent with 

Gereffi et al. (2005) since the captive supplier is subject to the market power of that ‘lead 

firm’ (see also Milberg 2004 taxonomy). Which chains suppliers sell into greatly 

changes their incentives for conservation of nature. 
 

Large financial players also have emerged. Those include private equity investors, such as 

infrastructure investment funds, or institutional investors, such as pension and mutual funds 

(particularly mandatory pension contributions), all attracted by opportunities including the large 

infrastructure developments (Arezki et al., 2016). To some extent, an increased role for private 

capital goes along with a reduced or altered role of governments within infrastructure 

investments. In addition, complex instruments and funding flows can make it hard to trace the 

lines of ownership, or responsibility, affecting governance. 

2.1.6.3  Trade 

2.1.6.3.1 Goods & Materials Flows 

Flows of goods and inputs rise as smaller shares of resource needs are satisfied domestically and 

that separates consumption from production (Lenzen, Moran, et al., 2012). Over three decades, 

the global exports of food have risen 10-fold (UNComtrade, 2013). Trade that crosses national 

borders affects 41% of materials extracted (Wiedmann et al., 2015, Robertson & Swinton, 2005),  

 

Comparing regions, North-East Asia is by far the biggest net-importer of raw materials (Fig. 

2.1.7), with very high net imports of ferrous metals, petroleum and coal per China’s enormous 

demands for these raw materials within industry and infrastructure. The biggest net-exporters are 

Oceania (mainly Australia), Eastern Europe (mainly Russia), South America (mainly Brazil) and 

Western Asia (mainly Saudi Arabia) – which export based upon immense natural-resources 

endowments. Australia has large deposits of metal ores and coal, for instance, while for Russia 

its oil and gas reserves have played quite important economic roles, yielding considerable export 

revenues. 
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Figure 2.1.7. The physical dimension of global trade. Physical Trade Balances, by regions, a) in 

1980, and b) in 2008 (millions of tons). The regions in magenta are net-exporters of materials, 

while regions in green are net-importers. Underneath are the top three countries in terms of both 
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net-imports and net-exports, by material categories and physical trade balances. Source: Own 

elaboration from (Dittrich et al., 2012; WU, 2017)  

 

2.1.6.3.2 Telecoupling & Spillovers: tradeoffs embedded within the trading of goods  

Ecosystems are ever more shaped by distant interactions among countries or ‘telecouplings’ as 

the world is becoming more global. Telecoupling refers to socioeconomic and environmental 

interactions over distances (Sun et al., 2017). Spillovers occur as a result of these telecouplings: 

effects of (seemingly unrelated) events in one region clearly are experienced in other regions. 

 

The growing trade of goods implies many displaced impacts upon nature − between one quarter 

and one half of the environmental impacts from consumption are felt in regions other than where 

the consumption occurs: CO2 emissions, chemical pollutants, biodiversity loss, and depletion of 

freshwater resources (IPBES, 2018b). For instance, 30% of threatened species (Lenzen, Moran, 

et al., 2012) and 32% of the consumption of scarce water, i.e., water used within regions with 

water scarcity (Lenzen et al., 2013) have been linked with international trade. This illustrates 

spillover effects from consumption of traded goods, in which environmental costs from the 

production of goods to supply international markets are being incurred far from where the 

consumption occurs. 

 

Displaced deforestation, pollution, water scarcity, soil loss, and erosion all occur at the expense 

of ecosystems in other countries, in particular developing countries (Lenzen et al., 2013; Lenzen, 

Kanemoto, Moran, & Geschke, 2012; Moran, Lenzen, Kanemoto, & Geschke, 2013, Galaz et al. 

2018). Studies considering the impacts on biodiversity. Chaudary and Kastner (2016) found that 

83% of total species loss is due to agriculture for domestic consumption while 17% is due to the 

production for export. Exports from Indonesia to the USA and China generate high impacts (20 

species lost regionally for each). An estimated 485 species currently face high risks of extinction 

in 174 countries, with about one third of those being a result of current land use patterns (Fig. 

2.1.8). Perhaps 12% of premature deaths in 2007 from air pollution were caused by pollutants 

generated by other regions, with 22% arising from the exports of goods and services (Zhang et 

al., 2017). Exporters get economic returns and technological advancements (Daniels, 1999) but 

also host negative environmental consequences (Schmitz et al., 2012) − including from mono-

cropping plantations, e.g., for soybean in the Amazon and Chaco, avocados in Central Mexico or 

cotton, sugar, palm oil and biofuels elsewhere, with health impacts (Lin et al., 2014; Zhao et al., 

2015).  

 

It is important to recall that sustainability in one country can rely upon unsustainability in others. 

Meyfroidt and Lambin (2009) find a ‘forest transition’ in Vietnam involved displacing extraction 

elsewhere (Dasgupta, Laplante, Wang, & Wheeler, 2002; Levinson & Taylor, 2008; Stern, 2004; 

Suri & Chapman, 1998). In the US, the New England region’s forests regrew as railroads linked 

to the Midwest region that grew in exports due to high agricultural productivity (Pfaff & Walker, 

2010). Along those lines, Kull et al. (2006), Meyfroidt et al. (2010), and Meyfroidt and Lambin 

(Patrick Meyfroidt & Lambin, 2011) tracked trade to link with forest transitions. Leblois et al. 
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(2017) find that countries at the beginning of forest transitions deforest thanks to trade, while 

those at the end reforest from trade. 

 

Trade redistributes emissions of greenhouse gases (Fig. 2.1.8). Production for international 

markets links with 26% (Peters et al., 2011) to 30 % (Kanemoto et al., 2014) of global carbon 

emissions. However, such effects have been neglected in the relevant international treaties, as 

carbon accounting was considered solely per country − without including the shifting of 

emissions from importing to exporting nations (Kanemoto et al., 2014; Peters et al., 2011). These 

spillovers in fact are larger than reductions in emissions.  

 

Thus, relocation of production and degradation affects evaluations of net impacts of governance. 

Regulations on emissions may appear to be ‘effective’ in regulated locations, even if degradation 

simply has shifted to other regions. For instance, since 1990 the UK had measured reductions of 

up to 16% of domestic CO2 emissions within its energy and water sectors, yet the CO2 emissions 

embodied in imports in those sectors, i.e. those emissions associated to the production of 

products that are imported, rose 208% in the same time period (Kanemoto et al., 2014).  

 

As to the motivations for such enormous increases over time in the global trade interconnections 

(and maybe for the lack of interest in tracking them for governance), without a question national 

scarcities of nature’s contributions often have been part of the drive underlying country interests 

in accessing the nature elsewhere, either directly or embedded in outputs (Fig. S13) (Galli et al., 

2012; Verones et al., 2017). Exports from the global South, for instance, often have been based 

on natural assets, including oil and gas (Muradian et al., 2012) that were demanded by countries 

with growing economies but also growing scarcities of energy. Among the importers of nature, 

Europe had highest trade flows balances which shifted nature’s degradation elsewhere (Dittrich 

& Bringezu, 2010), yet natural flows are a global phenomenon. In short, as illustrated in Figure 

2.1.8, exports can have significant costs in local nature degradation. 

 

Turning to potential socioeconomic tradeoffs involved, which can vary with implementation as 

trade can occur on positive or negative terms, the large trade flows sometimes have arisen under 

contracts with unbalanced sharing of gains (Arduino et al., 2012) and such inequities can get 

institutionalized in intergovernmental agreements. Merme et al. (Merme et al., 2014) find 

different distributions of hydropower benefits in the Mekong Basin under actual contracting than 

would be expected if all exchanges had occurred under transparent contracting in which all 

parties were fully informed. Arduino et al. (Arduino et al., 2012) consider how many rentals of 

valuable lands occurred for low fees, evading Tanzanian laws (and resulting in water pollution). 

Houdret (2012) connect costly uses of water to the mismanagement of public-private 

partnerships in Morocco. Transboundary rivers feature conflicts (Biswas 2011), e.g., a lack of 

trust between India, Nepal, and Bangladesh over the Mahakali River Treaty despite prior 

political processes (Khalid, 2010). 

 

In such contexts, some  refer to resource exchanges not as ‘trade’ but as ‘grabbing’ − in order to 

explicitly question the adequacy of the levels of compensation involved  (Dell’Angelo et al., 
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2018; Franco et al., 2013). The appropriate label is not always clear. Acquisitions without 

compensation, such as water diversions or cross-border pollution (‘e-waste’ in Awasthi, Zeng, & 

Li, 2016), may clearly be ‘grabbing’. Yet, adequacy of compensation is “in the eyes of the 

beholder”. Trade can allow all countries to gain from others’ strengths, but price is critical for 

equity – including when the global South imports (potentially displacing  production). 

‘Grabbing’ parties may justify transactions by arguing that their investments raise the access to 

or the productivity of underutilized resources. That possible efficiency rationale for the external 

inputs does not directly address the distributional consequences for vulnerable local populations. 

 

Nature-economy tradeoffs also arise in the conservation of nature in lower-income countries that 

effectively exports global public goods, such as carbon storage or species habitat, through forest 

protection. This may earn global funding transfers, also raising issues of adequate compensation. 

Overall impacts upon local well-being depend on who gets paid, how much, in which conditions. 
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Figure 2.1.8. Global trade imports and flows measured as biodiversity and CO2 footprints. a) 

Biodiversity footprint showing top ten exporting countries associated with pressures on 

biodiversity in developing economies and top ten importing countries with respect to pressures 

on biodiversity (developed and emerging economies); thicker arrows indicate a larger number of 

threatened species associated with that bilateral trade flow. b) Largest growing flows of 

embodied CO2 (amount of CO2 emissions associated to the production of products that are 

imported  to the USA (rightward arrows) and from (leftward arrows), measured as absolute 

growth 1990-2010 in tons of CO2). Source: (IPBES, 2018b; Kanemoto et al., 2014; Lenzen, 

Kanemoto, et al., 2012) 

Concerning lands, over 1000 deals have been recorded, globally, covering ~ 50 million hectares. 

Africa hosts over 400 for ~10 million hectares  (Nolte, Chamberlain, & Giger, 2016; The Land 

Matrix Global Observatory, n.d.). Rulli, Saviori, and D'Odorico (Rulli et al., 2013) estimate up to 

1.75% of cultivable land has been ‘grabbed’. Many deals involve conversion of savannah or 



Unedited draft chapters 31 May 2019 

62 

 

forest to crops or trees such as oil palm (Borras & Franco, 2012), using water from river basins 

(Borras, Suárez, & Monsalve, 2011). In Africa, investors are largely firms, at times in 

partnerships with national and local governments. Little evidence exists concerning free, prior, 

and informed local consent. Instead, weak consultation is reported, yielding protests since 

customary ownership and custody, with stewardship, coexists with legal state ownership that 

locally may not be seen as  legitimate (K. Nolte, 2014; K. Nolte & Väth, 2015). Projected local 

benefits, e.g., productivity and thus job creation that often is used as justification, have been 

mixed (Kleemann & Thiele, 2015; K. Nolte & Väth, 2015). The potential for such conflict must 

reflect the large shares of global lands held under customary or community-based local regimes 

(IUCN, 2008), including a significant share held or managed by Indigenous Peoples and Local 

Communities (see chapter 1) (USAID, 2012)  

As to existing plans to address the world’s growing agricultural demands, linked also with water, 

within Sub-Saharan Africa, Latin America, Eastern Europe and Central Asia, the lands said to be 

“available” often also are under formal public ownership and yet used by local groups, including 

indigenous communities (Rights and Resources). The same issues may arise, then, since regions 

may suffer implicit “land grabbing” by the consuming countries, via production of agricultural 

exports which can threaten local food security. The “available” lands also sometimes coincide 

with areas of high biodiversity. Summing up, if and when lands are converted, justice concerns 

potentially add to costs in terms of losses of ecosystem services (Sayer et al., 2008). 

 ‘Water grabbing’ raises all of the same issues as above, again including for agriculture, as noted, 

and for mining or hydropower generation or often for industry (Merme et al., 2014; Sosa & 

Zwarteveen, 2012). For the irrigation of cultivable land, demands have been labeled “green” – 

i.e., extracted by the plants – or “blue” – i.e., pumped (Dell’Angelo et al., 2014),  

2.1.6.4  Financial Flows 

2.1.6.4.1 Remittances 

Growing financial remittances after migration, i.e., transfers back to migrants’ places of origin, 

can significantly affect important outcomes for nature within the sending regions. From 1990 to 

2015, such remittances rose over 5-fold and were particularly important for poor households in 

the developing countries (e.g., China, India, Philippines, Mexico have the largest absolute 

inflows of remittances while, as fractions, Tajikistan, Nepal, Moldova and Haiti are high, ranging 

from one-fifth to half of GDP). In 2014, 250 million migrants sent $583 billion dollars. As the 

remittances raise disposable income, they can alter consumption patterns in communities. That 

can, in turn, promote land-cover change due to growth of agricultural activities that need land. In 

other cases, however, migration yields reductions in subsistence agriculture and, thus, the 

pressures on lands. 

 

Nine out of the ten most biodiverse countries, globally, are characterized by large- and medium-

sized diasporas plus medium-to-high dependence on remittances. The countries with the largest 

share of forest lands are not, however, high in migration or dependent upon remittances.  Among 

the top ten countries in the world in terms of highest deforestation rates from 2000 to 2012, only 
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China and the Democratic Republic of Congo have high migration − but even they have low and 

medium dependence upon remittances. None of those top ten have high remittances per capita. 

2.1.6.4.2 Financial Standards 

Private investments also are growing and can be very influential. Yet financial returns often do 

not recognize nature’s contributions (World Bank, 2018n). For instance, for Sub-Saharan Africa, 

despite substantial risks of natural depletion, in official assessments total wealth changes are not 

considered even for large investments. Thus, natural regrowth is not valued, while short-term 

income from the degradation of nature is counted (World Bank, 2018n). 

 

International institutions can set out environmental and social standards for financial institutions 

and transactions that borrowers should follow throughout project cycles. Standards can help in 

doing due diligence to assess risks (EIB, 2014; IFC, 2012; The Equator Principles Association, 

2013; World Bank, 2017a). Considering environmental, social and governance (ESG) factors in 

principles facilitate risk management (Sullivan et al., 2015; van Duuren et al., 2016) that with 

appropriate counting raises the risk-adjusted, long-term returns from investments (WEF, 2013) 

and affects assessments of firms’ performance (Delmas & Blass, 2010) and financial portfolios 

(Vörösmarty et al., 2018). By 2016, $23 trillion of assets were managed with ‘responsible’ 

strategies that could be of this type – a rise of 25% since 2014 (US SIF Foundation, 2016). Some 

fund managers aim to track performance with regard to the Sustainable Development Goals, 

while others track specific social or environmental objectives (Global Impact Investing 

Network (GIIN), 2017; GRI et al., 2016; Polasky et al., 2015). Some ideas have been agreed for 

such guidelines (e.g. The Natural Capital Declaration, GRI Standards for Environmental 

Reporting; SASB Sustainability Accounting Standards) (GRI et al., 2016; NCFA, 2018; SASB, 

2014) but metrics remain a major challenge. 

2.1.6.4.3 Tax Havens  

Roles of tax havens in the global outcomes for nature are only starting to be documented, given 

ever larger roles in the global economy. Recent evidence starts to identify possible links between 

the use of such jurisdictions and the environment (Galaz et al., 2018). Funding via tax havens has 

been shown to have provided 68% of foreign capital for Amazonian soy and beef production and 

to have supported 70% of the vessels implicated in illegal, unreported and unregulated fishing. 

2.1.7  Indirect Drivers: Governance ─ Market Interactions 

Certification schemes aim to inform supply-chain production and consumption. Market-based 

schemes aim to signal consumers’ values to provide incentives for producers to shift processes 

(Haufler, 2003; Mayer & Gereffi, 2010; Raynolds et al., 2007). Environmental certification 

exists for a wide range of products − including timber (Klooster, 2005; Molnar, France, Purdy, & 

Karver, 2011) coffee and cocoa (Raynolds et al., 2007; Tscharntke et al., 2015), fish (Constance 

& Bonanno, 2000), soybean and palm oil (Schouten et al., 2012), nuts and other non-timber 

forest products (Laird et al., 2002), horticulture (Hatanaka et al., 2005) floriculture (Hall, Lopez, 
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Marshall, & Dennis, 2010), biofuels (Selfa et al., 2014) and tourism (Font et al., 2007). Certified 

area for forests and marine schemes has increased greatly since 2000 (Fig. 2.1.9). 

 

Standards dictate the information included within ‘labels’, which inform actors along the supply 

chain. They might stimulate a willingness to pay on the part of consumers who value particular 

practices, as well as firms concerned about their brand reputations as well as political responses 

(Bartley, 2007; Cashore, 2002; Potoski & Prakash, 2005; Rametsteiner & Simula, 2003). Most of 

the environmental certifications utilize third-party verification. Thereby, NGOs, scientists and 

environmentalists design standards and practices alongside industry actors (Cashore, Auld, & 

Newsom, 2004; Cheyns, 2011; Gereffi, Humphrey, Kaplinsky, & others, 2001; Hatanaka et al., 

2005). Yet, challenges have existed for achieving large impacts, suggesting not only further care 

in program design and implementation but also a rigorous evaluation of whether impacts arose. 
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Figure 2.1.9. Temporal trends in certifications. A) Cumulative sum of FSC Certified Forest Area 

(1993~2016); b) percentage of fisheries certified by Marine Stewardship Council (1999~2015); 

this is the sum total of all green weight catch from all certified fisheries, or the weight of landed 

fish before processing (Catch of whales, seals and other aquatic mammals are not included when 

calculating global catch to compare to MSC fisheries as they are out of scope for MSC 

certification). Trends show averages from country data, using the World Bank income categories 

Sources: (FSC, 2017)  

 

One challenge is that many standards consider production processes, i.e., what the producers did, 

rather than qualities of outputs that result or specific impacts of the processes such as on nature,  

creating issues of transparency (Dankers & Liu, 2003). Standards aim to assess things including 

sustainability, biodiversity, ecosystems, absence of chemical fertilizers and pesticides, quality 

management, and sociopolitical attributes such as labor and indigenous outcomes (Badgley et al., 

2007; Bear & Eden, 2008; Klooster, 2010). Yet, this may present difficulties in measuring the 

outcomes, or associating them with certification. Many schemes also remain limited in spatial 

scope. These can make it more difficult to link such schemes with observed differences in, for 

instance, regional forests and fisheries (Ebeling & Yasué, 2009; Rametsteiner & Simula, 2003).  

 

One additional challenge is to not marginalize smaller producers. Standards developed for large-

scale producers or consumer preferences in ‘northern’ countries may be difficult to apply within 

small-scale or developing contexts (Foley & McCay, 2014; González & Nigh, 2005). Complex 

standards may impose requirements that are harder for small-scale producers (Selfa et al., 2014; 

Tovar et al., 2005), who may not participate in shaping them (Cheyns, 2014; Köhne, 2014; 

Vandergeest, 2007). There may be costs that smaller-scale and developing-country producers 

with limited capital cannot cover (Clark & Martínez, 2016; Pérez-Ramírez et al., 2012). Their 

costs may even be higher (Blackman & Rivera, 2011; Lyngbaek et al., 2001; Oosterveer et al., 

2014) yet in some cases, they receive political or social support (Quaedvlieg et al., 2014). 

 

Another challenge is to balance rigor and transparency in rule-making process and accessibility 

(Bush et al., 2013). Legitimacy is often constructed through processes that are open and 

democratic and incorporate inputs from a variety of actors, including industry stakeholders. That 

could, however, generate a concern about businesses asserting their interests to the detriment of 

others (Eden, 2009; Hatanaka et al., 2005; Havice & Iles, 2015; Klooster, 2010). Further, if 

schemes tend to expand, including in competition among schemes, stringency of such standards 

could be driven down (McDermott, 2012; Mutersbaugh, 2005; Taylor, 2005). In addition, there 

may be confusion induced by the presence of multiple such schemes, including industry-led 

schemes that compete for clients with third-party schemes (Cashore, Egan, Auld, & Newsom, 

2007) and can generate situations in which the consumers may not fully understand what each 

certification label indicates (Bear & Eden, 2008; Font, 2002; Yiridoe et al., 2005).  

 

Large-scale public standard setting may then help. For example, the U.S. Lacey Act or the EU’s 

FLEGT (Forest Law Environment, Governance and Trade Mechanism) aim to prevent imports of 

illegally harvested forest products. FLEGT’s VPAs (Voluntary Partnership Agreements) are one 

effort, that emphasizes independent monitoring, to collaborate with partners in source countries. 
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To improve forest governance, they involve non-state actors such as civil society organizations 

and the private sector in processes sometimes requiring reconciliation as well as consolidation of 

conflicting laws (Bollen & Ozinga, 2013). Each VPA includes a system to identify legal products 

and to license them for import to the EU − with capacity building to help partner countries set up 

the licensing scheme, enforce, and where necessary reform laws. Legal assurance systems (LAS) 

are to distinguish illegally produced forest products, with five elements: a definition of legal, in 

light of producing country laws; a traceability system; a system to verify compliance with the 

legality definition and traceability system; a licensing scheme; and independent audit capacity.   

 

Guidance for implementation was sought via consultation with major wood  producing countries  

(Ghana,  Cameroon,  the  DRC,  COMIFAC,  Malaysia,  Indonesia  and  Vietnam) (Hajjar, 2015; 

Tegegne, 2016) and VPAs have been signed with Ghana, Cameroon, Central African Republic, 

Republic of Congo, Liberia and Indonesia − while six more countries have been in negotiations 

(Cote D’Ivoire, DRC, Gabon, Guyana, Honduras and Laos). Indonesia has done the most such 

licensing and monitoring, licensing timber and wood-product shipments to the EU and applying  

standards to shipments to other countries. Some countries that have not yet started such licensing  

have improved in transparency, while acquiring significant skills, knowledge, and capacities in 

terms of these FLEGT systems for sharing information, monitoring and traceability of timber.  

 

If rights are not clear, respected, and enforced, certification’s outcomes can look very different. 

Outcomes of the types of certification we considered above appear to depend on effective rights. 

Forest certification, such as by the Forest Stewardship Council (FSC), considers logging within 

concessions or communities with effective rights – such as collective ejido tenure in Mexico − 

granted by the state but not always strongly enforced). Studying FSC in Peru, Rico et al. (2017) 

find that where concessions exhibit lower deforestation than surrounding areas, suggesting some 

effective enforcement, certification had a small positive effect upon forest conditions. However, 

where concessions had more forest loss than outside, certification has not had significant effect. 

It also has none within Cameroon (Panlasigui et al., 2018), where PAs do not fare better than 

outside, suggesting significant limits on forest enforcement. From these examples, it seems that 

effective rights enforcement complements certifications. 

2.1.8  Indirect Drivers: Governance ─ Local Community Coordination 

Commons or collective-property-system arrangements are present across the globe in spite of the 

historical challenges and pressures. Today, they often retain some of their traditional meaning, as 

part of collective-management arrangement of common-pool resources, yet they have responded 

to various changes. To an extent, awareness of our dependence upon common-pool resources has 

brought attention to the centrality of property regimes − and their overlaps − for issues including 

water governance, waste management, congestion, landscape management, and climate change. 

 

Historically, and currently in many regions of the world, rural land was owned and governed by 

local communities − a significant share under varied customary-property-regime arrangements. 

Today, Indigenous Peoples and Local Communities are estimated to hold as much as 65% of 
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global land, through customary and community-based tenure, while natural commons exist 

(Elinor Ostrom, 1991; Merino, Cardenas 2015). State recognition of legal rights, however, 

applies to only a fraction of the lands (Eisenstein 2001; Hartmut 2012; Wall 2014). Without 

recognition of legal land rights, many Indigenous Peoples and Local Communities are vulnerable 

to direct dispossessions and, thus, losses of livelihoods and culture. Customary property systems 

have often failed to stand up to external pressures related to colonization settlement, expansion 

of commodity production for agriculture, or forestry, mining, infrastructure extensions, 

government programs, and conservation programs. 

 

Several international frameworks have tried to address these issues, including the International 

Labor Organization Convention 169 (ILO, 1969), UN Declaration on the Rights of Indigenous 

Peoples (UNDRIP), and FAO Voluntary Guidelines on the Responsible Governance of Tenure 

of Land, Fisheries, and Forests (VGGT) (FAO, 2012b). Also, in many regions communities have 

gained rights to land resources (Fig. 2.1.10), especially within Latin America (Agrawal et al., 

2008; W. D. Sunderlin et al., 2008; A. White & Martin, 2002). Across developing countries, it 

has been estimated that around 27% of the forests are owned or designated for management by 

local communities, with rights to over 200 million hectares transferred (or just recognized) since 

1985. In 2008, globally 24% of forests were owned by communities; 6% owned by governments 

but used by communities; 9% in private property; and 61% in public hands (W. D. Sunderlin et 

al., 2008) 

 

Securing collective rights and institutions has been considered as a key underlying component in 

sustained use and management, as communities change with external and internal circumstances 

(Elinor Ostrom, 2000). There are no statistically representative global analyses of effects on 

nature of community governance, yet there are observations from many case studies: e.g., using 

data from 80 cases of forest commons across Asia, Africa, and Latin America, Chatre and 

Agrawal (Chhatre & Agrawal, 2009) associated more local rule-making autonomy with higher 

carbon storage and livelihood benefits. This can occur because if the sustainability of a locally-

relevant common-pool resource system is threatened, local resource users may invest to create 

new institutions to better local governance.  



Unedited draft chapters 31 May 2019 

68 

 

 
Figure 2.1.10.  Recent status and one temporal change for a number of categories of common 

land (versus other lands): a) area under communal tenure regimes for Low and Middle-Income 

countries, and b) % change in statutory forest land tenure in LMICs (low and middle-income 

countries) from 2002 to 2013. Categories shown: area designated for Indigenous Peoples and 

Local Communities, area owned by Indigenous Peoples and Local Communities and the areas 

owned by governments or by private firms or individuals. Source: RRI, 2014. 

 

The recognition that local resource users sometimes craft effective governance has contributed to 

increased enthusiasm for the devolution of responsibilities to communities for the management 

of nature (seen within Fig. 2.1.10). Community-based management after decentralization also 

can be successful (Amede et al., 2007; Gibson, Williams, & Ostrom, 2005; Kearney, Berkes, 

Charles, Pinkerton, & Wiber, 2007; Kellert, Mehta, Ebbin, & Lichtenfeld, 2000; Leach, Mearns, 

& Scoones, 1999; Ribot, 2004; Webb & Shivakoti, 2008) and merits additional understanding 

too. Further cases of common-pool resources suggest that − without privatization or 

nationalization − resource users do engage in collective actions to create local institutions to limit 

inefficient uses of natural resources, including in Indigenous Communities (Acheson, 1988b; 

a

b
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Baland & Platteau, 1996; Fikret Berkes, 1986; McKean & Cox, 1982; Ostrom, 1990; Poteete & 

Ostrom, 2004; Tang, 1992; Undargaa, 2017; Wade, 1988, McKean, 1986). Motivations for doing 

so can be clear when locals get direct resource benefits and, thus, are vulnerable to any 

unsustainable trends (Costanza et al., 1998; Eerkens, 1999; Kelbessa, 2013; Ola-Adams, 1998; 

Shengji, 1993; Wade, 1988).  

 

Indigenous Peoples and Local Communities have an advantage in designing local institutions, 

given knowledge of local ecological and social systems (Berkes & Folke, 1998; Colding & 

Folke, 2001; Comberti, Thornton, Wylliede Echeverria, & Patterson, 2015; Gadgil, Berkes, & 

Folke, 1993; Nakashima et al., 2012; Ostrom, 1990; Tang, 1994). Furthermore, as locals cross 

paths more frequently, they can monitor and enforce at lower costs, while also communicating 

expectations (Berkes, 1986; Ostrom, 1990) and imposing local social costs for violations of 

agreements. Also, without local participation in the crafting of such rules, constraints may lack 

legitimacy and credibility and, thereby, be inadequate for conservation (Costanza et al., 1998).  

 

Naturally, past governance institutions have not all been successful, and that reveals the roles of 

information, values, group size, boundaries, cultural and social homogeneity, and leadership that 

lowers transaction costs for interactions (Baland & Platteau, 1999; Ostrom, 1990; Wade, 1988). 

Learning across recent decades highlighted that critical contributions to nature, and livelihoods, 

have required shared norms, trust, and networks which can be developed through time and effort 

in reaching agreements (McKean 1999; Agrawal, 2001; Meinzen-Dick, 2014; Pretty & Smith, 

2004; Schlager & Ostrom, 1992). These have been limited by biophysical features, such as size 

and mobility (Becker & Ostrom, 1995; Schlager et al., 1994), and social features like hierarchical 

heterogeneity and inequality, unless the well-endowed actors make substantial contributions 

(Andersson & Agrawal, 2011; Baland & Platteau, 1999; Blomquist, 1988; Olson, 1965); 

Dasgupta and Bear 2007). Growing global demands also generate challenges (Agrawal & 

Yadama, 1997; Chhatre & Agrawal, 2008) with new markets establishing economic relationships 

lacking prior norms (Berkes et al., 2006; Nietschmann, 1972; Richards, 1997; Smith et al., 

2010). For instance, historically, effective local marine regimes were  far from market centers 

(Cinner, 2005; Cinner et al., 2007), yet some institutions have responded to the payoffs from 

governance to confront even higher external market pressures; Alcorn & Lynch, 1994; Aswani, 

1999, 2002; Bauer & Giles, 2002). That included state support of local collective  rights which 

help to hold off commercial interests (Dupar & Badenoch, 2002; Pfaff & Robalino, 2017; Ribot, 

2004; Richards, 1997) − while, of course, not being a panacea (Hinojosa, 2013). 

 

Contributions to nature and livelihoods depend upon institutional details such as clarity of rights  

and congruence between such rules and the characteristics of the resource in question. Members 

of communities have responded better to such voluntary limitations when they have participated 

in rule design and modification, as well as when monitoring is linked to punishments. Sanctions 

have been better accepted when matching the seriousness of rule violations, and the context, with 

mechanisms for resolution of conflicts (Cox et al., 2010). State legitimization of the processes 

helped (Koppen et al., 2008) – but did not always occurr (Bowles & Gintis, 2002; Cudney-Bueno 

& Basurto, 2009; Sarin, 1993; Utting, 1993; Young, 2001).  
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Interactions between local and non-local institutions have also mattered, because the ecosystems 

cross social and ecological scales (Armitage et al., 2010; Fikret Berkes, 2008; K. Brown, 2003; 

Finkbeiner & Basurto, 2015; Hovik & Reitan, 2004; McKay, 2014). Fisheries provide examples 

of interactions between states and local institutions, with innovations over time. From the 1960s 

into the 1980s, small-scale fisheries were seen as failing to realize economic potential and food 

security (Berkes & Kislalioglu, 1989; Brainerd, 1989; Thompson, 1961), so governance should 

“rationalize this outdated sector” (Proude, 1973; Rack, 1962) by moving away from the 

“inefficient traditional practices”. That guided aid (Basurto et al., 2017) focused on raising 

production via improved technologies and infrastructure (World Bank, 2004). By the 1990s, after 

some notable collapses, over-exploitation became the focus for governance. Lack of rights 

(Campleman, 1973), mismanagement (Milich, 1999), destructive gear (Christensen, 2018), 

poverty and over-population (Pauly 1997), urbanization, and globalization all were highlighted, 

alongside a lack of data. Large-scale offshore industrial catches competed with small fishermen, 

as well as governance aiming to restrict excess effort plus damaging methods such as trawls that 

scrape seabeds, longlines that trap seabirds, and non-selective nets that catch fish not consumed 

and damage protected species (Basurto et al., 2017). This new framing shifted investment 

towards research on fish stocks (World Bank, 2014) and halted direct lending to fisheries for 

over a decade, until the World Bank re-entered with lending that was itself focused upon 

improving organization and governance.  

2.1.9  Indirect Drivers: Governance ─ States 

2.1.9.1  Adjusting Development Policies  

2.1.9.1.1 Property Rights & Resource-Use Rights 

Property and resource-use rights, which depend at least in part on the state, affect outcomes for 

nature in many ways (Fenske, 2011; Platteau, 2000). Such rights arise through both formal and 

informal institutions, with de jure official rights and de facto effective rights present in different 

forms and combinations, and with varied impacts (Arnot, Luckert, & Boxall, 2011; Robinson et 

al., 2017). Formal titling of land, for instance, is not always sufficient to promote either private 

investment or conservation (M. B. Holland et al., 2017; Sills et al., 2017). Evidence suggests that 

resource-tenure security is impacted by transport costs, for instance, and thus by distance: remote 

areas are harder to monitor and, hence, are more open to unsustainable harvesting and illegal 

invasion and harvesting (Albers & Robinson, 2013; Robinson, Albers, & Williams, 2008). 

Understanding these apparent trends in past impact can guide uses of rights within conservation. 

 

Processes of establishing and defending rights are critical to outcomes for nature and wellbeing. 

One key process is decentralization, which is ongoing. Decentralization often transfers burdens 

of enforcing rights to local actors – agencies or users (Larson, 2002; Larson & Soto, 2008) − but 

sometimes also augments local property and resource-use rights (Coleman & Fleischman, 2012). 

Like rights in general, decentralization’s net impact is specific to (quite variable) contexts, e.g., 

in Indonesia a recent effort affected forests and livelihoods as a function of many characteristics 

of communities (Sills et al., 2017). In some settings, collective rights for groups may work better 

for conservation than do individual rights – although possibly overlapping with them (Baland & 
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Platteau, 1999). Relative impact depends on the fraction of households with use rights, the area 

and profitability of forest, and species present (Alix-Garcia, Janvry, & Sadoulet, 2005; Baland & 

Platteau, 1996; Barsimantov, 2010; Baynes, Herbohn, Smith, Fisher, & Bray, 2015; DiGiano, 

Ellis, & Keys, 2013; Griscom, Griscom, & Ashton, 2009). Policy interactions also matter. Other 

policies such as recent agricultural subsidies and trade policy in Mexico, allowing timber imports 

from China, undermined domestic forestry profits and responses to collective rights (Ellis, 2014).   

2.1.9.1.2 Transportation Investments (by context)  

Economic development is influenced by the spatial pattern of roads, which lower transport costs. 

Globally, transport costs have fallen by ~ 40% across the last three decades, yielding aggregate 

economic growth as well as the spatial concentration of economic activity (World Bank, 2009). 

Highways have raised economic growth (Banerjee et al., 2012; Bird & Straub, 2014; Storeygard, 

2016), as well as total employment (Michaels, 2008) and industrial efficiency (Datta, 2012; 

Ghani et al., 2016) – often, at least in part, through their impacts upon cities. 

 

Some studies have focused upon past rural economic impacts of transport investments. Those are 

important for trading off with ecological impacts, such as the impacts of roads on forests, which 

often are higher at forest margins than in highly developed areas (Pfaff et al., 2018). Studies find 

economic gains in agricultural productivity (Fan & Zhang, 2004; Zhang & Fan, 2004), reduction 

in poverty, and increased consumption (Asher & Novosad, 2016; Dercon et al., 2009; J. Gibson 

& Rozelle, 2003; Khandker et al., 2009) − plus labor shifts from agricultural to non-agricultural 

sectors (Asher & Novosad, 2016; Gollin & Rogerson, 2010). Another rural impact has been 

better access to credit and financial services (Binswanger et al., 1993) – though we must allow 

that road placements often responded to other conditions, so causally identifying impacts can be 

difficult (Banerjee et al., 2012; van de Walle, 2009). That restricts the quality of impacts 

evidence (Dulac, 2013; Khandker et al., 2009). 

 

Yet the apparent trends suggest important heterogeneity within economic impacts from transport. 

Roads have concentrated or dispersed economic activity, depending on the economic conditions. 

Cities connected to ports, or other cities, often benefitted more from trade and access to markets, 

as have rural areas along transport corridors, while unconnected rural areas have lost activities  

(Bird & Straub, 2014; Chandra & Thompson, 2000; Rephann & Isserman, 1994). In addition, 

labor will concentrate to earn higher wages stemming from economies of scale to human capital 

(World Bank, 2009). In Brazil, e.g., frontier roads have promoted settlement in many rural areas 

(Fearnside, 1987) yet, in those regions, urban population growth has been higher than rural rates. 

In India, given extensively settled rural areas new roads led people into cities (Asher & Novosad, 

2016). When considering policy to balance multiple SDGs, the varied trends by context are key. 

 

Transport investments – and in particular roads investments, which differ in impacts from rail − 

also, have driven large ecosystem losses. Early studies of road impacts mostly considered some 

economically less developed settings or “frontier” forests (see Chomitz & Gray, 1996; Cropper, 

Puri, & Griffiths, 2001; Nelson & Hellerstein, 1997; Pfaff, 1999). For that broad context, roads 

expanded the areas where agriculture is profitable, causing further deforestation in the absence of 
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institutional or policy constraints. Such study of deforestation impacts is summarized in reviews 

(Angelsen & Kaimowitz, 1999; Ferretti-gallon & Busch, 2014; Geist & Lambin, 2002; Rudel, 

Defries, Asner, & Laurance, 2009). Others have summarized trends in how roads affect wildlife 

and ecosystems (Forman and Alexander, 1998; Laurance et al., 2009; see 11.6). Many authors 

warn that expected global investments – up to 25 million km by 2050 – will surely exacerbate 

such ecosystem losses (Caro et al., 2014; Laurance et al., 2014, 2015). 

 

Yet the magnitudes and even the signs or directions of transport investments’ impacts varied by: 

the types of roads; the stage of prior economic development; and economic activities involved 

(Mertens, Poccard-Chapuis, Piketty, Lacques, & Venturieri, 2002; Pfaff et al., 2016). While the 

stories that have dominated the literature and consciousness − including studies of large tracts of 

undisturbed forest with minimal property rights (Ferretti-Gallon and Busch, 2014; Rudel et al., 

2009) – on average suggest potential for high impacts, studies of actual variation in past impacts 

show that with high prior development, road-induced deforestation is actually lower (Andersen, 

Granger, Reis, Weinhold;, & Wunder, 2002; Pfaff, Robalino, & Walker, 2007). These trends are 

suggestive of ways to limit deforestation by confining new transport to existing developed areas 

(Laurance et al., 2014; Pfaff et al., 2016). In extensively settled, non-frontier areas, for example 

in India and China, roads investments have even lowered deforestation, if roads encouraged the 

transition from agricultural to urban sectors (Kaczan 2017) and to plantations (Deng et al. 2011). 

2.1.9.1.3 Subsidies to Fuels  

Subsidies to fossil fuels have been highly prevalent at least across recent decades, featuring both 

frequency across space and persistence over time, and all of that in spite of quite enormous costs. 

(International Monetary Fund, 2015) states a cost of US$5 trillion – including the externality cost 

of nature’s degradation − with coal accounting for 52% of post-tax subsidies, petroleum for 33% 

and natural gas for 10%. Davis (2016) estimates that there have been US$44 billion just in direct 

costs from carbon dioxide emissions, alongside traffic congestion, local pollution and also 

accidents – while noting that the subsidies have greatly reduced relevant actors’ incentives for 

generating clean innovations. Davis (2014)estimates additional large costs of ‘deadweight loss’ 

even without any environmental costs.  

 

By all accounts, however, it has been significantly (and persistently) difficult to eliminate these 

policies that are ‘lose-lose’ in the sense of a worse environment and worse economic efficiency. 

That seems to be due to enormous public opposition concerning the possibility of their removal, 

including by affected groups and those advocating on behalf of the poor. However, it was shown 

that putting into practice a classic adjustment from economics textbooks could actually separate  

equity concerns from the enormous efficiency losses: cash transfers to the poor can compensate 

for price rises within any reform to improve key incentives (e.g., Salehi-Isfahani, 2016 on Iran). 

2.1.9.2  Increasing Conservation Policies 

2.1.9.2.1 Protected Areas & IPLC Lands/Participation  
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Governments have long created protected areas (PAs) to limit activities imperiling conservation. 

On the order of 15% of terrestrial and freshwater environments and ~ 7% of the marine realm are 

under some form of protection (Chapter 3; UNEP-WCMC-IUCN, 2016), making protection the 

leading strategy to date for conserving biodiversity and ecosystem services. Protected areas were 

developed to preserve wilderness areas (Ervin et al., 2010; Rodrigues et al., 2004). However, the 

historically top-down approach to protection has evolved towards more inclusive conservation 

approaches (Berkes, 2010) − with protection categories ranging from strict (I-IV) to sustainable 

use (V-VI) (Dudley, 2008). The latter category includes “multiple-use” areas, which sometimes 

have bottom-up origins (Pfaff & Robalino, 2017). Recent decades saw considerable expansions, 

globally, in PAs’ numbers and area (IUCN, 2016). Category VI grew most and it is the largest at 

~ 40% of total PA area, though stricter top-down categories II and IV make up ~27% and ~13% 

(Juffe-Bignoli et al., 2014), respectively. Also, the distribution of protection is not equal across 

the regions of the globe. For instance, one quarter of the terrestrial regions and over one half of 

marine regions are under 5% protected (Butchart et al., 2012; UNEP-WCMC-IUCN, 2016). 

 

Challenges for very significant impacts from PAs, though, arise in both enforcement and siting. 

Deforestation does occur within PAs, indicating imperfect enforcement (at least for strict PAs),  

usually at lower rates relative to the PAs’ surroundings yet, still, with losses of biodiversity and 

other services (Coad et al., 2015). Enforcement clearly is critical. Also, it is not always better in 

strict PAs (Albers 2010, Ferraro et al., 2013; Nolte et al. 2013, Fox et al., 2012) (Fox et al., 2012; 

Nolte, Agrawal, Silvius, & Soares-Filho, 2013). Restrictive marine PAs, which are managed by 

states, have been effective within countries which have stronger legal frameworks. Bottom-up 

approaches can require community leadership to succeed, plus support from NGOs and private 

entities (Jones, Qiu, & De Santo, 2013). They may succeed in part due to lower monitoring costs. 

 

Protected areas have had greater impacts when they effectively limited higher resource pressures. 

Where pressures are low, PAs’ outcomes may be similar to their surroundings, i.e., impacts can 

be low and even zero when outcomes are undistinguishable from similar unprotected landscapes  

(Andam, Ferraro, Pfaff, Sanchez-Azofeifa, & Robalino, 2008. Joppa & Pfaff, 2010; Nelson et al., 

2010; Pfaff, Robalino, Sanchez-Azofeifa, Andam, & Ferraro, 2009). One clear reason PAs are in 

lower-pressure sites is that local actors push back against protection, as they see PAs as a source 

only of local costs. This is less the case for multiple-use PAs which, depending on locations and 

enforcement, can have more impact (Nelson & Chomitz 2010, (Pfaff, Robalino, Lima, Sandoval, 

& Herrera, 2014). If PA impacts are higher under pressure, that suggests integration of protection 

with regional development (Mora & Sale, 2011; Stoll-kleemann et al., 2006), e.g., siting the PAs 

alongside new roads (Pfaff et al. 2015a,b) and optimizing road siting with impacts on nature and 

economies in mind (Andam et al., 2010). PAs often imply local cost but also can offer local 

tourism benefit (Andam et al., 2010; J. Robalino & Villalobos, 2015). 

 

Indigenous Peoples and Local Communities have long protected − and currently conserve − 

many ecosystems (see Chapter 2.2) and Indigenous Lands have often had consequential impacts, 

sometimes more than nearby PAs. Many IPLC approaches to conservation have been scaled up, 

yet opportunities for participation in global and national policy processes have been limited for 
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the IPLCs, although increasing in international organizations such as the CBD. Participation in 

national biodiversity strategies and action plans (NBSAPs) has been limited to date, with country 

exceptions. Since 2004, numerous IPLCs have identified concrete actions for adding important 

principles into national policies and programs for sustainable use of biological diversity (Forest 

Peoples Programme, 2011), e.g., the Plan of Action on Customary Sustainable Use (adopted in 

2014). Many IPLCs are determined to play an active role in implementing that Plan through 

2020 and also well beyond. For example, a global indigenous coalition from the Amazon, 

Central America, the Congo Basin and Indonesia pledged to protect 400 million ha of forests 

(LPAA, 2014) and the Palangka Raya Declaration on Deforestation and Rights of Forest Peoples 

has concrete policy recommendations to address habitat loss (Forest Peoples Programme, 2014). 

Amazonian Kayapo people in Brazil are conserving 105,000 km2 of forests in a frontier 

characterized by heavy deforestation due to agriculture and pasture expansion, illegal gold 

miners, logging and infrastructure. They also led (unsuccessful) pressures on the World Bank 

and other international financing institutions to stop loans for a mega-dam on the Rio Xingu 

(Zimmerman, 2011). In Kapuas Hulu (West Kalimantan, Indonesia) indigenous Dayak peoples 

contribute to conserving forest, river and lake habitats that are under threat from oil palm 

(Colchester et al., 2014; Porter-Bolland et al., 2012).  

 

Given this history, and mixed trends, policymakers and scholars are reconsidering roles of local 

communities in the context of expansions of both resource use and conservation. Communities’ 

rights have been shown to generate incentives for local protection, monitoring, and enforcement 

(Berkes et al., 2006). Empowered local fishers have been seen to be more likely to comply with 

regulations (Bennett & Dearden, 2014). Indigenous and local knowledge, including from women 

(Agarwal, 2009), has aided conservation success (Brooks, Waylen, & Borgerhoff Mulder, 2012; 

Jones et al., 2013; Stoll-kleemann et al., 2006). Policies that do not undermine local ownership 

but instead guarantee local involvement in all of design, implementation and benefits (Bennett & 

Dearden, 2014) have contributed to conservation, as peoples understand their livelihoods depend 

on maintenance of the environment including via strong organizational and technical capabilities 

within rural communities (Sim & Hilmi, 1987). Many forests and other biodiverse habitats are 

within IPLCs’ lands and territories (FPP/IIFB/SCBD, 2016), overlapping areas of high 

biodiversity and biocultural diversity (Sobrevila, 2008; Toledo, 2001). Yet, still there are limited 

data about local farmers’ and livestock keepers’ relations to genetic diversity, in particular for 

species with cultural or economic values, such as traditional medicines or non-timber forest 

products (CBD, 2014). 

 

2.1.9.2.2 Payments for Ecosystem Services & Other Incentives 

On private lands, payments for ecosystem services (PES) offer compensation for the voluntary 

acceptance of restrictions to reduce degradation, such as shifts in land uses or polluting practices. 

PES’ payments are conditional on beneficial actions or outcomes. Thus, they generate incentives 

for voluntary provision of ecosystem services by varied private actors (see also chapters 3 and 6). 

Payments are made by other private actors (Coase, 1960) or by states, as representatives (Ferraro 

& Kiss, 2002), based on outcomes like standing forests or related practices (Sattler & Matzdorf, 
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2013). To date, most PES schemes have used action-based rather than result-based conditionality 

(Engel et al., 2008; FAO, 2007), if they actually use conditions for payment at all (Ezzine-De-

Blas et al., 2016). The payments approach make sense when the buyers’ willingness to pay is 

above sellers’ opportunity costs – else those providers would not supply ES (Perro-Maitre 2006, 

Nelson 2008) (Nelson et al., 2008). These payments aim to align private goals with social goals 

(Dobbs & Pretty, 2008; Muradian et al., 2010a). Governments may use them alongside PAs to 

lower local costs and spillovers, relative to pure mandates alone. For multiple-use PAs, that 

could even involve providing PES inside PAs – which de facto can yield additionality if 

restrictions alone were being rejected (Tuanmu et al., 2016 for Wolong in China). 

 

To date, though, PES additional impacts beyond baseline are not so encouraging. PES often have 

been implemented where opportunity costs are medium to low (Tacconi, 2012), just as for PAs – 

albeit in this case driven more by private decisions about which lands to volunteer for inclusion. 

Because information about opportunity costs is private, PES designers face a challenge (Börner 

et al., 2016; Hejnowicz et al., 2014; Sattler & Matzdorf, 2013), since actors with low profits from 

clearing forests more frequently volunteer to accept a payment for leaving lands in forest. Thus, 

payments for standing forest have had limited impacts. Studies suggest low impacts of PES 

(Robalino & Pfaff, 2012 for Costa Rica). Efficient impact may require targeting. 

 

Yet, if a service is a priority, e.g., if drinking water or the electricity from hydropower are scarce 

(Brouwer et al., 2010), then actors have targeted influential lands upstream of dams or cities and 

utilized higher payments to overcome competing pressures. When a service such as clean water 

is an input to a good with economic importance (e.g., soda or beer), again targeting and payment 

sometimes are higher. Further, some designs could help states to reveal private opportunity cost 

(Ferraro 2008; Sherifff et al. 2009 use observable data; Ajayi et al. 2012, Polasky et al. 2014 

using auctions) and how resulting surpluses are shared is important, while some authors have 

shown that not differentiating payments between regions has efficiency losses (Lewis & 

Plantinga, 2007; Lewis, Plantinga & Wu, 2009 for the fragmentation of habitat).  (Ezzine-de-

Blas & Dutilly, 2017). In China, while ‘PES’ were perhaps less voluntary, as the state prioritized 

large areas per flood risks, the compensation appeared to cover local opportunity costs 

(UCHIDA et al., 2007). In some settings in Europe and in the US, large PES seemed to align 

with private sector goals of transitions in production to ecologically friendly systems, yet market 

actors may want assurance about permanence. Other challenges include the need to target only 

some participants, without triggering negative fairness reactions (Alpízar & Cárdenas, 2016; 

Mercado et al., 2017).  

One way to raise the incentives for ecosystem-services suppliers is to allow multiple ecosystem 

services to be sold on the basis of a single shift in land use. In Bolivia, for instance, Acuerdos 

Reciprocos por El Agua yielded both water and biodiversity outcomes (Wunder & Albán, 2008). 

Payment for one service does not, then, offer the socially efficient ‘price’ to align the incentives. 

Private actors should face incentives based on all of the ecosystem-service gains due to their acts. 

Thus ‘stacking’, or suppliers receiving a separate payment for each service, can be more socially 

efficient for PES programs − although not for all regulatory structures (Pfaff & Robalino, 2017). 
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Another challenge has been uncertainties, given variations in species or other ecosystem-service 

benefits across locations. Planners may wish to target an ecosystem service, yet monitoring could 

involve high costs. Hily & Gegout (Hily, 2017) study PES designs with unobserved costs and 

benefits which could be considered for biodiversity conservation policy − alongside PAs plus 

regulations like the Natura 2000 (N2K) policy that covers 18% of the EU’s terrestrial surface (or, 

generally, “command-and-control" like the EU’s Habitats Directive and the US Endangered 

Species Act). Incentives-based contracts for biodiversity conservation in forests have been 

implemented in EU states including Denmark, Germany and Slovakia (Anthon et al., 2010; 

Ecochard et al., 2017). Hanley et al. (2012) and de Vries and Hanley (2016) review studies of 

incentives for biodiversity with varied costs and benefits from conservation, hidden information 

(asymmetric across actors such as their private costs), and stochastic elements as well 

(Armsworth et al., 2012). Targeting based on costs and benefits has been suggested (Babcock, 

Lakshminarayan, Wu, & Zilberman, 1997; Duke, Dundas, & Messer, 2013; Naidoo et al., 2006). 

Experiences have showed that an understanding that allows planning around such heterogeneity 

allows gains (Bamiere et al. 2013, e.g., compare an auction to a uniform subsidy in order to reach 

a specific configuration of lands). Auctions have been investigated (Fooks et al., 2015; Schilizzi 

& Latacz-Lohmann, 2007) that consider not only costs but also benefit-cost ratios (Che, 1993; 

Latacz-Lohmann & der Hamsvoort, 1997). The efficiency from targeted auctions depends on the 

relative variability of costs and benefits, as well as their correlation (Ferraro, 2003), however, 

and any implementation assumes states have accurate knowledge, which may not hold for 

biodiversity. 

 

For this domain, once again policies have considered collectives, or groups, attempting to apply 

lessons from common-property settings including as 27% of forests in developing countries are 

under collective title and that may increase with devolution (Agrawal et al., 2008; Molnar et al., 

2011). Private rights and state enforcement have not always succeeded (Dietz, Ostrom, & Stern, 

2003). Positive group examples exist for: forests (Pagdee et al., 2006), irrigation infrastructure 

(Wade, 1985), fisheries (Acheson, 1988a; Feeney et al., 1990), and pasture (Moritz et al., 2013). 

Communication and trust are key elements (Hackett et al., 1994; Ostrom 2000, Pretty 2003). 

Inequality hinders collaboration and participation, yet gains are lower for the socioeconomically 

disadvantaged (Agrawal & Gupta, 2005; Andersson & Agrawal, 2011; Kumar, 2002). In PES for 

collective titles and decision making (Hayes et al., 2017; Kerr et al., 2014), i.e., when contracting 

with groups of relevant landholders, responsibilities and rewards are collective and communities 

motivate members using internal governance to address challenges such as free-riding. A limited 

literature suggests collective PES could help in rule setting (Hayes et al., 2015, 2017), attitudes 

towards rules (Sommerville et al., 2010), and, ultimately, sustainable resource use (Clements et 

al. 2010) − especially when local actors  are involved in the designs of programs (Cavalcanti, 

Schläpfer, & Schmid, 2010; Kaczan, Pfaff, Rodriguez, & Shapiro-Garza, 2017; Walker, Gardner, 

Herr, & Ostrom, 2000).  

 

Pre-existing collective arrangements have been important in PES, leveraging members’ existing 

collective motivations (Muradian, 2013; Muradian et al., 2010b; Porras et al., 2008), and 

facilitating the coordination with intermediaries (Jack et al., 2008). Collective contracts can help 
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due to lower per-participant costs, given economies of scale in monitoring  (Pfaff et al. 2017c) 

and lower transactions costs with fewer large contracts (Kerr et al., 2014). Also, in terms of 

ecosystem-service benefits, contracts which cover larger areas can of habitat can match needs of 

species (Swallow & Meinzen-Dick, 2009). 

 

Collective contracting could face a challenge when sanctions are required to enforce compliance, 

as has become apparent for “non-point” emissions, where emissions cannot be linked to people 

due to monitoring costs. While schemes exist if only aggregate pollution is measured (Alpízar et 

al., 2004; Cason & Gangadharan, 2013; Cochard et al., 2005; Poe et al., 2004; Segerson, 1988; 

Spraggon, 2002, 2004; Vossler et al., 2006; Xepapadeas, 1991) in practice they are not adopted − 

partially due to a lack of fairness, as people are punished for others’ acts. Yet such an approach 

can work with strong collective function (Kaczan, Pfaff, Rodriguez, & Shapiro-Garza, 2017).  

2.1.9.2.3 Choosing Policy Instruments 

Many instruments have been used to either support and regulate activities that affect nature, both 

incentives and restrictions. For instance, current policy debates consider a carbon tax (a “price") 

which does not dictate a specific process or technology, as well as restrictions on level of output. 

When quantities have been restricted, sometimes “cap-and-trade” regulations have started with a 

limit − on total fish extracted or total emissions – that is broken up into individual limits, which 

individual actors are allowed to trade flexibly among each other. Firms that innovate need fewer 

emissions permits and, thus, could sell permits to other firms – creating an incentive to innovate.  

 

While the implementation of these kinds of policies often has assumed ‘perfect information’, a 

fundamental challenge arises with various types of uncertainty and other deficient information. 

Weitzman (1974) considered uncertainty in regulations’ costs and benefits, finding that the best 

policies considered relative sensitivity of the costs and the benefits. A cap policy  allowed costs 

to vary, while a price policy (via a tax) allows amounts, e.g., emissions to vary. Thus, when the 

benefits of regulations are very sensitive at a threshold, it has been deemed better to be sure of 

quantities through caps (using trading for cost flexibility). However, if regulations’ costs were 

sensitive, as is the economy, it has been deemed better to keep a handle on the costs, by using 

taxes. This has all been applied for different uncertainties (Fishelson, 1976; Stranlund & Ben-

Haim, 2008; Yohe, 1978) and non-linearities in costs and benefits (Yohe 1978; Kelly 2005). 

2.1.9.3  Equity Considerations  

2.1.9.3.1 Wealth-based & Race-based Differences.  

Equity is an important, yet complex aspect of policy related to economic development and 

nature. For regulations like emissions limits, with permits trading for efficiency, distributional 

outcomes have varied greatly (Bento, 2013; OECD, 2006). For instance, regulations may 

unequally burden low-income laborers – who face additional effects if firms shift into capital  

(Fullerton & Heutel, 2007; Fullerton & Monti, 2013), or employment shifts sectors (Bento, 

2013a), such as in the US post-1970s due to the Clean Air Act (Greenstone, 2002; Walker, 

2013). Political implications of policy costs draw increasing attention (Bento, 2013a; Bento et 
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al., 2005, 2009; Fullerton, 2011; Kolstad, 2014; Parry et al., 2006; Pizer & Sexton, 2017). 

Looking ahead, based upon past efforts, policy revenues from pollution taxes or auctions of 

permits may invested in reducing other taxes (“revenue recycling” in Poterba 1991b, Parry 1995, 

Metcalf 1999, 2008, Bento and Jacobsen 2007, Dinan 2012) or in tax credits or specific 

programs for lower-income households. 

 

In evaluating equity implications of the environment policies put into place during past decades, 

challenges remain for calculating benefits and costs. First, willingness to pay by citizens is hard 

to know, although the lower-income households seem less willing to pay due to limited income. 

Second, heterogeneous behavioral responses generated heterogeneous impact from policies, e.g., 

changes in exposure risks, even if  policy was ‘provided equally’ (Bento, 2013b; OECD, 2006). 

 

Tradeoffs based on heterogeneities across actors also arise when a few small producers are more 

efficient, putting efficiency and equity in tension (Birkenbach, Kaczan, & Smith, 2017; Brandt, 

2005; Brinson & Thunberg, 2016; Da-Rocha & Sempere, 2016; Grafton, Squires, & Fox, 2000; 

Homans & Wilen, 2005; Olson, 2011). Transferable fishing quotas (ITQ) have offered examples, 

as efficiency may be high if a fleet has fewer vessels − avoiding ‘overcapitalization’ − yet that 

favors large industrial producers over artisans. Small-scale fishers or vessel owners may simply 

sell and exit, lowering welfare in lower-income communities (Carothers, Lew, & Sepez, 2010; 

Olson, 2011; Stewart & Walshe, 2008). Fewer vessels could also lower employment, although 

extended fishing seasons could increase the total hours worked, increasing the overall wage bill. 

Consolidation of production within a few larger firms also impacts many shore-side firms as well 

as employment within the processing sector (Abbott, Garber-yonts, & Wilen, 2010; Anderson, 

Arnason, & Libecap, 2011; Birkenbach et al., 2017; Brandt, 2005; Copes & Charles, 2004; 

Olson, 2011). To address this, states have in some cases restricted the transfers of fish permits, 

reducing efficiency gain (Da-Rocha & Sempere, 2016; Grafton et al., 2000; Kroetz et al., 2015). 

Moving to environmental quality and exposures, some example of outcomes have illustrated the 

issue of unequal distributions of environmental burden, one present in many parts of the world. 

Textbox 2.1.3:  United States, examples of inequalities in exposures to 

environmental quality. 

Scholars have illustrated equity issues concerning, e.g., chemical facilities’ toxic 

emissions (Ash & Fetter, 2004; Mohai et al., 2009) and cumulative health risks from 

multiple pollutants (Morello-Frosch & Shenassa, 2006; Morello-Frosch, Zuk, Jerrett, 

Shamasunder, & Kyle, 2011; Sadd, Pastor, Morello-Frosch, Scoggins, & Jesdale, 2011; 

Su et al., 2009), as well as for environmental amenities, such as grocery stores and more 

healthful foods (Hilmers et al., 2012; Morland et al., 2002), parks (Boone et al., 2009; 

Sister et al., 2010), and overall tree cover (Heynen et al., 2006; Landry & Chakraborty, 

2009; Schwarz et al., 2015).  

 

There are debates over how best to document disparities, for risks and amenities 

(Chakraborty et al., 2011; Mohai et al., 2009; Mohai & Saha, 2006), yet race- and 

income- and wealth-based disparities appear to have persisted in varied forms. Crowder 
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& Downey (2010) found, at neighborhood level, that black and Latino households were 

more likely to experience high levels of proximate industrial pollution – and across 

levels of income. Varied case studies document communities’ struggles against lead 

smelters (Bullard, 2000), toxic chemical facilities (Purifoy, 2013), concentrated animal 

feed operations (Wing et al., 2000), oil refineries (Lerner & Bullard, 2006) and 

cumulative impacts from multiple polluters (Sze, 2007). 

 

As exposures are based on location, this raises locational segregations by race as well as 

wealth and, thereby, the legacy of racially-based housing (Katznelson, 2005; Lipsitz, 

2006; Satter, 2009) and residential policies based on house type and lot size (Meyers, 

2003; Nelson, 1996). As race corresponds with wealth, segregation is apparent, 

including as per discriminatory residential steering practices within real-estate (Bullard, 

Mohai, Saha, & Wright, 2007; Ford, 1994). Some degree of immobility is central within 

exposure inequity, with race and wealth limiting options (Aiken, 1985; Jepson, 2012; 

Mills, 1997), since wealth disparities are a self-reinforcing feature that limits the 

mobility of minorities (Bullard, 2007; Darity et al., 2006; Oliver & Shapiro, 2006). 

Poorer families might well, then, make rational choices to face higher pollution, so as to 

lower their costs, given lower incomes. Further, adding resource amenities or reducing 

environmental dis-amenities, which yields higher rents, could help local owners but hurt 

renters. 

 

Unequal exposures over space and groups can be due to public choices, for instance in 

the US for communities struggling against hazardous waste incinerators and dumpsites 

(Cole & Foster 2001; Bullard, 2000) and solid waste facilities (Pellow 2004). Public 

zoning choices interact with immobilities if the dis-amenities drive out those who can 

afford to move (Silver 2007; Taylor 2014), although political inclusion in environmental 

decisions is a core plank of environmental justice − indeed the definition of 

environmental justice for the USA Environmental Protection Agency is: “fair treatment 

and meaningful involvement of all people, regardless of race, color, national origin, or 

income, with respect to the development, implementation, and enforcement of 

environmental laws, regulations, and policies” (U.S. EPA 2017; EPA NEJAC 2016). 

However, in considering the past trends in placements of dis-amenities, the EPA failed 

to issue a single finding of racial discrimination in the permitting of hazardous facilities 

under the Civil Rights Act (U.S. EPA 2016). Thus, even explicit statements do not 

guarantee political inclusion.  

 

Post the Civil-Rights-era, policies also advance “color-blind racism” (Bonilla-Silva 

2010) using seemingly race-neutral terms such as ‘multifamily’ or ‘subsidized’ (Morris 

1997). A California report suggests those least likely to resist waste-to-energy facilities: 

low income; high school or less education; and open to promises of economic benefits 

(Cerrell Associates, Inc. & Powell 1984). This maintains disparities (Bonilla Silva 

2010). It seems such inequities may be shaped by broader mechanisms, e.g., those 

underlying mass incarcerations (Woods 1998; Gilmore 2007; McKittrick & Woods, eds. 

2007) (Agnew 2016; Brown, Murphy & Porcelli 2016; Pellow 2016). 
 

 

2.1.9.3.2 Policy Responses (rights, subsidies) 
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In fisheries and forests, public restrictions on extraction have been shown to have the capacity to 

help efficiently trade off nature and individuals’ basic needs. Extending to individual actors can 

further increase efficiency and address equity too. A lack of agreed rights and restrictions in, e.g., 

open-access fisheries, have been showed to be responsible for dissipation of economic rents and 

degradation of stocks (Caddy & Cochrane, 2001; Charles, 1988; Gordon, 1954; Kronbak, 2014). 

On a global scale, those fisheries harvested by multiple countries are more likely to be degraded 

(McWhinnie, 2009), while exclusive economic zones to exclude foreign fishers are a response. 

Economic costs of misaligned incentives are over $80 billion annually (Kelleher et al., 2009), 

including from misallocations of labor and capital (Homans & Wilen, 2005; Kelleher et al., 

2009; Manning et al., 2016; McElroy, 1991; Pauly et al., 2002). Restricting effort or gear lowers 

inefficiencies − but all individuals must be limited or rents get dissipated and inequity arises 

(Homans & Wilen, 1997; Wilen, 2006). If regulators close access after a fixed total harvest, 

instead of fixing individual rights, then fishers will race (Birkenbach et al., 2017) with costs 

(Grafton, 1996; Huang & Smith, 2014) and risks (Pfeiffer & Gratz, 2016).  

 

Individual fishing quotas (IFQs) or catch shares reduced costs of racing by offering more secure 

shares of total allowable catch (TAC). Catch-share systems have grown since the 1970s (Christy, 

1973) in part because exclusive economic zones made it possible for regulators to restrict access 

(Costello et al., 2010; Tveterås et al., 2011). Shares give fishers a stake in the health of a fishery 

and may lower collapse  (Costello, Gaines, & Lynham, 2008; Essington et al., 2012; Melnychuk 

et al., 2012). For a non-mobile fish species, one variant is “territorial use rights” (TURFs), which 

give a specific harvester exclusive access to an area (Wilen et al. 2012a, Fortes 2018). Incentives 

issues and fairness issues still arise (Kristofersson & Rickertsen, 2009) (Abbott, Garber-Yonts, & 

Wilen, 2010; Bromley, 2009; Grimm et al., 2012). Some may be addressed by property rights for 

collectives, as found in small-scale fisheries (Acheson, 1988a; Basurto et al., 2012; Feeney et al., 

1990; Leal, 1998), which produce half of the total global fish harvest (Jacquet and Pauly, 2008). 

One way or another, though, all such decisions about rights allocations have equity implications. 

 

Another response to marine equity issues is subsidies, raising equity and efficiency issues just as 

for fossil fuels (CWN’18/10). The Sunken Billions (FAO, 2009b) has estimated total global rents 

from marine fisheries and found that overfishing lost US$51 billion in rents in 2004 (supported 

by Sumaila et al., 2012). An update found losses of US$83 billion in 2012 (World Bank, 2017a) 

These figures suggest that in some areas rents were negative, i.e., revenues did not cover costs, 

necessitating subsidies for firms to continue (World Bank, 2018n). Despite data limitations, such 

results clearly suggest widespread overfishing and declining fish stocks, i.e., huge inefficiencies 

likely to involve and lead to inequities if limitations are then extended.  

  

Any limitation on communities’ extraction rights is a significant equity concern for the IPLCs, 

including in the context of trade that responds to national differences in the rights for resources 

(Chichilnisky, 1994; Krausmann et al., 2009). Affluent ‘Global North’ industrialized countries  

import from resource-rich countries in the ‘Global South’, where stocks have fallen (Garmendia 

et al., 2016) but states often capture little surplus. Martínez-Alier (2002) notes ‘ecological debt’ 
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to the South, referencing varied inequalities over time within such exchanges relevant for nature 

(while here we focus upon the rights issues underlying inequities, this links to ‘grabbing’ above).  

 

Indigenous Peoples, in particular, have highlighted threats from petroleum and mining activities, 

which were authorized and incentivized by national governments, as in Ecuador (Forest Peoples 

Programme, 2007). Mining’s threats to the food security of Indigenous Peoples were seen in the 

Philippines (Working Group on Mining in the Philippines, 2009). Violent confrontations have 

occurred, e.g., a 2009 incident in Peru occurred after a lack of consent by Indigenous Peoples for 

petroleum firms to enter indigenous territories. The Indigenous Peoples in Latin America, Asia, 

and Africa are not categorically opposed to mining − although they struggle to hold companies 

and governments accountable for the negative local impacts (Herbertson, Ballesteros, Goodland, 

& Munilla, 2009; Richardson, 2007). Water contamination from mining, for instance, continues 

to stir up such heated conflicts (Anaya, 2011; Van de Wauw et al., 2010; van der Sandt, 2009). 

In the Philippines alone, by one account, there were 800 extrajudicial killings. in the period 

2001-2006, associated with protests against mining (C. Doyle et al., 2007).  

2.1.9.3.3 Equity & Environmental/Energy Taxes (context dependence) 

Equity impacts of taxes have varied across contexts, including by the type of commodity plus the 

physical, social and climatic characteristics. Relevant characteristics have included the transport 

infrastructure, housing stock, diffusion of technology, incomes, and patterns of work (Cronin et 

al., 2017; Pizer & Sexton, 2017). In the U.K., the share of households’ budgets spent on natural 

gas falls with household total expenditure, since gas is used for heating. In this case, natural gas 

taxes are regressive, i.e., their burden falls more heavily on the poor. Yet, the budget shares for 

natural gas rise with household expenditure in Mexico − where there is less need for heating 

overall and less adoption of home-heating capital at lower incomes. Comparing the U.K. to the 

US, which has more similar incomes, due to climate the U.K. does less cooling − whereas air 

conditioning uses significant electricity in the US. (less in coastal areas which also exhibit higher 

incomes). Mexico is warmer but its electricity budget shares are lower, with low air conditioning 

(Davis, Fuchs, & Gertler, 2014). In general, equity impacts depend upon use. Another example is 

the gasoline tax − which is progressive or neutral in the U.K., yet regressive in the U.S. because 

of more use by the poor with less use of public transit plus longer commutes. 

 

Electricity taxes’ direct effects have been regressive, for most settings, reflecting the importance 

of electricity. Much as for food and water, the expenditure shares decline with the income level. 

US households with lowest expenditures devote nearly 7% of their total spending to electricity, 

over three times the budget share for the wealthiest decile (Pizer & Sexton, 2017). In the UK, 

electricity budget shares decline from over 8% among the poorest households to barely 1% for 

the wealthiest. Likewise in Mexico, to a lesser degree (Pizer & Sexton, 2017). Flues & Thomas 

(2015) find electricity taxes to be regressive in 21 OECD countries based on expenditure shares.  

 

Yet, energy and gasoline taxes tend not to be regressive in poorer countries, as vehicle ownership 

rates as well as commuting patterns matter greatly. Transportation-fuels taxes are thought to be 

progressive in Brazil, China, Costa Rica, Mexico, and Turkey, as well as in Chile and Hungary, 
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where vehicle ownership differs across incomes by an order of magnitude (Flues & Thomas, 

2015; Pizer & Sexton, 2017). In Ethiopia, modern transportation in any form is beyond the reach 

of the poorest households and, thus, a transportation-fuels tax is going to be strongly progressive 

(Flues & Thomas, 2015; Sterner, 2012). Indirect effects of taxes, however, still sometimes have 

been regressive. For instance, diesel taxes raise the cost of public transport, which impacts the 

expenditures of low-income people (Flues & Thomas, 2015; Pizer & Sexton, 2017). Yet overall, 

low-income households have been less affected by the indirect impacts of energy taxes because 

they consume less (Hannon et al., 1978; Herendeen et al., 1981). Mass transit systems lower 

private vehicle use in Europe, where longer commutes in one’s own vehicle are rare 

(Haghshenas & Vaziri, 2012; Stutzer & Frey, 2008). In contrast, in the US,  lower-income people 

are likely to own automobiles and drive relatively long distances (Pizer & Sexton, 2017). 

Gasoline taxes even have had significant effects on economic growth (Hamilton, 2009; Kilian, 

2008a, 2008b) − plus upon housing markets (Sexton et al., 2012), in terms of both home 

construction (Molloy & Shan, 2013) and home price (Morris & Neill, 2014). 

 

Finally, in terms of how such issues arise in official measurements, perceived regressivity falls if 

considering groups in terms of their consumption instead of expenditures, which fluctuate less − 

most likely as they track expected lifetime income (Poterba, 1991a). How one ranks households 

matters so much that: if calculating using income, fuel taxes in Germany and Sweden have been 

regressive; while using expenditures, it is the opposite. A challenge for addressing equity issues, 

then, is that expenditures can vary considerably across households which have the same income.  

2.1.10  Indirect Drivers: Governance ─ Global Coordination 

"Global commons" often refers, loosely, to resources domains in which many countries interact, 

indicating shared natural resources such as the oceans, the atmosphere, outer space and the polar 

regions. According to the World Conservation Strategy (IUCN, 1980), in this common form of 

usage: "global commons includes those parts of the Earth's beyond national jurisdictions … the 

open ocean and the biodiversity it contains … or [parts] held in common, as the atmosphere and 

the Antarctica".  

Global commons clearly merit attention, including specifically those domains with common-pool 

resources, which are rivalrous − i.e., one consumes at the expense of others − and for which it is 

costly to exclude potential users, e.g., when a resource is large and abundant, plus resource users 

are disconnected from each other. A leading challenge is the design of governance structures and 

management systems capable of addressing multiple public and private interests given resources 

with those characteristics. Mutually agreed mutual coercion is called for to avoid ‘tragedy of the 

commons’ at any level (Hardin, 1968 which is quite consistent with Ostrom 1990 on this point). 

 

Conditions can make global collective management easier or harder. For instance, resource scale, 

number of users, absence of a shared culture for resource users, and more heterogeneity globally 

than for local management of common-pool resources (Dietz, Ostrom, & Stern, 2003) all matter. 

Social learning about the resources dynamics and the implications of diverse uses is critical too.  
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Various global environmental protocols were deployed in the last 50 years, especially after the 

1972 Stockholm Intergovernmental Conference. The Montreal Protocol to address the ‘ozone 

hole’, for instance, has become a reference for linking governments and the private sector and 

contributing to promote economic, technological, and behavioral changes. On the other hand, 

many legally binding protocols do not provide a full solution for global commons governance, 

since they are slow to be implemented, or lack either monitoring or enforcement capacity and 

activities. Patterns of adoption over time can be seen within Fig. 2.1.11, by country income 

levels. 

Some cooperation has involved aquatic ecosystems, including wetlands that reduce impacts of 

floods, coastal storms and high temperatures as an alternative to ‘grey’ or engineered solutions. 

Loss of wetlands to food production reduces flood protection and storm-water management, a 

tradeoff. Yet, nonetheless, one third of global mangrove ecosystems are depleted or severely 

degraded. In India, Philippines, Vietnam and the Americas they have been extensively cleared 

and overall the world has lost 50% of wetlands since 1900. Davidson (2014) review 189 reports 

of changes in wetlands, reporting average long-term losses of natural wetlands near 50%, since 

1700, and as high as 87% − with rates of losses more than three times faster for inland wetlands. 

Facing such pressures, the Ramsar Convention on Wetlands of International Importance is one 

intergovernmental mechanism concerning wetlands protection globally. To date 169 countries 

participate, having designated over 2,200 wetlands of international importance (Ramsar Sites) 

which together cover an area of 215 million hectares, an area that is equivalent to the size of 

Mexico. Yet it remains uncertain whether these commitments by national governments to the 

Ramsar Convention have actually had impacts in significantly reducing rates of wetlands loss. 

 

Other global agreements also concern water management, e.g., the Boundary Waters Treaty of 

1909 set up mechanisms to resolve disputes over waters between the US and Canada, while the 

Helsinki Rules on Uses of the Waters of International Rivers of 1966 include recommendations 

for regulations when rivers and connected groundwater systems flow across national boundaries. 

Approved and adopted by International Law Association (ILA), this still lacks any enforcement. 

 

Among ‘global’ coordinations, we consider regional social systems and ecosystems, especially if 

they cross international boundaries. One example is the Johnston Agreement of 1955 concerning 

Israel, the West Bank, the Gaza Strip and Jordan, with conflict-resolution mechanisms regarding 

water scarcity. The Indus Waters Treaty of 1960 addresses water distribution between Pakistan 

and India and Pakistan. Regulatory authority for three "eastern" rivers (Beas, Ravi, Sutlej) was 

given to India, with the authority for three ‘western’ rivers (Indus, Chenab and Jhelum) given to 

Pakistan and mechanisms for water sharing sketched out for sectors such as irrigation, transport 

and power generation. One global effort has been the Convention on the Protection and Use of 

Transboundary Watercourses and International Lakes − Water Convention – due to the United 

Nations Economic Commission for Europe. This entered into force in 1996, with 40 states and 

the European Union as parties and mandates to: improve states’ efforts to shield and organize 
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shared water systems and groundwater; and promote cooperation with joint decisions including 

governance with monitoring, research, consultations, warning systems and knowledge exchange. 

 

Figure 2.1.11. Temporal trends in number of parties joining global agreements: a) Parties with 

active National Biodiversity Strategies and Action Plans (NBSAPs) as per the Strategic Plan for 

Biodiversity 2011-2020; b) Ramsar sites in square kilometer per country; and the number of 

countries in the c) United Nations Framework Convention on Climate Change (1990~2017), d) 

Convention of fishing and conservation of the living resources of the high seas (1952~2034), e) 

9

0

50

100

150

200

250

1990 1995 2001 2006 2012 2017

N
u
m
b
e
r	
o
f	
p
ar
ti
ci
p
at
in
g	
co
u
n
tr
ie
s

Data	of	entry	

United	Nations	Framework	Convention	
on	Climate	Change

0

20

40

60

80

1952 1965 1979 1993 2006 2020

N
u
m
b
e
r
o
f
p
ar
ti
ci
p
at
in
g
co
u
n
tr
ie
s

Data	of entry

Convention	of	fishing	and	conservation	
of	the	living	resources	of	the	high	seas

0

50

100

150

200

250

1990 2004 2017

N
u
m
b
er
	o
f	
p
ar
ti
ci
p
at
in
g	

co
u
n
tr
ie
s

Data	of	entry	

Convention	on	Biological	
Diversity	

0

50

100

150

200

1987 1993 1998 2004 2009 2014

N
u
m
b
e
r	
o
f	
p
ar
ti
ci
p
at
in
g	
co
u
n
tr
ie
s

Data	of	entry	

Montreal	Protocol	

0

20

40

60

80

100

120

2010 2012 2013 2014 2016 2017N
u
m
b
e
r	
o
f	
p
ar
ti
ci
p
at
in
g	
co
u
n
tr
ie
s

Year

Nagoya	Protocol	

0

10

20

30

40

50

60

1957 1971 1984 1998 2012N
u
m
b
e
r
o
f
p
ar
ti
ci
p
at
in
g
co
u
n
tr
ie
s

Data	of	entry	

Convention	on	the	Conservation	of	
Antarctic	Marine	Living	Resources

The	Ramsar	Sites

High	I-OECD	

High	I-Oil		

Other	High-I	

Upper	Middle-I

Lower	Middle-I

Low-I13436.51 km2

●

●

●
●

●
● ●

● ●

● ● ● ● ●

● ● ● ● ● ●

●

●
●

● ● ● ●
●

●

● ● ●
● ●

●

●

● ● ● ● ●

●

●
● ● ● ● ●

0

20

40

60

80

100

120

2014 2015 2016 2017 2018 2019 2020

Year

N
u
m

b
e
r 
o
f 
P
a
rt

ie
s

Income

●

●

●

●

●

●

●

Global

1− High Income OECD

2− High Income Oil

3− Other high income

4− Upper middle income

5− Lower middle income

6− Low income

[Not area−corrected]

Number of Parties with active NBSAPs developed or revised 
in light of the Strategic Plan for Biodiversity 2011−2020

*Visuals prepared by the IPBES Knowledge and Data TSU based on raw data provided by indicator holders.

a b

c
d

e f



Unedited draft chapters 31 May 2019 

85 

 

the Montreal Protocol (1987~2014), f) Convention Biological Diversity (1990~2017), f) 

Conservation of Antarctic Marine Living Resources (1957~2012), and g) Nagoya Protocol 

(2009~2017). Average values per country using World Bank income categories for Figures a and 

b: High I-OECD (a:21, b:) High-Income Oil (a:3, b:), Other high-income (a:16, b:), Upper 

middle-income (a:40, b:), Lower middle-income (a:34, b:), Low-income (a:27, b:) and Total 

(a:141, b:).   Source: (Australian Government - Department of the Environment and Energy, 

2017; CBD, 2018a, 2018b; UN - Secretariat to the Antartic Treaty, 2018; UN, 1966) 

 

Moving to the oceans, recognition of the International Council for the Exploration of the Sea as 

an expert body for the governance of marine resources occurred in 1928, while in 1945 the FAO 

was founded to identify and address key challenges to revitalizing the fisheries sector in Europe. 

Challenges were over-fishing and over-capacity. Regional Fisheries Management Organizations 

(RFMOs) were established to manage highly migratory stocks, such as different tuna species. 

Around this time, global fishing effort shifted to the southern hemisphere, as key fish stocks in 

the northern hemisphere stocks were depleted. Latin American countries then began to claim 

jurisdiction over the 200 miles extending from their coastlines. Expansion of global fishing fleets 

prompted the establishment of national sovereignty over coastal waters via the United Nations 

Conference on the Law of the Sea convention (meetings 1958 to 1982). Exclusive economic 

zones (EEZs) were established, giving jurisdiction over 200 nautical miles from national coasts. 

This allowed countries to manage fishery stocks in their national waters using licensing systems 

to restrict or more generally manage both national and foreign fishing vessels in those waters.  

 

Other key international agreements within this sector include the UN Convention on Fishing and 

Conservation of Living Resources of the High Seas, as well as the FAO Code of Conduct for 

Responsible Fisheries that promotes a ‘precautionary approach’. In addition, the Convention on 

the Conservation of Antarctic Marine Living Resources established an MPA and the closures of 

bottom-trawling fisheries to protect resources located outside of national jurisdictions (Caddy & 

Cochrane, 2001; Wilen et al., 2012; Wright, Ardron, Gjerde, Currie, & Rochette, 2015).  

 

International cooperation on transboundary environmental degradation (water, air, CO2) also has 

been studied (Barrett, 1999, 2001, 2013; Barrett & Stavins, 2003; Wood, 2011). Cooperation can 

be ‘strategic’, depending on beliefs about the decisions of others, creating an obvious setting for 

spillovers from one country’s decisions. While getting cooperation can be daunting, if goals are 

insufficient or too ambitious (Barrett et al., 2006; Vale, 2016), if enough countries join then 

participation tipping points can be reached (Barrett & Dannenberg, 2015; Green, 2015).  

 

Alternatively, agreements among smaller sets of countries with common interest are highlighted. 

Though not global solutions, they are superior to countries acting alone (Finus et al., 2009; 

Tavoni, 2013). Multiple such small agreements, each acceptable within like groups, could 

constitute complementary elements in global political frameworks for environmental governance 

(Falkner et al., 2010; Hale & Roger, 2014). Technical innovations matter greatly. Barrett (Barrett 

et al., 2006) shows that technologies with increasing returns can succeed where coordination by 

countries is possible: if the treaty enters into force only after a specific number of countries has 

signed on, then no country loses and each country could gain from signing on after that number. 
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Focusing on biodiversity in particular, CITES is an example of a form of global governance that 

is evolving in implementation via interaction with its member states, in light of species scarcity. 

CITES is an agreement between governments to ensure that international trade in specimens of 

wild animals and plants does not threaten their survival. Its implementation responds to changes 

in nature to ensure that biodiversity is not compromised. UN member states signed CITES, then 

established a mechanism to implement the agenda. For example, the government of India signed 

and ratified in 1976, then established a CITES Management Authority, coordinated by a Director 

in Wildlife Preservation, alongside authorities including the Wildlife Crime Control Bureau. 

 

Efforts to enforce CITES’ provisions have affected how species-based trade and illegal activities 

are regulated, with provisions to reform national-level environmental legislation in conjunction 

with the CITES Secretariat (administered by UNEP in Geneva). For instance, India amended its 

Wild Life (Protection) Act of 1972 to integrate CITES provisions, then took several initiatives to 

build capacity for implementation, such as establishing a self-sustaining multilateral mechanism 

(including China, Germany, India, Kenya, South Africa, Thailand, Uganda and United States)  

for funding a program to Monitor the Illegal Killing of Elephants (MIKE) in Asia. Along these 

lines, Nigeria put in place guidelines for wood-product vendors to require letters of support and 

CITES permits. That may indicate a shift to sustainable harvesting, updated per species’ threats. 

Yet impacts remain unclear for these iterations between countries and international instruments. 

2.1.11  Indirect-to-Direct Drivers: actions that directly affect nature 

Given the demands for a good quality of life, and characteristics of society including governance, 

individuals and societies undertake actions with intentional and unintentional impacts on nature. 

Each action can be carried out in different ways, with different impacts on nature and on actors. 

Major trends for actions and impacts are shown in Fig. 2.1.12 for groups of countries with 

different income levels based (World Bank classification), revealing the global trends (and see 

Fig. S20). Actions (economic sectors) and their direct consequences on ecosystems are discussed 

below. 

2.1.11.1 Fisheries, Aquaculture & Mariculture  

Fisheries, aquaculture and mariculture play an increasing role in food security, livelihoods, and 

the global economy, yet fish stocks are being depleted. Fish provide ~20% of all animal protein 

globally (FAO, 2009a), and almost 60 million people were engaged in fisheries and aquaculture 

in 2012, most in Asia (84%) and Africa (>10%) (FAO, 2014a). Value added in fisheries in 2011 

was estimated to be over US$24 billion, i.e., 1.26% of the GDP of all the African countries.  

Industrial fishing’s footprint is 4 times that of agriculture, covering at least 55% of oceans’ areas. 

Data from a new digital platform (Global Fishing Watch, 2018; Kroodsma et al., 2018; Mccauley 

et al., 2016) allows for remote monitoring of vessels in the sea, providing new insights (Fig. 

2.1.13). They permit monitoring of the 2012-16 activities of more than 70,000 industrial fishing 

vessels. As much as 85% of the fishing in remote parts of the oceans was by only five countries 

(China, Spain, Taiwan, Japan and South Korea). Global fishing hot spots include the northeast 
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Atlantic (Europe) and northwest Pacific (China, Japan, and Russia), plus upwellings off South 

America and West Africa (Fig. 2.1.13). Lowest efforts were in the Southern Ocean, the northeast 

Pacific and the central Atlantic, and in the exclusive economic zones (EEZs) of many island 

states (Fig. 2.1.13). 

 

Small scale or non-industrial fisheries (SSF) comprise a large share of global fisheries. SSFs 

account for over 90% of commercial fishers (over 100 million people), and nearly half (46%) of 

the global fish catch (Basurto et al., 2017; Béné, 2008; World Bank, 2012). SSF practices entail 

less bycatch, less destructive gear, and less fuel consumption (Pauly, 2008), more sustainable 

than industrial fisheries, though with considerable ecological impacts (Alfaro-Shigueto et al., 

2010; McClanahan et al., 2009). Yet, SSF statistics are often unreported (FAO, 2016c; Salas et 

al., 2007). FAO efforts to elevate the profile of SSFs (FAO, 2014b) have been improving the 

reliability and the quality of SSF data (FAO, 2016c). 
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Figure 2.1.12. Temporal trends for selected indicators of actions and direct drivers. Data shown 

by World Bank income categories: A) Fertilizer use: Fertilizer consumption measures the 

quantity of plant nutrients used per unit of arable land; B) Fraction of cultivated and urban area: 

Proportion of total area of country with cultivated and urban land cover, based on ESA CCI 

Global Land Cover v2.0.7; C) Extraction of living biomass: Millions of tons per year extracted 

from agriculture, forestry, fishing, hunting and other types of biomass; D) Extraction of non-

living materials: Millions of tons per year extracted of fossil fuels, metal ores, and minerals for 

construction and industry; E) Greenhouse gases emissions: Emissions of greenhouse gases (CO2, 

CH4, N2O, CFCs, HFCs, PFCs, SF6, NF3) n thousand tonnes per year; F) Air Pollution: mean 

annual exposure to particles larger than 2.5 micrometer of diameter in micrograms per cubic 
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meter; G) Alien species: Cumulative number of first records of alien species; H) Biodiversity 

intactness index: relative change in abundance of native species as compared to a pristine 

system. Source: (ESA CCI, 2017; FAO, 2018b; GADM, 2012; OECD, 2018; Seebens, et al., 

2017; WU, 2015) 

 

While three-quarters of major marine fish stocks are fully or over-exploited or depleted (FAO, 

2016d) (3% underexploited, 20% moderately, 52% fully, 17% overexploited, 7% depleted, 1% 

recovering from depletion; FAO, 2016d; UN, 2005), efforts are being undertaken to shift trends 

and increase sustainability. The global fishery community is incrementally adopting sustainable 

development principles since 1992, including under the umbrella of mainstreaming biodiversity  

(Friedman et al., 2018). Cross-sectoral cooperation has also been particularly critical to address 

disagreements, with approaches increasingly including biodiversity considerations. Conservation 

increasingly adopts more socially inclusive approaches. Efforts on sustainability relate to the 

Maximum Sustainable Yield (MSY; UN, 2016d), which sets harvesting standards. Also, 

ecologically sound farming systems include aquaculture and integrated farming systems. For 

instance, in December 2016, 296 fisheries in 35 countries were certified as sustainable by the 

Marine Stewardship Council Fisheries Standards aiming for healthy ecosystems and long-term 

sustainability of stocks. Marine spatial planning to reduce conflicts between large- and small-

scale fisheries as well as other sectors is increasing in many parts of the world (Douvere & Ehler, 

2006). Such planning encompasses ecosystem-based management (FAO, 2003; see McLeod & 

Leslie, 2009), marine protected areas (FAO, 2011a), and an adaptative management perspective 

based on  participation of the diverse stakeholders (Ehler & Douvere, 2009; Levin et al., 2018).  
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Figure 2.1.13. Fishing and transportation impacts on the global oceans of all vessels detected 

with Automatic Identification Systems (AIS). a) The spatial footprint of fishing. Effort [hours 

fished per square km (h km-2)] in 2016. b) Global Network of Ship Movements (data 2012). 

Daily records for each 0.2° x 0.2° grid cell. Colored scale shows the number of messages 

recorded over the year in a cell. The boundaries, names and designations used do not imply any 

form of official endorsement or acceptance by the United Nations. Source: (Kroodsma et al., 

2018; UN, 2016d). 

 

In contrast, knowledge of inland fisheries is limited, despite societal and ecological significance. 

Inland fisheries are in lakes, reservoirs, rivers, floodplains, wetlands, lagoons and estuaries. Their 

economic and food security contributions can be invisible (Lynch et al., 2016; Youn et al., 2014), 

with inaccurate or unavailable data (Bartley, De Graaf, Valbo-Jørgensen, & Marmulla, 2015). 

Currently, global estimates (FAO, 2016c) suggest a production of about 11.9 million metric tons, 
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over 12% of fisheries production. Over the past decade, the outputs from inland fisheries rose by 

over 30% despite threats from dam construction, water withdrawals, and pollution. For instance, 

migratory Caspian sturgeons lost 90% of their habitats (Barannik et al., 2004).  

 

Global fish production is concentrated in a few countries and firms. Overall, Asia accounted for 

89% by volume and 79% by economic value in aquaculture (Bostock et al., 2010). Thirteen large 

corporations from seven countries control a significant fraction (11-16%) of global marine catch 

(9-13 million tons) and control the largest stocks, with the highest economic values (19-40%), 

while operating through an extensive global network of subsidiaries (Osterblom et al., 2015).  

 

The contribution of aquaculture to global fish production is increasing, with an average annual 

expansion rate of 9.5% and 6.2% in 1990–2000 and 2000–2012, respectively (FAO, 2014a). Yet 

its contribution to the total fish production has widely fluctuated, especially after 2000 (OECD, 

2016). This expansion has incorporated an increasing list of species with different regional and 

economic importance values (FAO, 2014a). The production of aquafeed has increased four times 

to 29.2 million tons by 2008 (UN, 2016d) and it is contributing to national economies (US$6.4 

billion in 2014), particularly within developing countries. Fishmeal and fish oil are produced 

mainly from harvesting stocks of small, fast reproducing fish (e.g., anchovies, small sardines and 

menhaden). Aquaculture is also emerging as an ecologically friendly alternative (Cottier-Cook et 

al., 2016), although its growth is having mixed effects upon coastal and marine ecosystems (Fig. 

S14). For instance, selective fish farming for high-performance breeds affects species diversity 

(Zhou et al., 2010). Aquaculture also contributes to coastal habitat destruction via both wastes 

(nutrients, feces, antibiotics) disposal and introduction of alien invasive species and pathogens. 

Aquaculture also contributes to further depleting fisheries stocks, due to the large fish meal and 

fish oil requirements (Naylor, 1998; Naylor et al., 2000). These effects are species dependent. 

For instance, shrimp and salmon farming have net negative effects, while carp and mollusk 

farming have net positive effects on global fish supply and food security (Naylor et al., 2000). 

2.1.11.2 Agriculture & Grazing (crops, livestock, agroforestry)  

The wide range of agricultural systems includes plant and animal-based systems, mixed farming, 

and newly emerging organic, precision, and peri-urban agricultural systems. Agroecosystems 

cover close to 40% of lands and continue to expand as there is a need to provide food, fuel and 

fiber for the 9-12 billion people expected by 2050 (Nyaga et al., 2015). More than 175 species 

constitute the most frequently and extensively cultivated species, globally, with large variations 

in agricultural yield (Monfreda et al., 2008). While agriculture’s inputs and its outputs constitute 

the bulk of world trade, most food produced today is consumed domestically. 

 

In 2000 there were 15.0 million km2 of cropland (12% of the Earth’s ice-free land surface) and 

28.0 million km2 of pasture (22%) (Ramankutty et al 2008). Impacts from agriculture are huge 

(HLPE, 2013; Pretty  et al., 2006; SDSN, 2013), e.g., 70-90% of withdrawals from rivers, lakes, 

and aquifers (Foley et al., 2005) and 25% of global greenhouse gas (GHG) emissions from land 

clearing, crop production, and fertilization (Burney et al., 2010). During 1980-2000, most new 

agricultural lands in the tropics came at the expense of intact or disturbed forests (Gibbs et al., 
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2010). In Africa, agricultural expansion is farming for subsistence (small plots for sorghum, 

maize, millet) but sugarcane and soybeans are responsible most agricultural expansion in South 

America. Rice, wheat, millet, and sorghum dominate South Asia, consistently over time, though 

tree plantations increased from ~11 to ~17 million hectares between 1980 and 2000, with oil 

palm plantations responsible for over 80% of this expansion, particularly since the 1990s (Gibbs 

et al., 2010; Ramankutty et al., 2008). 

 

Agricultural intensification has also increased, with mixed social and ecological outcomes. For 

instance, water withdrawals and pesticide use have doubled, fertilizer use has tripled, chicken 

density has increased 10-fold, and cattle density has risen by 20% (Fig. S21). Between 1985 and 

2005 crop production rose 47% as yields rose 28%, while global crop and pasture lands rose 3%, 

largely in the tropics (Foley et al., 2011; Poore & Nemecek, 2018). Extensive grazing occurs in 

91% of lands, with intensive rising to 9%, largely for livestock production (IPBES, 2018b). An 

analysis of 60 cases found agricultural intensification rarely leads to win–win social-ecological 

outcomes, often increasing food or provisioning services with mixed outcomes for regulating 

services, that support long-term productivity, and overall well-being (Rasmussen et al., 2018).  

 

Livestock production uses a third of crop production for feed and three quarters of land in total, 

with consequences for nature as animal-based foods, and especially beef, require more water and 

energy than plant-based foods (Ranganathan et al., 2016). This all translates into greenhouse-gas 

emissions as well (FAO, 2008). Substantial variation exists in conversion efficiency (i.e., animal 

products divided by feed to produce them), from 8-10% in Europe to only 1-2% in Sub-Saharan 

Africa, Latin America and South Asia (Krausmann et al., 2008).  

 

Diverse agricultural systems exist, though, with combinations of short-lived and perennial crops 

together with timber and non-timber products developed over centuries in rural areas, including 

by IPLCs. Varied agro-silvo-pastoral systems allow maintenance of biodiversity, lower nature’s 

degradation and provide a wide range of material, regulating and non-material contributions 

(Altieri, Funes-Monzote, & Petersen, 2012; Balvanera et al., 2014; González-Esquivel et al., 

2015; Kanter et al., 2016; Moreno-Calles, Casas, Toledo, & Vallejo, 2015). Yet, the associated 

local and indigenous ethnoecological knowledge is being eroded by migration, urbanization, 

affected by extension programs, and by agricultural policies oriented to expand the areas under 

intensive pesticide-based monocultures in support of the international trade of agricultural 

commodities. For instance, a 70% decline in the cultivation of native plant varieties was 

observed in the Asia-Pacific region, with reductions in genetic resources (IPBES, 2018a).  

 

Still, small landholders play crucial roles. It is estimated that small-scale (< 2ha) farms generate 

~30% of crops and food supply, using 24% of land, and with high agrobiodiversity (Ricciardi et 

al., 2018). They also play a key role in maintaining the genetic diversity of managed species 

(IPBES, 2018a). In Mexico, for example, small holders cultivating rainfed maize reach yields 

equal to 3 t/ha, and can feed more than half of the country’s population while having a large 

genetic diversity (Bellon et al., 2018).  
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As pristine areas fall, the design and management of sustainable agroecosystems (Altieri, 1995), 

has been applied in agroforestry, sustainable intense agriculture, and integrated pest management 

(Barrios et al., 2018) with gains for biodiversity and ecosystem services (Bawa, 2004; Du Toit, 

Walker, & Campbell, 2004; IAASTD, 2009; Nyaga et al., 2015; Pimentel et al., 1992; Schroth et 

al., 2004; Tscharntke, Klein, Kruess, Steffan-Dewenter, & Thies, 2005; Vandermeer & Perfecto, 

1995). Zomer et al. (2016) find for 2010 that over 43% of agricultural lands had at least 10% tree 

cover (FAO forest definition). This can connect forests, as is the case within the Mesoamerican 

Biological Corridor (MBC) launched in 1990 to link northern Colombia with southern Mexico.  

 

Organic agriculture has also developed rapidly in more recent decades, including in larger-scale 

systems, with a focus on utilizing lower off-farm inputs and, where possible, cultural, biological 

and mechanical pest management. By 2006, such practices covered over 31 million ha in 120 

countries (Alexandros et al., 2012). With variable outcomes, they may improve biodiversity, soil 

and water quality and nutritional value, although not always providing higher yields and lower 

consumer prices when compared to large-scale monocropping (Seufert & Ramankutty, 2017). 

2.1.11.3 Forestry (logging for wood & biofuels)  

Between 1990 and 2015, global forest area fell from 4.28 billion to 3.99 billion ha, while the area 

of planted forests rose from 167.5 to 277.9 million ha (Payn et al., 2015). Forests currently cover 

one-third of terrestrial area (FAO, 2012a), and a large fraction of people depend at least in part 

on forests (FAO, 2012a). A challenge has been to manage forests to sustain livelihoods and yet 

maintain regenerative capacity to ensure long-run survival of forests (MacDicken et al., 2015). 

 

Global harvests of roundwood in 2017 were estimated to be 3.9 billion m3 of which 1.9 billion 

were industrial and 1.9 billion were fuelwood (~50% respectively)  (FAO, 2018c). Harvests of 

industrial roundwood are falling in high-income OECD countries but increasing in lower-middle 

and upper-middle-income countries (Fig. S17). Asia has the highest proportion of agricultural 

land (52%) and the lowest of forest (19%). Temperate areas within East Asia, Europe, North 

America, and Southern and Southeast Asia show the largest increases in planted forests. Native 

species are found within 80% of the planted forests, while introduced species dominate in South 

America, Oceania and Eastern and Southern Africa as a result of industrial forestry there. 

 

Much forest biomass generates energy, as solid, liquid and gaseous fuels, accounting for 14% of 

the global energy mix in 2014 (IEA, 2017), while generating greenhouse gas emissions. Between 

1960 and 2014, bioenergy use rose 2.7-fold, most in Africa (4.1-fold) yet the share of bioenergy 

in energy supply declined (15% to 10%) over the same period (De Stercke, 2014). Global use of 

fuelwood peaked in the mid-1970s and has been falling 1980s. Over a quarter of global fuelwood 

harvested in 2009 was deemed unsustainable, with geographical variations. Over 250 million 

rural people live in fuelwood-scarcity “hotspots,” mostly in South Asia and East Africa (Masera, 

Bailis, Drigo, Ghilardi, & Ruiz-Mercado, 2015). Of all wood in fuel, about 17% is converted to 

charcoal, of which production rose over 3-fold during 1961-2015 (FAOSTAT, 2016) given the 

population growth, poverty, urbanization and prices of alternatives (van Dam & FAO, 2017).  
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Over decades, and centuries, the maintenance of forest cover and biodiversity has been possible, 

in cases at least, alongside the harvesting of timber and non-timber forest products.  Experiences 

from implementing sustainable forestry in past decades shows that it can achieve higher levels of 

success where attention is given to planning, establishing permits, and legal rights (MacDicken 

et al., 2015). As discussed above, forest certification standards for sustainable harvest have been 

developed by several organizations, including The Forest Stewardship Council (FSC, 2018) and 

the Programme for the Endorsement of Forest Certification (PEFC, 2018). For the tropical 

forests, such certifications have, in cases, provided varied environmental and social benefits for 

local communities, with lower short‐term profits (Burivalova et al., 2017).  

 

Sustainable community forestry is found in Latin America (Mexico, Central America, Colombia 

and Peru), Canada and the US (Gilmour, 2016; Merino & Cendejas, 2017; Nagendra, 2007; 

Merino 2015), while sustainable family forestry occurs in Northern and Central Europe (Finland 

and Austria). Often, community forest is managed within agroforestry systems such as for shade 

coffee and cacao. For instance, within the lands of IPLCs in Mexico and Central America, there 

is evidence that community forestry is as efficient as protected areas in preserving forests and 

conserving biodiversity (including both bird and mammal species) and reducing rates of 

greenhouse-gas emissions (Bray & Merino-Pérez, 2004; Duran-Medina, Mas, & Velázquez, 

2005; Merino-Pérez, 2004; Merino & Cendejas, 2017). However, economic and environmental 

benefits of community management are still understudied and, in the case of tropical forests, its 

social impacts could be either positive or negative (Burivalova et al., 2017). 

2.1.11.4  Harvesting (wild plants & animals from seascapes & landscapes)  

Harvesting and use of non-timber forest products (NTFPs) is a core component of livelihoods for 

forest-dependent communities around the world. About 350 million people in or adjacent to the 

forest depend on NTFPs for subsistence and income (World Bank, 2004). NTFPs include any 

biological resources found in forests other than timber (e.g., seeds, oils, foliage, game animals, 

medicinal plants, spices, bark, mushrooms, fuelwood). Poor rural populations heavily depend on 

medicinal plants when health care is limited, with Africa being most dependent (IPBES, 2018a).  

 

Data are patchy, as consumption is often local, outside markets, and not within national statistics. 

A meta-analysis of 51 studies in 17 countries found that NTFPs represented, on average, 22% of 

total income for sampled populations. They also play key roles as equalizers of local income 

distributions (Vedeld et al., 2007) because the poor rely more on them. A study (Belcher et al., 

2005), of close to 100 cases across Africa, Asia and Latin America supports that the households 

with lower incomes relied more on NTFPs for their livelihoods − such that degradation and 

overexploitation impact the rural poor more (Belcher et al., 2007; Shackleton & Shackleton, 

2004), especially the old and the young. 

 

Some NTFPs have large markets. For instance, maple syrup earned ~US$350 million in 2015, up 

18% from 2011. Canada produced 82% of it, followed by the US (7.6%) and Germany (2.3% ) 

(Barlow, Filyaw, & Workman, 2015). Rattan from humid and sub-humid forests in Indonesia 

(80%) earned over US$70m (62,000 tons) in 2008, down 70% from 2000 (Hirschberger, 2011). 
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Empirical evidence is biased towards such traded NTFPs, which are a small fraction (Belcher et 

al., 2005). While commercialization may maintain and even improve livelihoods, market chains 

with many intermediaries can lower local economic returns and increase overexploitation of the 

products (Buda Arango, Trench, & Durand, 2014; Marshall, Schreckenberg, & Newton, 2006).  

 

Bushmeat is an important source of protein and provides food security and livelihoods for many 

forest-dependent rural and urban populations in low- and lower-middle-income countries. In the 

tropics, at least 6 million tons of large to medium size mammals, birds and reptiles are harvested 

every year (Nasi et al., 2011), with 1 to 5 million tons within the Congo Basin alone (Fa et al., 

2003; Wilkie & Carpenter, 1999). About a third is commercialized and in national statistics 

(Karp et al., 2015; Nasi et al., 2011). Many species can survive high offtake but for slow-

breeding species even low offtake can be devastating (Van Vliet et al., 2007; Van Vliet, Milner-

Gulland, Bousquet, Saqalli, & Nasi, 2010). Some literature suggests that the rare species are 

seldom targeted and are a small share of offtake (Abernethy & Ndong Obiang, 2010; Nasi et al., 

2011; Van Vliet et al., 2010), yet a large number of primate species are threatened. 

 

In high- and middle-income countries, hunting, and trophy hunting in particular, now are mostly 

recreational, aimed at large game species (bears, wolves, lynx; red deer; wild boar) and at birds 

(ducks, geese, waders, doves, passerines). Around 6 million wild ungulates are harvested every 

year, with a mixed set of motivations (Bauer & Giles, 2002). Yet hunters have declined in many 

parts of Europe and the US. Game fishing targets larger members of many species, which tend to 

be the most fecund, yielding disproportionate impacts on biodiversity. A large number of species 

(85) targeted by the International Game Fish association are considered ‘threatened’ by IUCN. In 

contrast, most Arctic hunting and fishing is for local consumption − often regulated separately 

(CAFF, 2013) − with nutritional and cultural significance, especially for Indigenous Peoples. 

2.1.11.5 Mining (minerals, metals, oils, fossil fuels)  

 

Mining activities directly and indirectly affect the livelihoods of most people around the world, 

via contributions to the production and use of minerals, metals, oils and fossil fuels. Hundreds of 

mineral commodities have uses in energy, construction, manufacture, and industrial processes. 

Mining contributes a large fraction of the world’s GDP, particularly among emerging economies, 

with over 60% of GDP for 81 countries in 2014, and more than 17,000 large-scale sites in 171 

countries (Matos et al., 2015). Oil, gas, coal and minerals (e.g., bauxite, copper, gold, iron ore, 

lead, nickel, phosphate rock, silver, tin and zinc) are close to a quarter of natural capital globally, 

and close to 7% of total wealth (World Bank, 2006). Thus, this is an extremely important 

economic sector. 

 

Yet, it features imperfections in rights, markets and legal structures. Valuable resources have had 

destructive consequences as well, such as in Africa’s ‘diamond wars’ (Gylfason, 2009), although 

systematic quantitative global data on these issues largely are missing. As global gold demand 

increased after the international financial crisis, more than 90% of the deforestation linked with 

gold mining occurred within four major hotspots within moist forest ecoregions: Guianan (41%), 
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Southwest Amazon (28%); Tapajós–Xingú watersheds (11%); and Magdalena–Urabá along with 

Magdalena valley montane forest (9%). Some of the more active zones for all this deforestation 

associated with gold mining deforestation occurred in or within 10 kilometers of protected areas.  

 

Mineral deposits of Al, Fe, Cu, Au, and Ag are concentrated in the Andes, Rocky Mountains, 

North-East America, Australia, South-eastern and Western Africa, Northern and Eastern Europe, 

and in Eastern and South-Pacific Asia. Globally, bauxite and silver mines are within zones with 

intermediate to high biodiversity (Murguía et al., 2016).  Further, as the ice melts with climate 

change, new areas are opening up to mining within the Artic and the Antartic regions, including 

with important petroleum reserves in the Arctic (AMAP, 2018).  

 

Surface mining is a driver of land-cover change, pollution of surface and ground water, and air 

quality degradation, constituting a health hazard in many regions. Although it occupies under 1% 

of land area, it has negative effects upon vast areas (Schueler et al., 2011; Sonter et al., 2014), for 

biodiversity perhaps more than agricultural expansion (Deikumah et al., 2014). Severe landscape 

transformations include not only deforestation but also the opening of pits, vast amounts of 

waste, large quantities used of freshwater, and chemical and physical pollutants released into air, 

land and water (Palmer et al., 2010). Coal and gold mining (Epstein et al., 2011; Palmer et al., 

2010) can severely modify a landscape, including via extensive destruction of forest and the 

corresponding loss of habitats (Asner et al., 2013; Swenson et al., 2011; Wickham et al., 2007).  

 

Subsequent processing also released carbon dioxide, sulfur dioxide, methane, particulate matter, 

mercury and other heavy metals, generating acid rain and raising the bioavailability of mercury 

and other heavy metals (Epstein et al., 2011; Palmer et al., 2010). In the main gold production 

region of Colombia, gold mining is responsible for the highest reported concentration of mercury 

in the air (a thousand times above the WHO's allowable level) (Cordy et al., 2011), putting ~ 

150,000 people at high risk of mercury poisoning (Spiegel, 2012). Artisanal and small-scale gold 

mining is the leading source of anthropogenic mercury emissions globally (UNEP, 2013). 

Mining also occurs in oceans, in over 50 countries. While seabed mining is a currently relatively 

small. the growing demand for minerals has led to 18 contracts granted in the last 4 years by the 

International Seabed Authority (ISA), for 1km2 in the Pacific, Atlantic, and Indian Oceans 

beyond any national jurisdiction (Wedding et al., 2015).  

 

While large companies produce most of the minerals traded internationally, small-scale mining is 

an important economic activity, particularly in the developing world. Many poor rural people see 

it as a best livelihood option (Spiegel, 2012), yet they may not capture much economic surplus in 

the value chain (Hilson, 2003; Hinton, 2005). Whole countries rich in minerals have had limited 

long-term impacts on their economies from mining.  Latin America has large deposits of copper, 

iron, gold and silver. Chile, Bolivia and Peru are the major mining countries of South America. 

Africa is estimated to have 40% of the world’s gold, 60% of cobalt, and 90% of platinum. Yet,  

booming mining sectors in mineral-rich countries may not have large gains in local communities, 

especially when also taking into account environment and health impacts (Mercado de Materias 

Primas. Com. 2011). Many countries have been unable to use mining wealth to greatly boost 
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their economies (Auty, 2006; Sachs & Warner, 1995). Furthering the potential for local net costs, 

the sector also has been linked to social and environmental conflicts, and illegal activities, with a 

few large multinational companies controlling large networks of exploration sites with the largest 

human rights violations (Inter-American Court of Human Rights and Bebbington & Bury, 2013). 

(see sections 2.1.6.3.2. and 2.1.9.1). 

2.1.11.6 Infrastructure (dams, cities, roads)  

While the development of infrastructure has negative direct consequences on the environment, it 

has both negative and positive indirect effects (see also sections 2.1.5.3, 2.1.6.2, 2.1.9.1.2, 

2.1.11.1). Rivers have been modified for thousands of years to regulate floods and to ensure 

water supply for irrigation, industries and settlements, recreation, navigation and hydropower 

generation. Over past decades, the numbers of dams and reservoirs, and their overall storing 

capacities, have greatly increased. Currently, about 50,000 large dams (higher than 15 m), and an 

estimated 16.7 million reservoirs (larger than 0.01 ha) hold approximately 8,070 km3 of water  

(Lehner et al. 2011). Close to 8% of the world’s rivers are affected by cumulative upstream 

reservoir capacitys exceeding 2% of the annual flow. Smaller reservoirs (> 0.5 km3) account for 

a small fraction of the water stored, yet substantially affect rivers, increasing their spatial extent 

(Lehner et al., 2011). These changes have decreased the global annual sediment flux to the 

coastal zones by 3.7 x 109 tons, leading to river sediment starvation  and thus coastal erosion in 

delta regions and estuaries with negative consequences upon habitats, while increasing coastal 

and estuarine turbidity, negatively affecting biological systems. These estuaries and deltas are 

estimated to concentrate some of the largest population density in the world, including a large 

share of coastal mega-cities (UN, 2016d). 

 

Urbanization has multiple and complex linkages to the environment (Bai et al., 2017; Grimm et 

al., 2008). Currently, urban areas account less than 3% of the total land area (Grimm et al., 2008; 

Mcgranahan et al., 2006), although urban expansion is faster than urban population growth (UN, 

2014a), often driven by positive feedbacks between urbanization and economic growth (Bai et 

al., 2012). From 1970 to 2000, urban land use expanded by 58,000 km2 (Bai et al., 2012; Seto et 

al., 2011). The expansion of cities is linked to infrastructure to supply demands of urban living 

(e.g., transportation of people, goods, energy, water), with effects in and beyond the boundaries 

of urban areas. Growing urban populations create more impervious surfaces, which reduce water 

infiltration, affecting regional climates and hydrology (Chen, Li, Niu, & Sun, 2010; Tayanc & 

Toros, 1997; Žganec, 2012). Infrastructure development projects designed to address the supply 

of natural resources may also displace people, take agricultural land out of production, and alter 

ecosystems (Liu, Yang, & Li, 2016; Vitousek, Mooney, Lubchenco, & Melillo, 1997; Quanfa 

Zhang, 2009). Yet, urban infrastructure attracts people from rural areas, potentially lessening the 

land uses in fragile and/or low productivity ecosystems, stimulating ecosystem recovery and 

improving biodiversity conservation (Aide & Grau, 2004; Grau et al., 2003; Grau & Aide, 2007).  

 

Urbanization is also a major cause of losses of lakes and wetlands in multiple countries (Davis & 

Froend, 1999; Prasad et al., 2002; Wang et al., 2008). Production and consumption in cities can 

exacerbate air and water pollution − with negative health consequences (Guo, Deng, Qiao, Yao, 

& Zhu, 2013; Liu et al., 2016; McMichael, 2000; Zhu et al., 2012). Urban land expansion also 
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reduces habitats, particularly in biodiversity hotspots (Elmqvist et al., 2013; Seto, Guneralp, & 

Hutyra, 2012). Urbanization and urban activities shift spatial and temporal patterns of rainfall 

(Shi et al., 2017), while physical structures influence regional temperatures through heat islands 

(Giridharan et al., 2004; Sobstyl et al., 2018). On the other hand, cities can also be champions of 

environmental stewardship, for instance by building flood-resilient cities and reducing varied 

emissions of greenhouse gases (Bai et al., 2018; Solecki et al., 2018). Biodiversity friendly cities 

are also now found (Botzat et al., 2016).  

 

Roads and transportation infrastructure have been associated with both increased pressures upon 

forests and habitats or, in contexts, relocation of pressures away from nature (Benítez-López et 

al., 2010). New roads certainly have led to losses of forest (Boakes et al., 2010; Laurance et al., 

2015) but with highly varied impacts depending on their contexts – from large losses to no net 

effects, across tropical forests in Latin America, to even some positive effects in more highly 

populated and developed areas, such as within India. The indirect effects of transportation 

investments through transport costs, and related responses, can be much bigger than the direct 

effects of projects (Edwards et al., 2014; Weng et al., 2013).  

Increasing human encroachment, land reclamation, and coastal development have big impacts on 

coastal environments (UN, 2016d) including on nature, e.g., mangroves that help with resilience. 

To meet growing land demand for housing and recreation, industry, commerce, and agriculture, 

large-scale land reclamation projects are increasing along coasts, although coastal protection is 

also increasing. Large-scale dredging has occurred in several countries in Asia and the Middle 

East, beyond the near-shore environments, for creation of airports, tourism facilities and islands. 

Land reclamation is linked to the degradation of wetlands, seagrass beds and decreased coastal 

water quality, with negative impacts on regional groundwater regimes discharges to the coasts.  

Challenges posed by the growth of infrastructure vary by country (Bai et al., 2017; McGranahan 

et al., 2005), typically with more and better infrastructure as income rises (World Bank, 1994). 

High-income countries have built more energy and telecommunications connections, as well as 

more extensive transport networks in locations with a higher density of population and industry. 

In contrast, while infrastructure has expanded tremendously in many rapidly growing cities and 

peri-urban settlement in Africa and South and East Asia, it still lags the growth of population and 

service demands – leading to local environmental degradation − while the inadequate design and 

maintenance of that new infrastructure lead to its severe deterioration and significantly reduced 

lifespans. Urban growth within the less-developed countries also brings complex challenges, as 

for increasing the provision of basic services, such as clean water and sanitation (Cohen, 2004, 

2006; Elmqvist et al., 2004; Hardoy, Mitlin, & Satterthwaite, 2013; Seto, Parnell, & Elmqvist, 

2013; The World Bank, 2015; UN, 2014a; Young, Mogelgaard, & Hardee, 2009), although such 

challenges have also offered opportunities for locally developed solutions (Nagendra et al 2018).  

2.1.11.7 Tourism (intensive & nature-based)  

 

Tourism has dramatically grown in the last 20 years. Total international departures and arrivals  
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tripled globally, with greater increases from high-income and upper middle-income countries 

(Fig. S18). Much is domestic, e.g.: 3,260 million versus 29 million international for China; and 

1,600 million domestic tourism trips versus 70 million international for the US (UN, 2016d). 

 

In 2009 to 2013, tourism’s global carbon footprint rose from by 40%, from 3.9 to 4.5 GtCO2e, 

accounting for ~8% of global greenhouse-gas emissions (Lenzen et al., 2018), with transport a 

big contributor. In 2010, tourism required 16,700 PJ of energy, 138 km3 of fresh water, 62,000 

km2 of land, and 39.4 Mt of food (Gössling & Peeters, 2015). Yet impacts vary considerably:  

one-night accommodations require 3.7 - 3,700 MJ of energy depending on the luxury conditions 

of accommodations and transport. Largest increases have been observed for the most resource-

demanding options for the growing global class of wealthy travelers (UN, 2016d). Most of the 

footprint of tourism is exerted by high-income countries. These rapid increases in demand are 

effectively outstripping decarbonizations of tourism-related technology (Lenzen et al., 2018).  

 

Demands for nature-based and eco-tourism also have risen. While the latter aims for consistency 

with conservation by operating at small spatial scales to minimize ecological and social impacts, 

the former often operates at larger spatial scales and promotes national development objectives 

(Brandon, 1996). Their effects are, thus, quite different. The number of visitors to 280 protected 

areas within 20 countries has been increasing over time in all countries, particularly in those with 

lower income levels − with the exception of the United States and Japan (Balmford et al., 2009).  

2.1.11.8 Relocations (of goods & people)  

 

Transportation of goods and people has risen drastically in recent decades (see also 2.1.11.6). 

The number of air flights has doubled, globally, and tripled for high-income OECD countries 

(Fig S18), while seaborne carriage of oil has doubled, general cargo has quadrupled, and the 

carriage of grain and minerals has nearly quintupled. Voyage lengths also have increased (UN, 

2016d). 

 

Relocation of goods and people has direct, indirect and cumulative impacts on nature (Rodrigue 

et al., 2016). Noise and toxic emissions – e.g., carbon monoxide – directly cause harm. 

Catastrophic events involving ships (such as collisions, fires, foundering, wrecks) produce 

serious direct impact on marine ecosystems (UN, 2016d). Indirect effects include chronic impact 

along frequent trade routes (Fig. 2.1.7). Cumulative impacts include those upon the global 

climate, with 15% of the global CO2 emissions associated with the transportation sector 

(Rodrigue et al., 2016), and more than 3.5% of climate forcing attributed to air transportation 

(Lee et al., 2010).  

 

Introduction of alien invasive species is linked to transportation of goods and people. In both the 

20th and 21st centuries, trade was one of the most important factors in the widespread distribution 

of invasive species in both aquatic and terrestrial ecosystems (Hulme, 2009; Seebens et al., 2016) 

(Early 2006). Accidental introductions of invertebrates and algae had steep increases recently, as 
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those species are difficult to regulate and are closely associated with increasing human activity 

such as trade, migration, and tourism (Hulme, 2009; Kowarik, 2011). 

2.1.11.9  Restoration  

 

With degradation currently impacting the well-being of at least 3.2 billion people, with losses of  

more than 10% of the annual global gross product (IPBES, 2018b), there is an urgent need for 

restoration to avoid biodiversity loss, mitigate climate change, and ensure continued global ‘life 

support’ (Aronson & Alexander, 2013; Navarro et al., 2017). Sustainable land management 

practices, with restoration actions to avoid, reduce and reverse land degradation, have been 

shown to provide benefits that exceed their costs in many places, though their overall 

effectiveness is context-dependent (IPBES, 2018b).While financial costs are easy to  quantify 

and can seem  high, assessing restoration’s short-, medium-, and long-term effects on nature’s 

contributions is challenging. They are not all perceived and valued (IPBES, 2018b). 

 

While recoveries due to restoration of ecosystems and landscape may not be complete (Benayas 

& Bullock, 2012; Jones, Jones, Barbier, Blackburn, Benayas, et al., 2018), they yield multiple 

direct and indirect benefits for nature and people: increased material benefits from nature; 

climate regulation; and also spiritual gains (Brancalion et al., 2014; IPBES, 2018b; Rey Benayas 

& Bullock, 2012). Restoring the structure and function of degraded ecosystems contributes to 

longer-term ecosystem resilience (Kaiser-Bunbury et al., 2017; Suding, 2011) as well as to short-

term mitigation and adaptations to climate change  (Locatelli et al., 2015). Restoration is an 

obvious complement to conservation for biodiversity(Possingham et al., 2015)  and ecosystem 

services. Ultimately, its goals depend on the extent and nature of degradation and local needs and 

decision processes. Recovery of the prior "intact" ecosystem may not be possible, or desirable, in 

some contexts (Hobbs et al., 2014).  

 

International conventions recognize the importance of restoration at national and global scales. 

Restoration is a key piece of Aichi Biodiversity Targets 14 and 15 established by the Convention 

on Biological Diversity (CBD). Ecosystem- and landscape-scale restorations are also approaches 

of the UN Convention to Combat Desertification, UN Convention on Climate Change, Ramsar 

Convention on wetlands, Convention on Migratory Species, and Sustainable Development 

Goals. The Bonn Challenge to restore 150 million hectares of forest 2020 was expanded by a 

United Nations’ New York Declaration on Forests to restore 350 million ha by 2030 (IUCN, 

2015). This is not just to plant trees but also to use regenerated forest sustainably, manage tree  

plantations, agroforestry and agricultural  systems, and protect wildlife  reserves with ecological  

corridors or river or lakeside planting to protect water (IPBES, 2018b). No similar global-scale 

challenge has yet been proposed for restoration of non-forest ecosystems. 

 

Restoration is implemented by state agencies, local communities, non-government organizations, 

and the private sector. Approaches range from passive to active interventions, with distinct costs, 

limitations, and outcomes. Passive approaches that rely on natural recovery mechanisms have the 

highest rates and extent of recovery overall (Jones, Jones, Barbier, Blackburn, Benayas, et al., 
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2018), particularly for tropical forests (Crouzeilles et al., 2017). Interventions can focus on 

specific habitats and ecosystems or at the scale of landscapes, encompassing mosaics of different 

land uses, ecosystems and land covers. 

 

Yet large gaps remain between restoration targets and achievements, reflecting gaps in capacity, 

finance, policy, and enforcement (Stevens & Dixon, 2017). Restoration is legally mandated in 

some countries (e.g., Brazil, China), particularly after certain activities (e.g., mining or wetland 

drainage or as related to required protections for rivers and streams). Compensatory restoration, 

required in some countries, requires the party responsible for ecological damage to compensate 

the public for ecosystem services loss (Rohr et al., 2018). In other cases, biodiversity offsets 

create a mechanism for off-site restoration to compensate for the biodiversity losses caused by 

development projects. For example, to offset vegetation losses due to industrial development of 

oil palm during 1973-2013, the industry would need to restore natural vegetation across 8.7% of 

Kalimantan (Budiharta et al., 2018) in order to get to no net loss (rather than, e.g., any net gain). 

 

Achieving restoration targets in international treaties and conventions will require avoiding more  

degradation and conversion of ecosystems, plus effective and long-lasting restoration practices at 

national scales (Chazdon et al., 2017). With climate and biodiversity policies, this is a basis for 

progress on sustainable futures (Aronson & Alexander, 2013; Brancalion, Cardozo, Camatta, 

Aronson, & Rodrigues, 2014; Budiharta et al., 2018; Chazdon et al., 2017; Crouzeilles et al., 

2017; De Groot et al., 2013; Egoh, Paracchini, Zulian, Schägner, & Bidoglio, 2014; Hobbs et al., 

2014; IUCN, 2015; Jones et al., 2018; Kaiser-Bunbury et al., 2017; Locatelli et al., 2015; 

Navarro et al., 2017; Possingham, Bode, & Klein, 2015; Rohr, Bernhardt, Cadotte, & Clements, 

2018; Stevens & Dixon, 2017; Suding et al., 2015; Suding, 2011; Verdone & Seidl, 2017).  

2.1.11.10  Illegal activities with direct impacts on nature  

Illegal activities constitute major threats to nature and livelihoods. In maritime regions, they add 

to depletion of fish stocks. Coastal zones of developing countries are particularly susceptible to 

illegal, unreported or unregulated (IUU) fishing that peaked during the mid-1990s. In 2011, IUU 

was estimated at 26m or 33% of global catch including fish and other marine fauna (UN, 2016d) 

and 20-32% by weight of wild-caught seafood imported to the US (Pramod et al., 2014). IUU is 

highest off West Africa, estimated at ~40% of total catch, with 32% in the Southwest Atlantic 

and as much as 1.5 tons/year in Indonesia (Fig. 2.1.8). Note that 70% of vessels known to be 

linked to IUU are flagged under tax-haven jurisdictions (Galaz et al., 2018) .  

 

IUU is lucrative, due to high-value species plus no taxes − as is permitted by weak governance 

(Fisheries and Oceans Canada, 2009). While efforts have improved oceans governance over the 

last decade, not all regions are overseen by regional fishery management organizations (RFMO) 

while not all RFMOs are effective in monitoring and controlling IUU. The Agreement on Port 

State Measures to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated Fishing 

(PSMA), which came into force in June 2016, has grown to 54 parties (with all 28 EU members 

counting as just one). Endorsement by 170 states of the FAO Code of Conduct for Responsible 

Fisheries (CCRF) in 1995 has contributed to lowering IUU. While this is voluntary, Australia, 

http://www.fao.org/documents/card/en/c/915655b8-e31c-479c-bf07-30cba21ea4b0/
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Malaysia, Namibia, Norway and South Africa, have incorporated provisions into national law. 

Recent improvements in vessel monitoring systems are available, for both larger- and small-scale 

fishing vessels, providing geo-referenced descriptions of fishing areas and at scales useful for 

policy (Global Fishing Watch, 2018; Kroodsma et al., 2018; Mccauley et al., 2016).  

 

Illegal forestry has important negative consequences on forests, aggregate economic wellbeing, 

and livelihoods of forest communities (Smith, 2004). Hoare (2015) has estimated that 80m m3 of 

timber was illegally produced in 2013 by the nine main producers in tropical countries. Overall 

illegal logging is estimated to be 10-15 % of global timber production (Brack & Hayman, 2001; 

RIIA, 2003; SCA & WRI, 2004) though rates of up to 50% are reported for several countries 

(Guertin, 2003; Tacconi et al., 2003). In 2013, Indonesia (50%), Brazil (25%) and Malaysia 

(10%) accounted for most of the illegal timber harvests worldwide, with large timber sectors 

(Hoare, 2015), while Ghana, Cameroon, DRC, Laos, Papua New Guinea and Republic of Congo 

are also large contributors, with much higher proportions of production being illegal (e.g., almost 

all DRC production) (Hoare, 2015). In 2013, illegal logging emitted over 190mn tons of CO2, 

more than total emissions from Denmark, Norway and Sweden (Chatham House, 2016). 

Economic impacts are largely revenue losses for states and, in some cases, private forest owners. 

These hurt livelihoods for forest-dependent people and displacements of people through corrupt 

land and forest acquisition practices (Benno Pokorny et al., 2016; Tacconi, 2007b; Ehara et al, 

2018). Illegal production of biofuel is large especially in Africa. Most wood pellets and fuelwood 

in Asia-Pacific and Latin America are produced legally at medium to large scale, yet in Africa a 

significant share is associated with small-scale, poor, informal actors (Mohammed et al., 2015). 

Fuelwood harvesting has the most effects on dry forest, grassland and savannas. 

 

A number of factors have contributed to drive illegal logging, beyond the costs and the returns 

from sustainable forest management (Benno Pokorny & Pacheco, 2014), including quite poor 

investment incentives for companies (Contreras-Hermosilla, 2001), poor governance ranging 

from weak enforcement capacity (Ehara et al., 2018) and over-regulation to corruption including 

infringements of weak property rights (Alemagi & Kozak, 2010; Cerutti et al., 2013; Contreras-

Hermosilla, 2001; Pokorny et al., 2016; Pokorny, 2013; Smith, Obidzinski, Subarudi, & 

Suramenggala, 2003; Tacconi, 2007a). Most of the reported illegal logging is industrial logging 

in developing countries, yet small scale (artisanal or chain saw) and on-farm illegal logging has 

been reported as quite significant in some cases (Cerutti et al., 2013; Hoare, 2015). Its growth is 

explained by two factors. First is increased timber sourcing from secondary forests, fallows and 

farms as natural forest concessions move further away with corresponding increases in transport 

costs. Second is the reductions in illegal industrial logging due to improvements in transparency. 

 

Poaching also greatly threatens biodiversity (Clarke & Rolf, 2013) and is rising (Fig. 2.1.14c) 

given increasing demands for bushmeat, traditional medicine, souvenirs, pets and luxury goods 

(Hofer et al., 1996). Poaching has pushed many species to the brink of extinction, even those in 

the IUCN’s list of threatened species, e.g., rhinos and tigers. Various international organizations 

(e.g., WWF, IUCN) and agreements (e.g., CITES) include considerable efforts to eliminate 

poaching and countries (Kenya, Tanzania, South Africa) have taken drastic measures to control it 
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and punish poachers, e.g., applying ‘shoot-on-site’ (Messer, 2010). While some of these 

mechanisms have slightly decreased in poaching in many countries, it is still difficult to bust the 

invisible connections between the poachers and the recipients or users of animal parts.  

 

Poaching has been promoted, to date, by several factors. Corruption, combined with different 

standards with respect to poaching bans, has greatly weakened law enforcement (Smith et al., 

2003). There is a lack of detection of tons of animal parts, or live animals, crossing political 

boundaries including international borders. Further, poor infrastructure, together with poorly 

equipped personnel engaged in trying to control poaching in many of the countries where it 

primarily takes place, reduces timely responses when a poaching incident is reported. But even 

when policy instruments officially are in place and their implementation is in fact being actively 

attempted, the lucrative financial gains for poaching driven by the high demand for animal parts 

and live animals have pushed poachers to discovers innovative means of evasion (Knapp, 2012; 

Lindsey et al., 2013; Milner-Gulland & Leader-Williams, 1992; Warchol & Kapla, 2012).  



Unedited draft chapters 31 May 2019 

104 

 

 
 

Figure 2.1.14. Trends in illegal extractions from nature. A) Producers, processers, and buyers of 

illegal wood: Percentage of total from 2000 to 2014, B) Illegal fisheries: percentage of total 

fisheries that is illegal by region from 1984 to 2003, C) Animal poaching: total number of 
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animals per year from 2000 to 2017. Sources: (Chatham House, 2016)(Agnew et al., 2009) (see 

more information in S19).  

2.1.12  Direct Drivers Overview: aggregating impacts across sectors  

Human actions to satisfy needs and goals − as above fisheries, agriculture, logging, harvesting, 

mining, infrastructure, tourism, transport, restoration − clearly affect nature quite considerably. 

Their aggregated impacts are classified in IPBES into five categories of direct drivers: land-use / 

sea-use change; resource extraction; pollution; invasive and alien species; and climate change. 

Each of these are addressed in independent sections below, with an introductory overview. 

 

Overall temporal trends (Fig. 2.1.12, maps in Fig. 2.1.15 just below, Fig. S18 for IPBES regions) 

for the 5 categories of direct drivers show steady increases over the past five decades, across the 

planet, with differences across trends. Rates of land-use change are lower relative to several 

decades ago although still are accelerating in selected countries, given urbanization, agriculture 

and grazing. Extraction of living biomass has increased overall, yet while some countries 

dramatically raised output others did the opposite as they outsourced their demands. Pollution 

has diverse patterns. Greenhouse gas emission has doubled since 1980 (Figure 2.1.12, S27) while 

human-induced warming reached ~1°C (±0.2°C) above pre-industrial levels in 2017 (see section 

2.1.17). While air pollution is highest for lower incomes, important decreases in the rates of 

emission of greenhouse gas emissions are observed in some of the higher-income countries, and 

the increase is greatest for intermediate − but fastest growing − income levels. Alien species are 

escalating, especially for higher-income countries where the arrivals started earliest, and 

populations are both dense and dynamic. Finally, while climate change is of course a global 

phenomenon, with global mixing of emissions, some countries are particularly challenged by the 

fastest rates of changes (see below − and also trends by units of analysis in Chapter 2.2 

complement this section). 

 

Humanity’s footprint has touched 75% of the terrestrial world and much of the oceans (Venter et 

al., 2016). 25% of the world’s terrestrial potential primary productivity has been appropriated 

largely through cropping and grazing (78% of the appropriation), followed by forestry, the 

construction of infrastructure, and human-induced fires (22%) (Krausmann et al., 2013). Several 

biodiversity hotspots have been shown to present very small areas of no or low human footprint, 

as is the case of Western Australia, Tropical Andes, Northern Cerrado and Central Asian 

Mountains (Venter et al., 2016). Lowest appropriation values (11-12%) are found in Central 

Asia, the Russian Federation, and Oceania (including Australia), while the highest ones are 

found in Southern Asia (63%), as well as Eastern and Southeastern Europe (52%). 

 

A global map of anthropogenic impact on marine ecosystems (Halpern et al., 2008) revealed that 

by 2007, around 40% of the world’s ocean surface was affected by multiple drivers, such as 

changes in sea temperature, by-catch, habitat transformation, ocean acidification, and ocean 

pollution. An evaluation of the changes between 2008 and 2013 (Halpern et al., 2015) revealed 

that more than 65% of the ocean experienced increases in cumulative impact during that period. 

Globally, increases in climate change related stressors, including sea surface temperature 
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anomalies, ocean acidification and ultraviolet radiation, drove most of the increase in cumulative 

impact. Yet, impacts from most commercial fishing operations decreased in 70–80% of the 

ocean (Halpern et al., 2015), confirming previous suggestions (Pauly,  et al., 2002; Worm et al., 

2009) that global catch has stabilized or is declining in most parts of the ocean, and that well-

managed fisheries are achieving sustainable yields.  
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Figure 2.1.15. Temporal trends per country for direct drivers. A) Land use change: changes in 

the proportion of urban and cultivated areas within each country calculated using country area 



Unedited draft chapters 31 May 2019 

108 

 

data and Global Cover data 1992-2015 (see Chapter 2.2 for further details); B) Resource 

extraction: changes in total resource extraction per year in million tons for 1980-2000, C) 

Pollution: changes in Greenhouse gas (CO2, CH4, N2O, CFCs, HFCs, PFCs, SF6, NF3) 

emissions in Tons of CO2 equivalent for 1980-2015. D)  Invasive species: changes in cumulative 

number of records of alien species for 1950-2005; E) Climate change: changes in mean annual 

temperature in degree celsius for 1950- 2000 using Chelsa Climate Data. (Hijmans et al., 2005; 

OECD, 2018a; Ritchie & Roser, 2018; Seebens et al., 2018; World Bank, 2018e; WU, 2015 and 

for specific methods for these calculations see supplemental information) 

2.1.13   Direct Drivers: Land/Sea-Use Changes 

2.1.13.1 Expansion of agriculture and cities 

Over half the Earth’s land surface is under cover types of anthropic origin, including agricultural 

lands, pasture and range lands, and cities (Foley et al., 2005; Hooke, Martín-Duque, & Pedraza, 

2012). Agricultural expansion is by far the most widespread form of land cover change, with 

over one third of the terrestrial land surface currently being used for cropping or animal 

husbandry at the expense of forests, wetlands, prairies and many other natural land cover types 

(FAOSTAT, 2016; Foley et al., 2005). Population growth (Nelson  et al., 2010), followed by 

urbanization and raising incomes, which are then linked to increasing per capita resource 

consumption (Liu, Daily, Ehrlich, & Luck, 2003), clearly are major drivers of deforestation 

(Lambin & Meyfroidt, 2011).  

 

Over five decades, the largest percent changes in land use are associated with urban areas (Fig. 

2.1.12, 2.1.15, S26). City areas doubled in 1992-2015. The most severe increases were for 

tropical and subtropical savannas and grasslands, deserts and xeric shrublands, where the urban 

areas tripled. 

 

Agricultural area  increased by over 100 million hectares between 1980 and 2000 across the 

tropics, half at the expense of intact tropical forests (Gibbs et al., 2010). Pasture for cattle 

contributed to the largest agricultural land expansion in Latin America, with an increase of ∼35 

million ha in South America and ∼7 million ha in Central America (Gibbs et al., 2010). In 1980-

2000, cropland area increased by half in East Africa and a quarter in West Africa, while falling 

in Central Africa (Gibbs et al., 2010). Africa lost the highest share  of  tropical  forests in the 

1980s, 1990s, and early  2000s (IPBES, 2018a). In Southeast Asia tree plantations occupy the 

largest share of agricultural land, which rose by 7 million ha in 1980-2000, while by the 1990s 

oil palm was responsible for over 80% of the expansion in  tree plantations (Gibbs et al., 2010). 

Timber extraction and fuelwood collection have also led to forest loss, while opening land for 

agriculture (Haines-Young, 2009; Hooke et al., 2012). Yet, fuelwood collection is not a main 

driver, as it is based on collection of dry wood.  

 

Deforestation rates are generally falling, with varying patterns across countries. China has seen 

high afforestation (FAO, 2015b), due to conservation and restoration over 30 years, in particular 



Unedited draft chapters 31 May 2019 

109 

 

since 2000 (Viña et al., 2016). In contrast, despite conservation policies in the 2000s (Macedo et 

al., 2012; Nepstad et al., 2014), Brazil continues to have significant deforestation (FAO, 2015b).  

 

Other important drivers of the consequential expansion of agriculture − and shift in landscapes − 

include ongoing shifts toward animal-based diets (Alexander et al., 2015; Rask & Rask, 2011) as 

well as the collapse of the Soviet Union, which triggered the abandonment of farms and, thereby, 

recoveries of prairies, woodlands and forests (Alcantara et al., 2012; Bauman et al., 2011; 

Hostert et al., 2011; Ioffe et al., 2012; Kuemmerle et al., 2008), although some of the latter shifts 

were followed by a more recent re-cultivation in Southern Russia, Ukraine and Northern 

Kazakhstan (Meyfroidt et al., 2013).  

 

Following all of this, the global extent of wetlands has declined by 30% between 1970 and 2008 

(Dixon et al., 2016), and total loss has been estimated to be as much as 87% (IPBES, 2018b). 

Losses were greatest in the tropics and sub-tropics, where population growth and agricultural 

expansion were also highest (UNEP, 2016c). In the last two decades, peatland cover has reduced 

from 77% to 36% (Miettinen et al., 2012). Peatlands are largely found in South‐East Asia, which 

contains an estimated 56% of all of the tropical peatlands by area (Page et al., 2011). 

2.1.13.2 Fragmentation 

 

Land-cover change has increasingly fragmented remaining land cover (see Chapter 2.2). 

Currently, about 20% of the forest areas around the world are close (<100 m) to a forest edge, 

while 70% are within 1 km (Haddad et al., 2015). Only 20% of tropical areas hold forest areas 

larger than 500 km2 (Potapov et al., 2017). The global extent of such areas decreased by 7.2% in 

the last decade (Potapov et al., 2017), as a result of industrial logging, agricultural expansion, 

fire, and mining/resource extraction. The certification of logging concessions under responsible 

management had negligible impact in terms of slowing this fragmentation (Potapov et al., 2017). 

2.1.13.3 Landscape/seascape management intensification  

Technological advances in agriculture, fisheries, aquaculture, and forestry over the last 50 years 

(see 2.1.5 above) led to increases in extraction, yields, and investments (in machinery and 

inputs), while often increasing the area of influence of these activities (farms or fishing grounds). 

IPBES Land Degradation Assessment showed that intensive land use can lead to progressive 

changes in ecosystem functions and, in cases, irreversible changes then land abandonment 

(IPBES, 2018b).  

 

Livestock density and herd management are the main causes of rangeland degradation, which 

can be exacerbated by changes in fire regimes and harvesting (IPBES, 2018b). Asia has most 

rapid grassland change (Akiyama & Kawamura, 2007). Agricultural intensification in regions 

has been linked to the stabilization or even reductions in agricultural land area, particularly for 

the sub-Saharan African region (Ausubel, Wernick, & Waggoner, 2013; Brink & Eva, 2009; 

Lambin & Meyfroidt, 2011; Ramankutty et al., 2006; van der Sluis, Pedroli, Kristensen, Lavinia 

Cosor, & Pavlis, 2016; van Vliet, de Groot, Rietveld, & Verburg, 2015; Wood, Tappan, & Hadj, 
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2004). When linked to subsistence agricultural production with low soil fertilities, low usage of 

agrochemicals, and low yields, this has led to reductions for natural land cover types (Brink & 

Eva, 2009; Wood et al., 2004). Yet, agricultural intensifications have led to increases in yields 

that have come at the cost of an accelerated pollution of both soils and water (IPBES, 2018b).  

2.1.13.4  Land degradation 

Land degradation is the reduction or loss of biological or economic productivity and complexity 

(including soil erosion, deterioration in physical, chemical, biological or economic properties of 

soils and long term loss of vegetation) of cropland, rangeland, pastureland forest and woodlands 

in arid, semi-arid and dry sub-humid areas, that results from land uses or form a combination of 

processes, including those arising from human activities and habitation patterns (IPBES, 2018b). 

Degradation is occurring in all land cover, land use and landscape types, in all countries (IPBES, 

2018b). Degradation is hard to measure (Herold et al., 2011; Houghton, 2012; IPBES, 2018f; 

Lambin, 1999), given a paucity of data and the absence of estimates, especially in the tropics 

(Houghton, 2012). Degradation is driven by multiple drivers including land use change, 

intensification, pollution, and invasive species, many distant from where impacts are felt (IPBES, 

2018b). Loss in forests, for example, are linked to uncontrolled logging (Tacconi, 2007b), fires, 

agricultural expansion (Lawrence, 2005; Van Vliet et al., 2012) and also charcoal (Ahrends et 

al., 2010; Chidumayo & Gumbo, 2013). Most prominent in Latin America and Asia is timber 

extraction while, in Africa, it is fuelwood and charcoal (48%) (Hosonuma et al., 2012; Kissinger 

et al., 2012). Desertification, i.e.  land degradation in arid, semi-arid and dry sub-humid areas, is 

particularly severe for 38% of the world’s population, including pastoralists and smallholder 

farmers tending lands disproportionately vulnerable to degradation (IPBES, 2018b).  

 

Soil degradation includes loss of soil as well as changes in its physical, chemical and biological 

properties (IPBES, 2018b). Erosion causes nutrient loss (Lal, 2014) and reduction of agricultural 

productivity, plus flooding, water pollution and sedimentation of reservoirs (Munodawafa, 2007; 

Rickson, 2014). Erosion may also negatively affect the global carbon, nitrogen and phosphorus 

cycles (Chen, He, & He, 2010; Quinton & Catt, 2007). Indeed, soil organic carbon, has fallen 

globally from land conversion and unsustainable land management practices (IPBES, 2018b). 

Reliable global estimates of the magnitude and extent of soil erosion are unavailable but its 

occurrence in all countries can be confirmed (IPBES, 2018b).  

 

Soil acidification is associated with atmospheric deposition of strong acids (acid rain), as a result 

of emissions of sulfur dioxide and nitrogen oxides exacerbated by anthropogenic activities. Acid 

deposition on poor soils covered by temperate forests (Driscoll et al., 2001; Greaver et al., 2012), 

forest and crop harvesting (especially if frequent)(Likens et al., 1998) and loss of nutrients due to 

rain and irrigation (leaching) (Lawrence, Fuller, & Driscoll, 1987) can all exacerbate its effects. 

 

Global soils in over 100 countries are affected by salinity, linked to climate change and increased 

use of irrigation for production of crops (Squires & Glenn, 2009). Salinity occurs naturally, yet it  

is often exacerbated by irrigation at rates not adequate to exceed evapotranspiration rates (FAO 

& ITPS, 2015), by poor drainage or groundwater levels near the soil surface (< 2m), by the use 
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of brackish water to irrigate, by intrusion of seawater near coastal areas, and by shifts from deep 

rooted perennial vegetation to shallow rooted annual crops and pastures (FAO & ITPS, 2015). 

2.1.14   Direct Drivers: Resource Extraction  

 

2.1.14.1 Rates of extraction of living and non-living materials from nature 

Extraction of living biomass and non-living materials is increasing as both populations and per 

capita consumption (Fig. 2.1.4, 2.1.12, 2.1.15) increased 3-fold in 1980-2010. Materials for 

construction and industry increased 4-fold, with the most dramatic increases for lower-middle- 

(7-fold) and upper-middle-income countries (11-fold) and the Asia-Pacific region (10-fold for 

whole region) (Schandl et al., 2016 Schandl & Eisenmenger, 2006 Robinson & Bennett, 2004) 

and, generally, the growing economies (Fig. S20). The use of biomass, fossil fuels, metal ores 

and non-metallic minerals doubled from 2005 (26.3b tons) to 2015 (46.4b tons), growing an 

annual rate of 6.1%.  

 

Yet extraction rates varied widely by country, barely increasing in Africa since 1970 (Schandl et 

al., 2016). The global shares for Africa, Latin America and the Caribbean, and West Asia were 

relatively constant over four decades, with all growing in total volume, while Europe and North 

America fell sharply in terms of their global shares of direct extraction (Schandl et al., 2016). 

These differences may reflect sectoral shares (see above), as extraction for agriculture, forestry, 

fishing, hunting only doubled in 50 years but construction and industry rose more (WU, 2015). 

 

Cascading effects of extraction can be manifested as biodiversity losses and accelerated changes 

in climate (Butchart et al., 2010), most prominently in tropical forests, marine, coastal and polar 

ecosystems (Bradshaw, Sodhi, & Brook, 2009; Geist & Lambin, 2002). Some types of extraction 

also result in land-use change, with consequences for biodiversity, soil erosion and degradation, 

GHG emissions, and potential loss of an array ecosystem services (Geist & Lambin, 2002). 

  

Extraction beyond sustainable levels has consequences for biological dynamics and ecosystem 

function. Yet assessing what levels of extraction of resources are sustainable is very complex, as 

species- and context-specific efforts are needed. Impacts of overexploitation can be observed in 

life histories, genetic patterns of populations, and community and ecosystem functions (Ticktin, 

2004).  Wildlife extraction through hunting from tropical forests, for instance, is estimated to be 

well above the sustainable rate (Bradshaw et al., 2009) and for terrestrial species, exploitation 

(26%) is the second most common threat preceded only by habitat loss (50%) (WWF, 2016). 

2.1.14.2 Freshwater withdrawals 

Freshwater resources are unevenly distributed. About one third of the Earth’s land subsurface is 

underlain by relatively homogenous aquifers (exclude the Antarctic), often in large sedimentary 

basins with suitable conditions for groundwater exploitation (WHYMAP & Margat, 2008). Asia 

(30.72%) harbors most of these aquifers, followed by Africa (28.48%), Central/South America 
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(17.64%), Europe (10.88%), North America (6.78%) and Oceania (5.49%). Most of the largest 

global aquifer systems are found within Africa (35%), followed by Asia (27%), the Americas 

(22%), Europe (11%) and Oceania (5%), (Richey et al., 2015; WHYMAP & Margat, 2008).  

 

Global water withdrawals are hard to calculate, as their estimation depends upon reliable data at 

the local and country level, yet reliable data are limited to a few countries. Estimations by FAO 

suggest that water withdrawals have risen from less than 600 km3/year in 1900 to nearly 4,000 

km3/year in 2010, faster than population growth (FAO, 2016a). The surface waters of key river 

basins such as the Colorado, Huang-He (Yellow), Indus, Nile, Syr Darya, and Amu Darya are 

heavily used (WRI, 2000) and 21 of 37 aquifers have exceeded their ‘sustainability tipping 

points’ during 2003-2013 (Richey et al., 2015). Increased groundwater extraction has been 

attributed to agricultural use (69%), industrial use (19%) and direct human consumption (12%) 

(FAO, 2016a; Wada et al., 2014) with growing populations, industries and, more generally, 

economies (Alcamo et al., 2003; FAO, 2011c; Mekonnen & Hoekstra, 2011). 

 

Depletion of water resources interacts with many biophysical and societal drivers to contribute to 

negative impacts on nature and societies. Withdrawals, with climate change, lower mean annual 

runoff across river basins in Asia and America (Haddeland et al., 2014), as well as water quality 

(Navarro-Ortega et al., 2015). Depletion threatens water and food security, alters hydrological 

regimes (Arroita et al., 2017), induces land degradation (Dalin et al., 2015), and conflicts 

(Richey et al., 2015). Threats from excessive extraction are pronounced in arid and semi-arid 

regions (Haddeland et al., 2014). Irrigated agriculture leads to drastic effects on wetlands and 

wildlife conservation (Lemly et al., 2000).  

 

Facing scarcities, improved agricultural and water management practices have been developed to 

reduce water stress. Successful cases involving smallholder farmers have received considerable 

attention in recent years. In those involving Indigenous Peoples,  land and water management 

have been integrated (Critchley et al., 2008) − suggesting that improvements are possible despite 

decreasing aggregate resource availability at global scales (Pretty  et al., 2000).  

2.1.15  Direct Drivers: Pollution  

 

Quantitative assessments of pollution are limited to a few systematically monitored variables − 

with inconsistent data quantity and quality across countries. The most robust available data are 

from remote monitoring, including greenhouse-gas emissions and the presence of aerosols (i.e., 

particulate matter). Country data on access to improved sanitation (e.g., municipal waste or use 

of pesticides or fertilizers) is available (FAO, 2018a, 2018d; OECD, 2018; Ritchie & Roser, 

2018; World Bank, 2018e), although again with varied data quantity and quality. Significant 

emissions into the atmosphere, water bodies, and terrestrial systems from industrial activities and 

households remain unquantified.  Yet, currently available data on related metrics suggest that the 

global pollution levels have increased at rates at least comparable to the total population growth. 

2.1.15.1 Emissions into the atmosphere 
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Population growth, economic activity, energy consumption and technology drive anthropogenic 

greenhouse-gas (GHG) emissions − such as carbon dioxide (CO2), nitrogen oxide (NOX), and 

sulphur dioxide (SO2) − that trap heat in the atmosphere and contribute to global climate change. 

Emissions from transportation contribute GHGs and conventional air pollutants and particulates 

(UNEP, 2016e). Smaller particles (PM 2.5) are important threats to human health (WHO, 2016). 

GHG emissions have risen consistently, combining them with small particles, all countries show 

increases in air pollution (Fig. 2.1.12, S27). Largest increases are found in Northern Africa, 

Central Asia, and East Asia − due to a lack of regulations as well as to geological and climatic 

factors. 

 

Some countries have sharply increased CO2 emissions since 1980, while others reduced them 

(Fig. S20). Europe and the Central Asian region reached peak CO2 emissions in 1990, steadily 

decreasing since then. The Asia-Pacific region has surpassed Europe and America to become the 

largest emitter of CO2 since 2004. Major CO2 producing regions are the United States (15%), the 

European Union (10%) and India (6.5%), which with China account for 61% of the total global 

emissions (Olivier et al., 2015). CO2 emissions increased on average (14%) in Latin America and 

the Caribbean, from 2006 to 2011 (UNEP, 2016d; World Bank, 2017c). During 2000-2010, 

Africa, Asia and Pacific, Latin America and North America increased 15% in methane emissions 

(UNEP, 2016d). Thus, while GHG emissions are driven by economic development, displacement 

of production and extraction by trade allows for emissions, in some cases, to have fallen for 

higher incomes while increasing for lower incomes.  

 

The reduction in GHG emissions in developed is actually a transference of GHG to developing 

countries, referred to as “GHG leakage”, through international trade, which accounts for ~30% 

of CO2 emissions (see also 2.1.6.3.2) (Aichele & Felbermayr, 2015; Kanemoto et al., 2014). In 

fact, then, higher-income countries did not actually reduce emissions, but just shift them. For 

instance, during the 1990–2011 period, developed countries reduced emissions by 1.59 Gt while 

developing countries increased emissions by 13.7 Gt. However, after assessing the CO2 leakage 

by assigning responsibility to consumers, in 2011 developed countries transferred 2.95 Gt of CO2 

to developing countries through trade (Kanemoto et al., 2014). Developed countries shifted their 

non-CO2 GHGs emissions to developing countries even more strongly than they did for CO2. 

 

Emissions of nitrogen oxides are associated with roads transport, energy production, and many 

commercial, institutional and household activities. NOx emissions contribute to acid deposition 

and eutrophication and have drastically increased. Asia, including the Middle East, accounts for 

~ 30% of the global emissions. NOx emission levels have decreased in the U.S., and in Western 

Europe, while increasing in Africa  over the last decade (Fig S23; EEA, 2014)(UNEP, 2016b).  

 

Emissions of SO2 from the combustion and oxidation of fuels and other materials have risen due 

to industry and shipping. Asia showed an increasing trend since 2000, contributing 41-52% of 

global emissions, while emissions from North America and Europe declined from 38% to 25%. 
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SO2 emission from industry increased from 32% to 38%, while those from international shipping 

increased from 9% to 25% over the last decade (Klimont et al., 2013) as trade rose.  

 

Emissions of particles into the atmosphere are highest in low-income countries (Fig. 2.1.12) and 

in high income oil producing countries (Fig. S20). Northern Africa has highest PM2.5 (particles 

smaller than 2.5 micrometers) emissions (De Longueville et al., 2014; Van Donkelaar et al., 

2010). Emissions due to residential energy use, such as heating and cooking, are prevalent in 

India and China. Those from traffic and power are big in the US (Lelieveld et al., 2015).  

 

Higher levels of exposure of human population to air pollution within lower-income countries, 

especially in northern Africa and Central Asia, can be attributed to climatic / geological factors 

(arising from, e.g., dust and storms), predominant energy sources, and agricultural emissions 

(Lelieveld et al., 2015). Additionally, another important factor is the fact that dirtier phases of 

industrial processes are exported to lower income countries with reduced regulations and 

enforcement (see also 2.1.6.3.2). 

 

Other airborne contaminants also have had major impacts on nature and people. Mercury enters 

the atmosphere from volcanoes, and coal burning, then is transported to areas such as the artic, 

with a 10-fold increase in upper-trophic-level mammals such as Beluga whales, over the past 150 

years (AMAP, 2018). Global emissions of nitrogen from synthetic fertilizers and the expansion 

of nitrogen-fixing crops are several orders of magnitude larger than pre-industrial  (Vitousek, 

Aber, et al., 1997). 

 

Noise’s effects on nature are increasingly observed. Expansions of human populations, transport 

networks and extraction have a range of impacts upon species, depending on auditory capacities 

(Shannon et al., 2016) and noise wavelengths (Todd et al., 2015). Underwater noises that are due 

to shipping are significant marine pollutants (Williams et al., 2015). Behavioral changes for both 

individuals and entire ecological communities have been observed in response to a wide range of 

noise sources and exposure levels (Shannon et al., 2016 Todd et al., 2015; Williams et al., 2015). 

2.1.15.2 Contaminants dissolved in/carried by water 

Water quality has fallen over the last five decades, with key environmental and societal impacts. 

Major sources include untreated urban sewage and industrial and agricultural runoff, erosion, 

airborne pollution, and salinization, as well oil spills and dumping of substances into the oceans. 

It is estimated that over 80% of urban and industrial wastewater is released to freshwater systems 

without adequate treatment, a volume six times as large as that in all of the world’s rivers, i.e., 

300-400 million tons of contaminants  (UN-Water, 2015; UN, 2003; WRI, 2017; WWAP, 2012).  

 

One available indicator on water quality is that of access to improved sanitation facilities which 

shows very contrasting patterns among countries with different income levels, as 60% of the 

population in low- income countries do not have access to such facilities (Fig. S25). Over 600 

million people lack access to safe drinking water, nearly half in Africa, followed  by Asia, then 

Latin America and the Caribbean (WHO-WEDC, 2013). Large regional variance in wastewater 
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treatment includes 70% in Europe but as low as 20% in Latin America (Sato et al., 2013). 

Untreated urban wastewaters dumped (Beketov et al., 2013; Malaj et al., 2014; Moschet et al., 

2014; Stehle & Schulz, 2015; Van Dijk et al., 2013) into the environment contain fecal 

coliforms, organic pollutants (UNEP, 2016f, 2016c, 2016e, 2016d, 2016b), heavy metals, and 

pharmaceutical residues (Cleuvers, 2004; Santos et al., 2010; Wilkinson, Hooda, Barker, Barton, 

& Swinden, 2016). About a quarter of the rivers in Latin America, 10-25% in Africa and up to 

50 % in Asia have severe pathogen pollution, largely caused by untreated wastewater (UNEP, 

2016a). More than 200 types of molecules derived from pharmaceutical processes have been 

measured in natural waters (Pal et al., 2010; Petrie et al., 2015), frequently anti-inflammatory 

drugs, antiepileptic, contraceptives or antibiotics. These impair organisms in rivers (Brodin et al., 

2014) and in estuarine and marine waters (Guler & Ford, 2010; Kidd et al., 2007; UNESCO & 

HELCOM, 2017). Human health and nature concerns also include chemicals like dissolved 

metals (zinc, copper, aluminum) or surfactants, whose risks to aquatic ecosystems remain high 

even within higher-income countries (Johnson et al., 2017). 

 

Agriculture causes most soil erosion and nutrient runoff to freshwaters (Quinton et al., 2010). 

Fertilizers used in crop production are also drained into continental, coastal and marine water 

bodies at accelerating rates (Fig. S23), with nitrogen fluxes (mainly as nitrate) rising 4- to 20-

fold in the last decade (Camargo & Alonso, 2006; Mekonnen, Pahlow, Aldaya, Zarate, & 

Hoekstra, 2015). Nutrients from fertilizers in continental water bodies flow into coastal waters, 

stimulating excessive plant growth and, in extreme conditions, hypoxia or oxygen-depleted 

“dead zones” plus harmful algal blooms that affect primary and secondary productivity (Altieri 

et al., 2017). By 2008, 494 coastal dead zones were listed. Pesticides, agricultural insecticides, 

and newer generation molecules (like pyretroïds and neonicotinoids) (Stehle & Schulz, 2015) 

reduce macroinvertebrate richness in rivers by up to 40% (Beketov et al., 2013; Van Dijk et al., 

2013), while urban and agricultural herbicides exert effects on non-target species like algae 

(Malaj et al., 2014; Moschet et al., 2014). Ecotoxic chemical micropollutants, including 

pesticides, pharmaceutical residues, plastics, and dissolved metals all exert chronic effects and 

have endocrine disruptive properties that affect freshwater biodiversity, and jeopardize the health 

of water ecosystems (Beketov et al., 2013; Malaj et al., 2014; Moschet et al., 2014; Stehle & 

Schulz, 2015; Van Dijk et al., 2013). 

 

Lower water quality has led to severe changes in the ecohydrology of water systems (Carpenter, 

Stanley, & Vander Zanden, 2011). In the past decade, the trend of deterioration has shifted from 

developed to developing countries, with increasing population and economic activity (UNEP, 

2016a). The Water Quality Index (WATQI), an index ranging from 0 (worst) to 100 (best) that 

combines five parameters (pH, dissolved oxygen, total phosphorus, nitrogen concentrations, 

electrical conductivity) was 69.21 in 2012, globally, with the highest values in Europe (80.38), 

then Oceania (79.19), the Americas (76.59), Asia (76.59) and Africa (57.74) (Srebotnjak et al., 

2012). Climate change, hydrologic flow modification, land-use change, and aquatic invasive 

species interact with other drivers of water pollution (Carpenter et al., 2011; UNEP, 2016a) to 

help explain this significant spatial variation.   

 



Unedited draft chapters 31 May 2019 

116 

 

Marine water quality is strongly affected by oil spills and the dumping of toxic compounds. Oil 

spills, toxic for marine life and difficult to clean up, are a major contamination source. In 1990, 

1.1 million tons of oil was lost via spills. As technologies and policies have improved, by 2015 

the magnitude was ~25,000 tons. Yet spills still contribute over 10% of oils entering the oceans 

(Anderson, 2013). Marine pollution is also affected by dumping and dumping bans (UN, 2016d). 

Authorities are paying more attention to “black” lists of substances that should not be dumped 

(toxic organohalogen compounds, carcinogenic substances, mercury and cadmium), as well as 

“grey” lists (e.g. arsenic, lead, copper and zinc and their compounds, organosilicon compounds, 

cyanides, fluorides and pesticides) (IMO, 1972). In 2003-2012, the total chemicals entering seas 

rose by 12%, down 60% in North America and Europe but up 50% in the Pacific (UN, 2016d).  

 

Emissions of NOx have acidified freshwater ecosystems (Skjelkvåle et al., 2001; Stoddard et al., 

1999). Lakes and streams of Eastern North America and northern and central Europe are highly 

acidified, with pH values ranging from 4.5 to 5.8 (Doka et al., 2003; Skjelkvåle et al., 2001). 

Further, salinity levels rose nearly one third in Asia, Africa and Latin America between 1990 to 

2010. Severe and moderate salinity levels affect one in 10 rivers in these three continents, 

making it harder for poor farmers to irrigate their crops (UNEP, 2016a). 

2.1.15.3 Disposal or Deposition of Solids 

 

Solid wastes are increasing, globally, although it is uncertain by how much as systematic solid-

waste accounting often remains a challenge. Solid waste is mostly generated in and disposed of 

in cities. Waste is larger in urban areas, correlated with purchasing power (Hoornweg et al., 

2013). Cities produce 1.3 billion tons of solid wastes, per year, for instance. Municipal waste per 

capita has doubled over the last decade (Hoornweg & Bhada-Tata, 2012). 

 

Solid wastes have impacts at different scales. For neighborhoods, ill-managed waste contributes 

to respiratory ailments, diarrhea and dengue fever, sewage blockages and therefore local floods 

(Hoornweg & Bhada-Tata, 2012). At the regional and global scales, solid waste emits methane, 

contributing to climate change, and produces leachates which contaminate the soils and aquifers. 

Every type of disposal (incinerating, recycling, downcycling) produces adverse environmental 

impacts, e.g., all of them contribute to GHG emissions in different ways. Solid waste disposal 

accounts for almost 5% of the total global GHG emissions (Hoornweg & Bhada-Tata, 2012).  

 

Globally, the composition of waste is changing. Waste that is environmentally and economically 

costly to dispose has been increasing, while organic waste is decreasing. Yet, regional variation 

is significant. For example, electronic waste composed of both hazardous wastes and strategic 

metals (rare earth materials), which have to be separated to be properly disposed of or recycled, 

is the fastest growing type (UNEP, 2012). Electronic waste management is poorly regulated too,  

accumulating in landfills and often exported to lower-income countries. Recycling by informal 

sectors has had negative health effects (Ongondo et al., 2011; UNEP, 2012). 
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Plastic pollution is escalating, and it is accumulating in the oceans at alarming rates (Fig. 2.1.16). 

Global production of plastic resins and fibers rose at an annual rate of 8.4% from 1950 to 2015, 

over twice as faster as GDP (Geyer et al., 2017). Perhaps 5% ends up in oceans due to 

inadequate waste management (Jambeck et al., 2015). Globally, 1.15-2.41 m tons (MT) of plastic 

currently flow from riverine systems into oceans every year (Jambeck et al., 2015; Lebreton et 

al., 2017; UNEP, 2016a). The top 20 polluting rivers were mostly in Asia and accounted for two 

thirds of global annual input (Lebreton et al., 2017), while the top 122 polluting rivers 

contributed over 90% of inputs − and are still largely in Asia, with a few in Africa, plus South 

and Central America, and one in Europe (Lebreton et al., 2017). Besides rivers, plastic wastes 

enter via mismanagement in coastal regions (Hoornweg & Bhada-Tata, 2012; Jambeck et al., 

2015).  

 

On average, every square kilometer of ocean has 63,000 microplastic particles on its surface 

(Eriksen et al., 2014; Isobe et al., 2015). Much of it is within the five sub-tropical ocean gyres, 

where ocean currents cycle and gather marine debris. East Asian seas show concentrations 27 

times the average, followed by the Caribbean and the Mediterranean (Law et al., 2010). Plastic is 

also accumulating along the shorelines (UNEP, 2016a). The ratio of plastic to fish by weight in 

the oceans was 1:5 in 2014 (Ellen MacArthurFoundation, 2013).  

 

Plastic fragments are a particular concern, as they are difficult to remove from the environment 

and can be ingested (Barnes et al., 2009), affecting at least 267 species including 86% of all 

marine turtles, 44% of all seabird species, and 43% of all marine mammals (Derraik, 2002; Laist, 

1997). This can affect humans through food chains. For instance, 25% of fish sold for human 

consumption in a Californian market were found to have microplastics debris (Rochman et al., 

2015). Beyond macro- and micro-plastics, plus persistent organic pollutants, (POPs; Mato et al., 

2001), non-indigenous species (Barnes, 2002) and algae linked with red tides (Masó et al., 2003) 

are transported with plastics (Barnes et al., 2009), while concerns exist about discarded fishing 

gear (Gilman et al., 2016). 
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Figure 2.1.16. Plastic waste production and flow into global oceans. A) Trend of cumulative 

plastic waste generation and disposal (1950~2050); B) Mass of river plastic flowing into oceans 

in tonnes per year; river contributions are derived from individual watershed characteristics such 

as population density (in inhab km-2), mismanaged plastic waste (MPW) production per country 

(in kg inhab -1d-1) and monthly averaged runoff (in mm d-1); the mode is calibrated against river 

plastic concentration measurements from Europe, Asia, North, and South America. Source: 

(Geyer et al., 2017; Lebreton et al., 2017).  

2.1.16  Direct Drivers: Invasive Alien Species (IAS)  

 

Nearly one fifth of the Earth’s surface is at risk of plant and animal invasions − including many 

biodiversity hotspots (IPBES, 2018b). Alien species doubled in the last 50 years (Fig. 2.1.12, 

2.1.15, S29; Chapter 2.2; Chapter 3) and threaten native species and ecosystem services 

(Capinha et al., 2015; Simberloff et al., 2013; Vilà et al., 2010) as well as economies and human 

health (Kettunen et al., 2009; Pyšek & Richardson, 2010; Vilà et al., 2010).  

 

The cumulative number of alien species that have been recorded is ~30 times greater within the 

high-income than within the low-income countries, due in part to trade and population but also to 

detection capacities (Fig. 2.1.4, 2.1.6, 2.1.9, S20) (Seebens et al., 2018; Seebens et al., 2017). 

While the current recorded levels of alien species in Europe and Central Asia, the Americas, and 

a

b
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Asia-Pacific are all similar, levels are lower in Africa. (Fig. 2.1.4, 2.1.6, 2.1.9, S20) (Seebens et 

al., 2018; Seebens et al., 2017; Fig. S20). The number of alien species recorded is not equivalent 

to the number of IAS, as no estimates of invasibility are available and that can vary dramatically 

across alien species. 

 

IAS hotspots are often in high-income countries within North America, Europe and Australasia 

(Dawson et al., 2017). The number of established alien species, and also their rates of invasion, 

have risen during the last century (Aukema et al., 2010; Blackburn et al., 2015; Lambdon et al., 

2008). In addition, the rate of emerging alien species – never encountered before as aliens – is 

high, with one quarter of first records in 2000-2005. The rate of introduction of new IAS seems 

higher than ever before and with no signs of slowing (Seebens et al., 2018; Seebens et al., 2017). 

 

Major drivers of invasions are expansions of trade networks, higher human mobility, continuous 

habitat degradation and climate change. The latter exacerbates nitrogen deposition and increases 

fire frequency (Aukema et al., 2010; Early et al., 2016; IPBES, 2018b; Seebens et al., 2018). The 

eradication of established IAS is very expensive (IPBES, 2018b) (again see more within Nature).  

2.1.17  Direct Drivers: Climate Change  

Climate change is currently a major driver of change in nature, with strong direct global impacts, 

that also affect impacts of other drivers. Unprecedented rises in atmospheric concentrations of 

GHGs (namely carbon dioxide, methane and nitrous oxide) across at least the last 800,000 years 

(IPCC, 2014), are extremely likely to have been the dominant cause of observed warming trends 

worldwide (IPCC, 2018). Natural variations in global temperatures are considered to be low, as 

compared to such human-induced warming. The latter is growing beyond a threshold that could 

not have been otherwise exceeded through natural variation (Herrings et al. 2016) (IPCC, 2018). 

 

Human-induced warming reached ~1°C (±0.2°C) above pre-industrial levels in 2017, with rises 

of 0.2°C (±0.1°C) per decade (IPCC 2018). Impacts include thermal stress, coral bleaching, and 

melting of sea and land ice (IPCC, 2013). The highest velocities in temperature change are found 

in flat landscapes and at higher latitudes (Fig. S20) (Loarie et al., 2009). Most land regions are 

warming faster than the average, most ocean regions slower (UNFCCC, 2015). Evidence of 

long-term geophysical and biological changes due to warming is now more clear in many parts 

of the world − such as in the retreat of mountain glaciers, the earlier arrival of spring (Smit et al., 

2001), and changes in the phenological responses of vegetation (Root et al., 2003) and in primary 

productivity (Lucht et al., 2002). Changes in precipitation have also occurred. Areas in tropical 

regions have exhibited increased precipitation while areas in subtropical regions have exhibited 

decreased precipitation (Rummukainen, 2012). Precipitation has decreased more drastically in 

Northern and Central African Countries and Western Asia (Hijmans et al., 2005). 

 

Climate models have assessed impacts of anthropogenic forcings described above on increases in 

the frequencies and intensities of extreme events (King et al., 2015) − e.g., heat waves, droughts, 

heavy rainfall, storms and coastal flooding (IPCC, 2018; McBean, 2004; Mitchell et al., 2006) 

(see Chapter 4 for further details). These events result from sporadic weather patterns (Luber & 
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McGeehin, 2008) and they can be intensified by climate variability (e.g., due to El 

Niño/Southern oscillation) (Cai et al., 2015; L’Heureux et al., 2016; Newman et al., 2018; Weller 

et al., 2016). The increase in the frequency and intensity of such extreme events has been linked 

to considerable effects on well-being, with losses of life, injuries, and also other negative health 

effects, together with damages to property, infrastructure, livelihoods, service provision and 

environmental resources (UN, 2016a). In particular, important increases in the frequency and 

intensity of devastating hurricanes have been projected (Bender et al., 2010; Emanuel, 2017; 

Knutson et al., 2010; Ornes, 2018; Risser & Wehner, 2017).  

 

The effects of all of these changes – temperature, precipitation, and frequency and intensity of 

extreme weather events – can accumulate and interact for further unexpected non-linear change, 

with perhaps irreversible impacts on nature and nature’s contributions to people and to society − 

including economic growth and food and water security (Burke, Hsiang, & Miguel, 2015; 

Franzke, 2014; Friedrich, Timmermann, Tigchelaar, Elison Timm, & Ganopolski, 2016; Hegerl 

et al., 2011; Schneider, 2004). Climate-driven changes can interact with other direct drivers, at 

times exacerbating impacts on nature and society (IPBES, 2018a, 2018b). Interactions of climate 

with other factors could also initiate nonlinear climate responses, yielding more extreme and/or 

rapid effects of climate change (Mitchell, Lowe, Wood, & Vellinga, 2006). 

2.1.17.1 Sea-Level Rise 

 

From 1901 to 2010, the global sea level rose by 0.19m [0.17 to 0.21m], with an ongoing rate of 

rise of over 3 mm yr-1 across recent decades. This rate of sea-level rise (SLR) is faster than that 

experienced across the previous two millennia, and is likely to continue or accelerate (AlverSon, 

2012; IPCC, 2014). The increase in global temperature has a direct linkage with SLR (Church et 

al., 2006), as SLR results from ocean thermal expansion, with reductions in the glaciers and the 

Greenland and Antarctic ice sheets (Cazenave & Cozannet, 2014; IPCC, 2014).  

 

SLR is not homogeneous. In 1993-2012, the western Pacific Ocean exhibited a rate of SLR three 

times higher than the global mean, while much of the west coast of the Americas had a sea level 

reduction (Cazenave & Llovel, 2010; Stammer et al., 2013). SLR is, in turn, a contributor to 

climate change acceleration (Galbraith et al., 2002; Goodwin, 2008), and the increased severity 

of storm-surge events (Church et al., 2008; Nicholls & Cazenave, 2010). Low-lying coastal 

areas, including many cities, beaches and wetlands are the most vulnerable to flooding and land 

loss from SLR (Nicholls & Cazenave, 2010; Sallenger Jr et al., 2012), with the total threats being 

the highest in densely populated areas (Stammer et al., 2013). For instance, most countries in 

South, Southeast, and East Asia are highly vulnerable to SLR because of the widespread 

occurrence within those regions of very densely populated deltas, while a number of countries in 

Africa are highly threatened due to low levels of development combined with rapid population 

growth rates in coastal areas (Nicholls & Cazenave, 2010).  

2.1.17.2 Ocean Acidification 
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Ocean acidification also drives loss in coastal and marine ecosystem services. In most cases, it is 

generated by anthropogenic CO2 emissions (Doney et al., 2009). Acidification results in 

biochemical alteration of salt water ocean ecosystems (Doney et al., 2009). Current acidity is 

estimated to be the highest since the extinction of dinosaurs 65 million years ago, above levels 

experienced at least over 800,000 years (Lüthi et al., 2008). Acidification is most critical for the 

shallow-water areas over-saturated with calcium carbonate. The highest concentrations of 

anthropogenic CO2 are in near-surface waters, as mixing of these waters into the deeper oceans 

can take centuries. About 30% of the anthropogenic CO2 is at depths shallower than 200 m, 

while nearly 50% is at depths shallower than 400 m (Feely et al., 2004). The pH has fallen more 

than 30% since the industrial revolution, with a massive threat to marine biodiversity (Hoegh-

Guldberg & Bruno, 2010). Highest concentrations of anthropogenic carbon in the oceans are in 

the North Pacific (3.2 Pg C) and the Indian Ocean (3 Pg C). If current rates of GHGs emissions 

are not mitigated, oceans will be vastly different places by the mid-to-late 21st century (Gattuso 

et al., 2015). 

 

Ocean acidification negatively affects marine organisms and function, which in turn feedback to 

climate change. Acidification hinders the ability of calcifying organisms to build and maintain 

their calcium carbonate skeletons and shells, along with creating changes in other fundamental 

metabolic processes. Acidification also leads to increased phytoplankton production of dimethyl 

sulfide (DMS) (Gypens & Borges, 2014; Six et al., 2013), which contributes to warming of the 

Earth’s temperature due to a reduction in the reflection of solar radiation. Coral bleaching may 

also result from ocean acidification, although complex impacts upon the multiple trophic layers 

are hardly to evaluate and predict (Hattich et al., 2017; Kroeker et al., 2010).  

 

Impacts of increasing CO2 upon the total Net Primary Production of marine systems and, thus, 

decreasing carbonate concentrations in the oceans and the atmosphere remain largely unknown. 

A global analysis reports that ~97% of reef areas exhibited warming trends, from 1985 to 2012. 

Coral bleaching incidents over the last two decades have been more frequent and more severe 

(Heron et al., 2016). Summarizing, ocean acidification has been affecting fundamental 

physiological and ecological processes of organisms (Hoegh-Guldberg & Bruno, 2010; Pörtner 

et al., 2014), leading to changes in the structure of marine ecosystems that underpin risks and 

vulnerabilities to food and income security (Hoegh-Guldberg et al., 2017). Thus, the impacts of 

ocean acidification have a direct consequence for societies, including changes in national 

economies (Busch et al., 2015; Robinson et al., 2010). 

2.1.18  Past Pathways: increasing connectivity & feedbacks  

Over 50 years, societies and nature have dramatically changed due to many complex interactions 

among the indirect drivers, among the direct drivers, and between the indirect and direct drivers. 

With a variety of impacts on nature, and nature’s contribution to people, these interactions shape 

well-being for societies, and its evolution, including through governance motivations and choices.  

As a result of increasing global connections, local impacts on nature and people are influenced by 

interactions at long distances, in some cases with significant time lags and with cumulative effects. 

The social-ecological changes from these accumulating interactions, from local to global levels, 

can occur in highly unpredictable ways due to varied conditions characteristic of complex systems, 
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including: non-linear processes underlying the outcomes; interdependence between distant places; 

changes with cascading effects; and both positive and negative feedback loops that can exacerbate 

or reduce the impact of changes on nature and people. All of this greatly affects future trajectories.  

 

Below we consider a few of the interactions and iterations that have such influences, starting with 

an illustration of varied correlations among indirect and direct drivers. With variations, by context, 

each indirect driver that we described can have both immediate and more distant causal impacts 

upon any number of actions that directly affect nature and, thereby, influences upon direct drivers. 

2.1.18.1 Illustrating Interconnections 

Complex interactions and resulting interconnections between indirect and direct drivers may be 

partially summarized using statistical tools (Fig. 2.1.17). This does not sort out causal links 

involved, yet it does raise various questions about exactly how these specific correlations have 

come about. 

 

The direct drivers − land/seascape change, resource extraction, pollution, alien invasive species 

(climate change was not included as it operates at very different spatial and temporal scales) − 

strongly correlate with multiple indirect drivers, in terms of the current levels for the indicators 

measured for each of the different countries (Fig. 2.1.17a). In particular, direct drivers correlate 

with total population, which also correlates with changes in nature (Biodiversity Intactness 

Index) and environmental footprint. Economic and lifestyle drivers (e.g., gross domestic product 

per capita, and domestic material consumption per capita) are also correlated with most of the 

direct drivers, nature and footprint indicators. Functioning institutions and governance (e.g., 

protection of key biodiversity areas, the absence of conflict) are correlated with some indicators 

of direct drivers, nature and footprint, though the processes involved are complex and cannot 

easily be identified from these correlations. Differences across IPBES regions are suggested for 

some direct drivers.  

 

Looking at country variations in rates of change (1990-2010, Fig 2.1.17b), instead of levels 

variations, again the direct drivers were quite correlated with demographic, economic and lifestyle 

drivers, confirming the above observed patterns, and additional suggestive correlations were also 

found. Rates of change in urban populations were correlated with land-use changes, highlighting 

the indirect effects of urbanization. Human migration was correlated with increases in alien 

species, highlighting the roles of increased movements of people and goods on these non-native 

species. In addition, merchandise-export values were correlated with amounts of resources 

extracted, confirming paramount roles of trade in extraction of living and non-living materials 

from nature. These broad patterns support more detailed assertions above and pose future research 

questions. 
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Figure 2.1.17. Correlations between indirect drivers and direct drivers, as well as indicators of 

nature and footprint. A) Correlations between current conditions of countries, (2010). B) 

Correlations between trends of change in country values for 1990-2010. Multiple regression 

analysis was used as a way of summarizing correlations for current conditions, while regression 

trees were used for the correlations of the trends. Data used for correlations are by country. 
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Corresponding average trends for World Bank Income categories are shown in Figs. 2.1.4 and 

2.1.12. 

 

Related research is growing. Social–ecological literature has seen an exponential development in 

the last 15 years (Fig. 2.1.18 maps existing literature), with a great deal of research on some 

actions (e.g., agriculture) with direct impacts on nature, plus how they link to climate change, 

land/sea-use change and economic and governance drivers. While such a map also cannot 

communicate causal links, as it does not reflect the content of the analyzed papers but rather the 

frequency of occurrence of terms linked to any of the indirect and direct drivers, it highlights 

research gaps. For instance, less was found on invasive and alien species, values, or tradeoffs and 

inequalities.  

 
 

Figure 2.1.18. Current state of knowledge on interactions among drivers from a systematic 

literature review of literature from 2016-May 2018. The number of papers that address each of the 

topics (circles) and that address two of them of (lines) are depicted. The literature surveyed was 

identified using keywords extracted from the Second Order Draft of this chapter, and using the 
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bibliometrix R package, following Mazor et al (2018) Sources: (www.webofknowledge/ 

http://www.bibliometrix.org/ 

 

2.1.18.2 Evolving Economic & Environmental Interactions 

2.1.18.2.1 Growing Globalization 

 

The world is ever more global, leading the environmental footprints of consuming nations to be 

spread ever farther from where the consumption occurs. Networks across continents, including 

flows of people, information, ideas, capital and goods, have been growing in the last decades at 

similar rates for all countries, while being clearly higher for the high-income countries (Fig. 

2.1.4). As a result, the footprint of nations is also growingly globally, i.e., fractions of the total 

land use change, due to consumption, that occurred outside country boundaries have increased 

(Fig. 2.1.19). While high-income countries were exporting a large fraction of their footprint even 

before 1990, even the poorest countries now have a large fraction of their footprints beyond their 

boundaries. 

 

 

 

 
 

Figure 2.1.19. Increasing total footprint of nations and exports of footprint: 1990-2013. Data 

shown is footprint of individual countries which is the sum of all landuse that occurs around the 

world to ultimately serve that specific nation’s consumption. This landuse footprint usually has a 

portion that occurs within the nation’s own border (domestic), and a portion that occurs in within 

the borders of other countries (triangles), and the sum of these two components form the total 

footprint (circles). Countries are colored using World Bank’s income categories. (Source: own 

calculations using Eora database. The population and GDP data that were used for normalising 

the results were obtained from the Food and Agriculture Organization of the United Nations 

(FAO, 2016b; Wiedmann et al., 2015). 

 

2.1.18.2.2 Spreading Spillovers 
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Spillovers from responses to environmental policies − even across borders − can undermine net 

impacts of governance efforts (see, for example, the case of palm oil, within Textbox 2.1.4 

below). Understanding and taking into account spillovers is important for evaluations, and for 

planning. Conservation efforts have expanded: legal limits, including protected areas and other 

restrictions; as well as positive incentives intended to discourage the degradation of nature, 

(Chape et al., 2005; Jenkins & Joppa, 2009), such as many programs using payments as 

compensation for protecting and restoring ecosystems (Albers & Grinspoon, 1997; Chen, Lupi, 

He, & Liu, 2009; Daily & Matson, 2008; Uphoff & Langholz, 1998). Yet spillovers from these 

efforts, nearby or distant, are far from being understood and seldom taken into account 

(Meyfroidt et al., 2018).  

 

Responses to governance efforts across space and over time can hurt or help policies’ objectives 

− environmental and economic. PAs, for instance, might not change land-use but just displace it 

(A. J. Hansen & DeFries, 2007), raising deforestation elsewhere (Robalino et al. 2017 for local 

context and heterogeneous impact) while potentially also lowering local wages (Robalino 2007). 

Yet context matters: with tourism, wages may rise (Robalino & Villalobos 2015); and in cases, 

PAs lower deforestation nearby (Herrera 2015a) − including by dissuading local investments in 

economic development (Herrera 2015 b,c). That may involve deforestation in other regions, if 

there exist broader spatial spillovers (Defries, Rudel, Uriarte, & Hansen, 2010; Lambin & 

Meyfroidt, 2011; Rudel, Schneider, et al., 2009; Viña et al., 2016; Zhu & Feng, 2003). 

 

Understanding spillovers is essential to formulate policies. While there are studies of displacing 

land use (Lambin & Meyfroidt, 2011; Meyfroidt & Lambin, 2009; Pfaff & Walker, 2010) and 

deforestation (Defries et al., 2010) (W. Liu et al., 2012; Verburg et al., 2002) (P. Meyfroidt & 

Lambin, 2009; Wassenaar et al., 2007), in policy formulation the consideration of human-nature 

interactions across spaces often is lacking. That could involve global scales, if prices rise in 

distant markets when one country lowers logging effort (Sedjo & Sohngen 2000). Alternatively, 

it could be local, e.g., reduced motivations to conserve, for those who conserved voluntarily, if 

external interventions are perceived as a public overreach (Cardenas et al. 2000). 

 

Textbox 2.1.4 palm oil illustrates multiple forms of interaction across national 

borders 

 

Palm oil production doubled in 2006-2016 to a global economic value of USD 65.7 b in 

2015. Demands in food (frying and cooking oils, baking fats, margarines, animal feed, 

confectionery filling, coffee whiteners, ice creams), oleo-chemicals (soaps, detergents, 

greases, lubricants and candle), fatty acids (to produce pharmaceuticals, water-treatment 

products and bactericides), and energy (biodiesel) fueled this increase, all encouraged by 

international capital (Borras, Franco, Isakson, Levidow, & Vervest, 2016) as well as the 

World Bank (Deininger et al., 2011) and UNEP (Segura-Moran, 2011). States involved 

envision jobs and revenues to help mitigate high unemployment and to help supplement 

declining revenues, given falling commodity prices. 
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About 80% of production is in Indonesia and Malaysia − with the rest across Latin 

America and West Africa, e.g., growing in Cameroon (Hoyle & Levang, 2012) and 

Gabon (FAO, 2009) − and consumption is highest in India, Indonesia, EU, China, 

Pakistan, Nigeria, Thailand, Bangladesh and USA. This generates tropical deforestation 

(Borras, Suárez, & Monsalve, 2011; Gibbs et al., 2010), reduces soil fertility, raises 

water and air pollution (through fires) and biodiversity loss, pollutes with pesticides, and 

blocks communities from soil and water for livelihoods (Edwards et al., 2010; Koh et al., 

2011; Temper et al., 2015), while increasing human infections and premature deaths 

(Fornace et al 2016; Burrows 2016).  

 

In response to this, the EU voted to ban palm oil-based biofuels by 2021, while the 

Roundtable for Sustainable Palm Oil (RSPO) platform of principles, criteria, indicators 

and certification is followed voluntarily in Indonesia and Malaysia. RSPO has certified ~ 

12 million metric tons (19% of output) with members in 91 countries and Indonesia 

proposed a Peatland Restoration Agency for 2 million ha, froze concessions, and started 

to work closely with large consumers.  

 

Yet major plantation companies are shifting investments to Africa, where local values, 

nutrition, culture and markets in Congo Basin countries are disrupted as doubled prices 

fuel investment in  medium-sized (5-50 ha) plantations in forested areas (Yemefack et 

al., 2005). This growth has been linked to ‘land grabbing’ − both there and in the Guinea 

forest ecosystem, where several land acquisition deals by multinationals are reported 

(see www.landmatrix.org).  

 

Consciously managing for multiple objectives, is important. One option is further 

agroecology. Agroforestry has potential for increasing productivity (and profit) and 

maintaining or enhancing  ecosystem services. This requires multiple forms of support, 

including monetary incentives, technical training and other investment (Minang, 2018) 

to enhance the ability to manage land. 
 

 

Different spillover mechanisms yield different outcomes (Pfaff and Robalino 2017). If PES for 

afforestation leads neighbors to learn that afforestation raises private profits, then others might 

start such practices in other locations − while those now receiving PES may continue practices 

after PES (Pagiola 2016 for Latin America). Such spatial and temporal spillovers benefit nature. 

Another potential spillover mechanism is that private or public conservation actions change the 

relative net benefits of conservation nearby. While Robalino and Pfaff (J. A. Robalino & Pfaff, 

2012)find deforestation yields more private deforestation by neighbors, with tourism this can 

imply that conservation of nature yields neighboring conservation via local incentives to keep 

forest (Robalino et al. 2017).  

 

Moving to natural resources, many middle-income countries possess stocks of oil and for some 

non-OECD high-income countries, fossil fuels constitute a large share of their wealth. In such 

settings, discoveries can have spillovers through local incomes(Lange, Wodon, & Carey, 2018, 

p. 98) and prices. They can also bring ‘the resource curse’ (Barma et al., 2012; der Ploeg, 2011): 

although some resource rich countries benefit from their natural wealth, in other countries it has 
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been associated with bad macroeconomic performance and growing inequality among its 

citizens, with negative effects on other sectors of the economy due to concentrated growth. 

Further, as fossil fuels are non-renewable, their extraction has effects upon the future.  

 

Spillovers also imply gains from integration in the planning of development and conservation, 

for instance as related to transport investments. Consider a leading development policy, roads, 

and a leading conservation policy, protected areas. Roads increase profits in agriculture and, 

thereby, pressures for deforestation. That raises the impacts from well-implemented PAs (Pfaff et 

al., 2016b, 2009). Successful protection, in which PAs block the pressures, can in turn have 

positive spillovers through both agencies’ interactions and private responses, as strong PA 

signals may lower expectations about economic prospects within any region. That has yielded 

reduced roads investments and in-migration (Herrera Garcia, 2015). Optimal policies could build 

from such non-cooperative interactions to pursue the coordination of roads and protection.  

 

Similarly, concessions are a leading development policy in forests, awarding extraction rights. 

That alone can create incentives for private firms to defend forest assets from illegal invasions. 

Further, such a strong defense of rights may be a necessary condition for adding conservation 

influences of global consumer preferences as expressed through certifications (Rico et al., 2017). 

Thus, further coordination across agencies could optimally locate concessions and protections. 

Protection also interacts with investment in hydropower, which has led to eliminations of PAs 

(‘PADDD’) but could be better coordinated to achieve multiple objectives (Tesfaw et al., 2018). 

2.1.18.2.3 Causing Conflicts  

 

Social instability is at the heart of environmental, social, economic or geopolitical threats (World 

Economic Forum, 2018). More than 2,500 conflicts over fossil fuels, water, food and land are 

currently occurring across the planet (ENVIRON, including with at least 1,000 environmental 

activists and journalists killed between 2002 and 2013. A report by the NGO Global Witness 

argues that 913 citizens were killed in their attempt to protect the environment between 2002 and 

2013; and that the rate of such killing has been increasing (Global Witness, 2014). 

While violent conflict may be decreasing (Lacina & Gleditsch, 2005), conflicts that destabilize 

social systems can have adverse environmental impacts, which in turn may cause or affect 

conflicts. Resource scarcities and/or unequal appropriations have triggered conflicts over fossil 

fuels, water, food, and land. Those conflicts undermine governance, in turn generating further 

shifts in threats to ecosystems in a harmful social-ecosystem feedback loop.  

 

Links between resource scarcity and conflicts are not clearly established (Bernauer et al, 2012; 

Koubi et al, 2014), but clear examples, such as the role played by water scarcity in triggering 

violence in Syria, are available today. Water scarcity is exacerbated by contamination of local 

sources, the appropriation of water by agriculture, changes within land rights, food insecurity, 

unemployment, and political instability (Gleick, 2014). Civil conflicts in areas where valuable 

natural resources are found have tended to last longer, as the access to natural resources creates 
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an economic incentive for armed groups (Lujala 2010). The control of natural resources (timber, 

gems or oil) and the revenues from resources finance and motivate conflicts (Le Billon, 2001). 

Disputes over use rights relevant for nature can trigger violence and destruction, particularly with 

weak governance (Brown & Keating, 2015). Violent conflict further disrupts institutions, causing 

insecurities and distrust (Miteva et al. 2017b, Miteva et al. 2017c).  For centuries, resources have 

been linked to warfare (Feldt, 2007). Matthew, Brown, & Jensen (2009) suggest that 40-60% of 

civil wars in the past 60 years were triggered, funded or sustained by natural resources. Renner 

highlights that legal or illegal resource exploitation helped trigger, exacerbate or finance ongoing 

violent conflicts about the control of sites rich in valuable commodities or the points they pass 

through going to markets. Schaffartzik, Mayer, Eisenmenger, & Krausmann (2016) document 

that growing metals demand has generated incentives for countries to seek revenue through 

exploiting natural resources and exporting primary commodities, with the expansion of 

extraction frontiers generating conflicts. Billions of dollars can then go to unscrupulous actors.  

Controlling natural resources is part of state-based and civil conflicts and an element within the 

repression of riots and even assassination of activists (Global Witness, 2014). Food riots also rise 

if food prices rise from physical or constructed scarcities (Lagi et al., 2011). Such violence − 

including assassinations − can occur if communities are pushed of their lands or threatened by 

the degradation of their natural resources (Schoenberger & Beban, 2018). Violence might also be 

used to discourage resistance to large-scale degradation (Blake & Barney, 2018). More 

generally, conflict can be one symptom of an unequal distribution (Downey, Bonds and Clark, 

2010) and can affect conservation as more untouched ecosystems harbor groups targeted by 

military operations (Deweerdt, 2008). Looking out over time, armed conflict can lead to the 

withdrawal of financial aid, which is rarely reinstated after a conflict (Glew & Hudson, 2007). 

In Indonesia ~20 million people have been affected by forest conflicts (Dhiaulhaq et al., 2015) 

and the Environmental Justice Organizations, Liabilities and Trade (or EJOLT, at www.ejolt.org) 

documents almost 2000 active environmental conflicts (see Figure 2.1.20 below) − most related 

to land, minerals, water access and dams (Giordano et al., 2005; Martinez-Alier et al., 2016; 

Seter et al., 2016) – while the Latin American Observatory of Mining Conflicts 

(www.conflictosmineros.net) notes over 150 active mining conflicts, most started in the 2000s 

after investments in mining in the 1990s (Urkidi & Walter, 2011; Walter, 2017). Butterman & 

Amey III (2005) suggest underlying international policy spillovers, i.e., that investment shifted 

due to environmental and labor regulations in Canada, and in the US, as well as due to political 

instabilities within the former Soviet Union, Asia and Africa. Some of the complex interactions 

involved in many such conflicts can be illustrated using the Nile Basin’s example (Textbox 

2.1.5).  
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Textbox 2.1.5:  Nile Basin’s water allocation conflicts, with equity & efficiency 

considerations. 

The Nile basin provides examples of conflicts concerning water allocation at the national 

scale, i.e., between nations, within an enormous region. This basin covers over 3 million 

km2 with an annual discharge of 84 billion m3 which supports over 200 million people 

within 10 countries:  Burundi, Democratic Republic of Congo, Egypt, Ethiopia, Kenya, 

Rwanda, Tanzania, South Sudan, The Sudan and Uganda. About 86% of the water from 

the Blue Nile originates from Lake Tana, which is within Ethiopia. Yet downstream 97% 

of the water needs in Egypt are fulfilled by the Nile, setting up potential tensions 

concerning the management of agroecosystems upstream.  

 

 

Thus, not surprisingly, the decision by Ethiopia to build the Grand Renaissance Dam, 

which is now under construction, has created conflict with Egypt. Egypt says that the 

dam will reduce the flows to the lower Nile and that it will lose almost 3 billion m3 to 

evaporation. Ethiopia responds that Egypt is losing 12 billion m3 via the Aswan Dam, 

which is in Egypt (Di Nunzio, 2013).  

 

The region is rising in population and is modifying agroecosystems to meet needs for 

food, fuel and fiber. Given rising demand and its impacts on biodiversity, water 

resources and ecosystems, in order to work out rights structures for both sustainable 

management and fair utilization the Nile Basin Initiative was established in 1999 with 

support from each of the ten related countries. Only coordination can ensure 

sustainability for so many people and ecosystems (Swain, 2002). 
 

 

 



Unedited draft chapters 31 May 2019 

131 

 

 
 

Figure 2.1.20. Global map of environmental conflicts. The environmental justice atlas 

documents and catalogues social conflict around environmental issues, collecting the struggles of 

world communities to defend their land, air, water, forests and their livelihoods from damaging 

projects and extractive activities with heavy environmental and social impacts from around the 

world. Sources: (Walter, 2017)  

2.1.18.3 Evolving Economic & Environmental Tradeoffs 

 

Across the globe, gains and burdens from nature are unequal for different sectors of society − 

and the tradeoffs have evolved for all parties. For example, while a few firms are responsible for 

much of the fish harvesting around the globe (Osterblom et al., 2015), and a few countries are 

responsible for most of the carbon emissions (IPCC, 2013; Peters et al., 2015), those who are 

most impacted by the consequences often are other groups that can include orders of magnitude 

more people with considerably less influence. In fisheries, FAO reports that 34 million people 

derive their livelihoods through fishing, while over 3 billion people get at least 15% of their 

protein intake from fish, especially in poor nations (FAO, 2014b). Major ecological collapses 

have impacts upon international seafood market prices in markets (Smith et al., 2017), but also 

upon the many small fish farmers and many consumers.  
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Textbox 2.1.6: Scale, gender, and ecosystem-based differences for tradeoffs within 

fisheries 

 

At the turn of the century, industrial fisheries and small-scale fisheries (SSFs) (Vásquez-

León & McGuire, 1993) disagreed about inequitable relations including competition 

(Lawson, 1977; Vásquez-León & McGuire, 1993), preferential treatment by the state of 

the industrial fisheries (Panayotou, 1980; Pauly, 1997), access to specific fishing 

grounds (Begossi, 1995) and gear (W. Sunderlin & Gorospe, 1997). Conflict arose 

between fisheries, conservation and tourism (White & Palaganas, 1991) as well. SSFs 

were seen at odds with non-consumptive uses of marine resources (Basurto et al., 2017; 

Newman et al., 2018). Agencies adopting mandates of conservation and protection were 

seen as against SSFs (Breton et al., 1996). The conflicts were especially salient around 

endangered species and charismatic megafauna (Kalland, 1993). Jobs were said to be 

replaced in tourism and ‘green’ services yet fishers were skeptical (Young, 1999). 

 

The literature has relied on technology to differentiate SSFs, often with unintended 

consequences (Basurto et al., 2017). Definitions stress technical capacities, e.g., boat 

lengths, horsepower, and gear (Chuenpagdee, Liguori, Palomares, & Pauly, 2006; FAO, 

2009b; Smith et al., 2017), excluding some SSF activities. To start, catching fish at sea is 

a predominately male activity (FAO, 2016d), while women play large roles in shore-side 

SSF efforts such as procuring ice, bait, food and fuel, accounting, managing, financing, 

fish processing, trading and marketing (Harper et al., 2013; Thorpe et al., 2014). These 

are labeled as supporting activities (Gereva & Vuki, 2010; Kleiber et al., 2015; Tindall 

& Holvoet, 2008) or, when women are fishers (Béné et al., 2009) in intertidal and 

shallow  zones it is labeled as collection and gleaning and gathering (FAO, 2015a; 

Pálsson, 1989; Worldfish Center, 2010). Gender bias has implications for science, 

management, and the access to key resources. Most data measure only men’s effort at 

sea from interviewing men (Kleiber et al., 2015; Smith et al., 2017), underestimating 

aggregate SSF economic contributions.  Also, comprehensive ecosystem management – 

including of zones important for juvenile fish (e.g., seagrass beds, mangroves) – requires 

understanding all SSF practices (Kleiber et al., 2015). Further, as women are often 

excluded from representing their concerns in the dominant fisheries governance 

processes (FAO, 2006; Okali & Holvoet, 2007; Porter, 2006), they are more vulnerable 

to tenure insecurity, marginalization and poverty (Harper et al., 2013). Alternative SSF 

definitions are emerging. FAO’s Voluntary Guidelines for Securing Sustainable Small-

Scale Fisheries in the Context of Food Security and Poverty Eradication (SSF-

Guidelines)  defines SSFs with all activities along the relevant value chains – e.g., “pre-

harvest, harvest and post-harvest” by men or by women (FAO, 2015a). Its 

implementation will shift SSF futures. 

 

Challenges differ for inland fisheries facing agricultural runoff, introduced exotic 

species, and human uses (S.-J. Youn et al., 2014) such as hydropower, flood control, and 

irrigation  (Baran et al., 2007). In many developed countries, commercial fisheries have 

diminished in favor of alternative uses of freshwater, including recreational fishing, and 

scale again matters. Inland fisheries often feature small-scale harvesting (Bartley et al., 

2015) but large-scale, commercialized fisheries have large vessels and highly 
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mechanized gear − e.g., the kilka fishery in the Caspian Sea (FAO, 1999), mechanized 

operations on lakes in Finland and the United States or estuaries in the Brazilian Amazon 

(Carolsfeld, 2003; GLMRIS, 2012; Salmi & Sipponen) and long bag nets in the Tonle 

Sap Great Lake in Cambodia (Lamberts, 2001). Such operations may be more easily 

monitored and governed than dispersed fishers. Tradeoffs between revenues and food 

security  (Abila, 2003) arise for high-value exports (Lake Victoria Nile perch generated 

250 million USD in 2012 (ICO 2015)), given vulnerable stocks (Ermolin & Svolkinas, 

2016). 
 

 

Environmental quality studies (Bowen et al., 1995; Rachel Morello-Frosch et al., 2001; Pastor Jr 

et al., 2002) find inequities can result from race and class barriers (e.g., Textbox 2.1.3 above as 

well as Textbox 2.1.6 above for including gender). In India, for instance, castes generate an 

important element of disproportionate pollution and other environmental stressors (Demaria, 

2010; Parajuli, 1996). Tribal affiliation often counts in  struggles against resource extraction 

processes, as in the case of Nigeria and other countries in which companies have shifted social 

and environmental costs of oil extraction onto Indigenous and poor local communities (Martinez-

Alier et al., 2014). 

 

These inequalities have serious health consequences. A quarter of deaths and years of life lost are 

attributed to environmental degradation (Fig. S30), with the highest fraction in low- and middle-

income countries (WHO, 2016) given chemical or biological pollution of air, water and soil via 

agriculture, irrigation, and sanitation. Poor, rural communities are disproportionately affected 

(WRI, 2017). Negative effects of extreme events affect vulnerable communities in developing 

countries, who are least able to cope with the risks (Smit & Wandel, 2006), including of climate 

change (Mirza, 2003) and a likely multitude of primary and secondary effects (Adger, 2003).  

 

Climate change, e.g., a 3°C warming with a 3% loss of GDP, will likely exacerbate inequalities  

(Mendelsohn et al., 2000; Nordhaus & Boyer, 2000; Tol, 2002). Countries with higher initial 

temperatures, greater climate change levels, and lower levels of development, which often 

implies greater dependence on climate-sensitive sectors and in particular agriculture, are 

expected to bear the highest levels of impacts (Golden et al., 2016, 2017; Marlier et al., 2015; S. 

S. Myers et al., 2014; Vittor et al., 2006; Whitmee et al., 2015).  

 

More generally, losses of natural capital are unequally distributed across countries and regions 

(Fig. 2.1.21, Lange et al., 2018). Further, these inequalities arise within countries as well, 

including along gender-based and race-based and income-based dimensions within developed 

countries. 
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Figure 2.1.21. Unequal gains and losses from changes in nature 1995-2014. A) Increase in local 

and global environmental and societal costs, both global and local in Billions of 2011 USD. B) 

Average annual change in natural capital per capita for countries with contrasting levels of 

income, in average annual change in percent. C) Average annual changes in total wealth relative 

to changes in income per country; colors are used to distinguish countries of different income 

levels, using World Bank categories. Source: (Lange et al., 2018; World Bank, 2018p). 

2.1.18.4 Feedback Loops & Natural-Social Trajectories 

Growing literature on social-ecological dynamics has largely explored actions (e.g. agriculture, 

fisheries, forestry, mining sectors) and the economic (e.g. trade, income, economic composition), 

and governance indirect drivers − alongside some work on positive and negative feedback loops, 

in a complex-systems sense of exacerbating or diminishing the forces going in a given direction. 

Here we consider interactions and feedbacks that lead toward more or less desirable natural and 

social outcomes. This brings us full circle back to the trajectories highlighted in the Introduction.  

 

The dynamics underlying development pathways described in the Introduction include feedback. 

Thus, as noted, initial conditions for the many consequential indirect drivers can lead to actions, 

aggregated impacts, changes in nature, shifts in NCP abundance or scarcity and, thus, changes in 

indirect drivers including values, prices, governance institutions, and more. Such feedback loops 

can push towards balancing or, instead, towards more extreme outcomes, both natural and social. 

Below, we consider some relevant pieces of such feedback loops, although much remains to be 

studied concerning loops relevant for nature. First, we consider changes in trajectories, including 

abrupt changes, with feedback towards environmental degradation. Second, as part of responses 

to such trends, we consider individuals’ and groups’ feedback to governance responses. Finally, 

we scale upwards for possible feedback loops that lead in more desirable directions for nature. 

 

2.1.18.4.1 Interactions, abrupt changes, and linked negative trends 

Dramatic changes in nature can result from feedback that emerges from complex interactions 

between indirect and direct drivers − which can exacerbate the rates of degradation of nature. 

Regime shifts, for instance, are large, abrupt and persistent changes in the function and structure 

of systems (Scheffer & Carpenter, 2003). They occur at different spatial and temporal scales in 

marine and terrestrial systems (Rocha, Peterson, & Biggs, 2015). A ‘regime shifts data base’ 
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documents over 30 different types of these abrupt changes (Fig. S29) with >300 case studies 

based on a literature review of over 1000 scientific papers (Biggs et al., 2015).   

 

Regime shifts are increasingly observed. While they can occur naturally, under current trends of 

environmental forcing they might be more frequent and severe than observed. Climate change 

and food production have large forcing impacts (Rocha et al., 2015) (DeClerck et al., 2016; 

Foley et al., 2005; Gordon, Peterson, & Bennett, 2008) and such shifts are expected to occur 

widely, but particularly in the Arctic (AMAP, 2012; Ford, McDowell, & Pearce, 2015; IPCC 

Working Group I, 2013; Peterson & Rocha, 2016) where climate impact is felt relatively quickly. 

Another example of a regime shift is hypoxia in coastal systems, where oxygen levels fall low 

enough to produce ‘dead zones’ whose frequency and extent has risen across recent decades 

(Diaz & Rosenberg, 2008) and are more pronounced in the northern hemisphere, given common 

use of fertilizers. In the US only, more than 500 such ‘lifeless’ zones have been reported (Fig. 

S41).  

 

Shifts within the Arctic region have led communities to self-organize and to promote adaptive 

capacity (Huitric et al., 2016), yet Arctic communities are, on their own, of course often limited 

in influencing the drivers of the regime shifts (Peterson & Rocha, 2016). Policies to manage 

many of the shifts that affect those communities require coordinated actions over scales which 

address the diversity of drivers (Rocha, Yletyinen, Biggs, Blenckner, & Peterson, 2014).  

 

Feedbacks between health and nature can arise when health and nature’s status affect each other. 

The uses of antibiotics by humans (including over-use or mis-uses), for example, build resistance 

in nature (Laxminarayan et al., 2013), thus contributing to negative impacts of nature on people. 

Chronic and infectious diseases and epidemic outbreaks shape household uses of nature, driving 

land management and dictating investments and policy. An E. coli outbreak changed landscape 

management in the US, for instance, as farmers eliminated hedgerows to foster biodiversity and 

manage water (Martin, 2006). In East Africa, poor health contributes to destructive and illegal 

fishing practices (Fiorella et al., 2017), while sustainable agricultural practice is more common 

with improved access to anti-retroviral therapy (Damon et al., 2015). Illnesses shift management 

of landscapes, e.g., malaria risk shapes tropical wetlands management (Malan et al., 2009) while 

Zika control efforts include widespread insecticide use in the Americas and Pacific region 

(Blinder, 2016; Petersen et al., 2016). Illness burdens – staggering globally and in sub-Saharan 

Africa and South Asia in particular – have implications for allocating budgets toward concerns 

deemed more immediate than nature. These kinds of interactions allow for unfortunate and 

linked trends in nature and human health. 

 

2.1.18.4.2 Citizen feedback to governance 

Well-informed citizens vote for representatives who share their views on the use of nature, in a 

democratic ideal. Yet, the fraction who vote has been well below 100%, globally. Voting may be 

irrational (Downs, 1957) and uninformed (Campbell et al., 1960; Converse, 1964; Fiorina, 1981; 

Zaller, 1992), Studies find biases (Shogren & Taylor, 2008) and assess “nudges" around energy 
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(Gillingham et al., 2006; Sunstein & Reisch, 2014), including ‘learning’ via comparisons to 

neighbors (Allcott, 2011; Ayres et al., 2013). In Ireland, real-time information affected 

behavior(Gans et al., 2013), although effects may decay without sustained information (Allcott 

& Rogers, 2014). ‘Moral persuasion’ (Ito et al., 2018; Reiss & White, 2008) had effects only in 

the short-run, rising with income but lower for political conservatives(Costa & Kahn, 2013). 

Social identities matter (Bartels, 2002; Cassino & Lodge, 2007; Greene, 1999; Hillygus & 

Shields, 2014; Huddy, 2001; Kahneman & Tversky, 1979; Krosnick, 1991; Quattrone & 

Tversky, 1988). While values and identities may override (Kahan et al., 2011; Layzer 2005), so 

too do prior exposures and interactions (Brody et al., 2008; Egan & Mullin, 2012). Framing 

around health (Myers, Nisbet, Maibach, & Leiserowitz, 2012) and victims (Hart & Nisbet, 2012) 

can activate concerns and voting. Uncertain perceptions and a growing polarization and 

segmentation of media limits information (Hollander et al., 2008). 

 

Activists, firms, scientists and experts all inform both citizens and states (Keck & Sikkink, 

1998), with influence via ideas and information, including from monitoring and connecting 

actors and setting agendas (Betsill & Corell, 2001; Wapner, 1995). Over time some NGOs have 

acquired roles in environmental regimes, − nationally and internationally (Wapner, 1995). Some 

focus on facts: ‘epistemic communities’ (Sebenius, 1992) influence choice given uncertainties 

about social and physical processes (Adler & Haas, 1992) by developing knowledge or solutions, 

plus lobbying (Gough & Shackley, 2002). International learning can facilitate improved policies 

(Adler & Haas, 1992).  

 

Free flow of information, civil liberties and regime receptiveness to citizen demands all suggest 

better environmental quality for democracies (Payne, 1995). Yet India – the largest democracy − 

faces severe environmental quality issues while Singapore ranks high alongside Norway and 

Sweden (EPI, 2018). Citizens can be aware of issues regardless of state-provided information, as 

they live with the problems (Arvin & Lew, 2011; O’Rourke, 2004 in Vietnam; Winslow, 2005). 

Further, less democratic regimes do not restrict all information (King, Pan, & Roberts, 2013 on 

censorship within China), even if any information that could galvanize collective action might be 

restricted. Participation modes for environmental actors have included protests in Vietnam and 

Myanmar to demand less degradation (Doyle & Simpson, 2006; O’Rourke, 2004). While that is 

not always effective, not all environmental participation is effective in democracies. Pavlinek 

and Pickles (2004) note the prioritization of the economy instead of environment in post-Soviet 

Central and Eastern Europe (CEE), yet Midlarsky (1998) sees “no uniform relationship between 

democracy and the environment” while Pellegrini and Gerlagh (2006) and Pellegrini (2011) 

suggest effects of democracy in decreasing degradation are overstated and that corruption could 

undermine all. 

Leaders’ incentives have mattered (Congleton, 1992; Ward et al., 2014), e.g., private income 

gains from polluting and extracting (McGuire & Olson, 1996; Olson, 1993; Deacon 1999). If the 

elites lose rents in stringent regulatory regimes, while the benefits of conservation are diffuse, 

leaders may not strengthen nature (Bernauer & Koubi, 2009; Cao & Ward, 2015). The time 

horizons matter too. Lasting institutions include legislatures (Gandhi, 2008; Gandhi & 
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Przeworski, 2007; Svolik, 2012) and political parties (Brownlee, 2007), which can extend the 

temporal perspective. 

 

In the 1970s, state policies were often varied “command and control” limits on pollution through 

output or technology requirements (Coglianese & Lazer, 2003). While relatively easy to 

implement, these have inefficiencies due to inflexibility (Jaffe et al., 1995) and the distrust and 

adversarial legalism that often results. As Kagan (1991) describes, legal rules and adversarial 

procedures for resolving disputes often lead to costly winner-takes-all judicial battles with both 

cost and delays. This can result from a closed-door approach in which agencies ignore firm and 

local knowledge,  lowering ‘buy-in’ (Beierle & Konisky, 2001; Coglianese & Lazer, 2003). This 

can create opportunities for ‘capture’ by interest groups (Oates & Portney, 2003) that have 

influence in traditional regulatory processes – often reflecting the power of concentrated 

production and finance. Recently, greater attention has been given to collaborative governance 

by public and private actors (Fiorino, 2006): “agencies directly engage non-state stakeholders in 

a collective decision-making process that is formal, consensus-oriented, and deliberative” 

(Ansell & Gash, 2008). Walker et al (2015) describe such approaches: first, the state informs and 

educates citizens via public meetings and notifications; second, regulating entities request public 

input on policies, as through comments, though technical complexity requires the agency to do 

more policy formulation; and third, more complete collaboration where agencies and private 

stakeholders equally construct new policies. 

 

Water management provides some examples, from across the globe, of significant variation in 

such processes. In Singapore, a Public Utilities Board (PUB) manages electricity, gas and water 

supply plus legislation to address sewerage, effluents, drinking water quality and more (Luan, 

2010). After focusing on construction and maintenance, it now also does ‘demand management’ 

to encourage citizens to conserve. India’s National Water Policy is coordinated by the Ministry 

of Water Resources as a tool for planning and development of water resources. Adopted in 1987, 

this legislative pact was relaunched in 2012 to emphasize water as an ‘economic good’ and, thus, 

promotes efficient use and conservation. Beyond potable water access, a recent addition is flow 

in water channels to meet ecological needs. Canada also adopted a Federal Water Policy in 1987, 

noting intensive consultation with diverse stakeholder groups given two key objectives: improve 

the quality of the water resource; and advocate freshwater use in an efficient and equitable way, 

coherent with the social, economic and environmental needs of present and future generations. 

2.1.18.4.3 Scaling up and extending positive responses 

 

Multiple existing initiatives have both a positive potential and some potential to be scaled up for 

moderating negative impacts on nature and good quality of life, toward more sustainable futures. 

One compilation is the “Seeds of Good Anthropocenes” initiative (goodanthropocenes.net) that 

aims to explore and articulate positive futures (Bennett et al., 2016). Up to 500 initiatives which 

demonstrate elements of positive futures have been identified (Fig. 2.1.22), towards testing 

theories about how desirable transformative pathways can supported (Pereira et al., 2018). They 

include social movements, ways of living or doing things, technologies and designs, and 

https://goodanthropocenes.net/
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governance. For example, Yachay City of Knowledge is a “New City” under development in 

rural Ecuador, conceptualized to be a technological research and innovation hub containing 

research facilities, a working university, and bio-tech companies. “Tribal parks” are an example 

of Aboriginal people being recognized as co-managers of national parks in Canada 

(http://www.tribalparks.ca/).  The Foundation for Ecological Security is an Indian NGO which is 

working to reduce poverty by helping communities organize to restore their ecosystems while 

also enhancing their livelihoods in over 8,000 village institutions in 31 districts across 8 states, 

having already supported some form of restoration of over 1 million ha while training 350,000 

people in both ecological restoration and management of village institutions (http://fes.org.in).  

 

 
Figure 2.1.22. Seeds of Good Anthropocenes. The Bright Spots team used an international 

participatory process to identify over 500 initiative globally, and gathered data on how they are 

established, grow, spread, or inspire positive change elsewhere. Sources: (Future Earth, 2018; 

Pereira et al., 2018) 

 

Quite broadly, many voices have called for alternatives to current global development pathways 

(see also Chapters 5 and 6). There are calls for ‘degrowth’, with changes in social and political 

priorities (Odum & Odum, 2006). Ecological sustainability and social justice are called out, e.g., 

“an equitable downscaling of production and consumption that increases human well-being and 

enhances ecological conditions at the local and global level” (Schneider, Kallis, & Martinez-

Alier, 2010). Whether this will be widely embraced or scaled up as a goal remains to be seen. 

Consumer-driven initiatives to demand sustainable land-use management and the restoration of 

degraded lands have arisen in recent decades (IPBES, 2018b). Companies have responded by 

committing to reduce impacts upon nature and the rights of local communities, including taking 

steps to, e.g., eliminate deforestation due to supply chains by 2020. State and civil-society groups 

have committed to restore hundreds of millions of hectares of degraded lands. Following all this, 

the finance sector is starting to make explicit commitments to reduce its environmental impacts.  
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Other alternatives to global development pathways have emphasized how nature’s contributions 

are valued and currently marketed − versus how they could or should be. These have highlighted 

incentives and the potential from clear ownership and use rights, with private-market interactions 

that facilitate price feedbacks to address scarcities. For example, when an earthquake shuts down 

copper mines, the futures market quickly lowers expectations of supply, through higher prices, 

that in turn shifted any number of private plans, from computer wiring through kitchen redesign. 

Most generally, following signals of natural scarcities, relevant decisions have adjusted to help. 

 

Industrial ecologists note that responses to environmental quality and natural resource scarcities 

have been considerably more complex, even if guided by a simple pursuit of profits. Paraphrasing 

Frosch & Gallopoulos (1989), the wastes from one industry can be the inputs for others, reducing 

the total usage of all raw materials as well as the generation of pollution into the environment. This 

has occurred in residences, too, with ‘gray water’ from apartments feeding urban roof gardens. 

While all of that requires coordination, in principle it is motivated by private costs or profits alone. 

Limits on such useful feedback processes have included: information; rights; and transaction costs. 

Since the private payoffs from resource use and environmental degradation drive private choices, 

in many settings even commendable private responses have come up far short of social sensibility. 

The simple, obvious and pervasive reason for this is that private actors often have not taken into 

account how other people would lose (or gain) from those actors’ choices concerning degradation. 

Sometimes actors did not know about effects on others, which suggests potential from initiatives 

such as efforts to communicate with relevant actors, e.g., via certifications of production processes. 

Yet often people simply have not in their daily decisions given equal attention to effects on others 

− even though, clearly, there exists both altruism and various private provisions of public goods. 

Thus, even if fully informed about effects on others, private actors were not bound to incur costs 

to benefit others, and often did not, raising questions about public roles concerning those affected.  

When people affected by others’ behaviors had the publicly defended right to clean air, or water,  

producers degrading others’ environment and resources were forced to get consent and, at times, 

compensate the affected. That shifts private costs and benefits and, thus, plans. Given appropriate 

public frameworks, those signals of the need to adjust were stronger as scarcities in nature rose, 

shifting further the tradeoffs for degrading production. Yet such frameworks often were lacking. 

 

When rights were clear, and incentives aligned, actors gained in their own management decisions 

from information due to assessments − even by others. It appears as though larger fisheries, which 

tend to be more systematically assessed, are doing better in maintaining fish stocks, on average, 

than small, formally unassessed fisheries (Costello et al., 2012). Even so, there can exist multiple 

stable points of equilibria within such fully informed social-ecological systems, given social and 

natural sources of feedback. Fishing effort responds often to the state of the fish stock, which is in 

turn affected by fishing-effort levels. If sustainability-oriented decision rules imply that the fishing 

effort falls as the scarcity of the fish rises, then they can stabilize stocks as can regulations informed 

by ecological and human response models (Yun et al., 2017) (Fig 2.1.23). 
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Figure 2.1.23. Fisheries can show positive trends into the future when adequately managed and 

governed. A) The ratio of observed biomass to the biomass that would provide maximum 

sustainable yield (B/Bmsy) has stabilized for small and large fisheries that are being constantly 

monitored (assessed). B) Fisheries can stabilize at different equilibria level when managed for 

single-species (dashed lines), and under ecosystem-based management (dot-dash lines).  

Sources: (Costello et al., 2012; Yun et al., 2017). 

 

Notwithstanding the many types of past contributions to support nature, by many private actors, 

many outcomes in private contexts often have indicated a need for public responses to scarcities. 

Public actors with overarching mandates have not only set up appropriate frameworks to address 

tradeoffs − leading to quantity and price policies − but also lowered solutions’ transaction costs. 

For instance, states have required information, e.g., labeling with energy use for refrigeration or,  

more involved, certifications of legal sourcing for forest products, under which public rejections 

of illegally harvested timber have occurred (e.g., under the EU’s FLEGT or the U.S. Lacey Act).  

 

Further, many crucial incentives and empowerments of private actors involved the creation or the 

enforcement of some form of right, such as indigenous lands or smallholder land tenure or firms’ 

concessions for timber harvesting or the right to clean air as implied by limitations on emissions. 

Like private choices, establishment of such limitations or rights has tended to respond to scarcity. 

 

Stepping back, while in the past a large set of such institutions have generated social efficiency, as 

well as equity when attention has been given to that critical outcome as well, in practice there exist 

considerable institutional challenges. Just as private collective action to form institutions was not 

always successful – given multiple determinants of such coordination – public processes will not 
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always effectively address environmental and resource scarcity. Some actors do not wish to do so. 

This suggests considerable attention is needed to environmental politics, alongside policy design. 

 

 

 

 

 

 

 

 

  



Unedited draft chapters 31 May 2019 

142 

 

References 

Abbott, J., Garber-Yonts, B., & Wilen, J. E. (2010). Employment and remuneration effects of 

IFQs in the Bering Sea/Aleutian Islands crab fisheries. Marine Resource Economics, 25, 

333–354. 

Abbott, J. K., Garber-yonts, B., & Wilen, J. E. (2010). Employment and Remuneration Effects of 

IFQs in the Bering Sea / Aleutian Islands Crab Fisheries Employment and Remuneration 

Effects of IFQs in the Bering Sea / Aleutian Islands Crab Fisheries, 25(4), 333–354. 

Abernethy, K., & Ndong Obiang, A. M. (2010). Bushmeat in Gabon. Gabon. 

Abila, R. O. (2003). Fish trade and food security: are they reconcilable in Lake Victoria. Kenya 

Marine and Fisheries, 708(708), 31. 

Acemoglu, D., Johnson, S., & Robinson, J. A. (2005). Institutions as a Fundamental Cause of 

Long-Run Growth. In P. Aghion & S. Durlauf (Eds.), Handbook of Economic Growth, 

vol.1. Elsevier. 

Acemoglu, D., Johnson, S., & Robinson, J. A. J. A. (2001). The Colonial Origins of Comparative 

Development: An Empirical Investigation. American Economic Review. 

https://doi.org/10.2139/ssrn.244582 

Acheson, J. M. (1988a). The lobster gangs of Maine. Upne. 

Acheson, J. M. (1988b). The Lobster Gangs of Maine. Upne. 

Adamo, S. B., & Curran, S. R. (2012). Alliances, Conflicts, and Mediations: The Role of 

Population Mobility in the Integration of Ecology into Poverty Reduction. In Integrating 

Ecology and Poverty Reduction (pp. 79–99). New York, NY: Springer New York. 

https://doi.org/10.1007/978-1-4614-0186-5_7 

Adger, W. N. (2003). Social Capital, Collective Action, and Adaptation to Climate Change. 

Economic Geography, 79(4), 387–404. Retrieved from 

https://www.jstor.org/stable/pdf/30032945.pdf 

Adler, E., & Haas, P. M. (1992). Conclusion: epistemic communities, world order, and the 

creation of a reflective research program. International Organization, 46(1), 367–390. 

Agarwal, B. (2009). Gender and forest conservation: The impact of women’s participation in 

community forest governance. Ecological Economics, 68(11), 2785–2799. 

https://doi.org/10.1016/j.ecolecon.2009.04.025 

Agarwala, M., Atkinson, G., Fry, B. P., Homewood, K., Mourato, S., Rowcliffe, J. M., Wallace, 

G., & Milner-Gulland, E. (2014). Assessing the relationship between human well-being and 

ecosystem services: a review of frameworks. Conservation and Society, 12(4), 437. 

https://doi.org/10.4103/0972-4923.155592 

Agnew, D. J., Pearce, J., Pramod, G., Peatman, T., Watson, R., Beddington, J. R., & Pitcher, T. J. 

(2009). Estimating the worldwide extent of illegal fishing. PLoS ONE, 4(2). 

https://doi.org/10.1371/journal.pone.0004570 

Agrawal, A. (2001). Common property institutions and sustainable governance of resources. 

World Development, 29(10), 1649–1672. https://doi.org/10.1016/S0305-750X(01)00063-8 

Agrawal, A. (2014). Indigenous and Scientific Knowledge: Some Critical Comments. 

Antropologi Indonesia; No 55 (1998): Jurnal Antropologi Indonesia. 

Agrawal, A., Chhatre, A., & Hardin, R. (2008). Changing governance of the world’s forests. 



Unedited draft chapters 31 May 2019 

143 

 

Science, 320(5882), 1460–1462. https://doi.org/10.1126/science.1155369 

Agrawal, A., & Gupta, K. (2005). Decentralization and Participation: The Governance of 

Common Pool Resources in Nepal’s Terai. World Development, 33(7), 1101–1114. 

https://doi.org/10.1016/j.worlddev.2005.04.009 

Agrawal, A., & Yadama, G. (1997). How do local institutions mediate market and population 

pressures on resources? Forest Panchayats in Kumaon, India. Development and Change, 

28(3), 435–465. 

Ahrends, A., Burgess, N. D., Milledge, S. A. H., Bulling, M. T., Fisher, B., Smart, J. C. R., 

Clarke, G. P., Mhoro, B. E., & Lewis, S. L. (2010). Predictable waves of sequential forest 

degradation and biodiversity loss spreading from an African city. Proceedings of the 

National Academy of Sciences. https://doi.org/10.1073/pnas.0914471107 

Aichele, R., & Felbermayr, G. (2015). Kyoto and carbon leakage: An empirical analysis of the 

carbon content of bilateral trade. Review of Economics and Statistics, 97(1), 104–115. 

Aide, T. M., & Grau, H. R. (2004). Ecology. Globalization, migration, and Latin American 

ecosystems. Science. https://doi.org/10.1126/science.1103179 

Aiken, C. S. (1985). New Settlement Pattern of Rural Blacks in the American South. 

Geographical Review. https://doi.org/10.2307/214408 

Ajzen, I., & Fishbein, M. (1980). Understanding attitudes and predicting social behavior. 

Prentice-Hall. 

Akiyama, T., & Kawamura, K. (2007). Grassland degradation in China: methods of monitoring, 

management and restoration. Grassland Science, 53(1), 1–17. 

Alarcón, J. C. C. (2011). Migration, Environment and Climate Change: Assessing the Evidence. 

JSTOR. 

Alberini, A., Bateman, I., Loomes, G., & Scasny, M. (2010). Valuation of Environment-Related 

Health Risks for Children. OECD Publishing. 

Albers, H. J., & Grinspoon, E. (1997). A comparison of the enforcement of access restrictions 

between Xishuangbanna Nature Reserve (China) and Khao Yai National Park (Thailand). 

Environmental Conservation. https://doi.org/10.1017/S0376892997000465 

Albers, H. J., & Robinson, E. J. Z. (2013). A review of the spatial economics of non-timber 

forest product extraction: Implications for policy. Ecological Economics, 92, 87–95. 

Alcamo, J., Döll, P., Henrichs, T., Kaspar, F., Lehner, B., Rösch, T., & Siebert, S. (2003). Global 

estimates of water withdrawals and availability under current and future “business-as-usual” 

conditions. Hydrological Sciences Journal. https://doi.org/10.1623/hysj.48.3.339.45278 

Alcantara, C., Kuemmerle, T., Prishchepov, A. V., & Radeloff, V. C. (2012). Mapping 

abandoned agriculture with multi-temporal MODIS satellite data. Remote Sensing of 

Environment. https://doi.org/10.1016/j.rse.2012.05.019 

Alcorn, J. B., & Lynch, O. (1994). Tenurial Rights and Community Based Conservation. Island 

Press. 

Alemagi, D., & Kozak, R. A. (2010). Illegal logging in Cameroon: Causes and the path forward. 

Forest Policy and Economics, 12(8), 554–561. 

Alexander, P., Rounsevell, M. D. A., Dislich, C., Dodson, J. R., Engström, K., & Moran, D. 

(2015). Drivers for global agricultural land use change: The nexus of diet, population, yield 

and bioenergy. Global Environmental Change. 



Unedited draft chapters 31 May 2019 

144 

 

https://doi.org/10.1016/j.gloenvcha.2015.08.011 

Alexandros, N., Bruinsma, J., Bodeker, G., Broca, S., & Ottaviani, M. (2012). World agriculture 

towards 2030/2050. Food and Agriculture Organization of the United Nations: Rome, Italy. 

Alfaro-Shigueto, J., Mangel, J. C., Pajuelo, M., Dutton, P. H., Seminoff, J. A., & Godley, B. J. 

(2010). Where small can have a large impact: structure and characterization of small-scale 

fisheries in Peru. Fisheries Research, 106(1), 8–17. 

Alix-Garcia, J., Janvry, A. de, & Sadoulet, E. (2005). A Tale of Two Communities: Explaining 

Deforestation in Mexico. World Development, 33(2), 219–235. 

https://doi.org/https://doi.org/10.1016/j.worlddev.2004.07.010 

Allcott, H. (2011). Social norms and energy conservation. Journal of Public Economics, 95(9–

10), 1082–1095. 

Allcott, H., & Rogers, T. (2014). The short-run and long-run effects of behavioral interventions: 

Experimental evidence from energy conservation. American Economic Review, 104(10), 

3003–3037. 

Alpízar, F., & Cárdenas, J. C. (2016). Field Experiments and Development Economics BT  - 

Experimental Economics: Volume II: Economic Applications. In P. Branas-Garza & A. 

Cabrales (Eds.) (pp. 182–196). London: Palgrave Macmillan UK. 

https://doi.org/10.1057/9781137538161_10 

Alpízar, F., Requate, T., & Schram, A. (2004). Collective versus random fining: An experimental 

study on controlling ambient pollution. Environmental and Resource Economics, 29(2), 

231–252. https://doi.org/10.1023/B:EARE.0000044608.66145.0c 

Altieri, A. H., Harrison, S. B., Seemann, J., Collin, R., Diaz, R. J., & Knowlton, N. (2017). 

Tropical dead zones and mass mortalities on coral reefs. Proceedings of the National 

Academy of Sciences, 114(14), 3660–3665. https://doi.org/10.1073/pnas.1621517114 

Altieri, M. A. (1995). Agroecology: the science of sustainable agriculture. Boulder, CO: 

Westview Press. 

Altieri, M. A., Funes-Monzote, F. R., & Petersen, P. (2012). Agroecologically efficient 

agricultural systems for smallholder farmers: Contributions to food sovereignty. Agronomy 

for Sustainable Development. https://doi.org/10.1007/s13593-011-0065-6 

Álvarez-Farizo, B., Hanley, N., Barberán, R., & Lázaro, A. (2007). Choice modeling at the “ 

market stall ” : Individual versus collective interest in environmental valuation. Ecological 

Economics, 60, 743–751. https://doi.org/10.1016/j.ecolecon.2006.01.009 

AlverSon, K. (2012). Vulnerability, impacts, and adaptation to sea level rise: Taking an 

ecosystem-based approach. Oceanography, 25(3), 231–235. 

AMAP. (2012). Arctic Climate Issues 2011: Changes in Arctic Snow, Water, Ice and Permafrost. 

SWIPA 2011. 

AMAP. (2018). AMAP Assessment 2018: Biological Effects of Contaminants on Arctic Wildlife 

and Fish Key Messages. 

Amede, T., Kassa, H., Zeleke, G., Shiferaw, A., Kismu, S., & Teshome, M. (2007). Working 

with communities and building local institutions for sustainable land management in the 

Ethiopian highlands. Mountain Research and Development, 27(1), 15–19. 

Anaya, J. (2011). Informe del Relator Especial sobre los derechos de los pueblos indígenas. 

Andam, K. S., Ferraro, P. J., Pfaff, A., Sanchez-Azofeifa, G. A., & Robalino, J. a. (2008). 



Unedited draft chapters 31 May 2019 

145 

 

Measuring the effectiveness of protected area networks in reducing deforestation. 

Proceedings of the National Academy of Sciences of the United States of America, 105(42), 

16089–16094. https://doi.org/10.1073/pnas.0800437105 

Andam, K. S., Ferraro, P. J., Sims, K. R. E., Healy, A., & Holland, M. B. (2010). Protected areas 

reduced poverty in Costa Rica and Thailand. Proceedings of the National Academy of 

Sciences of the United States of America, 107(22), 9996–10001. 

https://doi.org/10.1073/pnas.0914177107 

Andersen, L. ., Granger, C. W. J., Reis, E. J., Weinhold;, D., & Wunder, S. (2002). The 

Dynamics of Deforestation and Economic Growth in the Brazilian Amazon. Cambridge, 

UK: Cambridge University Press. 

Anderson, S., & Cavanagh, J. (2000). Top 200: The Rise of Global Corporate Power. 

Anderson, T., Arnason, R., & Libecap, G. D. (2011). Efficiency Advantages of Grandfathering 

in Rights-Based Fisheries Management. Annual Review of Resource Economics, 3(1), 159–

179. https://doi.org/10.1146/annurev-resource-083110-120056 

Anderson, T. L. (2013). One World, One Ocean, One Mission. Earth Common Journal, 3(1). 

Andersson, K., & Agrawal, A. (2011). Inequalities, institutions, and forest commons. Global 

Environmental Change, 21(3), 866–875. https://doi.org/10.1016/j.gloenvcha.2011.03.004 

Angelsen, A. (2007). Forest cover change in space and time: combining the von Thünen and 

forest transition theories (Vol. 4117). World Bank Publications. 

Angelsen, A., & Kaimowitz, D. (1999). Rethinking the causes of deforestation: Lessons from 

economic models. The World Bank Research Observer, 14(1), 73–98. 

Ansell, C., & Gash, A. (2008). Collaborative governance in theory and practice. Journal of 

Public Administration Research and Theory, 18(4), 543–571. 

Antweiler, W., Copeland, B. R., & Taylor, M. S. (2001). Is Free Trade Good for the 

Environment? American Economic Review, 91(4), 877–908. 

https://doi.org/10.1257/aer.91.4.877 

Arango, J. (2017). Theories of international migration. In International migration in the new 

millennium (pp. 25–45). Routledge. 

Arduino, S., Colombo, G., Ocampo, O. M., & Panzeri, L. (2012). Contamination of community 

potable water from land grabbing: A case study from rural Tanzania. Water Alternatives, 

5(2), 344–359. 

Arezki, R., Samama, F., Peters, S., Stiglitz, J., & Bolton, P. (2016). From Global Savings Glut to 

Financing Infrastructure: The Advent of Investment Platforms. IMF Working Papers (Vol. 

16). https://doi.org/10.5089/9781475591835.001 

Armitage, D., Berkes, F., & Doubleday, N. (2010). Adaptive co-management: collaboration, 

learning, and multi-level governance. UBC Press. 

Armsworth, P. R., Acs, S., Dallimer, M., Gaston, K. J., Hanley, N., & Wilson, P. (2012). The 

cost of policy simplification in conservation incentive programs. Ecology Letters, 15(5), 

406–414. 

Arnold, J. E. M., Köhlin, G., & Persson, R. (2006). Woodfuels, livelihoods, and policy 

interventions: Changing Perspectives. World Development. 

https://doi.org/10.1016/j.worlddev.2005.08.008 

Arnot, C. D., Luckert, M. K., & Boxall, P. C. (2011). What is tenure security? Conceptual 



Unedited draft chapters 31 May 2019 

146 

 

implications for empirical analysis. Land Economics, 87(2), 297–311. 

Aronson, J., & Alexander, S. (2013). Ecosystem restoration is now a global priority: time to roll 

up our sleeves. Restoration Ecology, 21(3), 293–296. 

Arroita, M., Flores, L., Larrañaga, A., Martínez, A., Martínez-Santos, M., Pereda, O., Ruiz-

Romera, E., Solagaistua, L., & Elosegi, A. (2017). Water abstraction impacts stream 

ecosystem functioning via wetted-channel contraction. Freshwater Biology, 62(2), 243–257. 

https://doi.org/10.1111/fwb.12864 

Arvin, B. M., & Lew, B. (2011). Are foreign aid and migrant remittances sources of happiness in 

recipient countries? International Journal of Public Policy, 7(4–6), 282–300. 

Ash, M., & Fetter, T. R. (2004). Who lives on the wrong side of the environmental tracks? 

Evidence from the EPA’s risk-screening environmental indicators model. Social Science 

Quarterly. https://doi.org/10.1111/j.0038-4941.2004.08502011.x 

Asher, S., & Novosad, P. (2016). Market Access and Structural Transformation: Evidence from 

Rural Roads in India (Job Market Paper). 

Asner, G. P., Llactayo, W., Tupayachi, R., & Luna, E. R. (2013). Elevated rates of gold mining 

in the Amazon revealed through high-resolution monitoring. Proceedings of the National 

Academy of Sciences. https://doi.org/10.1073/pnas.1318271110 

Aswani, S. (1999). Common property models of sea tenure: a case study from the Roviana and 

Vonavona Lagoons, New Georgia, Solomon Islands. Human Ecology, 27(3), 417–453. 

Aswani, S. (2002). Assessing the effects of changing demographic and consumption patterns on 

sea tenure regimes in the Roviana Lagoon, Solomon Islands. AMBIO: A Journal of the 

Human Environment, 31(4), 272–284. 

Atkinson, G., Bateman, I., & Mourato, S. (2012). Recent advances in the valuation of ecosystem 

services and biodiversity. Oxford Review of Economic Policy, 28(1), 22–47. 

https://doi.org/10.1093/oxrep/grs007 

Aukema, J. E., McCullough, D. G., Von Holle, B., Liebhold, A. M., Britton, K., & Frankel, S. J. 

(2010). Historical Accumulation of Nonindigenous Forest Pests in the Continental United 

States. BioScience, 60(11), 886–897. https://doi.org/10.1525/bio.2010.60.11.5 

Australian Government - Department of the Environment and Energy. (2017). Register of the 

status of ratification of the Montreal Protocol and its Amendments, (February). 

Ausubel, J. H., Wernick, I. K., & Waggoner, P. E. (2013). Peak Farmland and the Prospect for 

Land Sparing. Population and Development Review. https://doi.org/10.1111/j.1728-

4457.2013.00561.x 

Auty, R. (2006). Mining enclave to economic catalyst: large mineral projects in developing 

countries. The Brown Journal of World Affairs, 13(1), 135–145. 

Awasthi, A. K., Zeng, X., & Li, J. (2016). Environmental pollution of electronic waste recycling 

in India: A critical review. Environmental Pollution, 211, 259–270. 

https://doi.org/10.1016/j.envpol.2015.11.027 

Ayres, I., Raseman, S., & Shih, A. (2013). Evidence from two large field experiments that peer 

comparison feedback can reduce residential energy usage. The Journal of Law, Economics, 

and Organization, 29(5), 992–1022. 

Babcock, B. A., Lakshminarayan, P. G., Wu, J., & Zilberman, D. (1997). Targeting tools for the 

purchase of environmental amenities. Land Economics, 325–339. 



Unedited draft chapters 31 May 2019 

147 

 

Babu, B. R., Parande, A. K., & Basha, C. A. (2007). Electrical and electronic waste: a global 

environmental problem. Waste Management & Research, 25(4), 307–318. 

https://doi.org/10.1177/0734242X07076941 

Badgley, C., Moghtader, J., Quintero, E., Zakem, E., Chappell, M. J., Aviles-Vazquez, K., 

Samulon, A., & Perfecto, I. (2007). Organic agriculture and the global food supply. 

Renewable Agriculture and Food Systems, 22(2), 86–108. 

Bae, J. S., Joo, R. W., & Kim, Y.-S. (2012). Forest transition in South Korea: reality, path and 

drivers. Land Use Policy, 29(1), 198–207. 

Baer, M. (2014). Private water, public good: water privatization and state capacity in Chile. 

Studies in Comparative International Development, 49(2), 141–167. 

Bai, X., Chen, J., & Shi, P. (2012). Landscape Urbanization and Economic Growth in China: 

Positive Feedbacks and Sustainability Dilemmas. Environmental Science & Technology, 

46(1), 132–139. https://doi.org/10.1021/es202329f 

Bai, X., Dawson, R. J., Ürge-Vorsatz, D., Delgado, G. C., Salisu, A. B., Dhakal, S., Dodman, D., 

Leonardsen, L., Masson-Delmotte, V., Roberts, D. C., & others. (2018). Six research 

priorities for cities and climate change. Nature, 555(7694), 23–25. 

Bai, X., McPhearson, T., Cleugh, H., Nagendra, H., Tong, X., Zhu, T., & Zhu, Y.-G. (2017). 

Linking Urbanization and the Environment: Conceptual and Empirical Advances. Annual 

Review of Environment and Resources, 42, 215–240. 

Bai, X., Shi, P., & Liu, Y. (2014). Society: Realizing China’s urban dream. Nature, 509(7499), 

158–160. 

Bailis, R., Drigo, R., Ghilardi, A., & Masera, O. (2015). The carbon footprint of traditional 

woodfuels. Nature Climate Change, 5(3), 266–272. https://doi.org/10.1038/nclimate2491 

Bailis, R., Ezzati, M., & Kammen, D. M. (2005). Mortality and Greenhouse Gas Impacts of 

Biomass and Petroleum Energy Futures in Africa. Science, 308(5718). 

Bair, J., & Gereffi, G. (2001). Local clusters in global chains: The causes and consequences of 

export dynamism in Torreon’s Blue Jeans industry. World Development, 29(11), 1885–

1903. https://doi.org/10.1016/S0305-750X(01)00075-4 

Baland, J.-M., & Platteau, J.-P. (1996). Halting degradation of natural resources: is there a role 

for rural communities? FAO. 

Baland, J.-M., & Platteau, J. P. (1999). The ambiguous impact of inequality on local resource 

management. World Development. https://doi.org/10.1016/S0305-750X(99)00026-1 

Baland, J.-M., & Platteau, J. P. (2007). Collective Action on the Commons: The Role of 

Inequality,. In J.-M. Baland, P. K. Bardhan, & S. Bowles (Eds.), Inequality, cooperation, 

and environmental sustainability (pp. 10–35). Russell Sage Foundation. 

Balmford, A., Beresford, J., Green J, Naidoo R, Walpole M, Green, J., Naidoo, R., Walpole, M., 

& Manica, A. (2009). A Global Perspective on Trends in Nature-Based Tourism. PLoS 

Biology, 7(6), e1000144. https://doi.org/10.1371/journal.pbio.1000144 

Balvanera, P., Siddique, I., Dee, L., Paquette, A., Isbell, F., Gonzalez, A., Byrnes, J., O’Connor, 

M. I., Hungate, B. A., & Griffin, J. N. (2014). Linking Biodiversity and Ecosystem 

Services: Current Uncertainties and the Necessary Next Steps. BioScience, 64(1), 49–57. 

https://doi.org/10.1093/biosci/bit003 

Bamberg, S., & Möser, G. (2007). Twenty years after Hines, Hungerford, and Tomera: A new 



Unedited draft chapters 31 May 2019 

148 

 

meta-analysis of psycho-social determinants of pro-environmental behaviour. Journal of 

Environmental Psychology, 27(1), 14–25. 

https://doi.org/https://doi.org/10.1016/j.jenvp.2006.12.002 

Bamière, L., David, M., & Vermont, B. (2013). Agri-environmental policies for biodiversity 

when the spatial pattern of the reserve matters. Ecological Economics, 85, 97–104. 

Banerjee, A., Duflo, E., & Qian, N. (2012). On the Road : Access to Transportation 

Infrastructure and Economic. 

Bansil, P. C. (2004). Water management in India. Concept Publishing. 

Baran, E., Jantunen, T., & Chong, C. K. (2007). Values of inland fisheries in the Mekong River 

Basin. WorldFish. 

Barannik, V., Borysova, O., & Stolberg, F. (2004). The Caspian Sea Region: Environmental 

Change. AMBIO: A Journal of the Human Environment, 33(1), 45–51. 

https://doi.org/10.1579/0044-7447-33.1.45 

Barbier, E. B., Delacote, P., & Wolfersberger, J. (2017). The economic analysis of the forest 

transition: A review. Journal of Forest Economics, 27, 10–17. 

https://doi.org/https://doi.org/10.1016/j.jfe.2017.02.003 

Barlow, B., Filyaw, T., & Workman, S. W. (2015). Non-timber forest products and forest 

stewardship plans. USDA National Agroforestry Center Technical Note. AF Note--48, 

Forest Farming# 9., 2015, 1–8. 

Barlow, J., França, F., Gardner, T. A., Hicks, C. C., Lennox, G. D., Berenguer, E., Castello, L., 

Economo, E. P., Ferreira, J., Guénard, B., Gontijo Leal, C., Isaac, V., Lees, A. C., Parr, C. 

L., Wilson, S. K., Young, P. J., & Graham, N. A. J. (2018). The future of hyperdiverse 

tropical ecosystems. Nature. Nature Publishing Group. https://doi.org/10.1038/s41586-018-

0301-1 

Barma, N., Kaiser, K., & Le, T. M. (2012). Rents to riches?: The political economy of natural 

resource-led development. World Bank Publications. 

Barnes, D. K. A. (2002). Biodiversity: invasions by marine life on plastic debris. Nature, 

416(6883), 808. 

Barnes, D. K. A., Galgani, F., Thompson, R. C., & Barlaz, M. (2009). Accumulation and 

fragmentation of plastic debris in global environments. Philosophical Transactions of the 

Royal Society B: Biological Sciences, 364(1526), 1985–1998. 

Barnett, H. J., & Morse, C. (1963). Scarcity and Growth: The Economics of Natural Resource 

Availability. New York; London: Resources for the Future Press. 

Barnnhardt, R., & Kawagley, A. O. (2005). Indigenous Knowledge Systems and Alaska Native 

Ways of Knowing. Anthropology Education Quarterly. 

https://doi.org/10.1525/aeq.2005.36.1.008 

Barrett, S. (1999). A Theory of Full International Cooperation. Journal of Theoretical Politics. 

https://doi.org/10.1177/0951692899011004004 

Barrett, S. (2001). International cooperation for sale. European Economic Review. 

https://doi.org/10.1016/S0014-2921(01)00082-4 

Barrett, S. (2013). Climate treaties and approaching catastrophes. Journal of Environmental 

Economics and Management. https://doi.org/10.1016/j.jeem.2012.12.004 

Barrett, S., & Dannenberg, A. (2015). Tipping versus Cooperating to Supply a Public Good. 



Unedited draft chapters 31 May 2019 

149 

 

CESifo Working Paper. 

Barrett, S., Frankel, J., & Victor, D. (2006). Climate treaties and “breakthrough” technologies. In 

American Economic Review. https://doi.org/10.1257/000282806777212332 

Barrett, S., & Stavins, R. (2003). Increasing Participation and Compliance in International 

Climate Change Agreements. International Environmental Agreements: Politics, Law and 

Economics. https://doi.org/10.1023/B:INEA.0000005767.67689.28 

Barrios, E., & Trejo, M. T. (2003). Implications of local soil knowledge for integrated soil 

management in Latin America. Geoderma, 111(3–4), 217–231. 

https://doi.org/https://doi.org/10.1016/S0016-7061(02)00265-3 

Barrios, E., Valencia, V., Jonsson, M., Brauman, A., Hairiah, K., Mortimer, P. E., & Okubo, S. 

(2018). Contribution of trees to the conservation of biodiversity and ecosystem services in 

agricultural landscapes. International Journal of Biodiversity Science, Ecosystem Services 

& Management, 14(1), 1–16. 

Barrows, G., Sexton, S., & Zilberman, D. (2014a). Agricultural Biotechnology: The Promise and 

Prospects of Genetically Modified Crops. Journal of Economic Perspectives. 

https://doi.org/10.1257/jep.28.1.99 

Barrows, G., Sexton, S., & Zilberman, D. (2014b). The impact of agricultural biotechnology on 

supply and land-use. Environment and Development Economics. 

https://doi.org/10.1017/S1355770X14000400 

Barsimantov, J. A. (2010). Vicious and virtuous cycles and the role of external non-government 

actors in community forestry in Oaxaca and Michoacán, Mexico. Human Ecology, 38(1), 

49–63. 

Bartels, L. M. (2002). Beyond the running tally: Partisan bias in political perceptions. Political 

Behavior, 24(2), 117–150. 

Bartley, D. M., De Graaf, G. J., Valbo-Jørgensen, J., & Marmulla, G. (2015). Inland capture 

fisheries: Status and data issues. Fisheries Management and Ecology, 22(1), 71–77. 

https://doi.org/10.1111/fme.12104 

Bartley, T. (2007). Institutional emergence in an era of globalization: The rise of transnational 

private regulation of labor and environmental conditions. American Journal of Sociology, 

113(2), 297–351. 

Basurto, X., Blanco, E., Nenadović, M., & Vollan, B. (2017). Marine Conservation as Complex 

Cooperative and Competitive Human Interactions. In Conservation for the Anthropocene 

Ocean (pp. 307–332). Elsevier. 

Basurto, X., Cinti, A., Bourillón, L., Rojo, M., Torre, J., & Weaver, A. H. (2012). The 

Emergence of Access Controls in Small-Scale Fishing Commons: A Comparative Analysis 

of Individual Licenses and Common Property-Rights in Two Mexican Communities. 

Human Ecology, 40(4), 597–609. https://doi.org/10.1007/s10745-012-9508-1 

Bates, D. C. (2002). Environmental Refugees? Classifying Human Migrations Caused by 

Environmental Change. Population and Environment, 23(5), 465–477. 

https://doi.org/10.1023/A:1015186001919 

Bauer, J. J., & Giles, J. (2002). Recreational hunting: an international perspective. CRC for 

sustainable tourism Goldcoast. 

Bauman, W., Bohannon, R., & O’Brien, K. J. (2011). Grounding religion : a field guide to the 



Unedited draft chapters 31 May 2019 

150 

 

study of religion and ecology. Routledge. 

Bawa, K. S. (2004). Tropical Ecosystems into the 21st Century. Science, 306(5694), 227b–228b. 

https://doi.org/10.1126/science.306.5694.227b 

Baynes, J., Herbohn, J., Smith, C., Fisher, R., & Bray, D. (2015). Key factors which influence 

the success of community forestry in developing countries. Global Environmental Change, 

35(November), 226–238. https://doi.org/10.1016/j.gloenvcha.2015.09.011 

Bear, C., & Eden, S. (2008). Making space for fish: the regional, network and fluid spaces of 

fisheries certification. Social & Cultural Geography, 9(5), 487–504. 

https://doi.org/10.1080/14649360802224358 

Bebbington, A., & Bury, J. (2013). Subterranean struggles: New dynamics of mining, oil, and 

gas in Latin America (Vol. 8). University of Texas press. 

Becker, C. D., & Ostrom, E. (1995). Human ecology and resource sustainability: the importance 

of institutional diversity. Annual Review of Ecology and Systematics, 26(1), 113–133. 

Begossi, A. (1995). Fishing spots and sea tenure: incipient forms of local management in 

Atlantic Forest coastal communities. Human Ecology, 23(3), 387–406. 

Beierle, T. C., & Konisky, D. M. (2001). What are we gaining from stakeholder involvement? 

Observations from environmental planning in the Great Lakes. Environment and Planning 

C: Government and Policy, 19(4), 515–527. 

Beketov, M. A., Kefford, B. J., Schäfer, R. B., & Liess, M. (2013). Pesticides reduce regional 

biodiversity of stream invertebrates. Proceedings of the National Academy of Sciences, 

110(27), 11039–11043. https://doi.org/10.1073/pnas.1305618110 

Belay, K. T., Van Rompaey, A., Poesen, J., Van Bruyssel, S., Deckers, J., & Amare, K. (2015). 

Spatial analysis of land cover changes in eastern Tigray (Ethiopia) from 1965 to 2007: are 

there signs of a forest transition? Land Degradation & Development, 26(7), 680–689. 

Belcher, B., Ruíz-Pérez, M., & Achdiawan, R. (2005). Global patterns and trends in the use and 

management of commercial NTFPs: Implications for livelihoods and conservation. World 

Development, 33(9), 1435–1452. https://doi.org/10.1016/j.worlddev.2004.10.007 

Belcher, B., Schreckenberg, K., Boaz, A., Borges, V. L., Chamberlain, J., Duran, F., Frazier, P., 

Gautam, K. H., Greenham, J., Jones, E. T., Hammett, T., Henning, N., Karki, M., Kutty, G., 

Leakey, R., Lonner, J., Mitchell, D., Richards, B., Perez, M. R., Sullivan, C., & Vantomme, 

P. (2007). Commercialisation of Non-timber Forest Products – A Reality Check. 

Development Policy Review. 

Bellon, M. R., Mastretta-Yanes, A., Ponce-Mendoza, A., Ortiz-Santamar\’\ia, D., Oliveros-

Galindo, O., Perales, H., Acevedo, F., & Sarukhán, J. (2018). Evolutionary and food supply 

implications of ongoing maize domestication by Mexican campesinos. Proc. R. Soc. B, 

285(1885), 20181049. 

Bender, M. A., Knutson, T. R., Tuleya, R. E., Sirutis, J. J., Vecchi, G. A., Garner, S. T., & Held, 

I. M. (2010). Modeled impact of anthropogenic warming on the frequency of intense 

Atlantic hurricanes. Science, 327(5964), 454–458. 

Béné, C. (2008). Global change in African fish trade: Engine of development or threat to local 

food security? 

Béné, C., Belal, E., Baba, M. O., Ovie, S., Raji, A., Malasha, I., Njaya, F., Andi, M. N., Russell, 

A., & Neiland, A. (2009). Power struggle, dispute and alliance over local resources: 



Unedited draft chapters 31 May 2019 

151 

 

analyzing ‘democratic’decentralization of natural resources through the lenses of Africa 

inland fisheries. World Development, 37(12), 1935–1950. 

Beng-Huat, C. (1998). World cities, globalisation and the spread of consumerism: A view of 

Singapore. Urban Studies, 35(5–6). 

Benítez-López, A., Alkemade, R., & Verweij, P. A. (2010). The impacts of roads and other 

infrastructure on mammal and bird populations: A meta-analysis. Biological Conservation, 

143(6), 1307–1316. https://doi.org/10.1016/j.biocon.2010.02.009 

Bennett, E. M., Solan, M., Biggs, R., McPhearson, T., Norström, A. V., Olsson, P., Pereira, L., 

Peterson, G. D., Raudsepp-Hearne, C., Biermann, F., Carpenter, S. R., Ellis, E. C., Hichert, 

T., Galaz, V., Lahsen, M., Milkoreit, M., Martin López, B., Nicholas, K. A., Preiser, R., 

Vince, G., Vervoort, J. M., & Xu, J. (2016). Bright spots: seeds of a good Anthropocene. 

Frontiers in Ecology and the Environment, 14(8), 441–448. 

https://doi.org/10.1002/fee.1309 

Bennett, N. J., & Dearden, P. (2014). From measuring outcomes to providing inputs: 

Governance, management, and local development for more effective marine protected 

areas. Marine Policy, 50(PA), 96–110. https://doi.org/10.1016/j.marpol.2014.05.005 

Bennett, R., Phipps, R., Strange, A., & Grey, P. (2004). Environmental and human health 

impacts of growing genetically modified herbicide-tolerant sugar beet: A life-cycle 

assessment. Plant Biotechnology Journal. https://doi.org/10.1111/j.1467-

7652.2004.00076.x 

Bento, A. M. (2013a). Equity impacts of environmental policy. Annu. Rev. Resour. Econ., 5(1), 

181–196. 

Bento, A. M. (2013b). Equity Impacts of Environmental Policy. Annual Review of Resource 

Economics, 5, 181–196. https://doi.org/10.1146/annurev-resource-091912-151925 

Bento, A. M., Goulder, L. H., Henry, E., Jacobsen, M. R., & Von Haefen, R. H. (2005). 

Distributional and efficiency impacts of gasoline taxes: an econometrically based multi-

market study. American Economic Review, 282–287. 

Bento, A. M., Goulder, L. H., Jacobsen, M. R., & Von Haefen, R. H. (2009). Distributional and 

efficiency impacts of increased US gasoline taxes. The American Economic Review, 99(3), 

667–699. 

Bento, A. M., & Jacobsen, M. (2007). Ricardian rents, environmental policy and the ‘double-

dividend’hypothesis. Journal of Environmental Economics and Management, 53(1), 17–31. 

Berkes, F. (1986). Local-level management and the commons problem: A comparative study of 

Turkish coastal fisheries. Marine Policy, 10(3), 215–229. 

Berkes, F. (2008). Commons in a multi-level world. International Journal of the Commons, 2(1), 

1–6. 

Berkes, F. (2010). Devolution of environment and resources governance: trends and future. 

Environmental Conservation. https://doi.org/10.1017/S037689291000072X 

Berkes, F. (2012). Sacred ecology. Routledge. 

Berkes, F., & Folke, C. (1998). Linking social and ecological systems for resilience and 

sustainability. Linking Social and Ecological Systems: Management Practices and Social 

Mechanisms for Building Resilience, 1(4). 

Berkes, F., Hughes, T. P., Steneck, R. S., Wilson, J. A., Bellwood, D. R., Crona, B., Folke, C., 



Unedited draft chapters 31 May 2019 

152 

 

Gunderson, L. H., Leslie, H. M., Norberg, J., Nyström, M., Olsson, P., Österblom, H., 

Scheffer, M., & Worm, B. (2006). Globalization, roving bandits, and marine resources. 

Science, 311(5767), 1557–1558. https://doi.org/10.1126/science.1122804 

Berkes, F., Hughes, T. P., Steneck, R. S., Wilson, J. A., Bellwood, D. R., Crona, B., Folke, C., 

Gunderson, L. H., Leslie, H. M., Norberg, J., Nyström, M., Olsson, P., Österblom, H., 

Scheffer, M., & Worm, B. (2006). Globalization, Roving Bandits, and Marine Resources. 

Science. https://doi.org/10.1126/science.1122804 

Berkes, F., & Kislalioglu, M. (1989). A comparative study of yield, investment and energy use in 

small-scale fisheries: some considerations for resource planning. Fisheries Research, 7(3), 

207–224. 

Berlanga, H. R. (2017). La pequeña agricultura campesina y familiar: construyendo una 

propuesta desde la sociedad. EntreDiversidades, 1(7 SE-Artículos). 

https://doi.org/10.31644/ED.7.2016.a02 

Bernauer, T., & Koubi, V. (2009). Effects of political institutions on air quality. Ecological 

Economics, 68(5), 1355–1365. 

Betsill, M. M., & Corell, E. (2001). NGO influence in international environmental negotiations: 

a framework for analysis. Global Environmental Politics, 1(4), 65–85. 

Bhagwat, S. A., & Rutte, C. (2006). Sacred groves: Potential for biodiversity management. 

Frontiers in Ecology and the Environment. https://doi.org/10.1890/1540-

9295(2006)4[519:SGPFBM]2.0.CO;2 

Biggs, R. O., Peterson, G. D., & Rocha, J. C. (2015). The Regime Shifts Database: A framework 

for analyzing regime shifts in social-ecological systems. BioRxiv. 

https://doi.org/10.1101/018473 

Binswanger, H. P., Khandker, S. R., & Rosenzweig, M. R. (1993). How infrastructure and 

financial institutions affect agricultural output and investment in India. Journal of 

Development Economics, 41(2), 337–366. https://doi.org/10.1016/0304-3878(93)90062-R 

Bird, J., & Straub, S. (2014). The Brasilia Experiment: Road Access and the spatial pattern of 

long-term local development in Brazil (Toulouse School of Economics Working Paper). 

BirdLife International. (2019). Database of Key Biodiversity Areas. (BirdLife International, 

International Union for the Conservation of Nature, Amphibian Survival Alliance, 

Conservation International, Critical Ecosystem Partnership Fund, Global Environment 

Facility, Global Wildlife Conservation, NatureServe, Rainforest Trust, Royal Society for the 

Protection of Birds, Woldlife Conservation Society, & World Wildlife Fund, Eds.). 

Birkenbach, A., Kaczan, D., & Smith, M. (2017). Catch shares slow the race to fish. Nature, 

forthcomin(7649), 223–226. https://doi.org/10.1038/nature21728 

Biswas, A. K. (2011). Cooperation or conflict in transboundary water management: case study of 

South Asia. Hydrological Sciences Journal, 56(4), 662–670. 

https://doi.org/10.1080/02626667.2011.572886 

Black, R., Bennett, S. R. G., Thomas, S. M., & Beddington, J. R. (2011). Climate change: 

Migration as adaptation. Nature. https://doi.org/10.1038/478477a 

Blackburn, T. M., Dyer, E., Su, S., & Cassey, P. (2015). Long after the event, or four things we 

(should) know about bird invasions. Journal of Ornithology, 156(S1), 15–25. 

https://doi.org/10.1007/s10336-015-1155-z 



Unedited draft chapters 31 May 2019 

153 

 

Blackman, A., & Rivera, J. (2011). Producer-Level Benefits of Sustainability Certification. 

Conservation Biology, 25(6), 1176–1185. https://doi.org/10.1111/j.1523-1739.2011.01774.x 

Blaikie, P., Cannon, T., Davis, I., & Wisner, B. (1994). At risk: natural hazards, people’s 

vulnerability and disasters. London: Routledge. 

Blaser, M., Feit, H. A., & McRae, G. (2004). In the way of development: Indigenous peoples, life 

projects, and globalization. Idrc. 

Blinder, A. (2016). Aimed at Zika Mosquitos, Spray Kills Millions of Honeybees. The New York 

Times. 

Blomquist, W. (1988). Getting out of the commons trap: Variables, process, and results in four 

groundwater basins. Social Science Perspectives Journal, 2(4), 16–44. 

Bloom, D. E., Canning, D., & Fink, G. (2008). Urbanization and the wealth of nations. Science, 

319(5864), 772–775. 

Boakes, E. H., Mace, G. M., McGowan, P. J. K., & Fuller, R. A. (2010). Extreme contagion in 

global habitat clearance. Proceedings of the Royal Society of London B: Biological 

Sciences, 277(1684), 1081–1085. 

Bolin, B., & Kurtz, L. C. (2018). Race, Class, Ethnicity, and Disaster Vulnerability (pp. 181–

203). https://doi.org/10.1007/978-3-319-63254-4_10 

Bollen, A., & Ozinga, S. (2013). Improving forest governance. A Comparison of FLEGT VPAs 

and Their Impact. FERN, Brussels: FERN. 

Bongiovanni, R., & Lowenberg-DeBoer, J. (2004). Precision agriculture and sustainability. 

Precision Agriculture, 5(4), 359–387. 

https://doi.org/https://doi.org/10.1023/B:PRAG.0000040806.39604.aa 

Boone, C. G., Buckley, G. L., Grove, J. M., & Sister, C. (2009). Parks and People: An 

Environmental Justice Inquiry in Baltimore, Maryland. Annals of the Association of 

American Geographers. https://doi.org/10.1080/00045600903102949 

Börner, J., Baylis, K., Corbera, E., Ezzine-de-Blas, D., Ferraro, P. J., Honey-Rosés, J., Lapeyre, 

R., Persson, U. M., & Wunder, S. (2016). Emerging evidence on the effectiveness of 

tropical forest conservation. PloS One, 11(11), e0159152. 

Borras, S. M., & Franco, J. C. (2012). Global Land Grabbing and Trajectories of Agrarian 

Change: A Preliminary Analysis. Journal of Agrarian Change. 

https://doi.org/10.1111/j.1471-0366.2011.00339.x 

Borras, S. M., Franco, J. C., Isakson, S. R., Levidow, L., & Vervest, P. (2016). The rise of flex 

crops and commodities: implications for research. The Journal of Peasant Studies. 

https://doi.org/10.1080/03066150.2015.1036417 

Borras, S. M., Suárez, D., & Monsalve, S. (2011). The politics of agrofuels and mega-land and 

water deals: insights from the ProCana case, Mozambique. Review of African Political 

Economy. https://doi.org/10.1080/03056244.2011.582758 

Borucke, M., Moore, D., Cranston, G., Gracey, K., Iha, K., Larson, J., Lazarus, E., Morales, J. 

C., Wackernagel, M., & Galli, A. (2013). Accounting for demand and supply of the 

biosphere’s regenerative capacity: The National Footprint Accounts’ underlying 

methodology and framework. Ecological Indicators, 24, 518–533. 

https://doi.org/10.1016/j.ecolind.2012.08.005 

Bostock, J., McAndrew, B., Richards, R., Jauncey, K., Telfer, T., Lorenzen, K., Little, D., Ross, 



Unedited draft chapters 31 May 2019 

154 

 

L., Handisyde, N., Gatward, I., & Corner, R. (2010). Aquaculture: global status and trends. 

Philosophical Transactions of the Royal Society B: Biological Sciences, 365(1554), 2897–

2912. https://doi.org/10.1098/rstb.2010.0170 

Botzat, A., Fischer, L. K., & Kowarik, I. (2016). Unexploited opportunities in understanding 

liveable and biodiverse cities. A review on urban biodiversity perception and valuation. 

Global Environmental Change, 39, 220–233. 

Bourguignon, F., & Christian Morrisson. (2002). Inequality among World Citizens: 1820-1992. 

The American Economic Review, 92(4), 727–744. 

Bowen, W. M., Salling, M. J., Haynes, K. E., & Cyran, E. J. (1995). Toward environmental 

justice: Spatial equity in Ohio and Cleveland. Annals of the Association of American 

Geographers (Vol. 85). Boulder, CO: Westview. 

Bowles, S., & Gintis, H. (2002). SOCIAL CAPITAL AND COMMUNITY GOVERNANCE *, 

112, 419–437. 

Brack, D., & Hayman, G. (2001). Intergovernmental actions on illegal logging:  options for 

intergovernmental action to help combat illegal logging and illegal trade in timber and 

forest products. Chatham House [Royal Institute of International Affairs], UK. 

Bradshaw, C. J. A., Sodhi, N. S., & Brook, B. W. (2009). Tropical turmoil: A biodiversity 

tragedy in progress. Frontiers in Ecology and the Environment. 

https://doi.org/10.1890/070193 

Brainerd, T. R. (1989). Artisanal Fisheries Development in Guinea Bissau. In R. B. Pollnac 

(Ed.), Monitoring and Evaluating the Impacts of Small-Scale Fishery Projects (p. 112). 

Kingston, Rhode Island: ICMRD. 

Brancalion, P. H. S., Cardozo, I. V., Camatta, A., Aronson, J., & Rodrigues, R. R. (2014). 

Cultural ecosystem services and popular perceptions of the benefits of an ecological 

restoration project in the Brazilian Atlantic Forest. Restoration Ecology, 22(1), 65–71. 

https://doi.org/10.1111/rec.12025 

Brandon, K. (1996). Ecotourism and conservation: A review of key issues. The World Bank. 

Brandt, S. (2005). The equity debate: Distributional impacts of individual transferable quotas. 

Ocean and Coastal Management, 48(1), 15–30. 

https://doi.org/10.1016/j.ocecoaman.2004.12.012 

Bray, D. B., & Merino-Pérez, L. (2004). La experiencia de las comunidades forestales en 

México: veinticinco años de silvicultura y constucción de empresas forestales comunitarias. 

Instituto Nacional de Ecolog{\’\i}a. 

Breslow, S. J., Holland, D., Levin, P., Norman, K., Poe, M., Thomson, C., Barnea, R., Dalton, P., 

Dolsak, N., Greene, C., & Others. (2014). Human dimensions of the CCIEA. Pages HD. 

Breton, Y., Benazera, C., Plante, S., & Cavanagh, J. (1996). Fisheries management and the 

Colonias in Brazil: A case study of a top-down producers’ organization. 

Brink, A. B., & Eva, H. D. (2009). Monitoring 25 years of land cover change dynamics in 

Africa: A sample based remote sensing approach. Applied Geography. 

https://doi.org/10.1016/j.apgeog.2008.10.004 

Brinson, A. A., & Thunberg, E. M. (2016). Performance of federally managed catch share 

fisheries in the United States. Fisheries Research, 179, 213–223. 

https://doi.org/10.1016/j.fishres.2016.03.008 



Unedited draft chapters 31 May 2019 

155 

 

Brodin, T., Piovano, S., Fick, J., Klaminder, J., Heynen, M., & Jonsson, M. (2014). Ecological 

effects of pharmaceuticals in aquatic system-impacts through behavioural alterations. 

Philosophical Transactions of the Royal Society B: Biological Sciences, 369(1656). 

https://doi.org/10.1098/rstb.2013.0580 

Brody, S. D., Zahran, S., Vedlitz, A., & Grover, H. (2008). Examining the relationship between 

physical vulnerability and public perceptions of global climate change in the United States. 

Environment and Behavior, 40(1), 72–95. 

Bromley, D. W. (2009). Abdicating Responsibility: The Deceits of Fisheries Policy. Fisheries, 

34(6), 280–290. 

Bromley, D. W., & Feeny, D. (1992). Making the commons work : theory, practice, and policy. 

ICS Press. 

Brooks, J. S., Waylen, K. a, & Borgerhoff Mulder, M. (2012). How national context, project 

design, and local community characteristics influence success in community-based 

conservation projects. Proceedings of the National Academy of Sciences of the United 

States of America. https://doi.org/10.1073/pnas.1207141110 

Brosi, B. J., Balick, M. J., Wolkow, R., Lee, R., Kostka, M., Raynor, W., Gallen, R., Raynor, A., 

Raynor, P., & Lee Ling, D. (2007). Cultural erosion and biodiversity: Canoe-making 

knowledge in Pohnpei, Micronesia. Conservation Biology, 21(3), 875–879. 

https://doi.org/10.1111/j.1523-1739.2007.00654.x 

Brouwer, L., Neefjes, R., Estifanos, S., van der Salm, S., & Singh, T. (2010). Perspectives for 

water services, nature development and energy production in the Veenkoloniën-Final 

Report. 

Brown, J., Hamoudi, A., Jeuland, M., & Turrini, G. (2015). Seeing, believing, and behaving: 

Heterogeneous effects of an information intervention on household water treatment. 

Journal of Environmental Economics and Management. Elsevier. 

https://doi.org/10.1016/j.jeem.2016.08.005 

Brown, K. (2003). Three challenges for a real people-centred conservation. Global Ecology and 

Biogeography, 12(2), 89–92. 

Brown, O., & Keating, M. (2015). Addressing Natural Resource Conflicts Working Towards 

More Effective Resolution of National and Sub-National Resource Disputes. Energy, 

Environment and Resources. Chatham House. 

Brownlee, J. (2007). Authoritarianism in an Age of Democratization. Cambridge University 

Press. 

Brunel, C. (2017). Pollution offshoring and emission reductions in EU and US manufacturing. 

Environmental and Resource Economics, 68(3), 621–641. 

Buda Arango, G., Trench, T., & Durand, L. (2014). El aprovechamiento de palma camedor en la 

Selva Lacandona, Chiapas, México: ¿Conservación con desarrollo? Estudios Sociales 

(Hermosillo, Son.), 22(44), 200–223. 

Budiharta, S., Meijaard, E., Gaveau, D. L. A., Struebig, M. J., Wilting, A., Kramer-Schadt, S., 

Niedballa, J., Raes, N., Maron, M., & Wilson, K. A. (2018). Restoration to offset the 

impacts of developments at a landscape scale reveals opportunities, challenges and tough 

choices. Global Environmental Change, 52, 152–161. 

Bullard, R. D. (2000). Dumping in Dixie : race, class, and environmental quality. Westview 



Unedited draft chapters 31 May 2019 

156 

 

Press. 

Bullard, R. D. (2007). The Black metropolis in the twenty-first century : race, power, and politics 

of place. Rowman & Littlefield. 

Bullard, R. D., Mohai, P., Saha, R., & Wright, B. (2007). Toxic Wastes and Race at Twenty: 

Why Race Still Matters after all of These Years. Environmental Law. 

https://doi.org/10.1017/CBO9781107415324.004 

Bunn, S. E., & Arthington, A. H. (2002). Basic principles and ecological consequences of altered 

flow regimes for aquatic biodiversity. Environmental Management. 

https://doi.org/10.1007/s00267-002-2737-0 

Burivalova, Z., Hua, F., Koh, L. P., Garcia, C., & Putz, F. (2017). A Critical Comparison of 

Conventional, Certified, and Community Management of Tropical Forests for Timber in 

Terms of Environmental, Economic, and Social Variables. Conservation Letters, 10(1), 4–

14. https://doi.org/10.1111/conl.12244 

Burke, M., Hsiang, S. M., & Miguel, E. (2015). Global non-linear effect of temperature on 

economic production. Nature, 527, 235. 

Burke, P. J. (2010). Income, resources, and electricity mix. Energy Economics, 32(3), 616–626. 

https://doi.org/10.1016/j.eneco.2010.01.012 

Burney, J. a, Davis, S. J., & Lobell, D. B. (2010). Greenhouse gas mitigation by agricultural 

intensification. Proceedings of the National Academy of Sciences, 107(26), 12052–12057. 

https://doi.org/10.1073/pnas.0914216107/-

/DCSupplemental.www.pnas.org/cgi/doi/10.1073/pnas.0914216107 

Busch, D. S., O’Donnell, M. J., Hauri, C., Mach, K. J., Poach, M., Doney, S. C., & Signorini, S. 

R. (2015). Understanding, characterizing, and communicating responses to ocean 

acidification: Challenges and uncertainties. Oceanography, 28(2), 30–39. 

Bush, S. R., Toonen, H., Oosterveer, P., & Mol, A. P. J. (2013). The ‘devils triangle’of MSC 

certification: Balancing credibility, accessibility and continuous improvement. Marine 

Policy, 37, 288–293. 

Butchart, S. H. M., Scharlemann, J. P. W., Evans, M. I., Quader, S., Aricò, S., Arinaitwe, J., 

Balman, M., Bennun, L. A., Bertzky, B., Besançon, C., Boucher, T. M., Brooks, T. M., 

Burfield, I. J., Burgess, N. D., Chan, S., Clay, R. P., Crosby, M. J., Davidson, N. C., de 

Silva, N., Devenish, C., Dutson, G. C. L., Fernández, D. F. D., Fishpool, L. D. C., 

Fitzgerald, C., Foster, M., Heath, M. F., Hockings, M., Hoffmann, M., Knox, D., Larsen, F. 

W., Lamoreux, J. F., Loucks, C., May, I., Millett, J., Molloy, D., Morling, P., Parr, M., 

Ricketts, T. H., Seddon, N., Skolnik, B., Stuart, S. N., Upgren, A., & Woodley, S. (2012). 

Protecting important sites for biodiversity contributes to meeting global conservation 

targets. PLoS ONE, 7(3). https://doi.org/10.1371/journal.pone.0032529 

Butchart, S. H. M., Walpole, M., Collen, B., Van Strien, A., Scharlemann, J. P. W., Almond, R. 

E. A., Baillie, J. E. M., Bomhard, B., Brown, C., Bruno, J., Carpenter, K. E., Carr, G. M., 

Chanson, J., Chenery, A. M., Csirke, J., Davidson, N. C., Dentener, F., Foster, M., Galli, A., 

Galloway, J. N., Genovesi, P., Gregory, R. D., Hockings, M., Kapos, V., Lamarque, J. F., 

Leverington, F., Loh, J., McGeoch, M. A., McRae, L., Minasyan, A., Morcillo, M. H., 

Oldfield, T. E. E., Pauly, D., Quader, S., Revenga, C., Sauer, J. R., Skolnik, B., Spear, D., 

Stanwell-Smith, D., Stuart, S. N., Symes, A., Tierney, M., Tyrrell, T. D., Vié, J. C., & 



Unedited draft chapters 31 May 2019 

157 

 

Watson, R. (2010). Global biodiversity: Indicators of recent declines. Science, 328(5982), 

1164–1168. https://doi.org/10.1126/science.1187512 

Butterman, W. C., & Amey III, E. B. (2005). Mineral Commodity Profiles—Gold. USGS. 

Byerlee, D., & Deininger, K. (2013). Growing Resource Scarcity and Global Farmland 

Investment. Annual Review of Resource Economics, 5(1), 13–34. 

https://doi.org/10.1146/annurev-resource-091912-151849 

Caddy, J. F., & Cochrane, K. L. (2001). A review of fisheries management past and present and 

some future perspectives for the third millennium. Ocean & Coastal Management, 44(9–

10), 653–682. https://doi.org/10.1016/S0964-5691(01)00074-6 

CAFF. (2013). Arctic Biodiversity Assesment. Conservation of Arctic Flora and Fauna (CAFF). 

Cai, W., Wang, G., Santoso, A., McPhaden, M. J., Wu, L., Jin, F.-F., Timmermann, A., Collins, 

M., Vecchi, G., Lengaigne, M., & others. (2015). Increased frequency of extreme La Niña 

events under greenhouse warming. Nature Climate Change, 5(2), 132–137. 

Caldas, M., Walker, R., Arima, E., Perz, S., Aldrich, S., & Simmons, C. (2007). Theorizing land 

cover and land use change: The peasant economy of Amazonian deforestation. Annals of the 

Association of American Geographers, 97(1), 86–110. 

Caldwell, J. C. (2006). Demographic transition theory. Springer. 

Callicott, J. B. (1991). In defense of the land ethic. 

Camargo, J. A., & Alonso, A. (2006). Ecological and toxicological effects of inorganic nitrogen 

pollution in aquatic ecosystems: A global assessment. Environment International. 

https://doi.org/10.1016/j.envint.2006.05.002 

Campbell, A., Converse, P. E., Miller, W. E., & Stokes, D. E. (1960). The voter. New York: 

Wiley. 

Campleman, G. (1973). The Transition From Small-Scale to Large-Scale Industry. Journal of the 

Fisheries Board of Canada, 30(12), 2159–2165. 

Cao, X., & Ward, H. (2015). Winning coalition size, state capacity, and time Horizons: an 

application of modified selectorate theory to environmental public goods provision. 

International Studies Quarterly, 59(2), 264–279. 

Capinha, C., Essl, F., Seebens, H., Moser, D., & Pereira, H. M. (2015). The dispersal of alien 

species redefines biogeography in the Anthropocene. Science, 348(6240), 1248–1251. 

https://doi.org/10.1126/science.aaa8913 

Caro, T., Dobson, A., Marshall, A. J., & Peres, C. A. (2014). Compromise solutions between 

conservation and road building in the tropics. Current Biology, 24(16), R722--R725. 

https://doi.org/10.1016/j.cub.2014.07.007 

Carolsfeld, J. (2003). Migratory fishes of South America: biology, fisheries and conservation 

status. Idrc. 

Carothers, C., Lew, D. K., & Sepez, J. (2010). Fishing rights and small communities: Alaska 

halibut IFQ transfer patterns. Ocean and Coastal Management, 53(9), 518–523. 

https://doi.org/10.1016/j.ocecoaman.2010.04.014 

Carpenter, J. E. (2010). Peer-reviewed surveys indicate positive impact of commercialized GM 

crops. Nature Biotechnology. https://doi.org/10.1038/nbt0410-319 

Carpenter, S. R., Stanley, E. H., & Vander Zanden, M. J. (2011). State of the World’s Freshwater 

Ecosystems: Physical, Chemical, and Biological Changes. Annual Review of Environment 



Unedited draft chapters 31 May 2019 

158 

 

and Resources, 36(1), 75–99. https://doi.org/10.1146/annurev-environ-021810-094524 

Carr, E. R. (2005). Placing the environment in migration: Environment, economy, and power in 

Ghana’s Central Region. Environment and Planning A. https://doi.org/10.1068/a3754 

Carson, R. T. (2009). The environmental Kuznets curve: Seeking empirical regularity and 

theoretical structure. Review of Environmental Economics and Policy, 4(1), 3–23. 

https://doi.org/10.1093/reep/rep021 

Cash, D. W., Clark, W. C., Alcock, F., Dickson, N. M., Eckley, N., Guston, D. H., Jäger, J., & 

Mitchell, R. B. (2003). Knowledge systems for sustainable development. Proceedings of the 

National Academy of Sciences, 100(14), 8086–8091. 

Cashore, B. (2002). Legitimacy and the privatization of environmental governance: How non--

state market--driven (NSMD) governance systems gain rule--making authority. 

Governance, 15(4), 503–529. 

Cashore, B., Egan, E., Auld, G., & Newsom, D. (2007). Revising Theories of Nonstate Market-

Driven (NSMD) Governance: Lessons from the Finnish Forest Certification Experience. 

Global Environmental Politics, 7(1), 1–44. https://doi.org/10.1162/glep.2007.7.1.1 

Cashore, B. W., Auld, G., & Newsom, D. (2004). Governing through markets: Forest 

certification and the emergence of non-state authority. Yale University Press. 

Cason, T. N., & Gangadharan, L. (2013). Empowering neighbors versus imposing regulations: 

An experimental analysis of pollution reduction schemes. Journal of Environmental 

Economics and Management, 65(3), 469–484. https://doi.org/10.1016/j.jeem.2012.09.001 

Cassino, D., & Lodge, M. (2007). The primacy of affect in political evaluations. The Affect 

Effect: Dynamics of Emotion in Political Thinking and Behavior, 101–123. 

Cavalcanti, C., Schläpfer, F., & Schmid, B. (2010). Public participation and willingness to 

cooperate in common-pool resource management: A field experiment with fishing 

communities in Brazil. Ecological Economics, 69(3), 613–622. 

https://doi.org/10.1016/j.ecolecon.2009.09.009 

Cazenave, A., & Cozannet, G. Le. (2014). Sea level rise and its coastal impacts. Earth’s Future, 

2(2), 15–34. 

Cazenave, A., & Llovel, W. (2010). Contemporary sea level rise. Annual Review of Marine 

Science, 2, 145–173. 

CBD. (2012). Cities and Biodiversity Outlook. 

CBD. (2014). Global Biodiversity Outlook 4. 

CBD. (2018a). List of Parties to the Convention on Biological Diversity. 

CBD. (2018b). Parties to the Nagoya Protocol. 

Cerutti, P. O., Tacconi, L., Lescuyer, G., & Nasi, R. (2013). Cameroon’s Hidden Harvest: 

Commercial Chainsaw Logging, Corruption, and Livelihoods. Society & Natural 

Resources, 26(5), 539–553. https://doi.org/10.1080/08941920.2012.714846 

Chakraborty, J., Maantay, J. A., & Brender, J. D. (2011). Disproportionate proximity to 

environmental health hazards: methods, models, and measurement. American Journal of 

Public Health, 101(S1), S27--S36. 

Chan, K. M. A., Balvanera, P., Benessaiah, K., Chapman, M., Díaz, S., Gómez-Baggethun, E., 

Gould, R., Hannahs, N., Jax, K., Klain, S., Luck, G. W., Martín-López, B., Muraca, B., 

Norton, B., Ott, K., Pascual, U., Satterfield, T., Tadaki, M., Taggart, J., & Turner, N. 



Unedited draft chapters 31 May 2019 

159 

 

(2016). Opinion: Why protect nature? Rethinking values and the environment. Proceedings 

of the National Academy of Sciences, 113(6), 1462–1465. 

https://doi.org/10.1073/pnas.1525002113 

Chandra, A., & Thompson, E. (2000). Does public infrastructure affect economic activity? 

Regional Science and Urban Economics, 30(4), 457–490. https://doi.org/10.1016/S0166-

0462(00)00040-5 

Chape, S., Harrison, J., Spalding, M., & Lysenko, I. (2005). Measuring the extent and 

effectiveness of protected areas as an indicator for meeting global biodiversity targets. 

Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences, 

360(February 2005), 443–455. https://doi.org/10.1098/rstb.2004.1592 

Charles, A. T. (1988). Fishery Socioeconomics: A Survey. Land Economics, 64(3), 276. 

https://doi.org/10.2307/3146251 

Chatham House. (2016). The scale of the illegal timber trade in 2013. 

Chaudhary, A., & Kastner, T. (2016). Land use biodiversity impacts embodied in international 

food trade. Global Environmental Change, 38, 195–204. 

https://doi.org/10.1016/j.gloenvcha.2016.03.013 

Chaudhuri, S., & Pfaff, A. S. P. (2003). Fuel-choice and indoor air quality: a household-level 

perspective on economic growth and the environment, 1–27. 

Chawla, L. (1998). Significant Life Experiences Revisited: A Review of Research on Sources of 

Environmental Sensitivity. The Journal of Environmental Education, 29(3), 11–21. 

https://doi.org/10.1080/00958969809599114 

Chazdon, R. L., Brancalion, P. H. S., Lamb, D., Laestadius, L., Calmon, M., & Kumar, C. 

(2017). A Policy-Driven Knowledge Agenda for Global Forest and Landscape Restoration. 

Conservation Letters, 10(1), 125–132. https://doi.org/10.1111/conl.12220 

Che, Y.-K. (1993). Design competition through multidimensional auctions. The RAND Journal 

of Economics, 668–680. 

Chen, J., Li, Q., Niu, J., & Sun, L. (2010). Regional climate change and local urbanization 

effects on weather variables in Southeast China. Stochastic Environmental Research and 

Risk Assessment. https://doi.org/10.1007/s00477-010-0421-0 

Chen, X., Lupi, F., He, G., & Liu, J. (2009). Linking social norms to efficient conservation 

investment in payments for ecosystem services. Proceedings of the National Academy of 

Sciences of the United States of America. https://doi.org/10.1073/pnas.0809980106 

Chen, Y., He, B., & He, B. (2010). Effect of Soil Erosion and Water Loss in Farmland on Water 

Eutrophication in Xiaojiang River Basin. Journal of Soil and Water Conservation, 24(4), 

26–29. 

Cherniwchan, J., Copeland, B. R., & Taylor, M. S. (2017). Trade and the environment: New 

methods, measurements, and results. 

Cheung, L. T. O., Lo, A. Y. H., & Fok, L. (2017). Recreational specialization and ecologically 

responsible behaviour of Chinese birdwatchers in Hong Kong. Journal of Sustainable 

Tourism, 25(6), 817–831. https://doi.org/10.1080/09669582.2016.1251445 

Cheyns, E. (2011). Multi-stakeholder initiatives for sustainable agriculture: limits of the 

‘inclusiveness’ paradigm. Governing through Standards: Origins, Drivers and Limitations, 

210–235. 



Unedited draft chapters 31 May 2019 

160 

 

Cheyns, E. (2014). Making “minority voices” heard in transnational roundtables: the role of local 

NGOs in reintroducing justice and attachments. Agriculture and Human Values, 31(3), 439–

453. 

Chhatre, A., & Agrawal, A. (2008). Forest commons and local enforcement. Proceedings of the 

National Academy of Sciences of the United States of America, 105(36), 13286–13291. 

https://doi.org/10.1073/pnas.0803399105 

Chhatre, A., & Agrawal, A. (2009). Trade-offs and synergies between carbon storage and 

livelihood benefits from forest commons. Proceedings of the National Academy of Sciences, 

106(42), 17667–17670. https://doi.org/10.1073/pnas.0905308106 

Chichilnisky, G. (1994). North-south trade and the global environment. The American Economic 

Review, 851–874. 

Chidumayo, E. N., & Gumbo, D. J. (2013). The environmental impacts of charcoal production in 

tropical ecosystems of the world: A synthesis. Energy for Sustainable Development. 

https://doi.org/10.1016/j.esd.2012.07.004 

Children & Nature Network. (2018). The Oakland Declaration on the Vital Role of Nature-

Based Learning in Promoting the Well-being of People and the Planet. Children & Nature 

Network. 

Chomitz, K. M., & Gray, D. a. (1996). Roads, Land Use, and Deforestation: A Spatial Model 

Applied to Belize. The World Bank Economic Review, 10(3), 487–512. 

https://doi.org/10.1093/wber/10.3.487 

Choumert, J., Motel, P. C., & Dakpo, H. K. (2013). Is the Environmental Kuznets Curve for 

deforestation a threatened theory? A meta-analysis of the literature. Ecological Economics, 

90, 19–28. 

Christensen, M. S. (2018). The artisanal fishery of the Mahakam River floodplain in East 

Kalimantan, Indonesia. Journal of Applied Ichthyology, 9(3‐4), 202–209. 

https://doi.org/10.1111/j.1439-0426.1993.tb00396.x 

Christy, F. T. (1973). Fisherman quotas: a tentative suggestion for domestic management. 

Kingston, RI: Law of the Sea Institute, University of Rhode Island. 

Chuang, Y. C. (1998). Learning by doing, the technology gap, and growth. International 

Economic Review. https://doi.org/Doi 10.2307/2527396 

Chuenpagdee, R., Liguori, L., Palomares, M. L. D., & Pauly, D. (2006). Bottom-up, global 

estimates of small-scale marine fisheries catches. 

Church, J. A., White, N. J., Aarup, T., Wilson, W. S., Woodworth, P. L., Domingues, C. M., 

Hunter, J. R., & Lambeck, K. (2008). Understanding global sea levels: past, present and 

future. Sustainability Science, 3(1), 9–22. 

Church, J. A., White, N. J., & Hunter, J. R. (2006). Sea-level rise at tropical Pacific and Indian 

Ocean islands. Global and Planetary Change, 53(3), 155–168. 

Cinner, J. (2005). Socioeconomic factors influencing customary marine tenure in the Indo-

Pacific. Ecology and Society, 10(1). 

Cinner, J., Sutton, S. G., & Bond, T. G. (2007). Socioeconomic thresholds that affect use of 

customary fisheries management tools. Conservation Biology, 21(6), 1603–1611. 

Clark, P., & Martínez, L. (2016). Local alternatives to private agricultural certification in 

Ecuador: Broadening access to ‘new markets’? Journal of Rural Studies, 45, 292–302. 



Unedited draft chapters 31 May 2019 

161 

 

Clarke, A. L., & Low, B. S. (2001). Testing Evolutionary Hypotheses with Demographic Data. 

Population and Development Review. https://doi.org/10.1111/j.1728-4457.2001.00633.x 

Clarke, R. V, & Rolf, A. (2013). Poaching, habitat loss and the decline of neotropical parrots: a 

comparative spatial analysis. Journal of Experimental Criminology, 9(3), 333–353. 

Clayton, S. D., Chawla, L., & Derr, V. (2012). The Development of Conservation Behaviors in 

Childhood and Youth. In S. D. Clayton (Ed.), The Oxford Handbook of Environmental and 

Conservation Psychology. Oxford University Press. 

https://doi.org/10.1093/oxfordhb/9780199733026.013.0028 

Clements, T., John, A., Nielsen, K., An, D., Tan, S., & Milner-Gulland, E. J. (2010). Payments 

for biodiversity conservation in the context of weak institutions: Comparison of three 

programs from Cambodia. Ecological Economics, 69(6), 1283–1291. 

Cleuvers, M. (2004). Mixture toxicity of the anti-inflammatory drugs diclofenac, ibuprofen, 

naproxen, and acetylsalicylic acid. Ecotoxicology and Environmental Safety, 59(3), 309–

315. https://doi.org/https://doi.org/10.1016/S0147-6513(03)00141-6 

Coad, L., Leverington, F., Knights, K., Geldmann, J., Eassom, A., Kapos, V., Kingston, N., 

Lima, M. De, Zamora, C., Cuardros, I., Nolte, C., Burgess, N. D., Hockings, M., Kapos, V., 

Coad, L., Leverington, F., Knights, K., Geldmann, J., Eassom, A., Kingston, N., De Lima, 

M., Zamora, C., Cuardros, I., Nolte, C., Burgess, N. D., & Hockings, M. (2015). Measuring 

impact of protected area management interventions : current and future use of the Global 

Database of Protected Area Management Effectiveness. Philosophical Transactions of the 

Royal Society B, 370, 20140281. https://doi.org/10.1098/rstb.2014.0281 

Coase, R. H. (1960). The problem of social cost. Journal of Law and Economics, 1–44. 

Cochard, F., Willinger, M., & Xepapadeas, A. (2005). Efficiency of nonpoint source pollution 

instruments: An experimental study. Environmental and Resource Economics, 30(4), 393–

422. 

Coglianese, C., & Lazer, D. (2003). Management-based regulation: Prescribing private 

management to achieve public goals. Law & Society Review, 37(4), 691–730. 

Cohen, B. (2004). Urban Growth in Developing Countries: A Review of Current Trends and a 

Caution Regarding Existing Forecasts. World Development, 32(1), 23–51. 

https://doi.org/10.1016/j.worlddev.2003.04.008 

Cohen, B. (2006). Urbanization in developing countries: Current trends, future projections, and 

key challenges for sustainability. Technology in Society, 28(1), 63–80. 

https://doi.org/10.1016/j.techsoc.2005.10.005 

Cohen, M., & Simet, L. (2018). Macroeconomy and Urban Productivity. In T. Elmqvist (Ed.), 

The Urban Planet. 

Colchester, M. (1994). Sustaining the Forests: The Community‐based Approach in South and 

South‐East Asia. Development and Change. https://doi.org/10.1111/j.1467-

7660.1994.tb00510.x 

Colchester, M., Jiwan, N., & Kleden, E. (2014). INDEPENDENT REVIEW OF THE SOCIAL 

IMPACTS OF GOLDEN AGRI RESOURCES’ FOREST CONSERVATION POLICY IN 

KAPUAS HULU DISTRICT, WEST KALIMANTAN. 

Colding, J., & Folke, C. (2001). Social Taboos : “Invisible” Systems of Local Resource 

Management and Biological Conservation. Ecological Applications, 11(2), 584–600. 



Unedited draft chapters 31 May 2019 

162 

 

Cole, M. A., & Elliott, R. J. R. (2003). Determining the trade–environment composition effect: 

the role of capital, labor and environmental regulations. Journal of Environmental 

Economics and Management, 46(3), 363–383. https://doi.org/10.1016/S0095-

0696(03)00021-4 

Coleman, E. A., & Fleischman, F. D. (2012). Comparing forest decentralization and local 

institutional change in Bolivia, Kenya, Mexico, and Uganda. World Development. 

https://doi.org/10.1016/j.worlddev.2011.09.008 

Comberti, C., Thornton, T. F., Wylliede Echeverria, V., & Patterson, T. (2015). Ecosystem 

services or services to ecosystems? Valuing cultivation and reciprocal relationships between 

humans and ecosystems. Global Environmental Change, 34, 247–262. 

https://doi.org/10.1016/j.gloenvcha.2015.07.007 

Commission for Environmental Cooperation. (2004). Maize & Biodiversity: The Effects of 

Transgenic Maize in Mexico: Key Findings and Recommendations. Commission for 

Environmental Cooperation, Secretariat. 

Congleton, R. D. (1992). Political institutions and pollution control. The Review of Economics 

and Statistics, 412–421. 

Constance, D. H., & Bonanno, A. (2000). Regulating the global fisheries: The World Wildlife 

Fund, Unilever, and the Marine Stewardship Council. Agriculture and Human Values, 17, 

125–139. https://doi.org/10.1023/A:1007625606243 

Contreras-Hermosilla, A. (2001). Forest law enforcement. In Development Forum, Forest Law 

Enforcement and Governance, The World Bank Group. 

Converse, P. E. (1964). The Civic Culture: Political Attitudes and Democracy in Five Nations. 

JSTOR. 

Conway, P., & Shah, M. (2011). Incentives, Exports and International Competitiveness in Sub-

Saharan Africa: Lessons from the Apparel Industry. 

Cook, B. I., Miller, R. L., & Seager, R. (2009). Amplification of the North American “Dust 

Bowl” drought through human-induced land degradation. Proceedings of the National 

Academy of Sciences, 106(13), 4997–5001. https://doi.org/10.1073/pnas.0810200106 

Copeland, B. R., & Taylor, M. S. (2013). Trade and the environment: Theory and evidence. 

Princeton University Press. 

Copes, P., & Charles, A. T. (2004). Socioeconomics of Individual Transferable Quoatas and 

Community Based Fishery Management. Agricultural and Resource Economics Review, 

33(2), 171–181. https://doi.org/10.1017/S106828050000575X 

Cordy, P., Veiga, M. M., Salih, I., Al-Saadi, S., Console, S., Garcia, O., Mesa, L. A., 

Vel??squez-L??pez, P. C., & Roeser, M. (2011). Mercury contamination from artisanal gold 

mining in Antioquia, Colombia: The world’s highest per capita mercury pollution. Science 

of the Total Environment. https://doi.org/10.1016/j.scitotenv.2011.09.006 

Costa, D. L., & Kahn, M. E. (2013). Energy conservation “nudges” and environmentalist 

ideology: Evidence from a randomized residential electricity field experiment. Journal of 

the European Economic Association, 11(3), 680–702. https://doi.org/10.1111/jeea.12011 

Costanza, R., Andrade, F., Antunes, P., Van Den Belt, M., Boersma, D., Boesch, D. F., Catarino, 

F., Hanna, S., Limburg, K., Low, B., & others. (1998). Principles for sustainable 

governance of the oceans. Science, 281(5374), 198–199. 



Unedited draft chapters 31 May 2019 

163 

 

Costello, C., Gaines, S., & Lynham, J. (2008). Can catch shares prevent fisheries collapse? 

Science, 321(5896), 1678–1681. 

Costello, C. J., Lynham, J., Lester, S. E., & Gaines, S. D. (2010). Economic Incentives and 

Global Fisheries Sustainability. Annual Review of Resource Economics, 2(1), 299–318. 

https://doi.org/10.1146/annurev.resource.012809.103923 

Costello, C., Ovando, D., Hilborn, R., Gaines, S. D., Deschenes, O., & Lester, S. E. (2012). 

Status and Solutions for the World’s Unassessed Fisheries. Science, 338(6106), 517–520. 

https://doi.org/10.1126/science.1223389 

Cottier-Cook, E. J., Nagabhatla, N., Badis, Y., Campbell, M. L., Chopin, T., Dai, W., Fang, J., 

He, P., Hewitt, C. L., Kim, G. H., Huo, Y., Jiang, Z., Kema, G., Li, X., Liu, F., Liu, H., Liu, 

Y., Lu, Q., Luo, Q., Mao, Y., Msuya, F. E., Rebours, C., Shen, H., Stentiford, G. D., Yarish, 

C., Wu, H., Yang, X., Zhang, J., Zhou, Y., & Gachon, C. M. M. (2016). Safeguarding the 

future of the global seaweed aquaculture industry. 

Cox, M., Arnold, G., & Tomás, S. V. (2010). A review of design principles for community-based 

natural resource management. 

Credit Suisse. (2018). Global Wealth Report. 

Critchley, W., Negi, G., & Brommer, M. (2008). Local Innovation in “Green Water” 

Management. In D. Bossio & K. Geheb (Eds.), Conserving Land, Protecting Water. CAB. 

Cronin, J. A., Fullerton, D., & Sexton, S. E. (2017). Vertical and horizontal redistributions from 

a carbon tax and rebate. 

Cropper, M., Puri, J., & Griffiths, C. (2001). Predicting the Location of Deforestation : The Role 

of Roads and Protected Areas in North Thailand. Land Economics, 77(2), 172–186. 

https://doi.org/10.3368/le.77.2.172 

Crouzeilles, R., Ferreira, M. S., Chazdon, R. L., Lindenmayer, D. B., Sansevero, J. B. B., 

Monteiro, L., Iribarrem, A., Latawiec, A. E., & Strassburg, B. B. N. (2017). Ecological 

restoration success is higher for natural regeneration than for active restoration in tropical 

forests. Science Advances, 3(11), e1701345. 

Crowder, K., & Downey, L. (2010). Interneighborhood Migration, Race, and Environmental 

Hazards: Modeling Microlevel Processes of Environmental Inequality Interneighborhood 

Migration, Race, and Environmental Hazards: Modeling Microlevel Processes of 

Environmental Inequality 1. Source: American Journal of Sociology. 

https://doi.org/10.1086/649576 

Cudney-Bueno, R., & Basurto, X. (2009). Lack of cross-scale linkages reduces robustness of 

community-based fisheries management. PloS One, 4(7), e6253. 

Curran, S. (2002). Migration, Social Capital, and the Environment: Considering Migrant 

Selectivity and Networks in Relation to Coastal Ecosystems. Population And Development 

Review, 28, 89–125. 

Curran, S. R., & Cooke, A. M. (2008). Unexpected Outcomes of Thai Cassava Trade : A Case of 

Global Complexity and Local Unsustainability. Globalizations. 

https://doi.org/10.1080/14747730802057449 

Curtis, P. G., Slay, C. M., Harris, N. L., Tyukavina, A., & Hansen, M. C. (2018). Classifying 

drivers of global forest loss. Science, 361(6407), 1108–1111. 

Da-Rocha, J. M., & Sempere, J. (2016). ITQs, Firm Dynamics and Wealth Distribution: Does 



Unedited draft chapters 31 May 2019 

164 

 

Full Tradability Increase Inequality? Environmental and Resource Economics, (20), 1–25. 

https://doi.org/10.1007/s10640-016-0017-3 

Daily, G. C., & Matson, P. A. (2008). Ecosystem services: from theory to implementation. Proc 

Natl Acad Sci US A. 

Dalin, C., Qiu, H., Hanasaki, N., Mauzerall, D. L., & Rodriguez-Iturbe, I. (2015). Balancing 

water resource conservation and food security in China. Proceedings of the National 

Academy of Sciences. https://doi.org/10.1073/pnas.1504345112 

Damon, M., Zivin, J. G., & Thirumurthy, H. (2015). Health shocks and natural resource 

management: Evidence from Western Kenya. Journal of Environmental Economics and 

Management. https://doi.org/10.1016/j.jeem.2014.10.006 

Daniels, P. (1999). Economic gains from technology-intensive trade: an empirical assessment. 

Camb. J. Econ. https://doi.org/10.1093/cje/23.4.427 

Dankers, C., & Liu, P. (2003). Environmental and Social Standards. Certification and Labelling 

for Cash Crops (Rome, FAO), 103. 

Darity, W. A., Mason, P. L., & Stewart, J. B. (2006). The economics of identity: The origin and 

persistence of racial identity norms. Journal of Economic Behavior and Organization. 

https://doi.org/10.1016/j.jebo.2004.09.005 

Dasgupta, S., Laplante, B., Wang, H., & Wheeler, D. (2002). Confronting the Environmental 

Kuznets Curve, 16(1), 147–168. 

Datta, S. (2012). The impact of improved highways on Indian firms. Journal of Development 

Economics, 99(1), 46–57. https://doi.org/10.1016/j.jdeveco.2011.08.005 

Davidson, N. C. (2014). How much wetland has the world lost? Long-term and recent trends in 

global wetland area. Marine and Freshwater Research, 65(10), 934. 

https://doi.org/10.1071/MF14173 

Davis, J. A., & Froend, R. (1999). Loss and degradation of wetlands in southwestern Australia: 

Underlying causes, consequences and solutions. Wetlands Ecology and Management. 

https://doi.org/10.1023/A:1008400404021 

Davis, L. W. (2014). The economic cost of global fuel subsidies. American Economic Review, 

104(5), 581–585. 

Davis, L. W. (2016). The Environmental Cost of Global Fuel Subsidies (Working Paper Series). 

https://doi.org/10.3386/w22105 

Davis, L. W., Fuchs, A., & Gertler, P. (2014). Cash for coolers: evaluating a large-scale 

appliance replacement program in Mexico. American Economic Journal: Economic Policy, 

6(4), 207–238. 

Dawson, W., Moser, D., van Kleunen, M., Kreft, H., Pergl, J., Pyšek, P., Weigelt, P., Winter, M., 

Lenzner, B., Blackburn, T. M., Dyer, E. E., Cassey, P., Scrivens, S. L., Economo, E. P., 

Guénard, B., Capinha, C., Seebens, H., García-Díaz, P., Nentwig, W., García-Berthou, E., 

Casal, C., Mandrak, N. E., Fuller, P., Meyer, C., & Essl, F. (2017). Global hotspots and 

correlates of alien species richness across taxonomic groups. Nature Ecology & Evolution, 

1(JUNE), 0186. https://doi.org/10.1038/s41559-017-0186 

Dayton-Johnson, J., & Bardhan, P. (2002). Inequality and conservation on the local commons: A 

theoretical exercise. Economic Journal. https://doi.org/10.1111/1468-0297.00731 

De Groot, R. S., Blignaut, J., Van Der Ploeg, S., Aronson, J., Elmqvist, T., & Farley, J. (2013). 



Unedited draft chapters 31 May 2019 

165 

 

Benefits of investing in ecosystem restoration. Conservation Biology, 27(6), 1286–1293. 

De Longueville, F., Hountondji, Y., Ozer, P., & Henry, S. (2014). The air quality in African rural 

environments. Preliminary implications for health: The case of respiratory disease in the 

northern Benin. Water, Air, and Soil Pollution. https://doi.org/10.1007/s11270-014-2186-4 

de Sherbinin, A., VanWey, L. K., McSweeney, K., Aggarwal, R., Barbieri, A., Henry, S., 

Hunter, L. M., Twine, W., & Walker, R. (2008). Rural household demographics, livelihoods 

and the environment. Global Environmental Change. 

https://doi.org/10.1016/j.gloenvcha.2007.05.005 

De Stercke, S. (2014). Dynamics of Energy Systems: A Useful Perspective. Laxenburg, Austria: 

IR-14-013. 

de Vries, F. P., & Hanley, N. (2016). Incentive-based policy design for pollution control and 

biodiversity conservation: a review. Environmental and Resource Economics, 63(4), 687–

702. 

DeClerck, F. A. J., Jones, S. K., Attwood, S., Bossio, D., Girvetz, E., Chaplin-Kramer, B., 

Enfors, E., Fremier, A. K., Gordon, L. J., Kizito, F., Lopez Noriega, I., Matthews, N., 

McCartney, M., Meacham, M., Noble, A., Quintero, M., Remans, R., Soppe, R., Willemen, 

L., Wood, S. L. R., & Zhang, W. (2016). Agricultural ecosystems and their services: the 

vanguard of sustainability? Current Opinion in Environmental Sustainability. 

https://doi.org/10.1016/j.cosust.2016.11.016 

DeFries, R., Herold, M., Verchot, L., Macedo, M. N., & Shimabukuro, Y. (2013). Export-

oriented deforestation in Mato Grosso: harbinger or exception for other tropical forests? 

Philosophical Transactions of the Royal Society B: Biological Sciences, 368(1619), 

20120173–20120173. https://doi.org/10.1098/rstb.2012.0173 

DeFries, R., & Pandey, D. (2010). Urbanization, the energy ladder and forest transitions in 

India’s emerging economy. Land Use Policy, 27(2), 130–138. 

Defries, R. S., Rudel, T., Uriarte, M., & Hansen, M. (2010). Deforestation driven by urban 

population growth and agricultural trade in the twenty-first century. Nature Geoscience, 

3(3), 178–181. https://doi.org/10.1038/ngeo756 

Deikumah, J. P., McAlpine, C. A., & Maron, M. (2014). Mining matrix effects on West African 

rainforest birds. Biological Conservation, 169, 334–343. 

Deininger, K., Byerlee, D., Lindsay, J., Norton, A., Selod, H., & Stickler, M. (2011). Rising 

Global Interest in Farmland. Can It Yield Sustainable and Equitable Benefits? Washington, 

D.C. 

Dell’Angelo, J., McCord, P. F., Baldwin, E., Cox, M. E., Gower, D., Caylor, K., & Evans, T. P. 

(2014). Multilevel governance of irrigation systems and adaptation to climate change in 

Kenya. In The global water system in the Anthropocene (pp. 323–341). Springer. 

Dell’Angelo, J., Rulli, M. C., & D’Odorico, P. (2018). The Global Water Grabbing Syndrome. 

Ecological Economics, 143, 276–285. https://doi.org/10.1016/j.ecolecon.2017.06.033 

Delmas, M., & Blass, V. D. (2010). Measuring corporate environmental performance: the trade-

offs of sustainability ratings. Business Strategy and the Environment, 19(4), 245–260. 

https://doi.org/10.1002/bse.676 

Demaria, F. (2010). Shipbreaking at Alang--Sosiya (India): an ecological distribution conflict. 

Ecological Economics, 70(2), 250–260. 



Unedited draft chapters 31 May 2019 

166 

 

Deng, X., Huang, J., Uchida, E., Rozelle, S., & Gibson, J. (2011). Pressure cookers or pressure 

valves: Do roads lead to deforestation in China? Journal of Environmental Economics and 

Management, 61(1), 79–94. https://doi.org/10.1016/j.jeem.2010.04.005 

der Ploeg, F. (2011). Natural resources: curse or blessing? Journal of Economic Literature, 

49(2), 366–420. 

Dercon, S., Gilligan, D. O., Hoddinott, J., & Woldehanna, T. (2009). The Impact of Agricultural 

Extension and Roads on Poverty and Consumption Growth in Fifteen Ethiopian Villages. 

American Journal of Agricultural Economics, 91(4), 1007. https://doi.org/10.1111/j.1467-

8276.2009.01325.x 

Derraik, J. G. B. (2002). The pollution of the marine environment by plastic debris: a review. 

Marine Pollution Bulletin, 44(9), 842–852. 

Descola, P. (2013). Beyond nature and culture. University of Chicago Press. 

Devall, B., & Sessions, G. (1985). Deep ecology. Gibbs Smith. 

Dhiaulhaq, A., De Bruyn, T., & Gritten, D. (2015). The use and effectiveness of mediation in 

forest and land conflict transformation in Southeast Asia: Case studies from Cambodia, 

Indonesia and Thailand. Environmental Science and Policy, 45, 132–145. 

https://doi.org/10.1016/j.envsci.2014.10.009 

Di Nunzio, J. (2013). Conflict on the Nile: The future of transboundary water disputes over the 

world’s longest river. Future Directions International. 

Diamond, J. (1997). Social Structure. In Guns, Germs and Steel: The Fates of Human Societies. 

Diaz, R. J., & Rosenberg, R. (2008). Spreading Dead Zones and Consequences for Marine 

Ecosystems. Science. https://doi.org/10.1126/science.1156401 

Díaz, S., Demissew, S., Joly, C., Lonsdale, W. M., & Larigauderie, A. (2015). A Rosetta Stone 

for Nature’s Benefits to People. PLoS Biology, 13(1), e1002040. 

https://doi.org/10.1371/journal.pbio.1002040 

Dietz, K., & Engels, B. (2017). Contested Extractivism, Society and the State: An Introduction. 

In Contested Extractivism, Society and the State (pp. 1–19). Springer. 

Dietz, T., Ostrom, E., & Stern, P. C. (2003). The Struggle to Govern the Commons. Science, 

302(5652), 1907–1912. https://doi.org/10.1126/science.1091015 

DiGiano, M., Ellis, E., & Keys, E. (2013). Changing landscapes for forest commons: Linking 

land tenure with forest cover change following Mexico’s 1992 agrarian counter-reforms. 

Human Ecology, 41(5), 707–723. 

Dinan, T. (2012). Offsetting a Carbon Tax’s Costs on Low-Income Households: Working Paper 

2012-16 (Working Paper No. 43713). Congressional Budget Office. 

Dittrich, M., & Bringezu, S. (2010). The physical dimension of international trade. Part 1: Direct 

global flows between 1962 and 2005. Ecological Economics. 

https://doi.org/10.1016/j.ecolecon.2010.04.023 

Dittrich, M., Giljum, S., Lutter, S., & Polzin, C. (2012). Green economies around the world? 

Implications of resource use for development and the environment. Vienna. 

Dixon, M. J. R., Loh, J., Davidson, N. C., Beltrame, C., Freeman, R., & Walpole, M. (2016). 

Tracking global change in ecosystem area: The Wetland Extent Trends index. Biological 

Conservation, 193, 27–35. https://doi.org/10.1016/J.BIOCON.2015.10.023 

Dobbs, T. L., & Pretty, J. (2008). Case study of agri-environmental payments: The United 



Unedited draft chapters 31 May 2019 

167 

 

Kingdom. Ecological Economics, 65(4), 765–775. 

Dobson, A. (1999). Fairness and Futurity: Essays on Environmental Sustainability and Social 

Justice. Oxford: Oxford University Press. 

Doka, S. E., McNicol, D. K., Mallory, M. L., Wong, I., Minns, C. K., & Yan, N. D. (2003). 

Assessing potential for recovery of biotic richness and indicator species due to changes in 

acidic deposition and lake pH in five areas of southeastern Canada. Environmental 

Monitoring and Assessment. https://doi.org/10.1023/A:1025548518991 

Dolan, C., & Humphrey, J. (2000). Governance and Trade in Fresh Vegetables: The Impact of 

UK Supermarkets on the African Horticulture Industry. Journal of Development Studies, 

37(2), 147–176. https://doi.org/10.1080/713600072 

Doney, S. C., Fabry, V. J., Feely, R. A., & Kleypas, J. A. (2009). Ocean Acidification: The Other 

CO2 Problem. Annual Review of Marine Science. 

https://doi.org/10.1146/annurev.marine.010908.163834 

Dorje, O. T. (2011). Walking the Path of Environmental Buddhism through Compassion and 

Emptiness. Conservation Biology, 25(6), 1094–1097. https://doi.org/10.1111/j.1523-

1739.2011.01765.x 

Dorling, D. (2010). Opinion: social inequality and environmental. Environmental Scientist, 9–13. 

Dorling, D. (2012). Fair play : a Daniel Dorling reader on social justice. Policy Press University 

of Bristol. 

Douvere, F., & Ehler, C. N. (2006). The international perspective: Lessons from recent European 

experience with marine spatial planning. In Symposium on management for spatial and 

temporal complexity in ocean ecosystems in the 21st century at the 20th annual meeting of 

the Society for Conservation Biology. 

Dovie, D. B. K., Witkowski, E. T. F., & Shackleton, C. M. (2004). The fuelwood crisis in 

southern Africa - Relating fuelwood use to livelihoods in a rural village. GeoJournal. 

https://doi.org/10.1023/B:GEJO.0000033597.34013.9f 

Downs, A. (1957). An economic theory of political action in a democracy. Journal of Political 

Economy, 65(2), 135–150. 

Doyle, C., Wicks, C., & Nally, F. (2007). Mining in the Philippines Concerns and conflicts 

Report of a Fact-Finding Trip to the Philippines. West Midlands, UK: Society of St. 

Columban. 

Doyle, T., & Simpson, A. (2006). Traversing more than speed bumps: Green politics under 

authoritarian regimes in Burma and Iran. Environmental Politics, 15(5), 750–767. 

Drèze, J., & Sen, A. (1991). Hunger and Public Action. Oxford University Press. 

https://doi.org/10.1093/0198283652.001.0001 

Driscoll, C. T., Lawrence, G. B., Bulger, A. J., Butler, T. J., Cronan, C. S., Eagar, C., Lambert, 

K. F., Likens, G. E., Stoddard, J. L., & Weathers, K. C. (2001). Acidic deposition in the 

northeastern United States: sources and inputs, ecosystem effects, and management 

strategies. BioScience. https://doi.org/10.1641/0006-

3568(2001)051[0180:ADITNU]2.0.CO;2 

Du, S., He, C., Huang, Q., & Shi, P. (2018). How did the urban land in floodplains distribute and 

expand in China from 1992--2015? Environmental Research Letters, 13(3), 34018. 

Du Toit, J. T., Walker, B. H., & Campbell, B. M. (2004). Conserving tropical nature: Current 



Unedited draft chapters 31 May 2019 

168 

 

challenges for ecologists. Trends in Ecology and Evolution, 19(1), 12–17. 

https://doi.org/10.1016/j.tree.2003.09.018 

Dudley, N. (2008). Guidelines for applying protected area management categories (Vol. 46). 

Gland, Switzerland: IUCN. https://doi.org/10.1016/j.brat.2007.10.010 

Duke, J. M., Dundas, S. J., & Messer, K. D. (2013). Cost-effective conservation planning: 

lessons from economics. Journal of Environmental Management, 125, 126–133. 

Duke, S. O., & Powles, S. B. (2009). Glyphosate-resistant crops and weeds: Now and in the 

future. AgBioForum. 

Dulac, J. (2013). Global Land Transport Infrastructure Requirements: Estimating road and 

railway infrastructure capacity and costs to 2050, 54. 

https://doi.org/https://www.iea.org/publications/freepublications/publication/TransportInfra

structureInsights_FINAL_WEB.pdf 

Dunlap, R. E., & Van Liere, K. D. (1978). The “new environmental paradigm.” The Journal of 

Environmental Education, 9(4), 10–19. 

Dupar, M. K., & Badenoch, N. (2002). Environment, livelihoods, and local institutions: 

decentralization in mainland Southeast Asia. World Resources Inst. 

Duran-Medina, E., Mas, J.-F., & Velázquez, A. (2005). Land use/cover change in community-

based forest management regions and protected areas in Mexico. The Community Forests of 

Mexico: Managing for Sustainable Landscapes. University of Texas Press, United States of 

America, 215–238. 

Dzioubinski, O., & Chipman, R. (1999). Trends in Consumption and Production: Household 

Energy Consumption. 

Early, R., Bradley, B. A., Dukes, J. S., Lawler, J. J., Olden, J. D., Blumenthal, D. M., Gonzalez, 

P., Grosholz, E. D., Ibañez, I., Miller, L. P., Sorte, C. J. B., & Tatem, A. J. (2016). Global 

threats from invasive alien species in the twenty-first century and national response 

capacities. Nature Communications, 7, 12485. 

Easterly, W., & Levine, R. (2003). Tropics, germs, and crops: How endowments influence 

economic development. Journal of Monetary Economics. https://doi.org/10.1016/S0304-

3932(02)00200-3 

Ebeling, J., & Yasué, M. (2009). The effectiveness of market-based conservation in the tropics: 

Forest certification in Ecuador and Bolivia. Journal of Environmental Management, 90(2), 

1145–1153. 

Eden, S. (2009). The work of environmental governance networks: Traceability, credibility and 

certification by the Forest Stewardship Council. Geoforum, 40(3), 383–394. 

https://doi.org/10.1016/j.geoforum.2008.01.001 

Edwards, D. P., Hodgson, J. A., Hamer, K. C., Mitchell, S. L., Ahmad, A. H., Cornell, S. J., & 

Wilcove, D. S. (2010). Wildlife-friendly oil palm plantations fail to protect biodiversity 

effectively. Conservation Letters, 3(4), 236–242. https://doi.org/10.1111/j.1755-

263X.2010.00107.x 

Edwards, D. P., Sloan, S., Weng, L., Dirks, P., Sayer, J., & Laurance, W. F. (2014). Mining and 

the African environment. Conservation Letters, 7(3), 302–311. 

EEA. (2014). Air quality in Europe — 2014 Report. Luxembourg. 

https://doi.org/doi:10.2800/22775 



Unedited draft chapters 31 May 2019 

169 

 

Eerkens, J. W. (1999). Common pool resources, buffer zones, and jointly owned territories: 

Hunter-gatherer land and resource tenure in Fort Irwin, Southeastern California. Human 

Ecology, 27(2), 297–318. 

Egan, P. J., & Mullin, M. (2012). Turning personal experience into political attitudes: The effect 

of local weather on Americans’ perceptions about global warming. The Journal of Politics, 

74(3), 796–809. 

Egoh, B. N., Paracchini, M. L., Zulian, G., Schägner, J. P., & Bidoglio, G. (2014). Exploring 

restoration options for habitats, species and ecosystem services in the European Union. 

Journal of Applied Ecology, 51(4), 899–908. 

Ehara, M., Hyakumura, K., Sato, R., Kurosawa, K., Araya, K., Sokh, H., & Kohsaka, R. (2018). 

Addressing Maladaptive Coping Strategies of Local Communities to Changes in Ecosystem 

Service Provisions Using the DPSIR Framework. Ecological Economics, 149, 226–238. 

https://doi.org/https://doi.org/10.1016/j.ecolecon.2018.03.008 

Ehler, C., & Douvere, F. (2009). Marine spatial planning, a step-by-step approach towards 

ecosystem-based management. 

EIB. (2014). EIB Environmental and Social Handbook. Luxembourg: European Investment 

Bank. https://doi.org/10.2867/58327 

Eira, I. M. G., Jaedicke, C., Magga, O. H., Maynard, N. G., Vikhamar-Schuler, D., & Mathiesen, 

S. D. (2013). Traditional Sámi snow terminology and physical snow classification—Two 

ways of knowing. Cold Regions Science and Technology, 85, 117–130. 

Ellen MacArthurFoundation. (2013). Towards the circular economy. Opportunities for the 

consumer goods sector. Ellen MacArthur Foundation Isle of Wight, UK. 

Ellis, E. (2014). China on the Ground in Latin America: Challenges for the Chinese and Impacts 

on the Region. Springer. 

Elmqvist, T., Colding, J., Barthel, S., Borgstrom, S., Duit, A., Lundberg, J., Andersson, E., 

Ahrné, K., Ernston, H., Folke, C., & Bengtsson, J. (2004). The Dynamics of Social-

Ecological Systems in Urban Landscapes: Stockholm and the National Urban Park, 

Sweden. Annals of the New York Academy of Sciences, 1023(1), 308–322. 

https://doi.org/10.1196/annals.1319.017 

Elmqvist, T., Fragkias, M., Goodness, J., Güneralp, B., Marcotullio, P. J., McDonald, R. I., 

Parnell, S., Schewenius, M., Sendstad, M., Seto, K. C., & Wilkinson, C. (2013). 

Urbanization, biodiversity and ecosystem services: challenges and opportunities: a global 

assessment. Springer. 

Emanuel, K. (2017). Assessing the present and future probability of Hurricane 

Harvey{\textquoteright}s rainfall. Proceedings of the National Academy of Sciences. 

https://doi.org/10.1073/pnas.1716222114 

Engel, S., Pagiola, S., & Wunder, S. (2008). Designing payments for environmental services in 

theory and practice: An overview of the issues. ECOLOGICAL ECONOMICS, 65(4), 663–

674. https://doi.org/10.1016/j.ecolecon.2008.03.011 

EPI. (2018). Environmental Performance Index 2018. Yale University, Columbia University. In 

collaboration with the World Economic Forum. 

Epstein, P. R., Buonocore, J. J., Eckerle, K., Hendryx, M., Stout III, B. M., Heinberg, R., Clapp, 

R. W., May, B., Reinhart, N. L., Ahern, M. M., Doshi, S. K., & Glustrom, L. (2011). Full 



Unedited draft chapters 31 May 2019 

170 

 

cost accounting for the life cycle of coal. Annals of the New York Academy of Sciences, 

1219(1), 73–98. https://doi.org/10.1111/j.1749-6632.2010.05890.x 

Eriksen, M., Lebreton, L. C. M., Carson, H. S., Thiel, M., Moore, C. J., Borerro, J. C., Galgani, 

F., Ryan, P. G., & Reisser, J. (2014). Plastic Pollution in the World’s Oceans: More than 5 

Trillion Plastic Pieces Weighing over 250,000 Tons Afloat at Sea. PLoS ONE, 9(12), 1–15. 

https://doi.org/10.1371/journal.pone.0111913 

Ermolin, I., & Svolkinas, L. (2016). Who owns sturgeon in the Caspian? New theoretical model 

of social responses towards state conservation policy. Biodiversity and Conservation, 

25(14), 2929–2945. 

Ervin, J., Sekhran, A., Dinu, A., Gidda, S., Vergeichik, M., & Mee, J. (2010). Protected areas 

for the 21st century: Lessons from UNDP/GEF’s Portfolio. UNDP. 

ESA CCI. (2017). Land Cover. 

Essington, T. E., Melnychuk, M. C., Branch, T. a., Heppell, S. S., Jensen, O. P., Link, J. S., 

Martell, S. J. D., Parma, A. M., Pope, J. G., & Smith, A. D. M. (2012). Catch shares, 

fisheries, and ecological stewardship: a comparative analysis of resource responses to a 

rights-based policy instrument. Conservation Letters, 5(3), 186–195. 

https://doi.org/10.1111/j.1755-263X.2012.00226.x 

Ezzine-de-Blas, D., & Dutilly, C. (2017). The policyscape as a conceptual framework to study 

the combination of conservation and development policies in the territory: the case of 

Mexico. Living Territories to Transform, 174. 

Ezzine-De-Blas, D., Wunder, S., Ruiz-Pérez, M., & Del Pilar Moreno-Sanchez, R. (2016). 

Global patterns in the implementation of payments for environmental services. PLoS ONE, 

11(3), 1–17. https://doi.org/10.1371/journal.pone.0149847 

Fa, J. E., Currie, D., & Meeuwig, J. (2003). Bushmeat and food security in the Congo Basin: 

Linkages between wildlife and people’s future. Environmental Conservation, 30(1), 71–78. 

https://doi.org/10.1017/S0376892903000067 

Fafchamps, M., & Hill, R. V. (2008). Price Transmission and Trader Entry in Domestic 

Commodity Markets. Economic Development and Cultural Change, 56(4), 729–766. 

https://doi.org/10.1086/588155 

Fah, G. L. T. (2007). The war on terror, the Chad-Cameroon pipeline, and the new identity of the 

lake chad basin. Journal of Contemporary African Studies, 25(1), 101–117. 

https://doi.org/10.1080/02589000601157113 

Faith, D. P. (2016). A general model for biodiversity and its value. In The Routledge Handbook 

of Philosophy of Biodiversity (pp. 83–99). Routledge. 

Falkner, R., Stephan, H., & Vogler, J. (2010). International Climate Policy after Copenhagen: 

Towards a “Building Blocks” Approach. Global Policy. https://doi.org/10.1111/j.1758-

5899.2010.00045.x 

Fan, S., & Zhang, X. (2004). Infrastructure and regional economic development in rural China. 

China Economic Review. https://doi.org/10.1016/j.chieco.2004.03.001 

FAO. (1999). The State of World Fisheries and Aquaculture, 1998. Food & Agriculture Org. 

FAO. (2000). FAO Statement on Biotechnology. 

FAO. (2003). The ecosystem approach to fisheries: issues, terminology, principles, institutional 

foundations, implementation and outlook (FAO Fisheries Technical Paper No. 443). FAO. 



Unedited draft chapters 31 May 2019 

171 

 

FAO. (2006). The state of world fisheries and aquaculture 2006. 

FAO. (2007). The state of food and agriculture. FAO Agriculture Series. 

FAO. (2008). The State of Food and Agriculture. Biofuels: Prospects, Risks and Opportunities. 

Rome, Italy: Food and Agriculture Organization. 

FAO. (2009a). The State of World Fisheries and Aquaculture 2008. Rome. 

FAO. (2009b). The Sunken Billions. The Sunken Billions. Washington, D.C.: The World Bank. 

https://doi.org/10.1596/978-0-8213-7790-1 

FAO. (2011a). Fisheries management. 4. Marine protected areas and fisheries. FAO technical 

guidelines for responsible fisheries. https://doi.org/10.1007/SpringerReference_29570 

FAO. (2011b). Global food losses and food waste - Extent, causes and prevention. SAVE FOOD: 

An initiative on Food Loss and Waste Reduction. https://doi.org/10.1098/rstb.2010.0126 

FAO. (2011c). The state of the world’s land and water resources for food and agriculture 

(SOLAW) – Managing systems at risk. Rome: FAO. 

FAO. (2012a). State of the World ’s Forests. Food and Agriculture Organization of the United 

Nations. 

FAO. (2012b). Voluntary Guidelines On The Responsible Governance Of Tenure Of Land, 

Fisheries And Forests In The Context Of National Food Security. Rome: FAO. 

FAO. (2014a). Blue growth: the 2014 FAO state of world fisheries and aquaculture, 39(11), 552–

553. 

FAO. (2014b). The state of world fisheries and aquaculture. Food and Agriculture 

Oraganization of the United Nations (Vol. 2014). https://doi.org/92-5-105177-1 

FAO. (2015a). Fisheries and Aquaculture Statistics. FAO Annual Yearbook. Rome, Italy. 

https://doi.org/10.5860/CHOICE.50-5350 

FAO. (2015b). Global Forest Resources Assessment 2015 (FAO Forestry Paper No. 1). Rome. 

FAO. (2016a). AQUASTAT. 

FAO. (2016b). FAOSTAT. Food and Agricultural Organization of the United Nations. 

FAO. (2016c). The State of World Fisheries and Aquaculture 2016. Contributing to food security 

and nutrition for all. Rome. https://doi.org/10.5860/CHOICE.50-5350 

FAO. (2016d). The State of World Fisheries and Aquaculture 2016. Rome. Retrieved from 

http://www.fao.org/3/a-i5555e.pdf 

FAO. (2017). The State of Food and Agriculture: Leveraging Food Systems for Inclusive Rural 

Transformation. Rome: Food and Agriculture Organisation of the United Nations. 

FAO. (2018a). Access to improved sanitation facilities (%). 

FAO. (2018b). Fertilizer consumption (kilograms per hectare of arable land). 

FAO. (2018c). Forestry Production and Trade. 

FAO. (2018d). Pesticides. 

FAO, & ITPS. (2015). Status of the World’s Soil Resources (SWSR) – Main Report. Rome, Italy. 

Retrieved from www.fao.org/publications 

FAOSTAT. (2016). FAOSTAT. Food and Agricultural Organization of the United Nations. 

Farber, S., & Griner, B. (2000). Valuing watershed quality improvements using conjoint 

analysis. Ecological Economics, 34, 63–76. 

Fay, M., & Opal, C. (2000). Urbanization without growth: A not so uncommon phenomenon 

(Vol. 2412). World Bank Publications. 



Unedited draft chapters 31 May 2019 

172 

 

Fearnside, P. M. (1987). Deforestation and International Economic Development Projects in 

Brazilian Amazonia. Conservation Biology, 1(3), 214–221. 

Feely, R. A., Sabine, C. L., Lee, K., Berelson, W., Kleypas, J., Fabry, V. J., Millero, F. J., & 

Anonymous. (2004). Impact of anthropogenic CO2 on the CaCO3 system in the oceans. 

Science. https://doi.org/10.1126/science.1097329 

Feeney, D., Berkes, F., McCay, B., & Acheson, J. (1990). The tragedy of the commons: Twenty-

two years later. Human Ecology, 18(1), 1–19. https://doi.org/Article 

Fehske, A., Fettweis, G., Malmodin, J., & Biczok, G. (2011). The global footprint of mobile 

communications: The ecological and economic perspective. IEEE Communications 

Magazine, 49(8), 55–62. https://doi.org/10.1109/MCOM.2011.5978416 

Feldt, H. (2007). Natural Resources and Conflict. Heinrich Böll Stiftung. 

Fenske, J. (2011). Land tenure and investment incentives: Evidence from West Africa. Journal 

of Development Economics, 95(2), 137–156. 

Ferraro, P. J., & Kiss, A. (2002). Direct payments to conserve biodiversity. American 

Association for the Advancement of Science. 

Ferraro, P. J., Lawlor, K., Mullan, K. L., & Pattanayak, S. K. (2012). Forest Figures : Ecosystem 

Services Valuation and Policy Evaluation in Developing Countries. Review of 

Environmental Economics and Policy, 6(1), 20–44. https://doi.org/10.1093/reep/rer019 

Ferretti-gallon, K., & Busch, J. (2014). What Drives Deforestation and What Stops It ? A Meta-

Analysis of Spatially Explicit Econometric Studies (Center for Global Development 

Working Paper No. 361). 

Finger, R., Benni, N. El, Kaphengst, T., Evans, C., Herbert, S., Lehmann, B., Morse, S., & 

Stupak, N. (2011). A meta analysis on farm-level costs and benefits of GM crops. 

Sustainability. https://doi.org/10.3390/su3050743 

Finkbeiner, E. M., & Basurto, X. (2015). Re-defining co-management to facilitate small-scale 

fisheries reform: An illustration from northwest Mexico. Marine Policy, 51, 433–441. 

Finus, M., Saiz, M. E., & Hendrix, E. M. T. (2009). An empirical test of new developments in 

coalition theory for the design of international environmental agreements. Environment and 

Development Economics. https://doi.org/10.1017/s1355770x08004634 

Fiorella, K. J., Milner, E. M., Salmen, C. R., Hickey, M. D., Omollo, D. O., Odhiambo, A., 

Mattah, B., Bukusi, E. A., Fernald, L. C. H., & Brashares, J. S. (2017). Human health alters 

the sustainability of fishing practices in East Africa. Proceedings of the National Academy 

of Sciences of the United States of America, 114(16), 4171–4176. 

https://doi.org/10.1073/pnas.1613260114 

Fiorina, M. P. (1981). Retrospective voting in American national elections. 

Fiorino, D. J. (2006). The new environmental regulation. Mit Press. 

Fishelson, G. (1976). Emission control policies under uncertainty. Journal of Environmental 

Economics and Management, 3(3), 189–197. 

Fisheries and Oceans Canada. (2009). Causes of IUU Fishing. 

Fitter, R., & Kaplinksy, R. (2001). Who Gains from Product Rents as the Coffee Market 

Becomes More Differentiated? A Value‐chain Analysis. IDS Bulletin, 32(3), 69–82. 

https://doi.org/10.1111/j.1759-5436.2001.mp32003008.x 

Flues, F., & Thomas, A. (2015). The distributional effects of energy taxes. Paris, France: 



Unedited draft chapters 31 May 2019 

173 

 

Organisation for Economic Cooperation and Development (OECD). 

Fogel, R. W. (1986). Nutrition and the Decline in Mortality since 1700: Some Preliminary 

Findings. In S. L. Engerman & R. E. Gallman (Eds.), Long-Term Factors in American 

Economic Growth (Vol. ISBN, pp. 439–556). University of Chicago Press. 

Foley, G. (2001). Sustainable woodfuel supplies from the dry tropical woodlands (ESMAP 

Technical Paper No. 013). 

Foley, J. A., DeFries, R., Asner, G. P., Barford, C., Bonan, G., Carpenter, S. R., Chapin, F. S., 

Coe, M. T., Daily, G. C., Gibbs, H. K., Helkowski, J. H., Holloway, T., Howard, E. A., 

Kucharik, C. J., Monfreda, C., Patz, J. A., Prentice, I. C., Ramankutty, N., & Snyder, P. K. 

(2005). Global consequences of land use. Science, 309(5734), 570–574. 

https://doi.org/10.1126/science.1111772 

Foley, J. A., Ramankutty, N., Brauman, K. A., Cassidy, E. S., Gerber, J. S., Johnston, M., 

Mueller, N. D., O’Connell, C., Ray, D. K., West, P. C., Balzer, C., Bennett, E. M., 

Carpenter, S. R., Hill, J., Monfreda, C., Polasky, S., Rockström, J., Sheehan, J., Siebert, S., 

Tilman, D., Zaks, D. P. M., Connell, C. O., Ray, D. K., West, P. C., Balzer, C., Bennett, E. 

M., Sheehan, J., Siebert, S., Carpenter, S. R., Hill, J., Monfreda, C., Polasky, S., Rockstro, 

J., Tilman, D., & Zaks, D. P. M. (2011). Solutions for a cultivated planet. Nature, 

478(7369), 337–342. https://doi.org/10.1038/nature10452 

Foley, P., & McCay, B. (2014). Certifying the commons: Eco-certification, privatization, and 

collective action. Ecology and Society, 19(2). https://doi.org/10.5751/ES-06459-190228 

Foltz, R. C., Denny, F. M., & Azizan Haji Baharuddin. (2003). Islam and ecology : a bestowed 

trust. Harvard University Press. 

Font, X. (2002). Environmental certification in tourism and hospitality: progress, process and 

prospects. Tourism Management, 23(3), 197–205. 

Font, X., Epler Wood, M., Black, R., & Crabtree, A. (2007). Sustainable tourism certification 

marketing and its contribution to SME market access. Quality Assurance and Certification 

in Ecotourism, 5, 147. 

Fooks, J. R., Messer, K. D., & Duke, J. M. (2015). Dynamic entry, reverse auctions, and the 

purchase of environmental services. Land Economics, 91(1), 57–75. 

Ford, J. D., McDowell, G., & Pearce, T. (2015). The adaptation challenge in the Arctic. Nature 

Climate Change. https://doi.org/10.1038/nclimate2723 

Ford, R. T. (1994). The boundaries of race: Political geography in legal analysis. Harvard Law 

Review. https://doi.org/10.2307/1341760 

Forest Peoples Programme. (2007). Indigenous Peoples’ Rights and Transnational and Other 

Business Enterprises: A Review of International Law and Jurisprudence A Submission to 

the African Commission on Human and Peoples’ Rights. Moreton-in-Marsh, UK. 

Forest Peoples Programme. (2011). Customary sustainable use of biodiversity by indigenous 

peoples and local communities. 

Forest Peoples Programme. (2014). The Palangka Raya Declaration on Deforestation and the 

Rights of Forest Peoples. 

Forest Peoples Programme. (2016). Status and trends  in traditional occupations: Outcomes of  a 

Rapid Assessment. 

Forman, R. T. T., & Alexander, L. (1998). Roads and their major ecological effects. Annual 



Unedited draft chapters 31 May 2019 

174 

 

Review of Ecology and Systematics, 29(1), 207–231. 

https://doi.org/10.1146/annurev.ecolsys.29.1.207 

Forouzanfar, M. H., Alexander, L., Anderson, H. R., Bachman, V. F., Biryukov, S., Brauer, M., 

Burnett, R., Casey, D., Coates, M. M., Cohen, A., Delwiche, K., Estep, K., Frostad, J. J., 

KC, A., Kyu, H. H., Moradi-Lakeh, M., Ng, M., Slepak, E. L., Thomas, B. A., Wagner, J., 

Aasvang, G. M., Abbafati, C., Ozgoren, A. A., Abd-Allah, F., Abera, S. F., Aboyans, V., 

Abraham, B., Abraham, J. P., Abubakar, I., Abu-Rmeileh, N. M. E., Aburto, T. C., Achoki, 

T., Adelekan, A., Adofo, K., Adou, A. K., Adsuar, J. C., Afshin, A., Agardh, E. E., Al 

Khabouri, M. J., Al Lami, F. H., Alam, S. S., Alasfoor, D., Albittar, M. I., Alegretti, M. A., 

Aleman, A. V, Alemu, Z. A., Alfonso-Cristancho, R., Alhabib, S., Ali, R., Ali, M. K., Alla, 

F., Allebeck, P., Allen, P. J., Alsharif, U., Alvarez, E., Alvis-Guzman, N., Amankwaa, A. 

A., Amare, A. T., Ameh, E. A., Ameli, O., Amini, H., Ammar, W., Anderson, B. O., 

Antonio, C. A. T., Anwari, P., Cunningham, S. A., Arnlöv, J., Arsenijevic, V. S. A., 

Artaman, A., Asghar, R. J., Assadi, R., Atkins, L. S., Atkinson, C., Avila, M. A., Awuah, 

B., Badawi, A., Bahit, M. C., Bakfalouni, T., Balakrishnan, K., Balalla, S., Balu, R. K., 

Banerjee, A., Barber, R. M., Barker-Collo, S. L., Barquera, S., Barregard, L., Barrero, L. H., 

Barrientos-Gutierrez, T., Basto-Abreu, A. C., Basu, A., Basu, S., Basulaiman, M. O., 

Ruvalcaba, C. B., Beardsley, J., Bedi, N., Bekele, T., Bell, M. L., Benjet, C., Bennett, D. A., 

Benzian, H., Bernabé, E., Beyene, T. J., Bhala, N., Bhalla, A., Bhutta, Z. A., Bikbov, B., 

Abdulhak, A. A. Bin, Blore, J. D., Blyth, F. M., Bohensky, M. A., Başara, B. B., Borges, 

G., Bornstein, N. M., Bose, D., Boufous, S., Bourne, R. R., Brainin, M., Brazinova, A., 

Breitborde, N. J., Brenner, H., Briggs, A. D. M., Broday, D. M., Brooks, P. M., Bruce, N. 

G., Brugha, T. S., Brunekreef, B., Buchbinder, R., Bui, L. N., Bukhman, G., Bulloch, A. G., 

Burch, M., Burney, P. G. J., Campos-Nonato, I. R., Campuzano, J. C., Cantoral, A. J., 

Caravanos, J., Cárdenas, R., Cardis, E., Carpenter, D. O., Caso, V., Castañeda-Orjuela, C. 

A., Castro, R. E., Catalá-López, F., Cavalleri, F., Çavlin, A., Chadha, V. K., Chang, J., 

Charlson, F. J., Chen, H., Chen, W., Chen, Z., Chiang, P. P., Chimed-Ochir, O., 

Chowdhury, R., Christophi, C. A., Chuang, T.-W., Chugh, S. S., Cirillo, M., Claßen, T. K., 

Colistro, V., Colomar, M., Colquhoun, S. M., Contreras, A. G., Cooper, C., Cooperrider, K., 

Cooper, L. T., Coresh, J., Courville, K. J., Criqui, M. H., Cuevas-Nasu, L., Damsere-Derry, 

J., Danawi, H., Dandona, L., Dandona, R., Dargan, P. I., Davis, A., Davitoiu, D. V, 

Dayama, A., de Castro, E. F., De la Cruz-Góngora, V., De Leo, D., de Lima, G., 

Degenhardt, L., del Pozo-Cruz, B., Dellavalle, R. P., Deribe, K., Derrett, S., Jarlais, D. C. 

Des, Dessalegn, M., DeVeber, G. A., Devries, K. M., Dharmaratne, S. D., Dherani, M. K., 

Dicker, D., Ding, E. L., Dokova, K., Dorsey, E. R., Driscoll, T. R., Duan, L., Durrani, A. 

M., Ebel, B. E., Ellenbogen, R. G., Elshrek, Y. M., Endres, M., Ermakov, S. P., Erskine, H. 

E., Eshrati, B., Esteghamati, A., Fahimi, S., Faraon, E. J. A., Farzadfar, F., Fay, D. F. J., 

Feigin, V. L., Feigl, A. B., Fereshtehnejad, S.-M., Ferrari, A. J., Ferri, C. P., Flaxman, A. 

D., Fleming, T. D., Foigt, N., Foreman, K. J., Paleo, U. F., Franklin, R. C., Gabbe, B., 

Gaffikin, L., Gakidou, E., Gamkrelidze, A., Gankpé, F. G., Gansevoort, R. T., García-

Guerra, F. A., Gasana, E., Geleijnse, J. M., Gessner, B. D., Gething, P., Gibney, K. B., 

Gillum, R. F., Ginawi, I. A. M., Giroud, M., Giussani, G., Goenka, S., Goginashvili, K., 

Dantes, H. G., Gona, P., de Cosio, T. G., González-Castell, D., Gotay, C. C., Goto, A., 



Unedited draft chapters 31 May 2019 

175 

 

Gouda, H. N., Guerrant, R. L., Gugnani, H. C., Guillemin, F., Gunnell, D., Gupta, R., 

Gupta, R., Gutiérrez, R. A., Hafezi-Nejad, N., Hagan, H., Hagstromer, M., Halasa, Y. A., 

Hamadeh, R. R., Hammami, M., Hankey, G. J., Hao, Y., Harb, H. L., Haregu, T. N., Haro, 

J. M., Havmoeller, R., Hay, S. I., Hedayati, M. T., Heredia-Pi, I. B., Hernandez, L., Heuton, 

K. R., Heydarpour, P., Hijar, M., Hoek, H. W., Hoffman, H. J., Hornberger, J. C., Hosgood, 

H. D., Hoy, D. G., Hsairi, M., Hu, G., Hu, H., Huang, C., Huang, J. J., Hubbell, B. J., 

Huiart, L., Husseini, A., Iannarone, M. L., Iburg, K. M., Idrisov, B. T., Ikeda, N., Innos, K., 

Inoue, M., Islami, F., Ismayilova, S., Jacobsen, K. H., Jansen, H. A., Jarvis, D. L., Jassal, S. 

K., Jauregui, A., Jayaraman, S., Jeemon, P., Jensen, P. N., Jha, V., Jiang, F., Jiang, G., 

Jiang, Y., Jonas, J. B., Juel, K., Kan, H., Roseline, S. S. K., Karam, N. E., Karch, A., 

Karema, C. K., Karthikeyan, G., Kaul, A., Kawakami, N., Kazi, D. S., Kemp, A. H., 

Kengne, A. P., Keren, A., Khader, Y. S., Khalifa, S. E. A. H., Khan, E. A., Khang, Y.-H., 

Khatibzadeh, S., Khonelidze, I., Kieling, C., Kim, D., Kim, S., Kim, Y., Kimokoti, R. W., 

Kinfu, Y., Kinge, J. M., Kissela, B. M., Kivipelto, M., Knibbs, L. D., Knudsen, A. K., 

Kokubo, Y., Kose, M. R., Kosen, S., Kraemer, A., Kravchenko, M., Krishnaswami, S., 

Kromhout, H., Ku, T., Defo, B. K., Bicer, B. K., Kuipers, E. J., Kulkarni, C., Kulkarni, V. 

S., Kumar, G. A., Kwan, G. F., Lai, T., Balaji, A. L., Lalloo, R., Lallukka, T., Lam, H., Lan, 

Q., Lansingh, V. C., Larson, H. J., Larsson, A., Laryea, D. O., Lavados, P. M., 

Lawrynowicz, A. E., Leasher, J. L., Lee, J.-T., Leigh, J., Leung, R., Levi, M., Li, Y., Li, Y., 

Liang, J., Liang, X., Lim, S. S., Lindsay, M. P., Lipshultz, S. E., Liu, S., Liu, Y., Lloyd, B. 

K., Logroscino, G., London, S. J., Lopez, N., Lortet-Tieulent, J., Lotufo, P. A., Lozano, R., 

Lunevicius, R., Ma, J., Ma, S., Machado, V. M. P., MacIntyre, M. F., Magis-Rodriguez, C., 

Mahdi, A. A., Majdan, M., Malekzadeh, R., Mangalam, S., Mapoma, C. C., Marape, M., 

Marcenes, W., Margolis, D. J., Margono, C., Marks, G. B., Martin, R. V, Marzan, M. B., 

Mashal, M. T., Masiye, F., Mason-Jones, A. J., Matsushita, K., Matzopoulos, R., Mayosi, B. 

M., Mazorodze, T. T., McKay, A. C., McKee, M., McLain, A., Meaney, P. A., Medina, C., 

Mehndiratta, M. M., Mejia-Rodriguez, F., Mekonnen, W., Melaku, Y. A., Meltzer, M., 

Memish, Z. A., Mendoza, W., Mensah, G. A., Meretoja, A., Mhimbira, F. A., Micha, R., 

Miller, T. R., Mills, E. J., Misganaw, A., Mishra, S., Ibrahim, N. M., Mohammad, K. A., 

Mokdad, A. H., Mola, G. L., Monasta, L., Hernandez, J. C. M., Montico, M., Moore, A. R., 

Morawska, L., Mori, R., Moschandreas, J., Moturi, W. N., Mozaffarian, D., Mueller, U. O., 

Mukaigawara, M., Mullany, E. C., Murthy, K. S., Naghavi, M., Nahas, Z., Naheed, A., 

Naidoo, K. S., Naldi, L., Nand, D., Nangia, V., Narayan, K. V., Nash, D., Neal, B., Nejjari, 

C., Neupane, S. P., Newton, C. R., Ngalesoni, F. N., de Dieu Ngirabega, J., Nguyen, G., 

Nguyen, N. T., Nieuwenhuijsen, M. J., Nisar, M. I., Nogueira, J. R., Nolla, J. M., Nolte, S., 

Norheim, O. F., Norman, R. E., Norrving, B., Nyakarahuka, L., Oh, I.-H., Ohkubo, T., 

Olusanya, B. O., Omer, S. B., Opio, J. N., Orozco, R., Pagcatipunan, R. S., Pain, A. W., 

Pandian, J. D., Panelo, C. I. A., Papachristou, C., Park, E.-K., Parry, C. D., Caicedo, A. J. 

P., Patten, S. B., Paul, V. K., Pavlin, B. I., Pearce, N., Pedraza, L. S., Pedroza, A., Stokic, L. 

P., Pekericli, A., Pereira, D. M., Perez-Padilla, R., Perez-Ruiz, F., Perico, N., Perry, S. A. 

L., Pervaiz, A., Pesudovs, K., Peterson, C. B., Petzold, M., Phillips, M. R., Phua, H. P., 

Plass, D., Poenaru, D., Polanczyk, G. V, Polinder, S., Pond, C. D., Pope, C. A., Pope, D., 

Popova, S., Pourmalek, F., Powles, J., Prabhakaran, D., Prasad, N. M., Qato, D. M., 



Unedited draft chapters 31 May 2019 

176 

 

Quezada, A. D., Quistberg, D. A. A., Racapé, L., Rafay, A., Rahimi, K., Rahimi-Movaghar, 

V., Rahman, S. U., Raju, M., Rakovac, I., Rana, S. M., Rao, M., Razavi, H., Reddy, K. S., 

Refaat, A. H., Rehm, J., Remuzzi, G., Ribeiro, A. L., Riccio, P. M., Richardson, L., 

Riederer, A., Robinson, M., Roca, A., Rodriguez, A., Rojas-Rueda, D., Romieu, I., Ronfani, 

L., Room, R., Roy, N., Ruhago, G. M., Rushton, L., Sabin, N., Sacco, R. L., Saha, S., 

Sahathevan, R., Sahraian, M. A., Salomon, J. A., Salvo, D., Sampson, U. K., Sanabria, J. R., 

Sanchez, L. M., Sánchez-Pimienta, T. G., Sanchez-Riera, L., Sandar, L., Santos, I. S., 

Sapkota, A., Satpathy, M., Saunders, J. E., Sawhney, M., Saylan, M. I., Scarborough, P., 

Schmidt, J. C., Schneider, I. J. C., Schöttker, B., Schwebel, D. C., Scott, J. G., Seedat, S., 

Sepanlou, S. G., Serdar, B., Servan-Mori, E. E., Shaddick, G., Shahraz, S., Levy, T. S., 

Shangguan, S., She, J., Sheikhbahaei, S., Shibuya, K., Shin, H. H., Shinohara, Y., Shiri, R., 

Shishani, K., Shiue, I., Sigfusdottir, I. D., Silberberg, D. H., Simard, E. P., Sindi, S., Singh, 

A., Singh, G. M., Singh, J. A., Skirbekk, V., Sliwa, K., Soljak, M., Soneji, S., Søreide, K., 

Soshnikov, S., Sposato, L. A., Sreeramareddy, C. T., Stapelberg, N. J. C., Stathopoulou, V., 

Steckling, N., Stein, D. J., Stein, M. B., Stephens, N., Stöckl, H., Straif, K., Stroumpoulis, 

K., Sturua, L., Sunguya, B. F., Swaminathan, S., Swaroop, M., Sykes, B. L., Tabb, K. M., 

Takahashi, K., Talongwa, R. T., Tandon, N., Tanne, D., Tanner, M., Tavakkoli, M., Te Ao, 

B. J., Teixeira, C. M., Téllez Rojo, M. M., Terkawi, A. S., Texcalac-Sangrador, J. L., 

Thackway, S. V, Thomson, B., Thorne-Lyman, A. L., Thrift, A. G., Thurston, G. D., 

Tillmann, T., Tobollik, M., Tonelli, M., Topouzis, F., Towbin, J. A., Toyoshima, H., 

Traebert, J., Tran, B. X., Trasande, L., Trillini, M., Trujillo, U., Dimbuene, Z. T., 

Tsilimbaris, M., Tuzcu, E. M., Uchendu, U. S., Ukwaja, K. N., Uzun, S. B., van de Vijver, 

S., Van Dingenen, R., van Gool, C. H., van Os, J., Varakin, Y. Y., Vasankari, T. J., 

Vasconcelos, A. M. N., Vavilala, M. S., Veerman, L. J., Velasquez-Melendez, G., 

Venketasubramanian, N., Vijayakumar, L., Villalpando, S., Violante, F. S., Vlassov, V. V., 

Vollset, S. E., Wagner, G. R., Waller, S. G., Wallin, M. T., Wan, X., Wang, H., Wang, J., 

Wang, L., Wang, W., Wang, Y., Warouw, T. S., Watts, C. H., Weichenthal, S., Weiderpass, 

E., Weintraub, R. G., Werdecker, A., Wessells, K. R., Westerman, R., Whiteford, H. A., 

Wilkinson, J. D., Williams, H. C., Williams, T. N., Woldeyohannes, S. M., Wolfe, C. D. A., 

Wong, J. Q., Woolf, A. D., Wright, J. L., Wurtz, B., Xu, G., Yan, L. L., Yang, G., Yano, Y., 

Ye, P., Yenesew, M., Yentür, G. K., Yip, P., Yonemoto, N., Yoon, S.-J., Younis, M. Z., 

Younoussi, Z., Yu, C., Zaki, M. E., Zhao, Y., Zheng, Y., Zhou, M., Zhu, J., Zhu, S., Zou, 

X., Zunt, J. R., Lopez, A. D., Vos, T., & Murray, C. J. (2015). Global, regional, and national 

comparative risk assessment of 79 behavioural, environmental and occupational, and 

metabolic risks or clusters of risks in 188 countries, 1990–2013: a systematic analysis for 

the Global Burden of Disease Study 2013. The Lancet, 386(10010), 2287–2323. 

https://doi.org/10.1016/S0140-6736(15)00128-2 

Foster, A. D., & Rosenzweig, M. R. (2003). Economic growth and the rise of forests. The 

Quarterly Journal of Economics, 118(2), 601–637. 

Fox, H. E., Mascia, M. B., Basurto, X., Costa, A., Glew, L., Heinemann, D., Karrer, L. B., 

Lester, S. E., Lombana, A. V., Pomeroy, R. S., Recchia, C. A., Roberts, C. M., Sanchirico, 

J. N., Pet-Soede, L., & White, A. T. (2012). Reexamining the science of marine protected 

areas: Linking knowledge to action. Conservation Letters. https://doi.org/10.1111/j.1755-



Unedited draft chapters 31 May 2019 

177 

 

263X.2011.00207.x 

FPP/IIFB/SCBD. (2016). Local Biodiversity Outlooks. Indigenous Peoples’ and Local 

Communities’ Contributions to the Implementation of the Strategic Plan for Biodiversity 

2011-2020. A complement to the fourth edition of the Global Biodiversity Outlook. 

Moreton-in-Marsh, England. 

Franco, J., Mehta, L., & Veldwisch, G. J. (2013). The Global Politics of Water Grabbing. Third 

World Quarterly, 34(9), 1651–1675. https://doi.org/10.1080/01436597.2013.843852 

Franzke, C. L. E. (2014). Nonlinear climate change. Nature Climate Change, 4, 423. 

Freeman, A. M., Herriges, J. A., & Kling, C. L. (2013). The Measurement of Environmental and 

Resource Values (3rd ed.). Routledge. 

Friedman, K., Garcia, S. M., & Rice, J. (2018). Mainstreaming biodiversity in fisheries. Marine 

Policy, 95, 209–220. https://doi.org/https://doi.org/10.1016/j.marpol.2018.03.001 

Friedrich, T., Timmermann, A., Tigchelaar, M., Elison Timm, O., & Ganopolski, A. (2016). 

Nonlinear climate sensitivity and its implications for future greenhouse warming. Science 

Advances, 2(11). https://doi.org/10.1126/sciadv.1501923 

Frosch, R. A., & Gallopoulos, N. E. (1989). Strategies for Manufacturing. Scientific American, 

261(3), 144–152. 

FSC. (2017). Facts and figures. 

FSC. (2018). WHAT IS FSC? Retrieved November 8, 2018, from https://ic.fsc.org/en/what-is-

fsc-certification 

Fu, X., Pietrobelli, C., & Soete, L. (2011). The Role of Foreign Technology and Indigenous 

Innovation in the Emerging Economies: Technological Change and Catching-up. World 

Development. https://doi.org/10.1016/j.worlddev.2010.05.009 

Fullerton, D. (2011). Six Distributional Effects of Environmental Policy: Six Distributional 

Effects of Environmental Policy. Risk Analysis, 31(6), 923–929. 

https://doi.org/10.1111/j.1539-6924.2011.01628.x 

Fullerton, D., & Heutel, G. (2007). The general equilibrium incidence of environmental taxes. 

Journal of Public Economics, 91(3), 571–591. 

Fullerton, D., & Monti, H. (2013). Can pollution tax rebates protect low-wage earners? Journal 

of Environmental Economics and Management, 66(3), 539–553. 

Fussell, E., Hunter, L. M., & Gray, C. L. (2014). Measuring the environmental dimensions of 

human migration: The demographer’s toolkit. Global Environmental Change. 

https://doi.org/10.1016/j.gloenvcha.2014.07.001 

Future Earth. (2018). “Seeds” project offers glimpse of brighter futures. 

GACC. (2017). Global Alliance for Clean Cookstoves. 

Gadgil, M., Berkes, F., & Folke, C. (1993). Indigenous Knowledge for Biodiversity 

Conservation. Ambio, 22(2–3), 151–156. https://doi.org/10.2307/4314060 

GADM. (2012). GADM database of Global Administrative Areas, version 2.0. 

Galaz, V., Crona, B., Dauriach, A., Jouffray, J.-B., Österblom, H., & Fichtner, J. (2018). Tax 

havens and global environmental degradation. Nature Ecology & Evolution, 2(9), 1352–

1357. https://doi.org/10.1038/s41559-018-0497-3 

Galbraith, H., Jones, R., Park, R., Clough, J., Herrod-Julius, S., Harrington, B., & Page, G. 

(2002). Global climate change and sea level rise: potential losses of intertidal habitat for 



Unedited draft chapters 31 May 2019 

178 

 

shorebirds. Waterbirds, 25(2), 173–183. 

Gale, L., & Mendez, J. (1996). A Note on the Empirical Relationship between Trade, Growth 

and the Environment. 

Galli, A., Giampietro, M., Goldfinger, S., Lazarus, E., Lin, D., Saltelli, A., Wackernagel, M., & 

Müller, F. (2016). Questioning the Ecological Footprint. Ecological Indicators, 69, 224–

232. https://doi.org/10.1016/j.ecolind.2016.04.014 

Galli, A., Wackernagel, M., Iha, K., & Lazarus, E. (2014). Ecological Footprint: Implications for 

biodiversity. Biological Conservation, 173, 121–132. 

https://doi.org/10.1016/j.biocon.2013.10.019 

Galli, A., Wiedmann, T., Ercin, E., Knoblauch, D., Ewing, B., & Giljum, S. (2012). Integrating 

ecological, carbon and water footprint into a “footprint family” of indicators: definition and 

role in tracking human pressure on the planet. Ecological Indicators, 16, 100–112. 

Gallup, J. L., Sachs, J. D., & Mellinger, A. D. (1999). Geography and Economic Development. 

International Regional Science Review. https://doi.org/10.1177/016001799761012334 

Galor, O. (2012). The demographic transition: causes and consequences. Cliometrica, Journal of 

Historical Economics and Econometric History. 

Gandhi, J. (2008). Political institutions under dictatorship. 

Gandhi, J., & Przeworski, A. (2007). Authoritarian institutions and the survival of autocrats. 

Comparative Political Studies, 40(11), 1279–1301. 

Gans, W., Alberini, A., & Longo, A. (2013). Smart meter devices and the effect of feedback on 

residential electricity consumption: Evidence from a natural experiment in Northern Ireland. 

Energy Economics, 36, 729–743. 

Garmendia, E., Urkidi, L., Arto, I., Barcena, I., Bermejo, R., Hoyos, D., & Lago, R. (2016). 

Tracing the impacts of a northern open economy on the global environment. Ecological 

Economics. https://doi.org/10.1016/j.ecolecon.2016.02.011 

Garnett, S. T., Burgess, N. D., Fa, J. E., Fernández-Llamazares, Á., Molnár, Z., Robinson, C. J., 

Watson, J. E. M., Zander, K. K., Austin, B., & Brondizio, E. S. (2018). A spatial overview 

of the global importance of Indigenous lands for conservation. Nature Sustainability, 1(7), 

369. https://doi.org/https://doi.org/10.1038/s41893-018-0100-6 

Gasper, D. (2004). The Ethics of Development From Economicism to Human Development. 

Dehli: Vistaar Publications. 

Gattuso, J.-P., Magnan, A., Billé, R., Cheung, W. W. L., Howes, E. L., Joos, F., Allemand, D., 

Bopp, L., Cooley, S. R., Eakin, C. M., & others. (2015). Contrasting futures for ocean and 

society from different anthropogenic CO2 emissions scenarios. Science, 349(6243), 

aac4722. 

Geist, H. J., & Lambin, E. F. (2002). Proximate Causes and Underlying Driving Forces of 

Tropical Deforestation. BioScience, 52(2), 143–150. 

Gereffi, G., Humphrey, J., Kaplinsky, R., & others. (2001). Introduction: Globalisation, value 

chains and development. IDS Bulletin, 32(3), 1–8. 

Gereffi, G., Humphrey, J., & Sturgeon, T. (2005). The governance of global value chains. 

Review of International Political Economy, 12(1), 78–104. 

https://doi.org/10.1080/09692290500049805 

Gereva, S., & Vuki, V. C. (2010). Women’s fishing activities on Aniwa Island, Tafea Province, 



Unedited draft chapters 31 May 2019 

179 

 

South Vanuatu. SPC Women in Fisheries Information Bulletin, 21, 17–22. 

Geyer, R., Jambeck, J. R., & Law, K. L. (2017). Production, use, and fate of all plastics ever 

made. Science Advances, 3(7), e1700782. https://doi.org/10.1126/sciadv.1700782 

Ghani, E., Goswami, A. G., & Kerr, W. R. (2016). Highway to Success: The Impact of the 

Golden Quadrilateral Project for the Location and Performance of Indian Manufacturing. 

The Economic Journal, 126(591), 317–357. https://doi.org/10.1111/ecoj.12207 

Gibbs, H. K., Ruesch, A. S., Achard, F., Clayton, M. K., Holmgren, P., Ramankutty, N., & 

Foley, J. A. (2010). Tropical forests were the primary sources of new agricultural land in 

the 1980s and 1990s. Proceedings of the National Academy of Sciences, 107(38), 16732–

16737. https://doi.org/10.1073/pnas.0910275107 

Gibson, C. C., Williams, J. T., & Ostrom, E. (2005). Local enforcement and better forests. World 

Development, 33(2 SPEC. ISS.), 273–284. https://doi.org/10.1016/j.worlddev.2004.07.013 

Gibson, J., & Rozelle, S. (2003). Poverty and Access to Roads in Papua New Guinea. Economic 

Development and Cultural Change, 52(1), 159–185. https://doi.org/10.1086/380424 

Gillingham, K., Newell, R., & Palmer, K. (2006). Energy efficiency policies: a retrospective 

examination. Annu. Rev. Environ. Resour., 31, 161–192. 

Gilman, E., Chopin, F., Suuronen, P., & Kuemlangan, B. (2016). Abandoned, lost and discarded 

gillnets and trammel nets. Methods to estimate ghost fishing mortality, and the status of 

regional monitoring and management. FAO Fisheries Technical Paper (Vol. 600). 

Gilmour, D. (2016). Forty years of community-based forestry: A review of its extent and 

effectiveness. FAO. 

Giordano, M. F., Giordano, M. A., & Wolf, A. T. (2005). International Resource Conflict and 

Mitigation. Journal of Peace Research. https://doi.org/10.1177/0022343305049666 

Giridharan, R., Ganesan, S., & Lau, S. S. Y. (2004). Daytime urban heat island effect in high-rise 

and high-density residential developments in Hong Kong. Energy and Buildings, 36(6), 

525–534. 

Gleick, P. H. (2014). Water, Drought, Climate Change, and Conflict in Syria. Weather, Climate, 

and Society, 6(3), 331–340. https://doi.org/10.1175/WCAS-D-13-00059.1 

GLMRIS. (2012). Commercial Fisheries Baseline Economic Assessment-US Waters of the Great 

Lakes, Upper Mississippi River, and Ohio River Basins. 

Global Fishing Watch. (2018). Map. 

Global Impact Investing Network (GIIN). (2017). Annual Impact Investor Survey 2017 7th 

Edition. 

Godoy, R., Reyes-García, V., Broesch, J., Fitzpatrick, I. C., Giovannini, P., Rodríguez, M. R. M., 

Huanca, T., Leonard, W. R., McDade, T. W., Tanner, S., & Team, T. B. S. (2009). Long-

Term (Secular) Change of Ethnobotanical Knowledge of Useful Plants: Separating Cohort 

and Age Effects. Journal of Anthropological Research, 65(1), 51–67. 

https://doi.org/10.3998/jar.0521004.0065.105 

Goeminne, G., & Paredis, E. (2010). The concept of ecological debt: Some steps towards an 

enriched sustainability paradigm. Environment, Development and Sustainability. 

https://doi.org/10.1007/s10668-009-9219-y 

Goldemberg, J. (1998). Leapfrog energy technologies. Energy Policy. 

https://doi.org/10.1016/S0301-4215(98)00025-1 



Unedited draft chapters 31 May 2019 

180 

 

Golden, C. D., Allison, E. H., Dey, M. M., Halpern, B. S., McCauley, D. J., Smith, M., Vaitla, 

B., Zeller, D., Myers, S. S., Cheung, W. W. L., Dey, M. M., Halpern, B. S., McCauley, D. 

J., Smith, M., Vaitla, B., Zeller, D., & Myers, S. S. (2016). Fall in fish catch threatens 

human health. Nature, 534(7607), 317–320. https://doi.org/10.1038/534317a 

Golden, C. D., Seto, K. L., Dey, M. M., Chen, O. L., Gephart, J., Myers, S. S., Smith, M., Vaitla, 

B., & Allison, E. H. (2017). Does Aquaculture Support the Needs of Nutritionally 

Vulnerable Nations? Frontiers in Marine Science, 4, 159. 

https://doi.org/10.3389/FMARS.2017.00159 

Gollin, D., & Rogerson, R. (2010). Agriculture, Roads, and Economic Development in Uganda 

(Working Paper Series). https://doi.org/10.3386/w15863 

Golombek, R., & Hoel, M. (2004). Unilateral Emission Reductions and Cross-Country 

Technology Spillovers. Contributions to Economic Analysis & Policy. 

https://doi.org/10.2202/1538-0637.1318 

Gómez-Baggethun, E., Martín-López, B., Barton, D., Braat, L., Saarikoski, H., Kelemen, E., 

García-Llorente, M., van den Bergh, J., Arias, P., & Berry, P. (2014). State-of-the-art report 

on integrated valuation of ecosystem services. EU FP7 OpenNESS Project Deliverable, 4, 

1–33. 

González-Esquivel, C. E., Gavito, M. E., Astier, M., Cadena-Salgado, M., Del-Val, E., Villamil-

Echeverri, L., Merlín-Uribe, Y., & Balvanera, P. (2015). Ecosystem service trade-offs, 

perceived drivers, and sustainability in contrasting agroecosystems in central Mexico. 

Ecology and Society, 20(1), art38. https://doi.org/10.5751/ES-06875-200138 

González, A. A., & Nigh, R. (2005). Smallholder participation and certification of organic farm 

products in Mexico. Journal of Rural Studies, 21(4), 449–460. 

Goodwin, N. R. (2008). An Overview of Climate Change: What Does it Mean for Our Way of 

Life: what is the Best Future We Can Hope For? Tufts University, Global Development and 

Environment Institute. 

Gordon, H. (1954). The economic theory of a common-property resource: The fishery. The 

Journal of Political Economy, 62(2), 124–142. 

Gordon, L. J., Peterson, G. D., & Bennett, E. M. (2008). Agricultural modifications of 

hydrological flows create ecological surprises. Trends in Ecology and Evolution. 

https://doi.org/10.1016/j.tree.2007.11.011 

Gössling, S., & Peeters, P. (2015). Assessing tourism’s global environmental impact 1900–2050. 

Journal of Sustainable Tourism, 23(5), 639–659. 

https://doi.org/10.1080/09669582.2015.1008500 

Gough, C., & Shackley, S. (2002). The Respectable Politics of Climate Change: The Epistemic 

Communities and NGOs. International Affairs, 77(2), 329–346. 

https://doi.org/10.1111/1468-2346.00195 

Grafton, R. Q. (1996). Individual transferable quotas: theory and practice. Reviews in Fish 

Biology and Fisheries, 6(1), 5–20. https://doi.org/10.1007/BF00058517 

Grafton, R. Q., Squires, D., & Fox, K. J. (2000). Private Property and Economic Efficiency: A 

Study of a Common-Pool Resource. The Journal of Law and Economics, 43(2), 679–714. 

https://doi.org/10.1086/467469 

Grau, H. R., & Aide, T. M. (2007). Are Rural–Urban Migration and Sustainable Development 



Unedited draft chapters 31 May 2019 

181 

 

Compatible in Mountain Systems? Mountain Research and Development. 

https://doi.org/10.1659/mrd.0906 

Grau, H. R., Aide, T. M., Zimmerman, J. K., Thomlinson, J. R., Helmer, E., & Zou, X. (2003). 

The ecological consequences of socioeconomic and land-use changes in postagriculture 

Puerto Rico. BioScience. https://doi.org/10.1641/0006-

3568(2003)053[1159:TECOSA]2.0.CO;2 

Graves, P. E. (2009). A Note on the Valuation of Collective Goods: Overlooked Input Market 

Free Riding for Non-Individually Incrementable Goods. The B.E. Journal of Economic 

Analysis & Policy, 9(1). https://doi.org/10.2202/1935-1682.2178 

Gray, C. L. (2009a). Environment, Land, and Rural Out-migration in the Southern Ecuadorian 

Andes. World Development. https://doi.org/10.1016/j.worlddev.2008.05.004 

Gray, C. L. (2009b). Rural out-migration and smallholder agriculture in the southern Ecuadorian 

Andes. Population and Environment. https://doi.org/10.1007/s11111-009-0081-5 

Gray, C. L. (2010). Gender, natural capital, and migration in the southern Ecuadorian Andes. 

Environment and Planning A. https://doi.org/10.1068/a42170 

Gray, C., & Mueller, V. (2012a). Drought and Population Mobility in Rural Ethiopia. World 

Development. https://doi.org/10.1016/j.worlddev.2011.05.023 

Gray, C., & Mueller, V. (2012b). Natural disasters and population mobility in Bangladesh. 

Proceedings of the National Academy of Sciences. https://doi.org/10.1073/pnas.1115944109 

Greaver, T. L., Sullivan, T. J., Herrick, J. D., Barber, M. C., Baron, J. S., Cosby, B. J., Deerhake, 

M. E., Dennis, R. L., Dubois, J. J. B., Goodale, C. L., Herlihy, A. T., Lawrence, G. B., Liu, 

L. L., Lynch, J. A., & Novak, K. J. (2012). Ecological effects of nitrogen and sulfur air 

pollution in the US: what do we know? Frontiers in Ecology and the Environment. 

https://doi.org/10.1890/110049 

Green, F. (2015). Nationally self-interested climate change mitigation: a unified conceptual 

framework. 

Greene, S. (1999). Understanding party identification: A social identity approach. Political 

Psychology, 20(2), 393–403. 

Greenstone, M. (2002). The impacts of environmental regulations on industrial activity: 

Evidence from the 1970 and 1977 clean air act amendments and the census of 

manufactures. Journal of Political Economy, 110(6), 1175–1219. 

Grether, J.-M., Mathys, N. A., & de Melo, J. (2009). Scale, technique and composition effects in 

manufacturing SO 2 emissions. Environmental and Resource Economics, 43(2), 257–274. 

GRI, UN Global Compact, & WBCSD. (2016). SDG Compass: The guide for business action on 

the SDGs, 1–30. https://doi.org/10.1007/s10551-014-2373-7 

Grimm, D., Barkhorn, I., Festa, D., Bonzon, K., Boomhower, J., Hovland, V., & Blau, J. (2012). 

Assessing catch shares’ effects evidence from Federal United States and associated British 

Columbian fisheries. Marine Policy, 36(3), 644–657. 

https://doi.org/10.1016/j.marpol.2011.10.014 

Grimm, N. B., Faeth, S. H., Golubiewski, N. E., Redman, C. L., Wu, J., Bai, X., & Briggs, J. M. 

(2008). Global Change and the Ecology of Cities. Science, 319(5864). 

Griscom, H. P., Griscom, B. W., & Ashton, M. (2009). Forest regeneration from pasture in the 

dry tropics of Panama: effects of cattle, exotic grass, and forested riparia. Restoration 



Unedited draft chapters 31 May 2019 

182 

 

Ecology, 17(1), 117–126. 

Grossman, G. M., & Krueger, A. B. (1991). Environmental impacts of a North American free 

trade agreement. 

Grossman, G. M., & Krueger, A. B. (1995). Economic growth and the environment. The 

Quarterly Journal of Economics, 110(2), 353–377. 

Guertin, C. (2003). Illegal logging and illegal activities in the forestry sector: Overview and 

possible issues for the UNECE Timber Committee and FAO European Forestry. Quebec 

Wood Export Bureau, (October), 1–12. 

Guler, Y., & Ford, A. T. (2010). Anti-depressants make amphipods see the light. Aquatic 

Toxicology, 99(3), 397–404. https://doi.org/https://doi.org/10.1016/j.aquatox.2010.05.019 

Güneralp, B., Güneralp, I., & Liu, Y. (2015). Changing global patterns of urban exposure to 

flood and drought hazards. Global Environmental Change, 31, 217–225. 

https://doi.org/10.1016/j.gloenvcha.2015.01.002 

Guo, G.-X., Deng, H., Qiao, M., Yao, H.-Y., & Zhu, Y.-G. (2013). Effect of long-term 

wastewater irrigation on potential denitrification and denitrifying communities in soils at 

the watershed scale. Environmental Science & Technology, 47(7), 3105–3113. 

Guthrie, D. A. (1971). Primitive man’s relationship to nature. BioScience, 21(13), 721–723. 

Gutman, G., Janetos, A. C., Justice, C. O., Moran, E. F., Mustard, J. F., Rindfuss, R. R., Skole, 

D., Turner II, B. L., & Cochrane, M. A. (2004). Land change science: Observing, 

monitoring and understanding trajectories of change on the earth’s surface (Vol. 6). 

Springer Science & Business Media. 

Gutmann, M. P., & Field, V. (2010). Katrina in historical context: Environment and migration in 

the U.S. Population and Environment. https://doi.org/10.1007/s11111-009-0088-y 

Gylfason, T. (2009). Development and growth in mineral-rich countries. Sustainable Growth and 

Resource Productivity: Economic and Global Policy Issues, (April), 42–84. 

https://doi.org/10.9774/GLEAF.978-1-907643-06-4_5 

Gypens, N., & Borges, A. V. (2014). Increase in dimethylsulfide (DMS) emissions due to 

eutrophication of coastal waters offsets their reduction due to ocean acidification. Frontiers 

in Marine Science. https://doi.org/10.3389/fmars.2014.00004 

Hackett, S., Schlager, E., & Walker, J. (1994). The Role of Communication in Resolving 

Commons Dilemmas: Experimental Evidence with Heterogeneous Appropriators. Journal 

of Environmental Economics and Management, 27(2), 99–126. 

https://doi.org/10.1006/jeem.1994.1029 

Haddad, N. M., Brudvig, L. A., Clobert, J., Davies, K. F., Gonzalez, A., Holt, R. D., Lovejoy, T. 

E., Sexton, J. O., Austin, M. P., Collins, C. D., Cook, W. M., Damschen, E. I., Ewers, R. 

M., Foster, B. L., Jenkins, C. N., King, A. J., Laurance, W. F., Levey, D. J., Margules, C. 

R., Melbourne, B. A., Nicholls, A. O., Orrock, J. L., Song, D., & Townshend, J. R. (2015). 

Habitat fragmentation and its lasting impact on Earth ’ s ecosystems. Applied Ecology. 

https://doi.org/10.1126/sciadv.1500052 

Haddeland, I., Heinke, J., Biemans, H., Eisner, S., Flörke, M., Hanasaki, N., Konzmann, M., 

Ludwig, F., Masaki, Y., Schewe, J., Stacke, T., Tessler, Z. D., Wada, Y., & Wisser, D. 

(2014). Global water resources affected by human interventions and climate change. 

Proceedings of the National Academy of Sciences of the United States of America. 



Unedited draft chapters 31 May 2019 

183 

 

https://doi.org/10.1073/pnas.1222475110 

Hagenlocher, M., Lang, S., & Tiede, D. (2012). Integrated assessment of the environmental 

impact of an IDP camp in Sudan based on very high resolution multi-temporal satellite 

imagery. Remote Sensing of Environment. https://doi.org/10.1016/j.rse.2012.08.010 

Haghshenas, H., & Vaziri, M. (2012). Urban sustainable transportation indicators for global 

comparison. Ecological Indicators, 15(1), 115–121. 

https://doi.org/10.1016/j.ecolind.2011.09.010 

Haines-Young, R. (2009). Land use and biodiversity relationships. Land Use Policy. 

https://doi.org/10.1016/j.landusepol.2009.08.009 

Hajjar, R. (2015). Advancing small-scale forestry under FLEGT and REDD in Ghana. Forest 

Policy and Economics, 58, 12–20. 

Hale, T., & Roger, C. (2014). Orchestration and transnational climate governance. Review of 

International Organizations. https://doi.org/10.1007/s11558-013-9174-0 

Hall, G., & Patrinos, H. A. (2012). Indigenous peoples, poverty, and development. Cambridge 

University Press. 

Hall, T. J., Lopez, R. G., Marshall, M. I., & Dennis, J. H. (2010). Barriers to adopting sustainable 

floriculture certification. HortScience, 45(5), 778–783. 

Halmy, M. W. A. (2016). Traditional  knowledge  associated  with  desert  ecosystems  in  

Egypt. In M. Roué, N. Césard, Y. C. Adou Yao, & A. Oteng-Yeboah (Eds.), Science and 

Policy for People and Nature Indigenous and Local Knowledge of Biodiversity and 

Ecosystem Services in Africa (pp. 108–144). Paris: UNESCO. 

Halpenny, E. A. (2010). Pro-environmental behaviours and park visitors: The effect of place 

attachment. Journal of Environmental Psychology, 30(4), 409–421. 

https://doi.org/https://doi.org/10.1016/j.jenvp.2010.04.006 

Hamilton, J. D. (2009). Causes and Consequences of the Oil Shock of 2007-08. National Bureau 

of Economic Research. 

Hamoudi, A., Jeuland, M., Lombardo, S., Patil, S., Pattanayak, S. K., & Rai, S. (2012). The 

effect of water quality testing on household behavior: evidence from an experiment in rural 

India. American Journal of Tropical Medicine and Hygiene, 87(1), 18–22. 

https://doi.org/10.4269/ajtmh.2012.12-0051 

Hanley, N., Banerjee, S., Lennox, G. D., & Armsworth, P. R. (2012). How should we incentivize 

private landowners to ‘produce’more biodiversity? Oxford Review of Economic Policy, 

28(1), 93–113. 

Hannon, B., Stein, R. G., Segal, B. Z., & Serber, D. (1978). Energy and Labor in the 

Construction Sector. Science, 202(4370), 837–847. 

https://doi.org/10.1126/science.202.4370.837 

Hansen, A. J., & DeFries, R. (2007). Ecological mechanisms linking protected areas to 

surrounding lands. Ecological Applications. https://doi.org/10.1890/05-1098 

Hansen, M. C., Potapov, P. V., Moore, R., Hancher, M., Turubanova, S. A., Tyukavina, A., 

Thau, D., Stehman, S. V., Goetz, S. J., Loveland, T. R., Kommareddy, A., Egorov, A., 

Chini, L., Justice, C. O., & Townshend, J. R. G. (2013). High-Resolution Global Maps of 

21st-Century Forest Cover Change. Science, 342(6160), 850–853. 

https://doi.org/10.1126/science.1244693 



Unedited draft chapters 31 May 2019 

184 

 

Harbaugh, W. T., Levinson, A., & Wilson, D. M. (2002). Reexamining the empirical evidence 

for an environmental Kuznets curve. Review of Economics and Statistics, 84(3), 541–551. 

Hardin, G. (1968). The tragedy of the commons. Science, 1243–1248. 

https://doi.org/10.1126/science.162.3859.1243 

Hardoy, J. E., Mitlin, D., & Satterthwaite, D. (2013). Environmental problems in an urbanizing 

world: finding solutions in cities in Africa, Asia and Latin America. Routledge. 

Hare, D. (1999). ‘Push’versus ‘pull’factors in migration outflows and returns: Determinants of 

migration status and spell duration among China’s rural population. The Journal of 

Development Studies, 35(3), 45–72. 

Harper, S., Zeller, D., Hauzer, M., Pauly, D., & Sumaila, U. R. (2013). Women and fisheries: 

Contribution to food security and local economies. Marine Policy, 39, 56–63. 

Hart, P. S., & Nisbet, E. C. (2012). Boomerang effects in science communication: How 

motivated reasoning and identity cues amplify opinion polarization about climate mitigation 

policies. Communication Research, 39(6), 701–723. 

Hatanaka, M., Bain, C., & Busch, L. (2005). Third-party certification in the global agrifood 

system. Food Policy, 30(3), 354–369. 

Hattich, G. S. I., Listmann, L., Raab, J., Ozod-Seradj, D., Reusch, T. B. H., & Matthiessen, B. 

(2017). Inter- and intraspecific phenotypic plasticity of three phytoplankton species in 

response to ocean acidification. Biology Letters, 13(2). 

Haufler, V. (2003). New forms of governance: certification regimes as social regulations of the 

global market. Social and Political Dimensions of Forest Certification, 237–247. 

Havice, E., & Iles, A. (2015). Shaping the aquaculture sustainability assemblage: Revealing the 

rule-making behind the rules. Geoforum, 58, 27–37. 

Hay, P. R. (2002). Main currents in western environmental thought. Indiana University Press. 

Hayes, T., Murtinho, F., & Wolff, H. (2015). An institutional analysis of Payment for 

Environmental Services on collectively managed lands in Ecuador. Ecological Economics, 

118, 81–89. https://doi.org/10.1016/j.ecolecon.2015.07.017 

Hayes, T., Murtinho, F., & Wolff, H. (2017). The impact of payments for environmental services 

on communal lands: An analysis of the factors driving household land-use behavior in 

Ecuador. World Development, 93, 427–446. 

https://doi.org/http://dx.doi.org/10.1016/j.worlddev.2017.01.003 

He, J., Lang, R., & Xu, J. (2014). Local Dynamics Driving Forest Transition: Insights from 

Upland Villages in Southwest China. Forests, 5(2), 214–233. 

https://doi.org/10.3390/f5020214 

Heal, G. M. (2000). Nature and the Marketplace: Capturing the Value of Ecosystem Services. 

Washington DC: Island Press. 

Hecht, S., Yang, A. L., Basnett, B. S., Padoch, C., & Peluso, N. L. (2015). People in motion, 

forests in transition: trends in migration, urbanization, and remittances and their effects on 

tropical forests (Vol. 142). CIFOR. 

Hegerl, G., Luterbacher, J., González-Rouco, F., Tett, S. F. B., Crowley, T., & Xoplaki, E. 

(2011). Influence of human and natural forcing on European seasonal temperatures. Nature 

Geoscience, 4(2), 99. 

Hejnowicz, A. P., Raffaelli, D. G., Rudd, M. A., & White, P. C. L. (2014). Evaluating the 



Unedited draft chapters 31 May 2019 

185 

 

outcomes of payments for ecosystem services programmes using a capital asset framework. 

Ecosystem Services, 9, 83–97. https://doi.org/10.1016/j.ecoser.2014.05.001 

Herbertson, K., Ballesteros, A., Goodland, R., & Munilla, I. (2009). Breaking Ground. Engaging 

Communities in Extractive and Infrastructure Projects. WRI. 

Herendeen, R. A., Ford, C., & Hannon, B. (1981). Energy cost of living, 1972–1973. Energy, 

6(12), 1433–1450. https://doi.org/10.1016/0360-5442(81)90069-4 

Herold, M., Román-Cuesta, R., Mollicone, D., Hirata, Y., Van Laake, P., Asner, G. P., Souza, 

C., Skutsch, M., Avitabile, V., & MacDicken, K. (2011). Options for monitoring and 

estimating historical carbon emissions from forest degradation in the context of REDD+. 

Carbon Balance and Management. https://doi.org/10.1186/1750-0680-6-13 

Heron, S. F., Maynard, J. A., van Hooidonk, R., & Eakin, C. M. (2016). Warming Trends and 

Bleaching Stress of the World’s Coral Reefs 1985–2012. Scientific Reports. 

https://doi.org/10.1038/srep38402 

Herrera Garcia, L. D. (2015). Protected Areas’ Deforestation Spillovers and Two Critical 

Underlying Mechanisms: An Empirical Exploration for the Brazilian Amazon. 

Heynen, N., Perkins, H., & Roy, P. (2006). The Political Ecology of Uneven Urban Green Space: 

The Impact of Political Economy on Race and Ethnicity in Producing Environmental 

Inequality in Milwaukee. Urban Affairs Review. https://doi.org/10.1177/1078087406290729 

Hijmans, R. J., Cameron, S. E., Parra, J. L., Jones, P. G., & Jarvis, A. (2005). Very high 

resolution interpolated climate surfaces for global land areas. International Journal of 

Climatology, 25(15), 1965–1978. 

Hijmans, R. J., Cameron, S., Parra, J., Jones, P. G., Jarvis, A., & Richardson, K. (2005). 

WorldClim, version 1.3. University of California, Berkeley. 

Hillygus, D. S., & Shields, T. G. (2014). The persuadable voter: Wedge issues in presidential 

campaigns. Princeton University Press. 

Hilmers, A., Hilmers, D. C., & Dave, J. (2012). Neighborhood disparities in access to healthy 

foods and their effects on environmental justice. American Journal of Public Health. 

https://doi.org/10.2105/AJPH.2012.300865 

Hilson, G. M. (2003). The socio-economic impacts of artisanal and small-scale mining in 

developing countries. CRC Press. 

Hilton, F. G. H., & Levinson, A. (1998). Factoring the environmental Kuznets curve: evidence 

from automotive lead emissions. Journal of Environmental Economics and Management, 

35(2), 126–141. 

Hily, E. (2017). Incentive payments for biodiversity conservation: A dynamic and spatial 

analysis. Université de Lorraine. 

Hinojosa, L. (2013). Change in rural livelihoods in the Andes: do extractive industries make any 

difference? Community Development Journal, 48(3), 421–436. 

Hinton, J. J. (2005). Communities and Small-Scale Mining (CASM): An Integrated Review For 

Development Planning. Washington, D.C.: CASM. 

Hirschberger, P. (2011). Global Rattan Trade: Pressure on Forest Resources – Analysis and 

Challenges. 

Hirschman, C. (1994). Why fertility changes. Annual Review of Sociology. 

https://doi.org/10.1146/annurev.soc.20.1.203 



Unedited draft chapters 31 May 2019 

186 

 

HLPE. (2013). Investing in smallholder agriculture for food security. A report by the High Level 

Panel of Experts on Food Security and Nutrition of the Committee on World Food Security. 

Rome. 

Hoare, A. (2015). Tackling Illegal Logging and the Related Trade: What Progress and Where 

Next?, 79. 

Hobbs, R. J., Higgs, E., Hall, C. M., Bridgewater, P., Chapin, F. S., Ellis, E. C., Ewel, J. J., 

Hallett, L. M., Harris, J., Hulvey, K. B., & others. (2014). Managing the whole landscape: 

historical, hybrid, and novel ecosystems. Frontiers in Ecology and the Environment, 12(10), 

557–564. 

Hoegh-Guldberg, O., & Bruno, J. F. (2010). The impact of climate change on the world’s marine 

ecosystems. Science. https://doi.org/10.1126/science.1189930 

Hoegh-Guldberg, O., Poloczanska, E. S., Skirving, W., & Dove, S. (2017). Coral reef 

ecosystems under climate change and ocean acidification. Frontiers in Marine Science, 4, 

158. 

Hofer, H., Campbell, K. L. I., East, M. L., & Huish, S. A. (1996). The impact of game meat 

hunting on target and non-target species in the Serengeti. In The exploitation of mammal 

populations (pp. 117–146). Springer. 

Hoffmann, T., Lyons, N., Miller, D., Diaz, A., Homan, A., Huddlestan, S., & Leon, R. (2016). 

Engineered feature used to enhance gardening at a 3800-year-old site on the Pacific 

Northwest Coast. Science Advances, 2(12). 

Holland, M. B., Jones, K. W., Naughton-Treves, L., Freire, J. L., Morales, M., & Suárez, L. 

(2017). Titling land to conserve forests: The case of Cuyabeno Reserve in Ecuador. Global 

Environmental Change, 44, 27–38. https://doi.org/10.1016/j.gloenvcha.2017.02.004 

Holland, T. G., Peterson, G. D., & Gonzalez, A. (2009). A cross-national analysis of how 

economic inequality predicts biodiversity loss. Conservation Biology. 

https://doi.org/10.1111/j.1523-1739.2009.01207.x 

Hollander, M., Martin, S. L., & Vehige, T. (2008). The surveys are in! The role of local 

government in supporting active community design. Journal of Public Health Management 

and Practice, 14(3), 228–237. 

Holmstrom, K., Graslund, S., Wahlstrom, A., Poungshompoo, S., Bengtsson, B.-E., & Kautsky, 

N. (2003). Antibiotic use in shrimp farming and implications for environmental impacts and 

human health. International Journal of Food Science and Technology, 38(3), 255–266. 

https://doi.org/10.1046/j.1365-2621.2003.00671.x 

Homans, F. R., & Wilen, J. E. (1997). A Model of Regulated Open Access Resource Use. 

Journal of Environmental Economics and Management, 32(1), 1–21. 

https://doi.org/10.1006/jeem.1996.0947 

Homans, F. R., & Wilen, J. E. (2005). Markets and rent dissipation in regulated open access 

fisheries. Journal of Environmental Economics and Management, 49(2), 381–404. 

https://doi.org/10.1016/j.jeem.2003.12.008 

Hooke, R. L. B., Martín-Duque, J. F., & Pedraza, J. (2012). Land transformation by humans: A 

review. GSA Today. https://doi.org/10.1130/GSAT151A.1 

Hoornweg, D., & Bhada-Tata, P. (2012). What a Waste: A Global Review of Solid Waste 

Management (Vol. 502). Washington, D.C.: World Bank. https://doi.org/10.1038/502615a 



Unedited draft chapters 31 May 2019 

187 

 

Hoornweg, D., Bhada-Tata, P., & Kennedy, C. (2013). Environment: Waste production must 

peak this century. Nature, 502(7473), 615–617. https://doi.org/10.1038/502615a 

Hosonuma, N., Herold, M., De Sy, V., De Fries, R. S., Brockhaus, M., Verchot, L., Angelsen, 

A., & Romijn, E. (2012). An assessment of deforestation and forest degradation drivers in 

developing countries. Environmental Research Letters, 7(4). https://doi.org/10.1088/1748-

9326/7/4/044009 

Hostert, P., Kuemmerle, T., Prishchepov, A., Sieber, A., Lambin, E. F., & Radeloff, V. C. 

(2011). Rapid land use change after socio-economic disturbances: the collapse of the Soviet 

Union versus Chernobyl. Environmental Research Letters. https://doi.org/10.1088/1748-

9326/6/4/045201 

Houdret, A. (2012). The water connection: Irrigation, water grabbing and politics in southern 

Morocco. Water Alternatives, 5(2), 284–303. 

Houghton, R. A. (2012). Carbon emissions and the drivers of deforestation and forest 

degradation in the tropics. Current Opinion in Environmental Sustainability. 

https://doi.org/10.1016/j.cosust.2012.06.006 

Hovik, S., & Reitan, M. (2004). National environmental goals in search of local institutions. 

Environment and Planning C: Government and Policy, 22(5), 687–699. 

Hoyle, D., & Levang, P. (2012). Oil Palm Development in Cameroon. Yaounde, Cameroon. 

Hsu, S.-J. (2017). Significant Life Experiences Affect Environmental Action: A Critical Review 

of Taiwanese Research. 環境教育, 26(4), 4_51-56. https://doi.org/10.5647/jsoee.26.4_51 

Huang, L., & Smith, M. D. (2014). The Dynamic Efficiency Costs of Common-Pool Resource 

Exploitation. American Economic Review, 104(12), 4071–4103. 

https://doi.org/10.1257/aer.104.12.4071 

Huddy, L. (2001). From social to political identity: A critical examination of social identity 

theory. Political Psychology, 22(1), 127–156. 

Hugo, G. (1996). Environmental Concerns and International Migration. The International 

Migration Review, 30(1), 105–131. https://doi.org/10.2307/2547462 

Huitric, M., Peterson, G., & Rocha, J. (2016). What factors build or erode resilience in the 

Arctic? In M. Carson & G. Peterson (Eds.), Arctic Resilience Report  (pp. 96–125). Arctic 

Council. 

Hulme, P. E. (2009). Trade, transport and trouble: managing invasive species pathways in an era 

of globalization. Journal of Applied Ecology, 46(1), 10–18. https://doi.org/10.1111/j.1365-

2664.2008.01600.x 

Hungerford, H. R., & Volk, T. L. (1990). Changing Learner Behavior Through Environmental 

Education. The Journal of Environmental Education, 21(3), 8–21. 

https://doi.org/10.1080/00958964.1990.10753743 

Hunter, L. M. (2000). A comparison of the environmental attitudes, concern, and behaviors of 

native-born and foreign-born U.S. Residents. Population and Environment. 

https://doi.org/10.1007/BF02436772 

Hunter, L. M. (2005). Migration and environmental hazards. Population and Environment. 

https://doi.org/10.1007/s11111-005-3343-x 

Hunter, L. M., Boardman, J. D., & Saint Onge, J. M. (2005). The Association Between Natural 

Amenities, Rural Population Growth, and Long-Term Residents’ Economic Well-Being. 



Unedited draft chapters 31 May 2019 

188 

 

Rural Sociology. https://doi.org/10.1526/003601105775012714 

Hunter, L. M., Luna, J. K., & Norton, R. M. (2015). The Environmental Dimensions of 

Migration. Annual Review of Sociology, 41, 377–397. https://doi.org/10.1146/annurev-soc-

073014-112223 

Hunter, L. M., Murray, S., & Riosmena, F. (2013). Rainfall patterns and U.S. Migration from 

rural Mexico. International Migration Review. https://doi.org/10.1111/imre.12051 

Hunter, L. M., Nawrotzki, R., Leyk, S., Maclaurin, G. J., Twine, W., Collinson, M., & Erasmus, 

B. (2014). Rural Outmigration, Natural Capital, and Livelihoods in South Africa. 

Population, Space and Place. https://doi.org/10.1002/psp.1776 

Hutson, A. M., Biravadolu, M., & Gereffi, G. (2005). Value Chain for the US Cotton Industry. 

Oxfam America. 

Hvenegaard, G. T. (2002). Birder Specialization Differences in Conservation Involvement, 

Demographics, and Motivations. Human Dimensions of Wildlife, 7(1), 21–36. 

https://doi.org/10.1080/108712002753574765 

IAASTD. (2009). Agriculture at a Crossroads. 

IEA. (2017). Renewables Information. 

IFC. (2012). Performance Standards on Environmental and Social Sustainability. IFC’s 

Sustainability Framework. International Finance Corporation. 

ILO. (1969). Convention 169: Convention Concerning Indigenous and Tribal Peoples in 

Independent Countries. 

IMO. (1972). Convention for the prevention of marine pollution by dumping from ships and 

aircraft. 

International Monetary Fund. (2015). International Monetary Fund, 2015. IMF Annual Report 

2015: Tackling Challenges Together. 

Inuit Circumpolar Council. (2015). Alaskan Inuit Food Security Conceptual Framework: How 

To Assess the Arctic From an Inuit Perspective. Summary Report and Recommendations 

Report. Anchorage, AK: Inuit Circumpolar Council. Anchorage, Alaska. 

Ioffe, G., Nefedova, T., & Kirsten, D. B. (2012). Land Abandonment in Russia. Eurasian 

Geography and Economics. https://doi.org/10.2747/1539-7216.53.4.527 

IPBES. (2015). Preliminary guide regarding diverse conceptualization of multiple values of 

nature and its benefits, including biodiversity and ecosystem functions and services 

(deliverable 3 (d)). United Nations. 

IPBES. (2018a). Summary for policymakers of the regional assessment report on biodiversity 

and ecosystem services for Africa of the Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services. (E. Archer, L. E. Dziba, K. J. Mulongoy, M. A. 

Maoela, M. Walters, R. Biggs, M.-C. Cormier-Salem, F. DeClerck, M. C. Diaw, L. A. E. 

Dunham, P. Failler, C. Gordon, M. W. Halmy, K. A. Harhash, R. Kasisi, F. Kizito, A. 

Mensah, L. T. de Morais, W. D. Nyingi, N. Oguge, B. Osman-Elasha, L. C. Stringer, A. 

Assogbadjo, B. N. Egoh, K. Heub, L. Pereira, & N. Sitas, Eds.). Bonn, Germany: IPBES 

secretariat. 

IPBES. (2018b). Summary for policymakers of the thematic assessment report on land 

degradation and restoration of the Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services. (R. Scholes, L. Montanarella, A. Brainich, N. Barger, 



Unedited draft chapters 31 May 2019 

189 

 

B. ten Brink, M. Cantele, B. Erasmus, J. Fisher, T. Gardner, T. G. Holland, F. Kohler, J. S. 

Kotiaho, G. Von Maltitz, G. Nangendo, R. Pandit, J. Parrotta, M. D. Potts, S. Prince, M. 

Sankaran, & L. Willemen, Eds.). Bonn, Germany: IPBES secretariat. 

IPCC. (2007). Climate Change 2007: Synthesis Report.  Contribution of Working Groups I, II 

and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate 

Change. Intergovernmental Panel on Climate Change [Core Writing Team IPCC. Geneva. 

IPCC. (2013). WORKING GROUP I CONTRIBUTION TO THE IPCC FIFTH ASSESSMENT 

REPORT CLIMATE CHANGE 2013 : THE PHYSICAL SCIENCE BASIS, Final Draft 

Underlying Scientific-Technical Assessment, (January 2014), 103. 

https://doi.org/10.1017/CBO9781107415324 

IPCC. (2014). Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II 

and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 

(Core Writing Team, R. K. Pachauri, & L. A. Meyer, Eds.). Geneva, Switzerland: IPCC. 

IPCC. (2018). Special Report on Global Warming of 1.5 °C. 

ISAAA. (2016). Global Status of Commercialized Biotech/GM Crops: 2016 (ISAAA Brief No. 

52). Ithaca, NY. 

Isobe, A., Uchida, K., Tokai, T., & Iwasaki, S. (2015). East Asian seas: A hot spot of pelagic 

microplastics. Marine Pollution Bulletin. https://doi.org/10.1016/j.marpolbul.2015.10.042 

Itaya, J., de Meza, D., & Myles, G. D. (1997). In praise of inequality: public good provision and 

income distribution. Economics Letters. https://doi.org/16/S0165-1765(97)00179-1 

Ito, K., Ida, T., & Tanaka, M. (2018). Moral suasion and economic incentives: Field 

experimental evidence from energy demand. American Economic Journal: Economic 

Policy, 10(1), 240–267. 

IUCN. (1980). How to save the world. Strategy for world conservation. Kogan Page Ltd. 

IUCN. (2008). Indigenous peoples, protected areas and implementation of the Durban Accord. 

Barcelona, Spain. 

IUCN. (2015). Commitments | The Bonn Challenge. 

IUCN, U.-W. and. (2016). Introduction. Protected Planet Report 2016. Cambridge UK and 

Gland Switzerland: UNEP-WCMC and IUCN. 

Ivarsson, I., & Alvstam, C. G. (2010). Upgrading in global value-chains: a case study of 

technology-learning among IKEA-suppliers in China and Southeast Asia. Journal of 

Economic Geography, 11(4), 731–752. https://doi.org/10.1093/jeg/lbq009 

Jack, B. K., Kousky, C., & Sims, K. R. E. (2008). Designing payments for ecosystem services : 

Lessons from previous experience with incentive-based mechanisms, 105(28), 9465–9470. 

Jacquet, J., & Pauly, D. (2008). Funding priorities: Big barriers to small-scale fisheries. 

Conservation Biology, 22(4), 832–835. 

Jaffe, A. B., Peterson, S. R., Portney, P. R., & Stavins, R. N. (1995). Environmental regulation 

and the competitiveness of US manufacturing: what does the evidence tell us? Journal of 

Economic Literature, 33(1), 132–163. 

Jagger, P. (2010). Forest sector reforms, livelihoods and sustainability in Western Uganda. In L. 

German, A. Karsenty, & A.-M. Tiani (Eds.), Governing Africa’s forests in a globalized 

world (pp. 103–125). Earthscan. 

Jagger, P., & Kittner, N. (2017). Deforestation and Biomass Fuel Dynamics in Uganda. Biomass 



Unedited draft chapters 31 May 2019 

190 

 

and Bioenergy. 

Jagger, P., Shively, G., & Arinaitwe, A. (2012). Circular migration, small-scale logging, and 

household livelihoods in Uganda. Population and Environment. 

https://doi.org/10.1007/s11111-011-0155-z 

Jalan, J., & Ravallion, M. (2003). Does piped water reduce diarrhea for children in rural India? 

Journal of Econometrics, 112(1), 153–173. 

Jalan, J., & Somanathan, E. (2004). Awareness and the Demand for Environmental Quality II: 

Experimental Evidence on the Importance of Being Informed. JEL Codes, 112, O10. 

Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., Andrady, A., Narayan, R., & 

Law, K. L. (2015). Plastic waste inputs from land into the ocean. Science, 347(6223), 786–

771. https://doi.org/10.1126/science.1260352 

Jameson, F., & Miyoshi, M. (Eds.). (1998). The Cultures of Globalization. Duke University 

Press. 

Jayanthakumaran, K., Verma, R., & Liu, Y. (2012). CO 2 emissions, energy consumption, trade 

and income: A comparative analysis of China and India. Energy Policy. 

https://doi.org/10.1016/j.enpol.2011.12.010 

Jenkins, C. N., & Joppa, L. (2009). Expansion of the global terrestrial protected area system. 

Biological Conservation. https://doi.org/10.1016/j.biocon.2009.04.016 

Jepson, W. (2012). Claiming Space, Claiming Water: Contested Legal Geographies of Water in 

South Texas. Annals of the Association of American Geographers. 

https://doi.org/10.1080/00045608.2011.641897 

Jeuland, M., Orgill, J., Shaheed, A., Revell, G., & Brown, J. (2016). A matter of good taste : 

investigating preferences for in-house water treatment in peri-urban communities in 

Cambodia. Environment and Development Economics, 21, 291–317. 

https://doi.org/10.1017/S1355770X15000248 

Jeuland, M., Pattanayak, S. K., & Tan Soo, J. S. (2014). Preference Heterogeneity and Adoption 

of Environmental Health Improvements : Evidence from a Cookstove Promotion Experiment 

(unpublished). 

Johnson, A. C., Donnachie, R. L., Sumpter, J. P., Jürgens, M. D., Moeckel, C., & Pereira, M. G. 

(2017). An alternative approach to risk rank chemicals on the threat they pose to the aquatic 

environment. Science of The Total Environment, 599–600, 1372–1381. 

https://doi.org/https://doi.org/10.1016/j.scitotenv.2017.05.039 

Jones, H. P., Jones, P. C., Barbier, E. B., Blackburn, R. C., Benayas, J. M. R., Holl, K. D., 

McCrackin, M., Meli, P., Montoya, D., & Mateos, D. M. (2018). Restoration and repair of 

Earth’s damaged ecosystems. Proc. R. Soc. B, 285(1873), 20172577. 

Jones, H. P., Jones, P. C., Barbier, E. B., Blackburn, R. C., Rey Benayas, J. M., Holl, K. D., 

McCrackin, M., Meli, P., Montoya, D., & Mateos, D. M. (2018). Restoration and repair of 

Earth’s damaged ecosystems. Proceedings of the Royal Society B: Biological Sciences, 

285(1873), 20172577. https://doi.org/10.1098/rspb.2017.2577 

Jones, P. J. S., Qiu, W., & De Santo, E. M. (2013). Governing marine protected areas: Social-

ecological resilience through institutional diversity. Marine Policy. 

https://doi.org/10.1016/j.marpol.2012.12.026 

Joppa, L. N., Loarie, S. R., & Pimm, S. L. (2009). On population growth near protected areas. 



Unedited draft chapters 31 May 2019 

191 

 

PLoS ONE. https://doi.org/10.1371/journal.pone.0004279 

Joppa, L., & Pfaff, A. (2010). Reassessing the forest impacts of protection. Annals of the New 

York Academy of Sciences, 1185(1), 135–149. 

Juffe-Bignoli, D., Burgess, N. D., Bingham, H., Belle, E. M. S., de Lima, M. G., Deguignet, M., 

Bertzky, B., Milam,  a N., Martinez-Lopez, J., Lewis, E., Eassom, A., Wicander, S., 

Geldmann, J., van Soesbergen, A., Arnell,  a P., O’Connor, B., Park, S., Shi, Y. N., Danks, 

F. S., MacSharry, B., & Kingston, N. (2014). Protected Planet Report 2014. Protected 

Planet Report. https://doi.org/DEW/1233/CA 

Justus, J., Colyvan, M., Regan, H., & Maguire, L. (2009). Buying into conservation: intrinsic 

versus instrumental value. Trends in Ecology & Evolution, 24(4), 187–191. 

Kabisch, N., & Haase, D. (2011). Diversifying European agglomerations: evidence of urban 

population trends for the 21st century. Population, Space and Place, 17(3), 236–253. 

https://doi.org/10.1002/psp.600 

Kaczan, D. J. (2016). Can Roads Contribute to Forest Transitions? (Job Market Paper, Duke 

University). Job Market Paper, Duke University. 

Kaczan, D., Pfaff, A., Rodriguez, L., & Shapiro-Garza, E. (2017). Increasing the impact of 

collective incentives in payments for ecosystem services. Journal of Environmental 

Economics and Management, 86, 48–67. https://doi.org/10.1016/j.jeem.2017.06.007 

Kaczan, D., Pfaff, A., Rodriguez, L., & Shapiro-Garza, E. (2017). Increasing the impact of 

collective payments for ecosystem services. Durham, NC. 

Kagan, R. A. (1991). Adversarial legalism and American government. Journal of Policy Analysis 

and Management, 10(3), 369–406. 

Kahan, D. M., Jenkins-Smith, H., & Braman, D. (2011). Cultural cognition of scientific 

consensus. Journal of Risk Research, 14(2), 147–174. 

Kahneman, D., & Tversky, A. (1979). On the interpretation of intuitive probability: A reply to 

Jonathan Cohen. Cognition, 7(4), 409–411. 

Kaiser-Bunbury, C. N., Mougal, J., Whittington, A. E., Valentin, T., Gabriel, R., Olesen, J. M., 

& Blüthgen, N. (2017). Ecosystem restoration strengthens pollination network resilience 

and function. Nature, 542(7640), 223. 

Kalland, A. (1993). Management by Totemization: Whale Symbolism and the Anti-Whaling 

Campaign. Arctic, 46(2), 124–133. 

Kanemoto, K., Moran, D., Lenzen, M., & Geschke, A. (2014). International trade undermines 

national emission reduction targets: New evidence from air pollution. Global 

Environmental Change, 24, 52–59. https://doi.org/10.1016/j.gloenvcha.2013.09.008 

Kanter, D. R., Musumba, M., Wood, S. L. R., Palm, C., Antle, J., Balvanera, P., Dale, V. H., 

Havlik, P., Kline, K. L., Scholes, R. J., Thornton, P., Tittonell, P., & Andelman, S. J. 

(2016). Evaluating agricultural trade-offs in the age of sustainable development. 

Agricultural Systems. https://doi.org/10.1016/j.agsy.2016.09.010 

Kaplinsky, R., Memedovic, O., Morris, M., & Readman, J. (2003). The Global Wood Furniture 

Value Chain: What Prospects for Upgrading by Developing Countries. UNIDO Sectoral 

Studies Series Working Paper. 

Kaplinsky, R., & Readman, J. (2005). Globalization and upgrading: what can (and cannot) be 

learnt from international trade statistics in the wood furniture sector? Industrial and 



Unedited draft chapters 31 May 2019 

192 

 

Corporate Change, 14(4), 679–703. https://doi.org/10.1093/icc/dth065 

Karp, D. S., Tallis, H., Sachse, R., Halpern, B., Thonicke, K., Cramer, W., Mooney, H., Polasky, 

S., Tietjen, B., Waha, K., Walz, A., & Wolny, S. (2015). National indicators for observing 

ecosystem service change. Global Environmental Change, 35, 12–21. 

https://doi.org/10.1016/j.gloenvcha.2015.07.014 

Kashwan, P. (2017). Inequality, democracy, and the environment: A cross-national analysis. 

Ecological Economics, 131, 139–151. 

https://doi.org/https://doi.org/10.1016/j.ecolecon.2016.08.018 

Katznelson, I. (2005). When affirmative action was white : an untold history of racial inequality 

in twentieth-century America. W.W. Norton. 

Kaunga, J. M. O. (2016). The  use  of  Indigenous  traditional  knowledge  for  ecological  and  

bio-diverse  resource management  by  the  Laikipia  Maasai  and  the  Samburu. In M. 

Roué, N. Césard, Y. C. Adou Yao, & A. Oteng-Yeboah (Eds.), Indigenous and Local 

Knowledge of Biodiversity and Ecosystem Services in Africa (pp. 6–17). Paris: UNESCO. 

Kauppi, P. E., Ausubel, J. H., Fang, J., Mather, A. S., Sedjo, R. A., & Waggoner, P. E. (2006). 

Returning forests analyzed with the forest identity. Proceedings of the National Academy of 

Sciences, 103(46), 17574–17579. https://doi.org/10.1073/pnas.0608343103 

Kearney, J., Berkes, F., Charles, A., Pinkerton, E., & Wiber, M. (2007). The role of participatory 

governance and community-based management in integrated coastal and ocean 

management in Canada. Coastal Management, 35(1), 79–104. 

Keats, S., & Wiggins, S. (2014). Future diets: Implications for agriculture and food prices. Odi. 

https://doi.org/Retrieved from www.odi.org.uk 

Keck, M. E., & Sikkink, K. (1998). Transnational advocacy networks in the movement society. 

The Social Movement Society: Contentious Politics for a New Century, 217–238. 

Kelbessa, W. (2013). Indigenous knowledge and its contribution to biodiversity conservation. 

International Social Science Journal, 64(211–212), 143–152. 

Kelleher, K., Willmann, R., & Arnason, R. (2009). The Sunken Billions: The Economic 

Justification for Fisheries Reform. Washington, D.C.: The World Bank. 

https://doi.org/10.1596/978-0-8213-7790-1 

Kellert, S. R., Case, D. J., Escher, D., Witter, D. J., Mikels-Carrasco, J., & Seng, P. T. (2017). 

The nature of Americans: disconnection and recommendations for reconnection. DJ Case & 

Associates, Mishawaka, Indiana, USA. 

Kellert, S. R., Mehta, J. N., Ebbin, S. A., & Lichtenfeld, L. L. (2000). Community natural 

resource management: promise, rhetoric, and reality. Society & Natural Resources, 13(8), 

705–715. 

Kerr, J. M., Vardhan, M., & Jindal, R. (2014). Incentives, conditionality and collective action in 

payment for environmental services. International Journal of the Commons, 8(2), 595–616. 

https://doi.org/10.18352/ijc.438 

Kettunen, M., Genovesi, P., Gollasch, S., Pagad, S., Starfinger, U., ten Brink, P., & Shine, C. 

(2009). Technical support to EU strategy on invasive alien species (IAS) - Assessment of 

the impacts of IAS in Europe and the EU (final module report for the European 

Commission). Institute for European Environmental Policy, (070307), 44. 

Khalid, I. (2010). Trans-Boundary Water Sharing Issues: A Case of South Asia. Journal of 



Unedited draft chapters 31 May 2019 

193 

 

Political Studies, 1(2), 79–96. 

Khandker, S., Bakht, Z., & Koolwal, G. (2009). The Poverty Impact of Rural Roads: Evidence 

from Bangladesh. Economic Development and Cultural Change, 57(4), 685–722. 

https://doi.org/10.1086/598765 

Khoury, C. K., Bjorkman, A. D., Dempewolf, H., Ramirez-Villegas, J., Guarino, L., Jarvis, A., 

Rieseberg, L. H., & Struik, P. C. (2014). Increasing homogeneity in global food supplies 

and the implications for food security. Proceedings of the National Academy of Sciences. 

https://doi.org/10.1073/pnas.1313490111 

Kidd, K. A., Blanchfield, P. J., Mills, K. H., Palace, V. P., Evans, R. E., Lazorchak, J. M., & 

Flick, R. W. (2007). Collapse of a fish population after exposure to a synthetic estrogen. 

Proceedings of the National Academy of Sciences, 104(21), 8897–8901. 

https://doi.org/10.1073/pnas.0609568104 

Kilian, L. (2008a). Exogenous oil supply shocks: how big are they and how much do they matter 

for the US economy? The Review of Economics and Statistics, 90(2), 216–240. 

Kilian, L. (2008b). The economic effects of energy price shocks. Journal of Economic 

Literature, 46(4), 871–909. 

King, A. D., Donat, M. G., Fischer, E. M., Hawkins, E., Alexander, L. V, Karoly, D. J., Dittus, 

A. J., Lewis, S. C., & Perkins, S. E. (2015). The timing of anthropogenic emergence in 

simulated climate extremes. Environmental Research Letters, 10(9), 094015. 

https://doi.org/10.1088/1748-9326/10/9/094015 

King, G., Pan, J., & Roberts, M. E. (2013). How censorship in China allows government 

criticism but silences collective expression. American Political Science Review, 107(2), 

326–343. 

King, M. F., Renó, V. F., & Novo, E. M. L. M. (2014). The Concept, Dimensions and Methods 

of Assessment of Human Well-Being within a Socioecological Context: A Literature 

Review. Social Indicators Research, 116(3), 681–698. https://doi.org/10.1007/s11205-013-

0320-0 

Kissinger, G., Herold, M., & De Sy, V. (2012). Drivers of deforestation and forest degradation: 

A Synthesis Report for REDD+ Policymakers. Vancouver. https://doi.org/<br /> 

Kleemann, L., & Thiele, R. (2015). Rural welfare implications of large-scale land acquisitions in 

Africa: A theoretical framework. Economic Modelling. 

https://doi.org/10.1016/j.econmod.2015.08.016 

Kleiber, D., Harris, L. M., & Vincent, A. C. J. (2015). Gender and small-scale fisheries: a case 

for counting women and beyond. Fish and Fisheries, 16(4), 547–562. 

Klimont, Z., Smith, S. J., & Cofala, J. (2013). The last decade of global anthropogenic sulfur 

dioxide: 2000–2011 emissions. Environmental Research Letters. 

https://doi.org/10.1088/1748-9326/8/1/014003 

Klöckner, C. A. (2013). A comprehensive model of the psychology of environmental 

behaviour—A meta-analysis. Global Environmental Change, 23(5), 1028–1038. 

https://doi.org/https://doi.org/10.1016/j.gloenvcha.2013.05.014 

Klooster, D. (2005). Producing social nature in the Mexican countryside. Cultural Geographies, 

12(3), 321–344. https://doi.org/10.1191/1474474005eu334oa 

Klooster, D. (2010). Standardizing sustainable development? The Forest Stewardship Council’s 



Unedited draft chapters 31 May 2019 

194 

 

plantation policy review process as neoliberal environmental governance. Geoforum, 41(1), 

117–129. 

Knapp, E. J. (2012). Why poaching pays: a summary of risks and benefits illegal hunters face in 

Western Serengeti, Tanzania. Tropical Conservation Science, 5(4), 434–445. 

Knutson, T. R., McBride, J. L., Chan, J., Emanuel, K., Holland, G., Landsea, C., Held, I., Kossin, 

J. P., Srivastava, A. K., & Sugi, M. (2010). Tropical cyclones and climate change. Nature 

Geoscience, 3, 157. 

Koh, L. P., Miettinen, J., Liew, S. C., & Ghazoul, J. (2011). Remotely sensed evidence of 

tropical peatland conversion to oil palm. Proceedings of the National Academy of Sciences, 

108(12), 5127–5132. https://doi.org/10.1073/pnas.1018776108 

Köhne, M. (2014). Multi-stakeholder initiative governance as assemblage: Roundtable on 

Sustainable Palm Oil as a political resource in land conflicts related to oil palm plantations. 

Agriculture and Human Values, 31(3), 469–480. 

Kolstad, C. D. (2014). Who pays for climate regulation. SIEPR Policy Brief. 

Koppen, B. C. P., Giordano, M., & Butterworth, J. (2008). Community-based water law and 

water resource management reform in developing countries (Vol. 5). CABI. 

Kowarik, I. (2011). Novel urban ecosystems, biodiversity, and conservation. Environmental 

Pollution, 159(8), 1974–1983. https://doi.org/10.1016/j.envpol.2011.02.022 

Kramer, R. (2007). Economic Valuation of Ecosystem Services. In The SAGE Handbook of 

Environment and Society (pp. 172–179). 

Krausmann, F., Erb, K. H., Gingrich, S., Lauk, C., & Haberl, H. (2008). Global patterns of 

socioeconomic biomass flows in the year 2000: A comprehensive assessment of supply, 

consumption and constraints. Ecological Economics. 

https://doi.org/10.1016/j.ecolecon.2007.07.012 

Krausmann, F., Gingrich, S., Eisenmenger, N., Erb, K. H., Haberl, H., & Fischer-Kowalski, M. 

(2009). Growth in global materials use, GDP and population during the 20th century. 

Ecological Economics. https://doi.org/10.1016/j.ecolecon.2009.05.007 

Krebs, A. (1999). Ethics of nature: a map (Vol. 22). Walter de Gruyter. 

Kristofersson, D., & Rickertsen, K. (2009). Highgrading in Quota-Regulated Fisheries: Evidence 

from the Icelandic Cod Fishery. American Journal of Agricultural Economics, 91(2), 335–

346. 

Kroeker, K. J., Kordas, R. L., Crim, R. N., & Singh, G. G. (2010). Meta-analysis reveals 

negative yet variable effects of ocean acidification on marine organisms. Ecology Letters, 

13(11), 1419–1434. https://doi.org/10.1111/j.1461-0248.2010.01518.x 

Kroetz, K., Sanchirico, J. N., Lew, D. K., Kroetz, K., Sanchirico, J. N., & Lew, D. K. (2015). 

Efficiency Costs of Social Objectives in Tradable Permit Programs. Journal of the 

Association of Environmental and Resource Economists, 2(3), 339–366. 

Kronbak, L. G. (2014). Recent Developments in Fisheries Economics Research. International 

Review of Environmental and Resource Economics, 7(1), 67–108. 

https://doi.org/10.1561/101.00000057 

Kroodsma, D. A., Mayorga, J., Hochberg, T., Miller, N. A., Boerder, K., Ferretti, F., Wilson, A., 

Bergman, B., White, T. D., Block, B. A., Woods, P., Sullivan, B., Costello, C., & Worm, B. 

(2018). Tracking the global footprint of fisheries. Science, 359(6378), 904–908. 



Unedited draft chapters 31 May 2019 

195 

 

https://doi.org/10.1126/science.aao5646 

Krosnick, J. A. (1991). The stability of political preferences: Comparisons of symbolic and 

nonsymbolic attitudes. American Journal of Political Science, 547–576. 

Krüger, M., Schledorn, P., Schrödl, W., Hoppe, H.-W., Lutz, W., & Shehata, A. A. (2014). 

Detection of glyphosate residues in animals and humans. Journal of Environmental & 

Analytical Toxicology, 4(2), 1. 

Kuemmerle, T., Hostert, P., Radeloff, V. C., van der Linden, S., Perzanowski, K., & Kruhlov, I. 

(2008). Cross-border comparison of post-socialist farmland abandonment in the 

Carpathians. Ecosystems. https://doi.org/10.1007/s10021-008-9146-z 

Kull, C. A., Ibrahim, C. K., & Meredith, T. (2006). Can Privatization Conserve the Global 

Biodiversity Commons? Tropical Reforestation Through Globalization. 

Kumar, K., C. Gupta, S., Chander, Y., & Singh, A. K. (2005). Antibiotic Use in Agriculture and 

Its Impact on the Terrestrial Environment. Advances in Agronomy, 87(05), 1–54. 

https://doi.org/10.1016/S0065-2113(05)87001-4 

Kumar, S. (2002). Does “participation” in common pool resource management help the poor? A 

social cost–benefit analysis of joint forest management in Jharkhand, India. World 

Development, 30(5), 763–782. 

L’Heureux, M. L., Takahashi, K., Watkins, A. B., Barnston, A. G., Becker, E. J., Di Liberto, T. 

E., Gamble, F., Gottschalck, J., Halpert, M. S., Huang, B., Mosquera-Vásquez, K., & 

Wittenberg, A. T. (2016). Observing and Predicting the 2015/16 El Niño. Bulletin of the 

American Meteorological Society, 98(7), 1363–1382. https://doi.org/10.1175/BAMS-D-16-

0009.1 

Lacina, B., & Gleditsch, N. P. (2005). Monitoring Trends in Global Combat: A New Dataset of 

Battle Deaths. European Journal of Population / Revue Européenne de Démographie, 

21(2), 145–166. https://doi.org/10.1007/s10680-005-6851-6 

Lagi, M., Bertrand, K. Z., & Bar-Yam, Y. (2011). The Food Crises and Political Instability in 

North Africa and the Middle East. SSRN Electronic Journal, 15. 

https://doi.org/10.2139/ssrn.1910031 

Laird, S. A., Pierce, A. R., Laird, S. ., & Guillen, A. (2002). Tapping the green market: 

certification and management of non-timber forest products. Earthscan. 

Laist, D. W. (1997). Impacts of marine debris: entanglement of marine life in marine debris 

including a comprehensive list of species with entanglement and ingestion records. In 

Marine Debris (pp. 99–139). Springer. 

Lal, R. (2014). Soil conservation and ecosystem services. International Soil and Water 

Conservation Research. https://doi.org/10.1016/S2095-6339(15)30021-6 

Lalander, R. (2015). Rights of Nature and the Indigenous Peoples in Bolivia and Ecuador: A 

Straitjacket for Progressive Development Politics? Beroamerican Journal of Development 

Studies, 3(2), 148–172. 

Lambdon, P. W., Pyšek, P., Basnou, C., Hejda, M., Arianoutsou, M., Essl, F., Jarošík, V., Pergl, 

J., Winter, M., Anastasiu, P., Andriopoulos, P., Bazos, I., Brundu, G., Celesti-Grapow, L., 

Chassot, P., Delipetrou, P., Josefsson, M., Kark, S., Klotz, S., Kokkoris, Y., Kühn, I., 

Marchante, H., Perglová, I., Pino, J., Vila, M., Zikos, A., Roy, D., & Hulme, P. E. (2008). 

Alien flora of Europe: species diversity, temporal trends, geographical patterns and research 



Unedited draft chapters 31 May 2019 

196 

 

needs. Preslia, 80, 101–149. 

Lamberts, D. (2001). Tonle Sap fisheries: a case study on floodplain gillnet fisheries. RAP 

Publication, 11. 

Lambin, E. F. (1999). Monitoring forest degradation in tropical regions by remote sensing: Some 

methodological issues. Global Ecology and Biogeography. https://doi.org/10.1046/j.1365-

2699.1999.00123.x 

Lambin, E. F., Geist, H., & Rindfuss, R. R. (2006). Introduction: local processes with global 

impacts. In Land-use and land-cover change (pp. 1–8). Springer. 

Lambin, E. F., & Meyfroidt, P. (2011). Global land use change, economic globalization, and the 

looming land scarcity. Proceedings of the National Academy of Sciences, 108(9), 3465–

3472. https://doi.org/10.1073/pnas.1100480108 

Lambin, E. F., & Meyfroidt, P. (2011). Global land use change, economic globalization, and the 

looming land scarcity. Proceedings of the National Academy of Sciences. 

https://doi.org/10.1073/pnas.1100480108 

Landry, S. M., & Chakraborty, J. (2009). Street trees and equity: Evaluating the spatial 

distribution of an urban amenity. Environment and Planning A. 

https://doi.org/10.1068/a41236 

Lange, G., Wodon, Q., & Carey, K. (2018). The Changing Wealth of Nations 2018 Building a 

Sustainable. 

Larson, A. M. (2002). Natural resources and decentralization in Nicaragua: Are local 

governments up to the job? World Development, 30(1), 17–31. 

Larson, A. M., & Soto, F. (2008). Decentralization of Natural Resource Governance Regimes. 

Annu. Rev. Environ. Resour, 33, 213–239. 

https://doi.org/10.1146/annurev.environ.33.020607.095522 

Latacz-Lohmann, U., & der Hamsvoort, C. (1997). Auctioning conservation contracts: a 

theoretical analysis and an application. American Journal of Agricultural Economics, 79(2), 

407–418. 

Laurance, W. F., Carolina Useche, D., Rendeiro, J., Kalka, M., Bradshaw, C. J. A., Sloan, S. P., 

Laurance, S. G., Campbell, M., Abernethy, K., Alvarez, P., Arroyo-Rodriguez, V., Ashton, 

P., Benítez-Malvido, J., Blom, A., Bobo, K. S., Cannon, C. H., Cao, M., Carroll, R., 

Chapman, C., Coates, R., Cords, M., Danielsen, F., De Dijn, B., Dinerstein, E., Donnelly, 

M. A., Edwards, D., Edwards, F., Farwig, N., Fashing, P., Forget, P.-M., Foster, M., Gale, 

G., Harris, D., Harrison, R., Hart, J., Karpanty, S., John Kress, W., Krishnaswamy, J., 

Logsdon, W., Lovett, J., Magnusson, W., Maisels, F., Marshall, A. R., McClearn, D., 

Mudappa, D., Nielsen, M. R., Pearson, R., Pitman, N., van der Ploeg, J., Plumptre, A., 

Poulsen, J., Quesada, M., Rainey, H., Robinson, D., Roetgers, C., Rovero, F., Scatena, F., 

Schulze, C., Sheil, D., Struhsaker, T., Terborgh, J., Thomas, D., Timm, R., Nicolas Urbina-

Cardona, J., Vasudevan, K., Joseph Wright, S., Carlos Arias-G., J., Arroyo, L., Ashton, M., 

Auzel, P., Babaasa, D., Babweteera, F., Baker, P., Banki, O., Bass, M., Bila-Isia, I., Blake, 

S., Brockelman, W., Brokaw, N., Brühl, C. A., Bunyavejchewin, S., Chao, J.-T., Chave, J., 

Chellam, R., Clark, C. J., Clavijo, J., Congdon, R., Corlett, R., Dattaraja, H. S., Dave, C., 

Davies, G., de Mello Beisiegel, B., de Nazaré Paes da Silva, R., Di Fiore, A., Diesmos, A., 

Dirzo, R., Doran-Sheehy, D., Eaton, M., Emmons, L., Estrada, A., Ewango, C., Fedigan, L., 



Unedited draft chapters 31 May 2019 

197 

 

Feer, F., Fruth, B., Giacalone Willis, J., Goodale, U., Goodman, S., Guix, J. C., Guthiga, P., 

Haber, W., Hamer, K., Herbinger, I., Hill, J., Huang, Z., Fang Sun, I., Ickes, K., Itoh, A., 

Ivanauskas, N., Jackes, B., Janovec, J., Janzen, D., Jiangming, M., Jin, C., Jones, T., 

Justiniano, H., Kalko, E., Kasangaki, A., Killeen, T., King, H., Klop, E., Knott, C., Koné, I., 

Kudavidanage, E., Lahoz da Silva Ribeiro, J., Lattke, J., Laval, R., Lawton, R., Leal, M., 

Leighton, M., Lentino, M., Leonel, C., Lindsell, J., Ling-Ling, L., Eduard Linsenmair, K., 

Losos, E., Lugo, A., Lwanga, J., Mack, A. L., Martins, M., Scott McGraw, W., McNab, R., 

Montag, L., Myers Thompson, J., Nabe-Nielsen, J., Nakagawa, M., Nepal, S., Norconk, M., 

Novotny, V., O’Donnell, S., Opiang, M., Ouboter, P., Parker, K., Parthasarathy, N., 

Pisciotta, K., Prawiradilaga, D., Pringle, C., Rajathurai, S., Reichard, U., Reinartz, G., 

Renton, K., Reynolds, G., Reynolds, V., Riley, E., Rödel, M.-O., Rothman, J., Round, P., 

Sakai, S., Sanaiotti, T., Savini, T., Schaab, G., Seidensticker, J., Siaka, A., Silman, M. R., 

Smith, T. B., de Almeida, S. S., Sodhi, N., Stanford, C., Stewart, K., Stokes, E., Stoner, K. 

E., Sukumar, R., Surbeck, M., Tobler, M., Tscharntke, T., Turkalo, A., Umapathy, G., van 

Weerd, M., Vega Rivera, J., Venkataraman, M., Venn, L., Verea, C., Volkmer de Castilho, 

C., Waltert, M., Wang, B., Watts, D., Weber, W., West, P., Whitacre, D., Whitney, K., 

Wilkie, D., Williams, S., Wright, D. D., Wright, P., Xiankai, L., Yonzon, P., & Zamzani, F. 

(2012). Averting biodiversity collapse in tropical forest protected areas. Nature, 489(7415), 

290–294. https://doi.org/10.1038/nature11318 

Laurance, W. F., Clements, G. R., Sloan, S., O’Connell, C. S., Mueller, N. D., Goosem, M., 

Venter, O., Edwards, D. P., Phalan, B., Balmford, A., Van Der Ree, R., & Arrea, I. B. 

(2014). A global strategy for road building. Nature, 513(7517), 229–232. 

https://doi.org/10.1038/nature13717 

Laurance, W. F., Goosem, M., & Laurance, S. G. W. (2009). Impacts of roads and linear 

clearings on tropical forests. Trends in Ecology and Evolution, 24(12), 659–669. 

https://doi.org/10.1016/j.tree.2009.06.009 

Laurance, W. F., Peletier-Jellema, A., Geenen, B., Koster, H., Verweij, P., Van Dijck, P., 

Lovejoy, T. E., Schleicher, J., & Van Kuijk, M. (2015). Reducing the global environmental 

impacts of rapid infrastructure expansion. Current Biology, 25(7), R259–R262. 

https://doi.org/10.1016/j.cub.2015.02.050 

Law, K. L., Morét-Ferguson, S., Maximenko, N. A., Proskurowski, G., Peacock, E. E., Hafner, 

J., & Reddz, C. M. (2010). Plastic Accumulation in the North Atlantik subtropical gyre. 

Science. https://doi.org/10.1126/science.1192321 

Lawrence, D. (2005). Biomass accumulation after 10--200 years of shifting cultivation in 

Bornean rain forest. Ecology, 86(1), 26–33. 

Lawrence, G. B., Fuller, R. D., & Driscoll, C. T. (1987). Release of Aluminum Following 

Whole-Tree Harvesting at the Hubbard Brook Experimental Forest New Hampshire USA. 

Journal of Environmental Quality. 

https://doi.org/10.2134/jeq1987.00472425001600040016x 

Lawson, R. M. (1977). New directions in developing small-scale fisheries. Marine Policy, 1(1), 

45–51. 

Laxminarayan, R., Duse, A., Wattal, C., Zaidi, A. K. M., Wertheim, H. F. L., Sumpradit, N., 

Vlieghe, E., Hara, G. L., Gould, I. M., Goossens, H., Greko, C., So, A. D., Bigdeli, M., 



Unedited draft chapters 31 May 2019 

198 

 

Tomson, G., Woodhouse, W., Ombaka, E., Peralta, A. Q., Qamar, F. N., Mir, F., Kariuki, 

S., Bhutta, Z. A., Coates, A., Bergstrom, R., Wright, G. D., Brown, E. D., & Cars, O. 

(2013). Antibiotic resistance—the need for global solutions. The Lancet Infectious 

Diseases, 13(12), 1057–1098. https://doi.org/10.1016/S1473-3099(13)70318-9 

Lazarus, E., Lin, D., Martindill, J., Hardiman, J., Pitney, L., & Galli, A. (2015). Biodiversity 

Loss and the Ecological Footprint of Trade. Diversity, 7(2), 170–191. 

https://doi.org/10.3390/d7020170 

Leach, M., Mearns, R., & Scoones, I. (n.d.). Environmental Entitlements: Dynamics and 

Institutions in Community-Based Natural Resource Management. Retrieved from 

https://pdfs.semanticscholar.org/6c35/1d1d48280c1d87920bc22d414d7e2a93789e.pdf 

Leal, D. R. (1998). Community-Run Fisheries: Avoiding the ``Tragedy of the Commons’’. 

Population and Environment, 19(3), 225–245. https://doi.org/10.1023/A:1024691919628 

Leblois, A., Damette, O., & Wolfersberger, J. (2017). What has driven deforestation in 

developing countries since the 2000s? Evidence from new remote-sensing data. World 

Development, 92, 82–102. 

Lebreton, L. C. M., der Zwet, J., Damsteeg, J.-W., Slat, B., Andrady, A., & Reisser, J. (2017). 

River plastic emissions to the world’s oceans. Nature Communications, 8, 15611. 

Lee, D. S., Pitari, G., Grewe, V., Gierens, K., Penner, J. E., Petzold, A., Prather, M. J., 

Schumann, U., Bais, A., & Berntsen, T. (2010). Transport impacts on atmosphere and 

climate: Aviation. Atmospheric Environment, 44(37), 4678–4734. 

https://doi.org/10.1016/j.atmosenv.2009.06.005 

Lee, E. S. (1966). A Theory of Migration. Demography. https://doi.org/10.2307/2060063 

Lehner, B., Liermann, C. R., Revenga, C., Vörösmarty, C., Fekete, B., Crouzet, P., Döll, P., 

Endejan, M., Frenken, K., Magome, J., & others. (2011). High-resolution mapping of the 

world’s reservoirs and dams for sustainable river-flow management. 

Lelieveld, J., Evans, J. S., Fnais, M., Giannadaki, D., & Pozzer, A. (2015). The contribution of 

outdoor air pollution sources to premature mortality on a global scale. Nature. 

https://doi.org/10.1038/nature15371 

Lemly, A. D., Kingsford, R. T., & Thompson, J. R. (2000). Irrigated agriculture and wildlife 

conservation: Conflict on a global scale. Environmental Management. 

https://doi.org/10.1007/s002679910039 

Lenzen, M., Kanemoto, K., Moran, D., & Geschke, A. (2012). Mapping the structure of the 

world economy. Environmental Science & Technology, 46(15), 8374–8381. 

Lenzen, M., Moran, D., Bhaduri, A., Kanemoto, K., Bekchanov, M., Geschke, A., & Foran, B. 

(2013). International trade of scarce water. Ecological Economics, 94, 78–85. 

Lenzen, M., Moran, D., Kanemoto, K., Foran, B., Lobefaro, L., & Geschke, A. (2012). 

International trade drives biodiversity threats in developing nations. Nature, 486(7401), 

109. 

Lenzen, M., Sun, Y.-Y., Faturay, F., Ting, Y.-P., Geschke, A., & Malik, A. (2018). The carbon 

footprint of global tourism. Nature Climate Change, 8(6), 522–528. 

https://doi.org/10.1038/s41558-018-0141-x 

Leopold, A. (2014). The land ethic. In The Ecological Design and Planning Reader (pp. 108–

121). Springer. 



Unedited draft chapters 31 May 2019 

199 

 

Lerner, S., & Bullard, R. D. (2006). Diamond: A Struggle for Environmental Justice in 

Louisiana’s Chemical Corridor - Steve Lerner, Robert D. Bullard - Google Books. MIT 

Press. 

Lesthaeghe, R. (2014). The second demographic transition: A concise overview of its 

development. Proceedings of the National Academy of Sciences, 111(51), 18112–18115. 

Levin, P. S., Essington, T. E., Marshall, K. N., Koehn, L. E., Anderson, L. G., Bundy, A., 

Carothers, C., Coleman, F., Gerber, L. R., Grabowski, J. H., & others. (2018). Building 

effective fishery ecosystem plans. Marine Policy, 92, 48–57. 

Levins, R., Rapport, D., Costanza, R., Epstein, P., & Gaudet, C. (1998). Ecosystem Health. 

Blackwell. 

Levinson, A. (2009). Technology, international trade, and pollution from US manufacturing. 

American Economic Review, 99(5), 2177–2192. 

Levinson, A., & Taylor, M. S. (2008). Unmasking the pollution haven effect. International 

Economic Review, 49(1), 223–254. 

Lewis, D. J., & Plantinga, A. J. (2007). Policies for habitat fragmentation: combining 

econometrics with GIS-based landscape simulations. Land Economics, 83(2), 109–127. 

Lewis, D. J., Plantinga, A. J., & Wu, J. (2009). Targeting incentives to reduce habitat 

fragmentation. American Journal of Agricultural Economics, 91(4), 1080–1096. 

Lewis, H. (1989). Ecological and Technological Knowledge of Fire: Aborigines Versus Park 

Rangers in Northern Australia. American Anthropologist. 

https://doi.org/10.1525/aa.1989.91.4.02a00080 

Lewis, M. P. (2009). Ethnologue: Languages of the world. SIL international. 

Leyk, S., Runfola, D., Nawrotzki, R. J., Hunter, L. M., & Riosmena, F. (2017). Internal and 

International Mobility as Adaptation to Climatic Variability in Contemporary Mexico: 

Evidence from the Integration of Census and Satellite Data. Population, Space and Place. 

https://doi.org/10.1002/psp.2047 

Lichtenberg, E., & Zilberman, D. (1986). The Econometrics of Damage Control: Why 

Specification Matters. American Journal of Agricultural Economics. 

https://doi.org/10.2307/1241427 

Likens, G. E., Driscoll, C. T., Buso, D. C., Siccama, T. G., Johnson, C. E., Lovett, G. M., Fahey, 

T. J., Reiners, W. A., Ryan, D. F., Martin, C. W., & Bailey, S. W. (1998). The 

biogeochemistry of calcium at Hubbard Brook. Biogeochemistry, 41, 89–173. 

Lin, D., Galli, A., Borucke, M., Lazarus, E., Grunewald, N., Martindill, J., Zimmerman, D., 

Mancini, S., Iha, K., & Wackernagel, M. (2015). Tracking Supply and Demand of 

Biocapacity through Ecological Footprint Accounting. In Sustainability Assessment of 

Renewables-Based Products (pp. 179–199). Chichester, UK: John Wiley & Sons, Ltd. 

https://doi.org/10.1002/9781118933916.ch12 

Lin, J., Pan, D., Davis, S. J., Zhang, Q., He, K., Wang, C., Streets, D. G., Wuebbles, D. J., & 

Guan, D. (2014). China’s international trade and air pollution in the United States. 

Proceedings of the National Academy of Sciences of the United States of America. 

https://doi.org/10.1073/pnas.1312860111 

Lindsey, P. A., Balme, G., Becker, M., Begg, C., Bento, C., Bocchino, C., Dickman, A., Diggle, 

R. W., Eves, H., Henschel, P., & others. (2013). The bushmeat trade in African savannas: 



Unedited draft chapters 31 May 2019 

200 

 

Impacts, drivers, and possible solutions. Biological Conservation, 160, 80–96. 

Lipsitz, G. (2006). The possessive investment in whiteness : how white people profit from identity 

politics. Temple University Press. 

Liu, J., Daily, G. C., Ehrlich, P. R., & Luck, G. W. (2003). Effects of household dynamics on 

resource consumption and biodiversity. Nature. https://doi.org/10.1038/nature01359 

Liu, J., Hull, V., Yang, W., Viña, A., Chen, X., Ouyang, Z., Zhang, H., Liu, W., & Lupi, F. 

(2016). Energy Transition from Fuelwood to Electricity. In Pandas and People: Coupling 

Human and Natural Systems for Sustainability. 

Liu, J., Mauzerall, D. L., Chen, Q., Zhang, Q., Song, Y., Peng, W., Klimont, Z., Qiu, X., Zhang, 

S., Hu, M., & others. (2016). Air pollutant emissions from Chinese households: A major 

and underappreciated ambient pollution source. Proceedings of the National Academy of 

Sciences, 113(28), 7756–7761. 

Liu, J., Yang, W., & Li, S. (2016). Framing ecosystem services in the telecoupled Anthropocene. 

Frontiers in Ecology and the Environment. https://doi.org/10.1002/16-0188.1 

Liu, W., Vogt, C. A., Luo, J., He, G., Frank, K. A., & Liu, J. (2012). Drivers and Socioeconomic 

Impacts of Tourism Participation in Protected Areas, 7(4). 

https://doi.org/10.1371/journal.pone.0035420 

Lloyd-Walker, B., & Walker, D. (2015). Collaborative project procurement arrangements. 

Loarie, S. R., Duffy, P. B., Hamilton, H., Asner, G. P., Field, C. B., & Ackerly, D. D. (2009). 

The velocity of climate change. Nature, 462(7276), 1052. 

Locatelli, B., Catterall, C. P., Imbach, P., Kumar, C., Lasco, R., Mar$\$’$\$in-Spiotta, E., 

Mercer, B., Powers, J. S., Schwartz, N., & Uriarte, M. (2015). Tropical reforestation and 

climate change: beyond carbon. Restoration Ecology, 23(4), 337–343. 

LPAA. (2014). Protection of 400 million hectares of Forests by Indigenous Peoples. 

Lu, X., Wrathall, D. J., Sunds??y, P. R., Nadiruzzaman, M., Wetter, E., Iqbal, A., Qureshi, T., 

Tatem, A., Canright, G., Eng??-Monsen, K., & Bengtsson, L. (2016). Unveiling hidden 

migration and mobility patterns in climate stressed regions: A longitudinal study of six 

million anonymous mobile phone users in Bangladesh. Global Environmental Change. 

https://doi.org/10.1016/j.gloenvcha.2016.02.002 

Luan, I. O. B. (2010). Singapore Water Management Policies and Practices. International 

Journal of Water Resources Development. https://doi.org/10.1080/07900620903392190 

Lubell, M., Zahran, S., & Vedlitz, A. (2007). Collective Action and Citizen Responses to Global 

Warming. Political Behavior, 29, 391–413. https://doi.org/10.1007/s11109-006-9025-2 

Luber, G., & McGeehin, M. (2008). Climate change and extreme heat events. American Journal 

of Preventive Medicine, 35(5), 429–435. 

Lucht, W., Prentice, I. C., Myneni, R. B., Sitch, S., Friedlingstein, P., Cramer, W., Bousquet, P., 

Buermann, W., & Smith, B. (2002). Climatic Control of the High-Latitude Vegetation 

Greening Trend and Pinatubo Effect. Science, 296(5573). 

Lüthi, D., Le Floch, M., Bereiter, B., Blunier, T., Barnola, J.-M., Siegenthaler, U., Raynaud, D., 

Jouzel, J., Fischer, H., Kawamura, K., & Stocker, T. F. (2008). High-resolution carbon 

dioxide concentration record 650,000-800,000 years before present. Nature. 

https://doi.org/10.1038/nature06949 

Lynch, A. J., Cooke, S. J., Deines, A. M., Bower, S. D., Bunnell, D. B., Cowx, I. G., Nguyen, V. 



Unedited draft chapters 31 May 2019 

201 

 

M., Nohner, J., Phouthavong, K., Riley, B., Rogers, M. W., Taylor, W. W., Woelmer, W., 

Youn, S.-J., & Beard, T. D. (2016). The social, economic, and environmental importance of 

inland fish and fisheries. Environmental Reviews. https://doi.org/10.1139/er-2015-0064 

Lynch, A. J., Cowx, I. G., Fluet-Chouinard, E., Glaser, S. M., Phang, S. C., Beard, T. D., Bower, 

S. D., Brooks, J. L., Bunnell, D. B., Claussen, J. E., Cooke, S. J., Kao, Y. C., Lorenzen, K., 

Myers, B. J. E., Reid, A. J., Taylor, J. J., & Youn, S. (2017). Inland fisheries – Invisible but 

integral to the UN Sustainable Development Agenda for ending poverty by 2030. Global 

Environmental Change, 47(March), 167–173. 

https://doi.org/10.1016/j.gloenvcha.2017.10.005 

Lyngbaek, A. E., Muschler, R. G., & others. (2001). Productivity and profitability of multistrata 

organic versus conventional coffee farms in Costa Rica. Agroforestry Systems, 53(2), 205–

213. 

Ma, S., & Swinton, S. M. (2011). Valuation of ecosystem services from rural landscapes using 

agricultural land prices ☆. Ecological Economics, 70(9), 1649–1659. 

https://doi.org/10.1016/j.ecolecon.2011.04.004 

MacDicken, K. G., Sola, P., Hall, J. E., Sabogal, C., Tadoum, M., & de Wasseige, C. (2015). 

Global progress toward sustainable forest management. Forest Ecology and Management, 

352, 47–56. https://doi.org/https://doi.org/10.1016/j.foreco.2015.02.005 

Mace, G. M. (2014). Whose conservation? Science, 345(6204), 1558–1560. 

https://doi.org/10.1126/science.1254704 

Macedo, M. N., DeFries, R. S., Morton, D. C., Stickler, C. M., Galford, G. L., & Shimabukuro, 

Y. E. (2012). Decoupling of deforestation and soy production in the southern Amazon 

during the late 2000s. Proceedings of the National Academy of Sciences. 

https://doi.org/10.1073/pnas.1111374109 

Madajewicz, M., Pfaff, A., van Geen, A., Graziano, J., Hussein, I., Momotaj, H., Sylvi, R., & 

Ahsan, H. (2007). Can information alone change behavior? Response to arsenic 

contamination of groundwater in Bangladesh. Journal of Development Economics, 84(2), 

731–754. https://doi.org/10.1016/j.jdeveco.2006.12.002 

Maffi, L. (2005). Linguistic, Cultural, and Biological Diversity. Annual Review of Anthropology, 

34(1), 599–617. https://doi.org/10.1146/annurev.anthro.34.081804.120437 

Maguire, L. A., & Justus, J. (2008). Why intrinsic value is a poor basis for conservation 

decisions. BioScience, 58(10), 910–911. 

Majuru, B., Suhrcke, M., & Hunter, P. R. (2016). How Do Households Respond to Unreliable 

Water Supplies ? A Systematic Review. International Journal of Environmental Research 

and Public Health, 13(1222). https://doi.org/10.3390/ijerph13121222 

Malaj, E., von der Ohe, P. C., Grote, M., Kühne, R., Mondy, C. P., Usseglio-Polatera, P., Brack, 

W., & Schäfer, R. B. (2014). Organic chemicals jeopardize the health of freshwater 

ecosystems on the continental scale. Proceedings of the National Academy of Sciences, 

111(26), 9549–9554. https://doi.org/10.1073/pnas.1321082111 

Malan, H. L., Appleton, C. C., Day, J. A., & Dini, J. (2009). Wetlands and invertebrate disease 

hosts: Are we asking for trouble? Water SA, 35(5), 753–768. 

https://doi.org/10.4314/wsa.v35i5.49202 

Managi, S., Hibiki, A., & Tsurumi, T. (2009). Does trade openness improve environmental 



Unedited draft chapters 31 May 2019 

202 

 

quality? Journal of Environmental Economics and Management, 58(3), 346–363. 

Manfredo, M. J., Yuan, S. M., & McGuire, F. A. (1992). The Influence of Attitude Accessibility 

on Attitude-Behavior Relationships: Implications for Recreation Research. Journal of 

Leisure Research, 24(2), 157–170. https://doi.org/10.1080/00222216.1992.11969883 

Manning, D. T., Taylor, J. E., & Wilen, J. E. (2016). General Equilibrium Tragedy of the 

Commons. Environmental and Resource Economics, 1–27. https://doi.org/10.1007/s10640-

016-0066-7 

Marlier, M. E., DeFries, R. S., Kim, P. S., Koplitz, S. N., Jacob, D. J., Mickley, L. J., & Myers, 

S. S. (2015). Fire emissions and regional air quality impacts from fires in oil palm, timber, 

and logging concessions in Indonesia. Environmental Research Letters. 

https://doi.org/10.1088/1748-9326/10/8/085005 

Marshall, E., Schreckenberg, K., & Newton, A. C. (2006). Commercialization of non-timber 

forest products. Factors influencing sucess. Lessons learned from Mexico and Bolivia and 

implications for decision makers. Cambridge, UK. 

Marshall, S. (2009). Cities design evolution. Oxon: Routledge. 

Martin, G. (2006). Farms may cut habitat renewal over E. coli fears. SFGate. 

Martínez-Alier, J. (2002). The environmentalism of the poor : a study of ecological conflicts and 

valuation. Edward Elgar Publishing. 

Martinez-Alier, J., Anguelovski, I., Bond, P., Del Bene, D., & Demaria, F. (2014). Between 

activism and science: grassroots concepts for sustainability coined by Environmental Justice 

Organizations. 

Martinez-Alier, J., Temper, L., Bene, D. Del, & Scheidel, A. (2016). Is there a global 

environmental justice movement? The Journal of Peasant Studies, 43(3), 731–755. 

https://doi.org/10.1080/03066150.2016.1141198 

Masera, O., Bailis, R., Drigo, R., Ghilardi, A., & Ruiz-Mercado, I. (2015). Environmental 

Burden of Traditional Bioenergy Use. Annual Review of Environment and Resources, 40(1), 

121–150. https://doi.org/10.1146/annurev-environ-102014-021318 

Masera, O. R., Saatkamp, B. D., & Kammen, D. M. (2000). From Linear Fuel Switching to 

Multiple Cooking Strategies: A Critique and Alternative to the Energy Ladder Model. 

World Development, 28(12), 2083–2103. https://doi.org/10.1016/S0305-750X(00)00076-0 

Masó, M., Garcés, E., Pagès, F., & Camp, J. (2003). Drifting plastic debris as a potential vector 

for dispersing Harmful Algal Bloom (HAB) species. Scientia Marina, 67(1), 107–111. 

Mastrorillo, M., Licker, R., Bohra-Mishra, P., Fagiolo, G., D. Estes, L., & Oppenheimer, M. 

(2016). The influence of climate variability on internal migration flows in South Africa. 

Global Environmental Change. https://doi.org/10.1016/j.gloenvcha.2016.04.014 

Mather, A. S. (1992). The forest transition. Area, 367–379. 

Mather, A. S. (2004). Forest transition theory and the reforesting of Scotland. Scottish 

Geographical Journal, 120(1–2), 83–98. 

Mather, A. S. (2007). Recent Asian forest transitions in relation to forest-transition theory. 

International Forestry Review, 9(1), 491–502. 

Mather, A. S., & Fairbairn, J. (2000). From floods to reforestation: the forest transition in 

Switzerland. Environment and History, 399–421. 

Mather, A. S., Fairbairn, J., & Needle, C. L. (1999). The course and drivers of the forest 



Unedited draft chapters 31 May 2019 

203 

 

transition: the case of France. Journal of Rural Studies, 15(1), 65–90. 

Mather, A. S., & Needle, C. L. (1998). The forest transition: A theoretical basis. Area, 30(2), 

117–124. https://doi.org/10.1111/j.1475-4762.1998.tb00055.x 

Mather, A. S., Needle, C. L., & Fairbairn, J. (1999). Environmental Kuznets curves and forest 

trends. Geography, 55–65. 

Mato, Y., Isobe, T., Takada, H., Kanehiro, H., Ohtake, C., & Kaminuma, T. (2001). Plastic resin 

pellets as a transport medium for toxic chemicals in the marine environment. Environmental 

Science & Technology, 35(2), 318–324. 

Matos, G., Miller, L., & Barry, J. (2015). Historical Global Statistics for Mineral and Material 

Commodities. US Geological Survey Data Series 896. 

https://doi.org/dx.doi.org/10.3133/ds896. 

Matta, J. R., & Alavalapati, J. R. R. (2006). Perceptions of collective action and its success in 

community based natural resource management: An empirical analysis. Forest Policy and 

Economics, 9(3), 274–284. https://doi.org/10.1016/j.forpol.2005.06.014 

Matthew, R., Brown, O., & Jensen, D. (2009). From conflict to peacebuilding. The role of 

natural resources and the environment. Nairobi, Kenya. 

Mayer, F., & Gereffi, G. (2010). Regulation and economic globalization: Prospects and limits of 

private governance. Business and Politics, 12(3), 1–25. 

Mazor, T., Doropoulos, C., Schwarzmueller, F., Gladish, D. W., Kumaran, N., Merkel, K., Di 

Marco, M., & Gagic, V. (2018). Global mismatch of policy and research on drivers of 

biodiversity loss. Nature Ecology & Evolution, 2(7), 1071–1074. 

https://doi.org/10.1038/s41559-018-0563-x 

Mburu, G., & Kaguna, Z. (2016). Community  dialogue  on  ILK  relevant  for  food  and  water  

protection  in  Tharaka, Kenya. In M. Roué, N. Césard, Y. C. Adou Yao, & A. Oteng-

Yeboah (Eds.), Indigenous and Local Knowledge of Biodiversity and Ecosystem Services in 

Africa (pp. 30–40). Paris: UNESCO. 

McBean, G. (2004). Climate change and extreme weather: a basis for action. Natural Hazards, 

31(1), 177–190. 

McCarter, J., & Gavin, M. C. (2011). Perceptions of the value of traditional ecological 

knowledge to formal school curricula: opportunities and challenges from Malekula Island, 

Vanuatu. Journal of Ethnobiology and Ethnomedicine, 7. https://doi.org/10.1186/1746-

4269-7-38 

Mccauley, B. D. J., Woods, P., Sullivan, B., Bergman, B., Jablonicky, C., Roan, A., Hirshfield, 

M., Boerder, K., & Worm, B. (2016). Ending hide and seek at sea: New technologies could 

revolutionize ocean observation. Science, 351(6278), 1148–1150. 

https://doi.org/10.1126/science.aad5686 

McClanahan, T. R., Castilla, J. C., White, A. T., & Defeo, O. (2009). Healing small-scale 

fisheries by facilitating complex socio-ecological systems. Reviews in Fish Biology and 

Fisheries, 19(1), 33–47. 

McDermott, C. L. (2012). Trust, legitimacy and power in forest certification: A case study of the 

FSC in British Columbia. Geoforum, 43(3), 634–644. 

McElroy, J. K. (1991). The Java Sea purse seine fishery. Marine Policy, 15(4), 255–271. 

https://doi.org/10.1016/0308-597X(91)90003-T 



Unedited draft chapters 31 May 2019 

204 

 

McFarlane, B. L., & Boxall, P. C. (1996). Participation in wildlife Conservation by birdwatchers. 

Human Dimensions of Wildlife, 1(3), 1–14. https://doi.org/10.1080/10871209609359066 

McGranahan, G., Balk, D., & Anderson, B. (2007). The rising tide: assessing the risks of climate 

change and human settlements in low elevation coastal zones. Environment and 

Urbanization, 19(1), 17–37. 

Mcgranahan, G., Marcotullio, P., Bai, X., Balk, D., Braga, T., Douglas, I., Elmqvist, T., Rees, 

W., Satterthwaite, D., Songsore, J., & Zlotnik, H. (2006). Urban Systems. In Millenium 

Ecosystem Assesment (Ed.), Ecosystems and Human Well-being: Current State and Trends. 

Volume 1 (pp. 795–826). island Press. 

McGranahan, G., Marcotullio, P. J., Bai, X., Balk, D., Braga, T., Douglas, I., Elmqvist, T., Rees, 

W., Satterthwaite, D., Songsore, J., & Others. (2005). Urban Systems. In Millennium 

Ecosystem Assessment (Ed.), Current State and Trends: Findings of the Condition and 

Trends Working Group. Ecosystems and Human Well-being (pp. 795–825). Washington 

DC: Island Press. 

McGregor, A., Coulthard, S., & Camfield, L. (2015). Measuring what matters: The role of well-

being methods in development policy and practice. 

McGuire, M. C., & Olson, M. (1996). The economics of autocracy and majority rule: the 

invisible hand and the use of force. Journal of Economic Literature, 34(1), 72–96. 

McKay, J. (2014). Development:“Good Governance” or Development for the Greater Good. The 

Sage Handbook of Globalization, Sage, Los Angeles, CA, 505–523. 

McKean, M. A., & Cox, T. R. (1982). The Japanese experience with scarcity: Management of 

traditional common lands. Environmental Review: ER, 6(2), 63–91. 

McLeod, K., & Leslie, H. (2009). Why Ecosystem-Based Management? Ecosystem-Based 

Management for the Oceans. 

McManus, P. S., Stockwell, V. O., Sundin, G. W., & Jones, A. L. (2002). Antibiotic use in plant 

agriculture. Annual Review of Phytopathology, 40(1), 443–465. 

https://doi.org/10.1146/annurev.phyto.40.120301.093927 

McMichael, A. J. (2000). The urban environment and health in a world of increasing 

globalization: issues for developing countries. Bulletin of the World Health Organization, 

78(9), 1117–1126. 

McNicoll, G. (2002). World Population Ageing 1950-2050. Population and Development 

Review, 28(4), 814–816. 

McWhinnie, S. F. (2009). The tragedy of the commons in international fisheries: An empirical 

examination. Journal of Environmental Economics and Management, 57(3), 321–333. 

https://doi.org/10.1016/j.jeem.2008.07.008 

Meadows, D. H., Meadows, D. L., Randers, J., & Behrens, W. W. (1972). The limits to growth. 

New York, 102, 27. 

Mebratu, D. (1998). Sustainability and sustainable development: historical and conceptual 

review. Environmental Impact Assessment Review, 18(6), 493–520. 

Medina, J. (2006). Suma Qamaña: por una convivialidad postindustrial. La Paz, Bolivia: Garza 

Azul. 

Medina, J. (2010). Mirar con los dos ojos, gobernar con los dos cetros. La Paz, Bolivia: Garza 

Azul. 



Unedited draft chapters 31 May 2019 

205 

 

Meinzen-Dick, R. (2014). Property rights and sustainable irrigation: A developing country 

perspective. Agricultural Water Management, 145, 23–31. 

Mekonnen, M., & Hoekstra, A. Y. (2011). National water footprint accounts: the green, blue and 

grey water footprint of production and consumption. 

Mekonnen, M. M., Pahlow, M., Aldaya, M. M., Zarate, E., & Hoekstra, A. Y. (2015). 

Sustainability, efficiency and equitability of water consumption and pollution in latin 

America and the Caribbean. Sustainability (Switzerland). https://doi.org/10.3390/su7022086 

Melnychuk, M. C., Essington, T. E., Branch, T. A., Heppell, S. S., Jensen, O. P., Link, J. S., 

Martell, S. J. D., Parma, A. M., Pope, J. G., & Smith, A. D. M. (2012). Can catch share 

fisheries better track management targets? Fish and Fisheries, 13(3), 267–290. 

https://doi.org/10.1111/j.1467-2979.2011.00429.x 

Mendelsohn, R., Schlesinger, M., & Williams, L. (2000). Comparing impacts across climate 

models. Integrated Assessment, 1(1), 37–48. https://doi.org/10.1023/A:1019111327619 

Menzies, D., & Ruru, J. (2011). Indigenous peoples’ rights to landscape in Aotearoa New 

Zealand. In S. Egoz, J. Makhzoumi, & G. Pungetti (Eds.), The Right to Landscape: 

Contesting Landscape and Human Rights. Oxon: Routledge. 

Mercado, L., Alpízar, F., Arguedas, M., Sellare, J., Imbach, P., Brenes, C., & Aguilar, A. (2017). 

Rapid participatory appraisal for the design and evaluation of payment for ecosystem 

services: An introduction to an assessment guide. Co-Investment in Ecosystem Services: 

Global Lessons from Payment and Incentive Schemes. Nairobi: World Agroforestry Centre 

(ICRAF). 

Merchant, C. (1980). The death of nature : women, ecology, and the scientific revolution. New 

York: Harper & Row. 

Merino-Pérez, L. (2004). Conservación o Deterioro: El impacto de las políticas públicas en las 

instituciones comunitarias y en las prácticas de uso de los recursos forestales. Instituto 

Nacional de Ecologia. 

Merino, L. (2012). Trabajar juntos. Acción colectiva, bienes comunes y múltiples métodos en la 

práctica. Revista Mexicana de SociologÃ\-A, 74, 679–684. 

Merino, L., & Cendejas, J. (2017). Peace building from a commons perspective. International 

Journal of the Commons, 11(2). 

Merme, V., Ahlers, R., & Gupta, J. (2014). Private equity, public affair: Hydropower financing 

in the Mekong Basin. Global Environmental Change. 

https://doi.org/10.1016/j.gloenvcha.2013.11.007 

Mertens, B., Poccard-Chapuis, R., Piketty, M.-G., Lacques, A.-E., & Venturieri, A. (2002). 

Crossing spatial analyses and livestock economics to understand deforestation processes in 

the Brazilian Amazon: the case of São Félix do Xingú in South Pará. Agricultural 

Economics, 27(3), 269–294. https://doi.org/10.1111/j.1574-0862.2002.tb00121.x 

Messer, K. D. (2010). Protecting endangered species: When are shoot-on-sight policies the only 

viable option to stop poaching? Ecological Economics, 69(12), 2334–2340. 

Metcalf, G. E. (1999). A Distributional Analysis of Green Tax Reforms. National Tax Journal, 

52(4), 655–681. 

Metcalf, G. E. (2008). Designing a carbon tax to reduce US greenhouse gas emissions. Review of 

Environmental Economics and Policy, ren015. 



Unedited draft chapters 31 May 2019 

206 

 

Meyers, M. (2003). (Un)Equal Protection for the Poor: Exclusionary Zoning and the Need for 

Stricter Scrutiny. Journal of Constitutional Law, 6(2), 349–376. 

Meyerson, F. A. B., Merino, L., & Durand, J. (2007). Migration and environment in the context 

of globalization. Frontiers in Ecology and the Environment. https://doi.org/10.1890/1540-

9295(2007)5[182:MAEITC]2.0.CO;2 

Meyfroidt, P., Chowdhury, R. R., de Bremond, A., Ellis, E. C., Erb, K.-H., Filatova, T., Garrett, 

R. D., Grove, J. M., Heinimann, A., & Kuemmerle, T. (2018). Middle-range theories of 

land system change. Global Environmental Change, 53, 52–67. 

https://doi.org/https://doi.org/10.1016/j.gloenvcha.2018.08.006 

Meyfroidt, P., & Lambin, E. F. (2009). Forest transition in Vietnam and displacement of 

deforestation abroad. Proceedings of the National Academy of Sciences. 

https://doi.org/10.1073/pnas.0904942106 

Meyfroidt, P., & Lambin, E. F. (2011). Global Forest Transition: Prospects for an End to 

Deforestation. Annual Review of Environment and Resources (Vol. 36). 

https://doi.org/10.1146/annurev-environ-090710-143732 

Meyfroidt, P., Lambin, E. F., Erb, K.-H., & Hertel, T. W. (2013). Globalization of land use: 

distant drivers of land change and geographic displacement of land use. Current Opinion in 

Environmental Sustainability, 5(5), 438–444. https://doi.org/10.1016/j.cosust.2013.04.003 

Meyfroidt, P., Rudel, T. K., & Lambin, E. F. (2010). Forest transitions, trade, and the global 

displacement of land use. Proceedings of the National Academy of Sciences, 107(49), 

20917–20922. https://doi.org/10.1073/pnas.1014773107 

Michael A. Tarrant, G. T. G. (1999). Outdoor Recreation and the Predictive Validity of 

Environmental Attitudes. Leisure Sciences, 21(1), 17–30. 

https://doi.org/10.1080/014904099273264 

Michaels, G. (2008). The Effect of Trade on the Demand for Skill: Evidence from the Interstate 

Highway System. Review of Economics and Statistics, 90(4), 683–701. 

https://doi.org/10.1162/rest.90.4.683 

Michie, M. (2002). Why  Indigenous  science  should  be  included  in  the  school  science  

curriculum. Australian Science Teachers Journal, 48(2), 36–40. 

Midlarsky, M. I. (1998). Democracy and the environment: an empirical assessment. Journal of 

Peace Research, 35(3), 341–361. 

Miettinen, J., Hooijer, A., Shi, C., Tollenaar, D., Vernimmen, R., Liew, S. C., Malins, C., & 

Page, S. E. (2012). Extent of industrial plantations on Southeast Asian peatlands in 2010 

with analysis of historical expansion and future projections. Gcb Bioenergy, 4(6), 908–918. 

Mikkelson, G. M., Gonzalez, A., & Peterson, G. D. (2007). Economic inequality predicts 

biodiversity loss. PLoS ONE, 2(5), 3–7. https://doi.org/10.1371/journal.pone.0000444 

Milberg, W. (2004). The changing structure of trade linked to global production systems: What 

are the policy implications? International Labour Review, 143(1–2), 45–90. 

https://doi.org/10.1111/j.1564-913X.2004.tb00546.x 

Milich, L. (1999). Resource mismanagement versus sustainable livelihoods: the collapse of the 

Newfoundland cod fishery. Society & Natural Resources, 12(7), 625–642. 

Mills, C. W. (1997). The Racial Contract. Cornell University Press. 

Milner-Gulland, E. J., & Leader-Williams, N. (1992). A model of incentives for the illegal 



Unedited draft chapters 31 May 2019 

207 

 

exploitation of black rhinos and elephants: poaching pays in Luangwa Valley, Zambia. 

Journal of Applied Ecology, 388–401. 

Minang, P. A. (2018). Values, Incentives and Ecosystem Services in Environmentalism. In S. M. 

Lele (Ed.), Rethinking Environmentalism: Linking Justice, Sustainability, and Diversity. 

Cambridge, MA: MIT Press. 

Mirza, M. M. Q. (2003). Climate change and extreme weather events: can developing countries 

adapt? Climate Policy, 3(3), 233–248. 

Mistry, J., Bilbao, B. A., & Berardi, A. (2016). Community owned solutions for fire management 

in tropical ecosystems: case studies from Indigenous communities of South America. 

Philosophical Transactions of the Royal Society B: Biological Sciences, 371(1696), 

20150174. https://doi.org/10.1098/rstb.2015.0174 

Mitchell, J. F. B., Lowe, J., Wood, R. A., & Vellinga, M. (2006). Extreme events due to human-

induced climate change. Philosophical Transactions of the Royal Society of London A: 

Mathematical, Physical and Engineering Sciences, 364(1845), 2117–2133. 

Miura, K. (2005). Conservation of a ‘living heritage site’ A contradiction in terms? A case study 

of Angkor World Heritage Site. Conservation and Management of Archaeological Sites, 

7(1), 3–18. https://doi.org/10.1179/135050305793137602 

Mohai, P., Lantz, P. M., Morenoff, J., House, J. S., & Mero, R. P. (2009). Racial and 

socioeconomic disparities in residential proximity to polluting industrial facilities: evidence 

from the Americans’ Changing Lives Study. American Journal of Public Health. 

https://doi.org/10.2105/AJPH.2007.131383 

Mohai, P., & Saha, R. (2006). Reassessing Racial and Socioeconomic Disparities in 

Environmental Justice Research. Demography. https://doi.org/10.1353/dem.2006.0017 

Mohammed, Y. S., Bashir, N., & Mustafa, M. W. (2015). Overuse of wood-based bioenergy in 

selected sub-Saharan Africa countries: review of unconstructive challenges and suggestions. 

Journal of Cleaner Production, 96, 501–519. 

Molloy, R., & Shan, H. (2013). The effect of gasoline prices on household location. Review of 

Economics and Statistics, 95(4), 1212–1221. 

Molnar, A., France, M., Purdy, L., & Karver, J. (2011). Community-based forest management: 

The extent and potential scope of community and smallholder forest management and 

enterprises. Washington, D.C. 

Monfreda, C., Ramankutty, N., & Foley, J. A. (2008). Farming the planet: 2. Geographic 

distribution of crop areas, yields, physiological types, and net primary production in the 

year 2000. Global Biogeochemical Cycles, 22(1), n/a-n/a. 

https://doi.org/10.1029/2007GB002947 

Monroe, M. C. (2003). Two Avenues for Encouraging Conservation Behaviors. Human Ecology 

Review, 10(2), 113–125. 

Mora, C., & Sale, P. F. (2011). Ongoing global biodiversity loss and the need to move beyond 

protected areas: A review of the technical and practical shortcomings of protected areas on 

land and sea. Marine Ecology Progress Series. https://doi.org/10.3354/meps09214 

Moran, D. D., Lenzen, M., Kanemoto, K., & Geschke, A. (2013). Does ecologically unequal 

exchange occur? Ecological Economics, 89, 177–186. 

Morello-Frosch, R., Pastor, M., & Sadd, J. (2001). Environmental justice and Southern 



Unedited draft chapters 31 May 2019 

208 

 

California’s “riskscape” the distribution of air toxics exposures and health risks among 

diverse communities. Urban Affairs Review, 36(4), 551–578. 

Morello-Frosch, R., & Shenassa, E. D. (2006). The environmental &quot;Riskscape&quot; and 

social inequality: Implications for explaining maternal and child health disparities. 

Environmental Health Perspectives. https://doi.org/10.1289/ehp.8930 

Morello-Frosch, R., Zuk, M., Jerrett, M., Shamasunder, B., & Kyle, A. D. (2011). Understanding 

the cumulative impacts of inequalities in environmental health: Implications for policy. 

Health Affairs. https://doi.org/10.1377/hlthaff.2011.0153 

Moreno-Calles, A., Casas, A., Toledo, V., & Vallejo, M. (2015). Etnogroforestería en México. 

Instituto de Investigaciones en Ecosistemas y Sustentabilidad, UNAM. 

Moritz, M., Scholte, P., Hamilton, I. M., & Kari, S. (2013). Open Access, Open Systems: 

Pastoral Management of Common-Pool Resources in the Chad Basin. Human Ecology, 

41(3), 351–365. https://doi.org/10.1007/s10745-012-9550-z 

Morland, K., Wing, S., Diez Roux, A., & Poole, C. (2002). Neighborhood characteristics 

associated with the location of food stores and food service places. American Journal of 

Preventive Medicine, 22(1), 9–23. 

Morris, A. C., & Neill, H. R. (2014). Do Gasoline Prices Affect Residential Property Values? 

Moschet, C., Wittmer, I., Simovic, J., Junghans, M., Piazzoli, A., Singer, H., Stamm, C., Leu, C., 

& Hollender, J. (2014). How a Complete Pesticide Screening Changes the Assessment of 

Surface Water Quality. Environmental Science & Technology, 48(10), 5423–5432. 

https://doi.org/10.1021/es500371t 

Mosha, R. S. (1999). The inseparable link between intellectual and spiritual formation in 

indigenous knowledge and education: A case study in Tanzania. What Is Indigenous 

Knowledge? Voices from the Academy, 209–225. 

Motte-Florac, E., Aumeeruddy-Thomas, Y., & Dounias, E. (2012). Hommes et natures. IRD 

Editions. 

Munasinghe, M. (1999). Is environmental degradation an inevitable consequence of economic 

growth: Tunneling through the environmental Kuznets curve. Ecological Economics. 

https://doi.org/10.1016/S0921-8009(98)00062-7 

Munodawafa, A. (2007). Assessing nutrient losses with soil erosion under different tillage 

systems and their implications on water quality. Physics and Chemistry of the Earth. 

https://doi.org/10.1016/j.pce.2007.07.033 

Muradian, R. (2013). Payments for Ecosystem Services as Incentives for Collective Action. 

Society & Natural Resources, 26(10), 1155–1169. 

https://doi.org/10.1080/08941920.2013.820816 

Muradian, R., Corbera, E., Pascual, U., Kosoy, N., & May, P. H. (2010a). Reconciling theory 

and practice: An alternative conceptual framework for understanding payments for 

environmental services. Ecological Economics, 69(6), 1202–1208. 

https://doi.org/10.1016/j.ecolecon.2009.11.006 

Muradian, R., Corbera, E., Pascual, U., Kosoy, N., & May, P. H. (2010b). Reconciling theory 

and practice: An alternative conceptual framework for understanding payments for 

environmental services. Ecological Economics, 69(6), 1202–1208. 

https://doi.org/10.1016/j.ecolecon.2009.11.006 



Unedited draft chapters 31 May 2019 

209 

 

Muradian, R., Walter, M., & Martinez-Alier, J. (2012). Hegemonic transitions and global shifts 

in social metabolism: Implications for resource-rich countries. Introduction to the special 

section. Global Environmental Change. https://doi.org/10.1016/j.gloenvcha.2012.03.004 

Murguía, D. I., Bringezu, S., & Schaldach, R. (2016). Global direct pressures on biodiversity by 

large-scale metal mining: Spatial distribution and implications for conservation. Journal of 

Environmental Management, 180, 409–420. 

Murphy, J. T. (2001). Making the energy transition in rural East Africa: Is leapfrogging an 

alternative? Technological Forecasting and Social Change. https://doi.org/10.1016/S0040-

1625(99)00091-8 

Mutersbaugh, T. (2005). Fighting standards with standards: harmonization, rents, and social 

accountability in certified agrofood networks. Environment and Planning A, 37(11), 2033–

2051. 

Mwavu, E. N., & Witkowski, E. T. F. (2008). Land-use and cover changes (1988-2002) around 

Budongo Forest Reserve, NW Uganda: Implications for forest and woodland sustainability. 

Land Degradation and Development. https://doi.org/10.1002/ldr.869 

Myers, S. S., Zanobetti, A., Kloog, I., Huybers, P., Leakey, A. D. B., Bloom, A. J., Carlisle, E., 

Dietterich, L. H., Fitzgerald, G., Hasegawa, T., Holbrook, N. M., Nelson, R. L., Ottman, M. 

J., Raboy, V., Sakai, H., Sartor, K. A., Schwartz, J., Seneweera, S., Tausz, M., & Usui, Y. 

(2014). Increasing CO2 threatens human nutrition. Nature, 510(7503), 139–142. 

https://doi.org/10.1038/nature13179 

Myers, T. A., Nisbet, M. C., Maibach, E. W., & Leiserowitz, A. A. (2012). A public health frame 

arouses hopeful emotions about climate change. Climatic Change, 113(3–4), 1105–1112. 

Naess, A. (1973). The shallow and the deep, long-range ecology movement. A summary. 

Inquiry, 16(1–4), 95–100. 

Nagendra, H. (2007). Drivers of reforestation in human-dominated forests. Proceedings of the 

National Academy of Sciences of the United States of America, 104(39), 15218–15223. 

https://doi.org/10.1073/pnas.0702319104 

Nagendra, H. (2018). The global south is rich in sustainability lessons that students deserve to 

hear. Nature, 557(7706), 485–488. https://doi.org/10.1038/d41586-018-05210-0 

Naidoo, R., Balmford, A., Ferraro, P. J., Polasky, S., Ricketts, T. H., & Rouget, M. (2006). 

Integrating economic costs into conservation planning. Trends in Ecology and Evolution, 

21(12), 681–687. https://doi.org/10.1016/j.tree.2006.10.003 

Nakashima, D. J., Mclean, G., Castillo, R., Nakashima, D., Kirsty, G., Mclean, H., Thulstrup, A., 

Ramos, C., & Rubis, J. (2012). Weathering Uncertainty Traditional Knowledge for Climate 

Change Assessment and Adaptation. Paris. 

Nash, R. F. (1989). The rights of nature: a history of environmental ethics. Univ of Wisconsin 

Press. 

Nasi, R., Taber, A., & Vliet, N. Van. (2011). Empty forests, empty stomachs? Bushmeat and 

livelihoods in the Congo and Amazon Basins. International Forestry Review, 13(3), 355–

368. 

National Research Council. (2000a). Genetically Modified Pest-Protected Plants. Washington, 

D.C.: National Academies Press. https://doi.org/10.17226/9795 

National Research Council. (2000b). Transgenic Plants and World Agriculture. Washington, 



Unedited draft chapters 31 May 2019 

210 

 

D.C.: National Academies Press. https://doi.org/10.17226/9889 

National Research Council. (2016). Genetically Engineered Crops: experiences and prospects. 

Washington, D.C.: National Academies Press. https://doi.org/10.17226/23395 

Navarro-Ortega, A., Acuña, V., Bellin, A., Burek, P., Cassiani, G., Choukr-Allah, R., Dolédec, 

S., Elosegi, A., Ferrari, F., Ginebreda, A., Grathwohl, P., Jones, C., Rault, P. K., Kok, K., 

Koundouri, P., Ludwig, R. P., Merz, R., Milacic, R., Muñoz, I., Nikulin, G., Paniconi, C., 

Paunović, M., Petrovic, M., Sabater, L., Sabater, S., Skoulikidis, N. T., Slob, A., Teutsch, 

G., Voulvoulis, N., & Barceló, D. (2015). Managing the effects of multiple stressors on 

aquatic ecosystems under water scarcity. The GLOBAQUA project. Science of The Total 

Environment, 503–504, 3–9. https://doi.org/https://doi.org/10.1016/j.scitotenv.2014.06.081 

Navarro, L. M., Marques, A., Proença, V., Ceau\csu, S., Gonçalves, B., Capinha, C., Fernandez, 

M., Geldmann, J., & Pereira, H. M. (2017). Restoring degraded land: contributing to Aichi 

Targets 14, 15, and beyond. Current Opinion in Environmental Sustainability, 29, 207–214. 

Naylor, R. L. (1998). ECOLOGY:Nature’s Subsidies to Shrimp and Salmon Farming. Science, 

282(5390), 883–884. https://doi.org/10.1126/science.282.5390.883 

Naylor, R. L., Goldburg, R. J., Primavera, J. H., Kautsky, N., Beveridge, M. C. M., Clay, J., 

Folke, C., Lubchenco, J., Mooney, H., & Troell, M. (2000). Effect of aquaculture on world 

fish supplies. Nature, 405(6790), 1017–1024. https://doi.org/10.1038/35016500 

NCFA. (2018). Natural Capital Finance Alliance (NCFA). 

Ndangalasi, H. J., Bitariho, R., & Dovie, D. B. K. (2007). Harvesting of non-timber forest 

products and implications for conservation in two montane forests of East Africa. 

Biological Conservation, 134(2), 242–250. https://doi.org/10.1016/j.biocon.2006.06.020 

Nelson, E., Polasky, S., Lewis, D. J., Plantinga, A. J., Lonsdorf, E., White, D., Bael, D., & 

Lawler, J. J. (2008). Efficiency of incentives to jointly increase carbon sequestration and 

species conservation on a landscape. Proceedings of the National Academy of Sciences, 

105(28), 9471–9476. 

Nelson, E., Sander, H., Hawthorne, P., Conte, M., Ennaanay, D., Wolny, S., Manson, S., & 

Polasky, S. (2010). Projecting global land-use change and its effect on ecosystem service 

provision and biodiversity with simple models. PLoS ONE. 

https://doi.org/10.1371/journal.pone.0014327 

Nelson, G. C., & Hellerstein, D. (1997). Do Roads Cause Deforestation ? Using Satellite Images 

in Econometric Analysis of Land Use. American Journal of Agricultural Economics, 79(1), 

80–88. 

Nelson, J. (1996). Residential Zoning Regulations and the Perpetuation of Apartheid. Faculty 

Publications, 31. 

Nepstad, D., McGrath, D., Stickler, C., Alencar, A., Azevedo, A., Swette, B., Bezerra, T., 

DiGiano, M., Shimada, J., Seroa da Motta, R., Armijo, E., Castello, L., Brando, P., Hansen, 

M. C., McGrath-Horn, M., Carvalho, O., & Hess, L. (2014). Slowing Amazon deforestation 

through public policy and interventions in beef and soy supply chains. Science, 344(6188), 

1118–1123. https://doi.org/10.1126/science.1248525 

Newman, M., Wittenberg, A. T., Cheng, L., Compo, G. P., & Smith, C. A. (2018). The Extreme 

2015/16 El Niño, in the Context of Historical Climate Variability and Change. Bulletin of 

the American Meteorological Society, 99(1), S16–S20. https://doi.org/10.1175/BAMS-D-



Unedited draft chapters 31 May 2019 

211 

 

17-0116.1 

Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., Margono, C., Mullany, E. C., 

Biryukov, S., Abbafati, C., Abera, S. F., Abraham, J. P., Abu-Rmeileh, N. M. E., Achoki, 

T., AlBuhairan, F. S., Alemu, Z. A., Alfonso, R., Ali, M. K., Ali, R., Guzman, N. A., 

Ammar, W., Anwari, P., Banerjee, A., Barquera, S., Basu, S., Bennett, D. A., Bhutta, Z., 

Blore, J., Cabral, N., Nonato, I. C., Chang, J.-C., Chowdhury, R., Courville, K. J., Criqui, 

M. H., Cundiff, D. K., Dabhadkar, K. C., Dandona, L., Davis, A., Dayama, A., 

Dharmaratne, S. D., Ding, E. L., Durrani, A. M., Esteghamati, A., Farzadfar, F., Fay, D. F. 

J., Feigin, V. L., Flaxman, A., Forouzanfar, M. H., Goto, A., Green, M. A., Gupta, R., 

Hafezi-Nejad, N., Hankey, G. J., Harewood, H. C., Havmoeller, R., Hay, S., Hernandez, L., 

Husseini, A., Idrisov, B. T., Ikeda, N., Islami, F., Jahangir, E., Jassal, S. K., Jee, S. H., 

Jeffreys, M., Jonas, J. B., Kabagambe, E. K., Khalifa, S. E. A. H., Kengne, A. P., Khader, 

Y. S., Khang, Y.-H., Kim, D., Kimokoti, R. W., Kinge, J. M., Kokubo, Y., Kosen, S., 

Kwan, G., Lai, T., Leinsalu, M., Li, Y., Liang, X., Liu, S., Logroscino, G., Lotufo, P. A., 

Lu, Y., Ma, J., Mainoo, N. K., Mensah, G. A., Merriman, T. R., Mokdad, A. H., 

Moschandreas, J., Naghavi, M., Naheed, A., Nand, D., Narayan, K. M. V., Nelson, E. L., 

Neuhouser, M. L., Nisar, M. I., Ohkubo, T., Oti, S. O., Pedroza, A., Prabhakaran, D., Roy, 

N., Sampson, U., Seo, H., Sepanlou, S. G., Shibuya, K., Shiri, R., Shiue, I., Singh, G. M., 

Singh, J. A., Skirbekk, V., Stapelberg, N. J. C., Sturua, L., Sykes, B. L., Tobias, M., Tran, 

B. X., Trasande, L., Toyoshima, H., van de Vijver, S., Vasankari, T. J., Veerman, J. L., 

Velasquez-Melendez, G., Vlassov, V. V., Vollset, S. E., Vos, T., Wang, C., Wang, X., 

Weiderpass, E., Werdecker, A., Wright, J. L., Yang, Y. C., Yatsuya, H., Yoon, J., Yoon, S.-

J., Zhao, Y., Zhou, M., Zhu, S., Lopez, A. D., Murray, C. J. L., & Gakidou, E. (2014). 

Global, regional, and national prevalence of overweight and obesity in children and adults 

during 1980-2013: a systematic analysis for the Global Burden of Disease Study 2013. 

Lancet. https://doi.org/10.1016/S0140-6736(14)60460-8 

Nicholls, R. J., & Cazenave, A. (2010). Sea-level rise and its impact on coastal zones. Science, 

328(5985), 1517–1520. 

Nietschmann, B. (1972). Hunting and fishing focus among the Miskito Indians, eastern 

Nicaragua. Human Ecology, 1(1), 41–67. 

Nkambwe, M., & Sekhwela, M. B. M. (2006). Utilization characteristics and importance of 

woody biomass resources on the rural-urban fringe in Botswana. Environmental 

Management. https://doi.org/10.1007/s00267-005-2776-4 

Nolte, C., Agrawal, A., Silvius, K. M., & Soares-Filho, B. S. (2013). Governance regime and 

location influence avoided deforestation success of protected areas in the Brazilian Amazon. 

Proceedings of the National Academy of Sciences, 110(13), 4956–4961. 

https://doi.org/10.1073/pnas.1214786110 

Nolte, K. (2014). Large-scale agricultural investments under poor land governance in Zambia. 

Land Use Policy. https://doi.org/10.1016/j.landusepol.2014.01.014 

Nolte, K., Chamberlain, W., & Giger, M. (2016). International Land Deals for Agriculture. 

Fresh insights from the Land Matrix: Analytical Report II. CDE/CIRAD/GIGA/University 

of Pretoria. 

Nolte, K., & Väth, S. J. (2015). Interplay of land governance and large-scale agricultural 



Unedited draft chapters 31 May 2019 

212 

 

investment: evidence from Ghana and Kenya. The Journal of Modern African Studies. 

https://doi.org/10.1017/S0022278X14000688 

Nordhaus, W. D., & Boyer, J. (2000). Warming the World. Economic Models of Global 

Warming. London: MIT Press. 

Nsita, S. A. (2005). Decentralization and forest management in Uganda. In C. Colfer & D. 

Capistrano (Eds.), The Politics of Decentralization: Forests, Power, and People. London: 

Earthscan. 

Nyaga, J., Barrios, E., Muthuri, C. W., Öborn, I., Matiru, V., & Sinclair, F. L. (2015). Evaluating 

factors influencing heterogeneity in agroforestry adoption and practices within smallholder 

farms in Rift Valley, Kenya. Agriculture, Ecosystems & Environment, 212, 106–118. 

O’Rourke, D. (2004). Community-driven regulation: Balancing development and the 

environment in Vietnam. MIT Press. 

Oates, W. E., & Portney, P. R. (2003). The political economy of environmental policy. In 

Handbook of environmental economics (Vol. 1, pp. 325–354). Elsevier. 

Odum, H. T., & Odum, E. C. (2006). The prosperous way down. Energy, 31(1), 21–32. 

https://doi.org/https://doi.org/10.1016/j.energy.2004.05.012 

OECD. (2006). The Distributional Effects of Environmental Policy. (Y. Serret & N. Johnstone, 

Eds.). Northampton, MA: Edward Elgar. 

OECD. (2015). Income Inequality. The Gap between Rich and Poor. 

OECD. (2016). Review of Fisheries: Country Statistics 2015. OECD Publishing. 

https://doi.org/10.1787/rev_fish_stat_en-2015-en 

OECD. (2018). Air and GHG emissions (indicator). 

Ogutu, G. E. M. (1992). God, Humanity and Mother Nature, : , 1992, pp. 73 &amp;76. Nairobi: 

Masaki Publishers. 

Oh, C.-O., & Ditton, R. B. (2006). Using Recreation Specialization to Understand Multi-

Attribute Management PReferences. Leisure Sciences, 28(4), 369–384. 

https://doi.org/10.1080/01490400600745886 

Oh, C.-O., & Ditton, R. B. (2008). Using Recreation Specialization to Understand Conservation 

Support. Journal of Leisure Research, 40(4), 556–573. 

https://doi.org/10.1080/00222216.2008.11950152 

Ohmagari, K., & Berkes, F. (1997). Transmission of Indigenous Knowledge and Bush Skills 

among the Western James Bay Cree Women of Subarctic Canada. Human Ecology. 

https://doi.org/10.1023/A:1021922105740 

Okali, C., & Holvoet, K. (2007). Negotiating changes within fisheries development. sustainable 

Fisheries Livelihoods Programme: FaO/DFID. Sustainable Fisheries Livelihoods 

Programme: FAO/DFID. 

Ola-Adams, B. A. (1998). Traditional African Knowledge and Strategies for the Conservation of 

Biodiversity-Prospects and Constraints. In Proceedings Of The Third UNESCO MAB 

Regional Seminar On Biodiversity Conservation And Sustainable Development In 

Anglophone Africa (BRAAF), Cape Coast. 

Oliver, M. L., & Shapiro, T. M. (2006). Black wealth, white wealth : a new perspective on racial 

inequality. Taylor and Francis. 

Olivier, J., Janssens-Maenhout, G., Muntean, M., & Peters, J. (2015). Trends in global CO 2 



Unedited draft chapters 31 May 2019 

213 

 

emissions: 2015 Report. 

Olson, D. M. (1993). Compartmentalized competition: the managed transitional election system 

of Poland. The Journal of Politics, 55(2), 415–441. 

Olson, J. (2011). Understanding and contextualizing social impacts from the privatization of 

fisheries: An overview. Ocean and Coastal Management, 54(5), 353–363. 

https://doi.org/10.1016/j.ocecoaman.2011.02.002 

Olson, M. (1965). The Logic of Collective Action: Public Goods and the Theory of Groups. 

Harvard University Press. 

Ongondo, F. O., Williams, I. D., & Cherrett, T. J. (2011). How are WEEE doing? A global 

review of the management of electrical and electronic wastes. Waste Management, 31(4), 

714–730. https://doi.org/10.1016/j.wasman.2010.10.023 

Oosterveer, P., Adjei, B. E., Vellema, S., & Slingerland, M. (2014). Global sustainability 

standards and food security: Exploring unintended effects of voluntary certification in palm 

oil. Global Food Security, 3(3–4), 220–226. 

Orgill, J., Shaheed, A., Brown, J., & Jeuland, M. (2013). Water quality perceptions and 

willingness to pay for clean water in peri-urban Cambodian communities. Journal of Water 

and Health, 11(3), 489–506. https://doi.org/10.2166/wh.2013.212 

Ornes, S. (2018). Core Concept: How does climate change influence extreme weather? Impact 

attribution research seeks answers. Proceedings of the National Academy of Sciences, 

115(33), 8232–8235. https://doi.org/10.1073/pnas.1811393115 

Osterblom, H., Jouffray, J. B., Folke, C., Crona, B., Troell, M., Merrie, A., & Rockström, J. 

(2015). Transnational corporations as “keystone actors” in marine ecosystems. PLoS ONE. 

https://doi.org/10.1371/journal.pone.0127533 

Ostrom, E. (1990). Governing the commons: the evolution of institutions for collective action. 

Cambridge, Cambridge University Press. 

Ostrom, E. (1991). Crafting institutions for self-governing irrigation systems. 

Ostrom, E. (2000). Collective Action and the Evolution of Social Norms. Journal of Economic 

Perspectives, 14(3), 137–158. https://doi.org/10.1257/jep.14.3.137 

Ostrom, E. (2015). Governing the commons : the evolution of institutions for collective action. 

Cambridge University Press. 

Ostrom, E., Burger, J., Field, C. B., Norgaard, R. B., & Policansky, D. (1999). Revisiting the 

commons: local lessons, global challenges. Science (New York, N.Y.), 284(5412), 278–282. 

https://doi.org/10.1126/science.284.5412.278 

Pachauri, S., Brew-Hammond, A., Barnes, D. F., Bouille, D. H., Gitonga, S., Modi, V., Prasad, 

G., Rath, A., & Zerriffi, H. (2012). Energy Access for Development. Global Energy 

Assessment - Toward a Sustainable Future, 1401–1458. 

Padilla, E. (2002). Intergenerational equity and sustainability. Ecological Economics, 41(1), 69–

83. https://doi.org/10.1016/S0921-8009(02)00026-5 

Pagdee, A., Kim, Y., & Daugherty, P. J. (2006). What Makes Community Forest Management 

Successful: A Meta-Study From Community Forests Throughout the World. Society & 

Natural Resources, 19(1), 33–52. https://doi.org/10.1080/08941920500323260 

Page, S. E., Rieley, J. O., & Banks, C. J. (2011). Global and regional importance of the tropical 

peatland carbon pool. Global Change Biology, 17(2), 798–818. 



Unedited draft chapters 31 May 2019 

214 

 

Pagiola, S., Honey-Rosés, J., & Freire-González, J. (2016). Evaluation of the permanence of land 

use change induced by payments for environmental services in Quindío, Colombia. PLoS 

ONE, 11(3), 1–19. https://doi.org/10.1371/journal.pone.0147829 

Pal, A., Gin, K. Y.-H., Lin, A. Y.-C., & Reinhard, M. (2010). Impacts of emerging organic 

contaminants on freshwater resources: Review of recent occurrences, sources, fate and 

effects. Science of The Total Environment, 408(24), 6062–6069. 

https://doi.org/https://doi.org/10.1016/j.scitotenv.2010.09.026 

Palma, J. G. (2006). Globalizing Inequality: “Centrifugal” and “Centripetal” Forces at Work 

(No. 35). UN. 

Palmer, M. A., Bernhardt, E. S., Schlesinger, W. H., Eshleman, K. N., Foufoula-Georgiou, E., 

Hendryx, M. S., Lemly, A. D., Likens, G. E., Loucks, O. L., Power, M. E., White, P. S., & 

Wilcock, P. R. (2010). Mountaintop Mining Consequences. Science, 327(5962), 148–149. 

https://doi.org/10.1126/science.1180543 

Pálsson, G. (1989). The art of fishing. 

Panayotou, T. (1980). Economic conditions and prospects of small-scale fishermen in Thailand. 

Marine Policy, 4(2), 142–146. 

Panlasigui, S., Rico-Straffon, J., Pfaff, A., Swenson, J., & Loucks, C. (2018). Impacts of 

certification, uncertified concessions, and protected areas on forest loss in Cameroon, 2000 

to 2013. Biological Conservation, 227, 160–166. 

https://doi.org/https://doi.org/10.1016/j.biocon.2018.09.013 

Parajuli, P. (1996). Ecological ethnicity in the making: Developmentalist hegemonies and 

emergent identities in India. Identities Global Studies in Culture and Power, 3(1–2), 14–59. 

Parry, I. W. (1995). Pollution taxes and revenue recycling. Journal of Environmental Economics 

and Management, 29(3), S64–S77. 

Parry, I. W., Sigman, H., Walls, M., & Williams III, R. C. (2006). The incidence of pollution 

control policies. The International Yearbook of Environmental and Resource Economics 

2006/2007, 1–42. 

Pascual, U., Balvanera, P., Díaz, S., Pataki, G., Roth, E., Stenseke, M., Watson, R. T., Başak 

Dessane, E., Islar, M., Kelemen, E., Maris, V., Quaas, M., Subramanian, S. M., Wittmer, 

H., Adlan, A., Ahn, S., Al-Hafedh, Y. S., Amankwah, E., Asah, S. T., Berry, P., Bilgin, A., 

Breslow, S. J., Bullock, C., Cáceres, D., Daly-Hassen, H., Figueroa, E., Golden, C. D., 

Gómez-Baggethun, E., González-Jiménez, D., Houdet, J., Keune, H., Kumar, R., Ma, K., 

May, P. H., Mead, A., O’Farrell, P., Pandit, R., Pengue, W., Pichis-Madruga, R., Popa, F., 

Preston, S., Pacheco-Balanza, D., Saarikoski, H., Strassburg, B. B., van den Belt, M., 

Verma, M., Wickson, F., & Yagi, N. (2017a). Valuing nature’s contributions to people: the 

IPBES approach. Current Opinion in Environmental Sustainability, 26–27, 7–16. 

https://doi.org/10.1016/j.cosust.2016.12.006 

Pascual, U., Balvanera, P., Díaz, S., Pataki, G., Roth, E., Stenseke, M., Watson, R. T., Başak 

Dessane, E., Islar, M., Kelemen, E., Maris, V., Quaas, M., Subramanian, S. M., Wittmer, 

H., Adlan, A., Ahn, S., Al-Hafedh, Y. S., Amankwah, E., Asah, S. T., Berry, P., Bilgin, A., 

Breslow, S. J., Bullock, C., Cáceres, D., Daly-Hassen, H., Figueroa, E., Golden, C. D., 

Gómez-Baggethun, E., González-Jiménez, D., Houdet, J., Keune, H., Kumar, R., Ma, K., 

May, P. H., Mead, A., O’Farrell, P., Pandit, R., Pengue, W., Pichis-Madruga, R., Popa, F., 



Unedited draft chapters 31 May 2019 

215 

 

Preston, S., Pacheco-Balanza, D., Saarikoski, H., Strassburg, B. B., van den Belt, M., 

Verma, M., Wickson, F., & Yagi, N. (2017b). Valuing nature’s contributions to people: the 

IPBES approach. Current Opinion in Environmental Sustainability, 26–27, 7–16. 

https://doi.org/10.1016/J.COSUST.2016.12.006 

Pastor Jr, M., Sadd, J. L., & Morello-Frosch, R. (2002). Who’s minding the kids? Pollucion, 

public schools, and environmental justice in Los Angeles. Social Science Quarterly, 83(1), 

263–280. 

Pattanayak, S. K., & Pfaff, A. (2009). Behavior, Environment, and Health in Developing 

Countries: Evaluation and Valuation. Annual Review of Resource Economics, 1(1), 183–

217. https://doi.org/10.1146/annurev.resource.050708.144053 

Paul, G. L. (1989). Dietary protein requirements of physically active individuals. Sports 

Medicine. 

Pauly, D. (1997). Small-scale fisheries in the tropics: marginality, marginalization, and some 

implications for fisheries management. Global Trends: Fisheries Management, 20, 40–49. 

Pauly, D. (2008). Global fisheries: a brief review. Journal of Biological Research-Thessaloniki, 

9, 3–9. 

Pauly, D., Christensen, V., Guénette, S., Pitcher, T. J., Sumaila, U. R., Walters, C. J., Watson, R., 

& Zeller, D. (2002). Towards sustainability in world fisheries. Nature. 

https://doi.org/10.1038/nature01017 

Pavcnik, N. (2002). Trade Liberalization, Exit, and Productivity Improvements: Evidence from 

Chilean Plants. The Review of Economic Studies, 69(1), 245–276. 

https://doi.org/10.1111/1467-937X.00205 

Pavlínek, P., & Pickles, J. (2004). Environmental pasts/environmental futures in post-socialist 

Europe. Environmental Politics, 13(1), 237–265. 

Payn, T., Carnus, J.-M., Freer-Smith, P., Kimberley, M., Kollert, W., Liu, S., Orazio, C., 

Rodriguez, L., Silva, L. N., & Wingfield, M. J. (2015). Changes in planted forests and 

future global implications. Forest Ecology and Management, 352, 57–67. 

https://doi.org/10.1016/j.foreco.2015.06.021 

Payne, R. A. (1995). Freedom and the environment. Journal of Democracy, 6(3), 41–55. 

Pearce, F. (2016). Common Ground: Securing land rights and safeguarding the earth. 

Pearce, T., Wright, H., Notaina, R., Kudlak, A., Smit, B., Ford, J., & Furgal, C. (2011). 

Transmission of Environmental Knowledge and Land Skills among Inuit Men in 

Ulukhaktok, Northwest Territories, Canada. Human Ecology. 

https://doi.org/10.1007/s10745-011-9403-1 

PEFC. (2018). About PEFC. Retrieved August 11, 2018, from https://www.pefc.org/about-

pefc/overview 

Pellegrini, L. (2011). Corruption, development and the environment. Springer Science & 

Business Media. 

Pellegrini, L., & Gerlagh, R. (2006). Corruption, democracy, and environmental policy: an 

empirical contribution to the debate. The Journal of Environment & Development, 15(3), 

332–354. 

Pengue, W. A. (2005). Transgenic crops in Argentina: the ecological and social debt. Bulletin of 

Science, Technology & Society, 25(4), 314–322. 



Unedited draft chapters 31 May 2019 

216 

 

Pepper, D. (1996). Modern environmentalism: an introduction. Psychology Press. 

Pereira, L. M., Hichert, T., Hamann, M., Preiser, R., & Biggs, R. (2018). Using futures methods 

to create transformative spaces: visions of a good Anthropocene in Southern Africa. 

Ecology and Society, 23(1). https://doi.org/https://doi.org/10.5751/ES-09907-230119 

Pérez-Ramírez, M., Ponce-Díaz, G., & Lluch-Cota, S. (2012). The role of MSC certification in 

the empowerment of fishing cooperatives in Mexico: The case of red rock lobster co-

managed fishery. Ocean & Coastal Management, 63, 24–29. 

Perfecto, I., & Vandermeer, J. (2010). The agroecological matrix as alternative to the land-

sparing/agriculture intensification model. Proceedings of the National Academy of Sciences 

of the United States of America, 107(13), 5786–5791. 

https://doi.org/10.1073/pnas.0905455107 

Peters, G. P., Andrew, R. M., Solomon, S., & Friedlingstein, P. (2015). Measuring a fair and 

ambitious climate agreement using cumulative emissions. Environmental Research Letters. 

https://doi.org/10.1088/1748-9326/10/10/105004 

Peters, G. P., Minx, J. C., Weber, C. L., & Edenhofer, O. (2011). Growth in emission transfers 

via international trade from 1990 to 2008. Proceedings of the National Academy of 

Sciences, 108(21), 8903–8908. 

Petersen, L. R., Jamieson, D. J., Powers, A. M., & Honein, M. A. (2016). Zika Virus. New 

England Journal of Medicine, 374(16), 1552–1563. 

https://doi.org/10.1056/NEJMra1602113 

Peterson, G., & Rocha, J. (2016). Arctic regime shifts and resilience. In M. Carson & G. 

Peterson (Eds.), Arctic Resilience Report (pp. 64–95). Arctic Council. 

Petrie, B., Barden, R., & Kasprzyk-Hordern, B. (2015). A review on emerging contaminants in 

wastewaters and the environment: Current knowledge, understudied areas and 

recommendations for future monitoring. Water Research, 72, 3–27. 

https://doi.org/https://doi.org/10.1016/j.watres.2014.08.053 

Pfaff, A. (1999). What drives deforestation in the Brazilian Amazon?: evidence from satellite 

and socioeconomic data. Journal of Environmental Economics and Management, 37, 26–

43. 

Pfaff, A., Barelli, P., & Chaudhuri, S. (2004). Aid, economic growth and environmental 

sustainability: rich-poor interactions and environmental choices in developing countries. 

International Journal of Global Environmental Issues, 4(1–3), 139–159. 

Pfaff, A., Chaudhuri, S., & Nye, H. L. M. (2004). Endowments, preferences, technologies and 

abatement: growth-environment microfoundations. International Journal of Global 

Environmental Issues, 4(4), 209–228. 

Pfaff, A., & Robalino, J. (2017). Spillovers from Conservation Programs. Annual Review of 

Resource Economics, 9, 299–315. 

Pfaff, A., Robalino, J., Lima, E., Sandoval, C., & Herrera, L. D. (2014). Governance, Location 

and Avoided Deforestation from Protected Areas: Greater Restrictions Can Have Lower 

Impact, Due to Differences in Location. World Development, 55, 7–20. 

https://doi.org/10.1016/j.worlddev.2013.01.011 

Pfaff, A., Robalino, J., Reis, E. J., Walker, R., Perz, S., Laurance, W. F., Bohrer, C., Aldrich, S., 

Arima, E., Caldas, M., & Kirby, K. (2016a). Can strategically locating roads “clean” 



Unedited draft chapters 31 May 2019 

217 

 

development? Roads’ heterogeneous impacts on the Brazilian Amazon forest frontier. 

Pfaff, A., Robalino, J., Reis, E. J., Walker, R., Perz, S., Laurance, W. F., Bohrer, C., Aldrich, S., 

Arima, E. Y., Caldas, M., & Kirby, K. (2016b). Can strategically locating roads “clean” 

development? Roads’ heterogeneous impacts on the Brazilian Amazon forest frontier. 

Pfaff, A., Robalino, J., Sanchez-Azofeifa, G. A., Andam, K. S., & Ferraro, P. J. (2009). Park 

location affects forest protection: Land characteristics cause differences in park impacts 

across Costa Rica. The BE Journal of Economic Analysis & Policy, 9(2). 

Pfaff, A., Robalino, J., & Walker, R. (2007). Road Investments, Spatial Spillovers, and 

Deforestation in the Brazilian Amazon. Journal of Regional Science, 47(1), 109–123. 

Pfaff, A. S. P., Chaudhuri, S., & Nye, H. L. M. (2004). Household production and environmental 

Kuznets curves--examining the desirability and feasibility of substitution. Environmental 

and Resource Economics, 27(2), 187–200. 

Pfaff, A. S. P., Robalino, J., Reis, E. J., Walker, R., Perz, S., Laurance, W., Bohrer, C., Aldrich, 

S., Arima, E., Caldas, M., & Kirby, K. R. (2018). Roads & SDGs, tradeoffs and synergies: 

Learning from Brazil’s Amazon in distinguishing frontiers. Economics: The Open-Access, 

Open-Assessment E-Journal, 12(2018–11), 1–26. https://doi.org/10.5018/economics-

ejournal.ja.2018-11 

Pfaff, A., & Walker, R. (2010). Regional interdependence and forest “transitions”: Substitute 

deforestation limits the relevance of local reversals. Land Use Policy. 

https://doi.org/10.1016/j.landusepol.2009.07.010 

Pfeiffer, L., & Gratz, T. (2016). The effect of rights-based fisheries management on risk taking 

and fishing safety. Proceedings of the National Academy of Sciences, 113(10), 2615. 

https://doi.org/10.1073/pnas.1509456113 

Pimentel, D., Stachow, U., Takacs, D. A., Brubaker, H. W., Dumas, A. R., MEANEY, J. J., 

O’Neil, J. A. S., Onsi, D. E., & Corzilius, D. B. (1992). Conserving Biological Diversity In 

Agricultural Forestry Systems - Most Biological Diversity Exists In Human-managed 

Ecosystems. Bioscience, 42(5), 354–362. https://doi.org/10.2307/1311782 

Pizer, W. A., & Sexton, S. (2017). Distributional impacts of energy taxes. National Bureau of 

Economic Research. 

Platteau, J.-P. (2000). Allocating and enforcing property rights in land: informal versus formal 

mechanisms in Subsaharan Africa. Nordic Journal of Political Economy, 26(1), 55–81. 

Plumwood, V. (1991). Nature, self, and gender: Feminism, environmental philosophy, and the 

critique of rationalism. Hypatia, 6(1), 3–27. 

Poe, G. L., Schulze, W. D., Segerson, K., Suter, J. F., & Vossler, C. A. (2004). Exploring the 

performance of ambient-based policy instruments when nonpoint source polluters can 

cooperate. American Journal of Agricultural Economics, 86(5), 1203–1210. 

Pokorny, B. (2013). Smallholders, forest management and rural development in the Amazon. 

Routledge. 

Pokorny, B., & Pacheco, P. (2014). Money from and for forests: A critical reflection on the 

feasibility of market approaches for the conservation of Amazonian forests. Journal of 

Rural Studies, 36, 441–452. https://doi.org/10.1016/j.jrurstud.2014.09.004 

Pokorny, B., Pacheco, P., Cerutti, P. O., Boekhout Van Solinge, T., Kissinger, G., Tacconi, L., 

van Solinge, T. B., Kissinger, G., & Tacconi, L. (2016). Drivers of Illegal and Destructive 



Unedited draft chapters 31 May 2019 

218 

 

Forest Use. Illegal logging and related timber trade : dimensions, drivers, impacts and 

responses : a global scientific rapid response assessment report. 

Pokorny, B., Pacheco, P., Cerutti, P. O., van Solinge, T. B., Kissinger, G., & Tacconi, L. (2016). 

Drivers of Illegal and Destructive Forest Use. 

Polasky, S., Bryant, B., Hawthorne, P., Johnson, J., Keeler, B., & Pennington, D. (2015). 

Inclusive wealth as a metric of sustainable development. Annual Review of Environment 

and Resources, 40, 445–466. 

Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and 

consumers. Science, 360(6392), 987–992. 

Pope Francis. (2015). Encyclical on climate change and inequality: On care for our common 

home. Melville House. 

Popkin, B. M., Adair, L. S., & Ng, S. W. (2012). Global nutrition transition and the pandemic of 

obesity in developing countries. Nutrition Reviews. https://doi.org/10.1111/j.1753-

4887.2011.00456.x 

Popp, D., Newell, R. G., & Jaffe, A. B. (2010). Energy, the environment, and technological 

change. Handbook of the Economics of Innovation. https://doi.org/10.1016/S0169-

7218(10)02005-8 

Porras, I., Grieg-gran, M., & Neves, N. (2008). All that glitters: A review of payments for 

watershed services in developing countries. London, UK. 

Porter-Bolland, L., Ellis, E. A., Guariguata, M. R., Ruiz-Mallén, I., Negrete-Yankelevich, S., & 

Reyes-García, V. (2012). Community managed forests and forest protected areas: An 

assessment of their conservation effectiveness across the tropics. Forest Ecology and 

Management, 268, 6–17. https://doi.org/10.1016/j.foreco.2011.05.034 

Porter, M. (2006). Gender and fisheries: A global perspective. In Global Coasts: Gender, 

Fisheries and Contemporary Issues, International Symposium, University of Tromso, 

Norway. 

Pörtner, H.-O., Karl, D. M., Boyd, P. W., Cheung, W., Lluch-Cota, S. E., Nojiri, Y., Schmidt, D. 

N., Zavialov, P. O., Alheit, J., Aristegui, J., & others. (2014). Ocean systems. In Climate 

change 2014: impacts, adaptation, and vulnerability. Part A: global and sectoral aspects. 

contribution of working group II to the fifth assessment report of the intergovernmental 

panel on climate change (pp. 411–484). Cambridge University Press. 

Posey, D. A. (1999). 1. Introduction: Culture and Nature - The inextricable link. In Cultural and 

Spiritual Values of Biodiversity (pp. 1–18). Rugby, Warwickshire, United Kingdom: 

Practical Action Publishing. https://doi.org/10.3362/9781780445434.001 

Possingham, H. P., Bode, M., & Klein, C. J. (2015). Optimal conservation outcomes require both 

restoration and protection. PLoS Biology, 13(1), e1002052. 

Potapov, P., Hansen, M. C., Laestadius, L., Turubanova, S., Yaroshenko, A., Thies, C., Smith, 

W., Zhuravleva, I., Komarova, A., Minnemeyer, S., & Esipova, E. (2017). The last frontiers 

of wilderness: Tracking loss of intact forest landscapes from 2000 to 2013. Science 

Advances, 3(1), e1600821. https://doi.org/10.1126/sciadv.1600821 

Poteete, A. R., & Ostrom, E. (2004). Heterogeneity, group size and collective action: the role of 

institutions in forest management. Development and Change, 35(3), 435–461. 

Poterba, J. M. (1991a). Is the Gasoline Tax Regressive? Tax Policy and the Economy, 5, 145–



Unedited draft chapters 31 May 2019 

219 

 

164. 

Poterba, J. M. (1991b). Tax policy to combat global warming: on designing a carbon tax. 

National Bureau of Economic Research. 

Potere, D., & Schneider, A. (2007). A critical look at representations of urban areas in global 

maps. GeoJournal, 69(1–2), 55–80. 

Potoski, M., & Prakash, A. (2005). Green clubs and voluntary governance: ISO 14001 and firms’ 

regulatory compliance. American Journal of Political Science, 49(2), 235–248. 

Pramod, G., Nakamura, K., Pitcher, T. J., & Delagran, L. (2014). Estimates of illegal and 

unreported fish in seafood imports to the USA. Marine Policy, 48, 102–113. 

https://doi.org/10.1016/j.marpol.2014.03.019 

Prasad, S. N., Ramachandra, T. V., Ahalya, N., Sengupta, T., Kumar, A., Tiwari, A. K., Vijayan, 

V. S., & Vijayan, L. (2002). Conservation of wetlands of India - A review. Tropical 

Ecology. 

Pratt, J. W., & Zeckhauser, R. J. (1996). Willingness to Pay and the Distribution of Risk. Journal 

of Political Economy, 104(4), 747–763. 

PRB. (2014). 2014 World Population Data Sheet. 

Pretty, J. (2003). Social Capital and the Collective Management of Resources. Science, 

302(5652), 1912–1914. https://doi.org/10.1126/science.1090847 

Pretty, J. N., Brett, C., Gee, D., Hine, R. E., Mason, C. F., Morison, J. I. L., Raven, H., Rayment, 

M. D., & Van Der Bijl, G. (2000). An assessment of the total external costs of UK 

agriculture. Agricultural Systems. https://doi.org/10.1016/S0308-521X(00)00031-7 

Pretty, J. N., Noble, A. D., Bossio, D., Dixon, J., Hine, R. E., De Vries, F. W. T. P., & Morison, 

J. I. L. (2006). Resource-conserving agriculture increases yields in developing countries. 

Environmental Science and Technology. https://doi.org/10.1021/es051670d 

Pretty, J., & Smith, D. (2004). Social capital in biodiversity conservation and management. 

Conservation Biology, 18(3), 631–638. 

Proude, P. D. (1973). Objectives and methods of small-scale fisheries development. Journal of 

the Fisheries Board of Canada, 30(12), 2190–2195. 

Purifoy, D. M. (2013). EPCRA: a retrospective on the environmental Right-to-Know Act. Yale 

Journal of Health Policy, Law, and Ethics, 13(2), 375–417. 

Purser, R. E., & Park, C. (1995). Limits To Anthropocentrism: Toward an Ecocentric 

Organization Paradigm? Academy of Management Review. 

https://doi.org/10.5465/AMR.1995.9512280035 

Pyšek, P., & Richardson, D. M. (2010). Invasive Species, Environmental Change and 

Management, and Health. Annual Review of Environment and Resources, 35(1), 25–55. 

https://doi.org/10.1146/annurev-environ-033009-095548 

Qaim, M. (2009). The Economics of Genetically Modified Crops. Annual Review of Resource 

Economics. https://doi.org/10.1146/annurev.resource.050708.144203 

Qaim, M., & Zilberman, D. (2003). Yield Effects of Genetically Modified Crops in Developing 

Countries. Science. https://doi.org/10.1126/science.1080609 

Quaedvlieg, J., Roca, M. G., & Ros-Tonen, M. A. F. (2014). Is Amazon nut certification a 

solution for increased smallholder empowerment in Peruvian Amazonia? Journal of Rural 

Studies, 33, 41–55. 



Unedited draft chapters 31 May 2019 

220 

 

Quattrone, G. A., & Tversky, A. (1988). Contrasting rational and psychological analyses of 

political choice. American Political Science Review, 82(3), 719–736. 

Quinton, J. N., & Catt, J. A. (2007). Enrichment of heavy metals in sediment resulting from soil 

erosion on agricultural fields. Environmental Science and Technology. 

https://doi.org/10.1021/es062147h 

Quinton, J. N., Govers, G., Van Oost, K., & Bardgett, R. D. (2010). The impact of agricultural 

soil erosion on biogeochemical cycling. Nature Geoscience, 3(5), 311. 

Rack, R. S. (1962). Problems of fishery development in primitive communities. Proceedings of 

the Nutrition Society, 21(1), 114–120. 

Ramanathan, V., & Carmichael, G. (2008). Global and regional climate changes due to black 

carbon. Nature Geoscience. https://doi.org/10.1038/ngeo156 

Ramankutty, N., Evan, A. T., Monfreda, C., & Foley, J. A. (2008). Farming the planet: 1. 

Geographic distribution of global agricultural lands in the year 2000. Global 

Biogeochemical Cycles, 22(1), 1–19. https://doi.org/10.1029/2007GB002952 

Ramankutty, N., Graumlich, L., Achard, F., Alves, D., Chhabra, A., DeFries, R. S., Foley, J. A., 

Geist, H., Houghton, R. A., Goldewijk, K. K., Lambin, E. F., Millington, A., Rasmussen, 

K., Reid, R. S., & Turner, B. L. (2006). Global Land-Cover Change: Recent Progress, 

Remaining Challenges. In Land-Use and Land-Cover Change. https://doi.org/10.1007/3-

540-32202-7_2 

Rametsteiner, E., & Simula, M. (2003). Forest certification—an instrument to promote 

sustainable forest management? Journal of Environmental Management, 67(1), 87–98. 

Ramkissoon, H., Graham Smith, L. D., & Weiler, B. (2013). Testing the dimensionality of place 

attachment and its relationships with place satisfaction and pro-environmental behaviours: 

A structural equation modelling approach. Tourism Management, 36, 552–566. 

https://doi.org/https://doi.org/10.1016/j.tourman.2012.09.003 

Ranganathan, J., Vennard, D., Waite, R., Dumas, P., Lipinski, B., Searchinger, T., & others. 

(2016). Shifting diets for a sustainable food future (Creating a Sustainable Food Future No. 

11). World Resources Institute: Washington, DC, USA. Washington, D.C. 

Rask, K. J., & Rask, N. (2011). Economic development and food production-consumption 

balance: A growing global challenge. Food Policy. 

https://doi.org/10.1016/j.foodpol.2010.11.015 

Rasmussen, L. V., Coolsaet, B., Martin, A., Mertz, O., Pascual, U., Corbera, E., Dawson, N., 

Fisher, J. A., Franks, P., & Ryan, C. M. (2018). Social-ecological outcomes of agricultural 

intensification. Nature Sustainability, 1(6), 275. 

Ravallion, M., Chen, S., & Sangraula, P. (2008). Dollar a Day Revisited (No. Policy Research 

Working Paper 4620). 

Raymond-Yakoubian, J., & Angnaboogok, V. (2017). Cosmological Changes. Shared Lives of 

Humans and Animals: Animal Agency in the Global North, 105. 

Raynolds, L. T., Murray, D., & Heller, A. (2007). Regulating sustainability in the coffee sector: 

A comparative analysis of third-party environmental and social certification initiatives. 

Agriculture and Human Values, 24(2), 147–163. 

Reiss, P. C., & White, M. W. (2008). What changes energy consumption? Prices and public 

pressures. The RAND Journal of Economics, 39(3), 636–663. 



Unedited draft chapters 31 May 2019 

221 

 

Renaud, F. G., Bogardi, J. J., Dun, O., & Warner, K. (2007). Control, adapt or flee: How to face 

environmental migration? UNU-EHS. 

Rephann, T., & Isserman, A. (1994). New highways as economic development tools: An 

evaluation using quasi-experimental matching methods. Regional Science and Urban 

Economics, 24(6), 723–751. https://doi.org/10.1016/0166-0462(94)90009-4 

Rey Benayas, J. M., & Bullock, J. M. (2012). Restoration of Biodiversity and Ecosystem 

Services on Agricultural Land. Ecosystems, 15, 883–899. https://doi.org/10.1007/s10021-

012-9552-0 

Reyes-García, V., Paneque-Gálvez, J., Luz, A. C., Gueze, M., Macía, M. J., Orta-Martínez, M., 

& Pino, J. (2014). Cultural change and Traditional Ecological Knowledge: an empirical 

analysis from the Tsimane’ in the Bolivian Amazon. Human Organization. 

Reyes-García, V., Vadez, V., Huanca, T., Leonard, W. R., & McDade, T. (2007). Economic 

development and local ecological knowledge: A deadlock? Quantitative research from a 

Native Amazonian society. Human Ecology, 35(3), 371–377. 

https://doi.org/10.1007/s10745-006-9069-2 

Ribot, J. C. (2004). Waiting for democracy: the politics of choice in natural resource 

decentralization. 

Ricciardi, V., Ramankutty, N., Mehrabi, Z., Jarvis, L., & Chookolingo, B. (2018). How much of 

the world’s food do smallholders produce? Global Food Security, 17, 64–72. 

Richards, M. (1997). Common Property Resource Institutions and Forest Management in Latin 

America. Development and Change, 28(1), 95–117. https://doi.org/10.1111/1467-

7660.00036 

Richardson, B. (2007). Protecting Indigenous Peoples Through Socially Responsible Investment. 

Indigenous Law Journal, 6(1). 

Richardson, M., McEwan, K., Maratos, F., & Sheffield, D. (2016). Joy and Calm: How an 

Evolutionary Functional Model of Affect Regulation Informs Positive Emotions in Nature. 

Evolutionary Psychological Science, 2(4), 308–320. https://doi.org/10.1007/s40806-016-

0065-5 

Richey, A. S., Thomas, B. F., Lo, M.-H., Reager, J. T., Famiglietti, J. S., Voss, K., Swenson, S., 

& Rodell, M. (2015). Quantifying renewable groundwater stress with GRACE. Water 

Resources Research, 5217–5238. https://doi.org/10.1002/2015WR017349 

Rickson, R. J. (2014). Can control of soil erosion mitigate water pollution by sediments? Science 

of the Total Environment. https://doi.org/10.1016/j.scitotenv.2013.05.057 

Rico, J., Panlasigui, S., Loucks, C. J., Swenson, J., Pfaff, A., & others. (2017). Logging 

concessions, certification and protected areas in the Peruvian Amazon: forest impacts from 

development rights and land-use restrictions. 

RIIA. (2003). Scale of illegal logging. 

Rindfuss, R. R., Walsh, S. J., Turner, B. L., Fox, J., & Mishra, V. (2004). Developing a science 

of land change: challenges and methodological issues. Proceedings of the National 

Academy of Sciences, 101(39), 13976–13981. 

Risser, M. D., & Wehner, M. F. (2017). Attributable Human-Induced Changes in the Likelihood 

and Magnitude of the Observed Extreme Precipitation during Hurricane Harvey. 

Geophysical Research Letters, 44(24), 12,412-457,464. 



Unedited draft chapters 31 May 2019 

222 

 

https://doi.org/10.1002/2017GL075888 

Rist, S. (2002). Si estamos de buen corazón, siempre hay producción. Caminos en la renovación 

de formas de producción y vida tradicional y su importancia para el desarrollo sostenible. 

La Paz, Bolivia: Agruco. Plural Editores. 

Ritchie, H., & Roser, M. (2018). Air Pollution. 

Robalino, J. A., & Pfaff, A. (2012). Contagious development: Neighbor interactions in 

deforestation. Journal of Development Economics, 97(2), 427–436. 

Robalino, J., & Villalobos, L. (2015). Protected areas and economic welfare: an impact 

evaluation of national parks on local workers’ wages in Costa Rica. Environment and 

Development Economics, 20(3), 283–310. 

Robertson, G. P., & Swinton, S. M. (2005). Reconciling agricultural productivity and 

environmental integrity: A grand challenge for agriculture. Frontiers in Ecology and the 

Environment. https://doi.org/10.1890/1540-9295(2005)003[0038:RAPAEI]2.0.CO;2 

Robinson, B. E., Masuda, Y. J., Kelly, A., Holland, M. B., Bedford, C., Childress, M., 

Fletschner, D., Game, E. T., Ginsburg, C., Hilhorst, T., & others. (2017). Incorporating land 

tenure security into conservation. Conservation Letters. 

Robinson, C., Steinberg, D. K., Anderson, T. R., Arístegui, J., Carlson, C. A., Frost, J. R., 

Ghiglione, J.-F., Hernández-León, S., Jackson, G. A., Koppelmann, R., & others. (2010). 

Mesopelagic zone ecology and biogeochemistry--a synthesis. Deep Sea Research Part II: 

Topical Studies in Oceanography, 57(16), 1504–1518. 

Robinson, E. J. Z., Albers, H. J., & Williams, J. C. (2008). Spatial and temporal modeling of 

community non-timber forest extraction. Journal of Environmental Economics and 

Management, 56(3), 234–245. https://doi.org/https://doi.org/10.1016/j.jeem.2008.04.002 

Robinson, J. G., & Bennett, E. L. (2004). Having your wildlife and eating it too: an analysis of 

hunting sustainability across tropical ecosystems. Animal Conservation. 

https://doi.org/10.1017/S1367943004001532 

Robson, J., & Berkes, F. (2011). How Does Out-Migration Affect Community Institutions? A 

Study of Two Indigenous Municipalities in Oaxaca, Mexico. Human Ecology, 39(2), 179–

190. https://doi.org/10.1007/s10745-010-9371-x 

Robson, J. P., & Lichtenstein, G. (2013). Current Trends in Latin American Commons Research. 

Journal of Latin American Geography, 12(1), 5–31. 

Rocha, J. C., Peterson, G. D., & Biggs, R. (2015). Regime Shifts in the Anthropocene: Drivers, 

Risks, and Resilience. PLOS ONE, 10(8), e0134639. 

https://doi.org/10.1371/journal.pone.0134639 

Rocha, J., Yletyinen, J., Biggs, R., Blenckner, T., & Peterson, G. (2014). Marine regime shifts: 

drivers and impacts on ecosystems services. Philosophical Transactions of the Royal 

Society B: Biological Sciences. https://doi.org/10.1098/rstb.2013.0273 

Rochman, C. M., Tahir, A., Williams, S. L., Baxa, D. V, Lam, R., Miller, J. T., Teh, F.-C., 

Werorilangi, S., & Teh, S. J. (2015). Anthropogenic debris in seafood: Plastic debris and 

fibers from textiles in fish and bivalves sold for human consumption. Scientific Reports. 

https://doi.org/10.1038/srep14340 

Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin III, F. S., Lambin, E. F., Lenton, T. 

M., Scheffer, M., Folke, C., & Schellnhuber, H. J. (2009). A safe operating space for 



Unedited draft chapters 31 May 2019 

223 

 

humanity. Nature, 461(7263), 472. 

Rodrigue, J.-P., Comtois, C., & Slack, B. (2016). The geography of transport systems. 

Routledge. 

Rodrigues, A. S. L., Andelman, S. J., Bakarr, M. I., Boitani, L., Brooks, T. M., Cowling, R. M., 

Fishpool, L. D. C., da Fonseca, G. A. B., Gaston, K. J., Hoffmann, M., Long, J. S., Marquet, 

P. A., Pilgrim, J. D., Pressey, R. L., Schipper, J., Sechrest, W., Stuart, S. N., Underhill, L. 

G., Waller, R. W., Watts, M. E. J., & Yan, X. (2004). Effectiveness of the global protected 

area network in representing species diversity. Nature, 428(6983), 640–643. 

Rodrik, D., Subramanian, A., & Trebbi, F. (2004). Institutions rule: The primacy of institutions 

over geography and integration in economic development. Journal of Economic Growth. 

https://doi.org/10.1023/B:JOEG.0000031425.72248.85 

Rohr, J., Bernhardt, E., Cadotte, M., & Clements, W. (2018). The ecology and economics of 

restoration: when, what, where, and how to restore ecosystems. Ecology and Society, 23(2). 

Root, T. L., Price, J. T., Hall, K. R., Schneider, S. H., Rosenzweig, C., & Pounds, J. A. (2003). 

Fingerprints of global warming on wild animals and plants. Nature, 421(6918), 57. 

Roser, M., & Ortiz-Ospina, E. (2017). World Population Growth. 

RRI. (2014). What Future for Reform? Progress and slowdown in forset tenure reform since 

2002. 

Rudel, T. (1998). Is There a Forest Transition ?, 63(4), 533–552. 

Rudel, T. K., Bates, D., & Machinguiashi, R. (2002). A tropical forest transition? Agricultural 

change, out-migration, and secondary forests in the Ecuadorian Amazon. Annals of the 

Association of American Geographers, 92(1), 87–102. 

Rudel, T. K., Coomes, O. T., Moran, E., Achard, F., Angelsen, A., Xu, J., & Lambin, E. (2005). 

Forest transitions: Towards a global understanding of land use change. Global 

Environmental Change, 15(1), 23–31. https://doi.org/10.1016/j.gloenvcha.2004.11.001 

Rudel, T. K., Defries, R., Asner, G. P., & Laurance, W. F. (2009). Changing drivers of 

deforestation and new opportunities for conservation. Conservation Biology, 23(6), 1396–

1405. https://doi.org/10.1111/j.1523-1739.2009.01332.x 

Rudel, T. K., Perez-Lugo, M., & Zichal, H. (2000). When fields revert to forest: development 

and spontaneous reforestation in post-war Puerto Rico. The Professional Geographer, 

52(3), 386–397. 

Rudel, T. K., Schneider, L., Uriarte, M., Turner, B. L., DeFries, R. S., Lawrence, D., Geoghegan, 

J., Hecht, S., Ickowitz, A., Lambin, E. F., Birkenholtz, T., Baptista, S., & Grau, R. (2009). 

Agricultural intensification and changes in cultivated areas, 1970-2005. Proceedings of the 

National Academy of Sciences of the United States of America, 106(49), 20675–20680. 

https://doi.org/10.1073/pnas.0812540106 

Ruiz-Mallén, I., Morsello, C., Reyes-García, V., & De Faria, R. B. M. (2013). Children’s use of 

time and traditional ecological learning. A case study in two Amazonian indigenous 

societies. Learning and Individual Differences. https://doi.org/10.1016/j.lindif.2012.12.012 

Rulli, M. C., Saviori, A., & D’Odorico, P. (2013). Global land and water grabbing. Proceedings 

of the National Academy of Sciences, 110(3), 892–897. 

https://doi.org/10.1073/pnas.1213163110 

Rummukainen, M. (2012). Changes in climate and weather extremes in the 21st century. Wiley 



Unedited draft chapters 31 May 2019 

224 

 

Interdisciplinary Reviews: Climate Change, 3(2), 115–129. https://doi.org/10.1002/wcc.160 

Sachs, J. (2005). The end of poverty : how we can make it happen in our lifetime. Penguin Press. 

Sachs, J. D., & Warner, A. M. (1995). Natural resource abundance and economic growth. 

Sadd, J. L., Pastor, M., Morello-Frosch, R., Scoggins, J., & Jesdale, B. (2011). Playing it safe: 

Assessing cumulative impact and social vulnerability through an environmental justice 

screening method in the South Coast Air Basin, California. International Journal of 

Environmental Research and Public Health. https://doi.org/10.3390/ijerph8051441 

Salas, S., Chuenpagdee, R., Seijo, J. C., & Charles, A. (2007). Challenges in the assessment and 

management of small-scale fisheries in Latin America and the Caribbean. Fisheries 

Research, 87(1), 5–16. 

Salehi-Isfahani, D. (2016). Energy Subsidy Reform in Iran BT  - The Middle East Economies in 

Times of Transition. In I. Diwan & A. Galal (Eds.) (pp. 186–195). London: Palgrave 

Macmillan UK. https://doi.org/10.1007/978-1-137-52977-0_7 

Sallenger Jr, A. H., Doran, K. S., & Howd, P. A. (2012). Hotspot of accelerated sea-level rise on 

the Atlantic coast of North America. Nature Climate Change, 2(12), 884. 

Salmi, P., & Sipponen, M. (n.d.). Cultural Strengths and Governance Challenges of a Northern 

Inland Fishery. In A. M. Song, S. D. Bower, P. Onyango, S. J. Cooke, & R. Chuenpagdee 

(Eds.), Inter-Sectoral Governance of Inland Fisheries’ (pp. 84–96). St John’s, Canada.: 

Inter-sectoral governance of inland fisheries. TBTI Publication Series, E-01/2017. 

Salmond, A. (2014). Tears of Rangi: Water, power, and people in New Zealand. HAU: Journal 

of Ethnographic Theory, 4(3), 285–309. https://doi.org/10.14318/hau4.3.017 

Santos, L. H. M. L. M., Araújo, A. N., Fachini, A., Pena, A., Delerue-Matos, C., & Montenegro, 

M. C. B. S. M. (2010). Ecotoxicological aspects related to the presence of pharmaceuticals 

in the aquatic environment. Journal of Hazardous Materials, 175(1), 45–95. 

https://doi.org/https://doi.org/10.1016/j.jhazmat.2009.10.100 

Sarin, M. (1993). From conflict to collaboration: local institutions in joint forest management. 

National Support Group for Joint Forest Management, Society for Promotion of Wastelands 

Development & the Ford Foundation. 

SASB. (2014). Financials – Sustainability Accounting Standards. San Francisco, CA: 

Sustainability Accounting Standards. 

Sato, T., Qadir, M., Yamamoto, S., Endo, T., & Zahoor, A. (2013). Global, regional, and country 

level need for data on wastewater generation, treatment, and use. Agricultural Water 

Management. https://doi.org/10.1016/j.agwat.2013.08.007 

Satter, B. (2009). Family properties : How the struggle over race and real estate transformed 

Chicago and urban America. Henry Holt and Company. 

Sattler, C., & Matzdorf, B. (2013). PES in a nutshell: From definitions and origins to PES in 

practice—Approaches, design process and innovative aspects. Ecosystem Services, 6, 2–11. 

Sayer, J., Bullb, G., & Elliottc, C. (2008). Mediating forest transitions:’Grand 

design’or’Muddling through’. Conservation and Society, 6(4), 320. 

SCA, & WRI. (2004). Seneca creek associates and wood resources international. Illegal 

Logging. American Forest & Paper Association (19 Pp.). 

Schaffartzik, A., Mayer, A., Eisenmenger, N., & Krausmann, F. (2016). Global patterns of metal 

extractivism, 1950-2010: Providing the bones for the industrial society’s skeleton. 



Unedited draft chapters 31 May 2019 

225 

 

Ecological Economics. https://doi.org/10.1016/j.ecolecon.2015.12.007 

Schaffartzik, A., Mayer, A., Gingrich, S., Eisenmenger, N., Loy, C., & Krausmann, F. (2014). 

The global metabolic transition: Regional patterns and trends of global material flows, 

1950-2010. Global Environmental Change. https://doi.org/10.1016/j.gloenvcha.2014.03.013 

Schandl, H., & Eisenmenger, N. (2006). Regional Patterns in Global Resource Extraction. 

Journal of Industrial Ecology. https://doi.org/10.1162/jiec.2006.10.4.133 

Schandl, H., Fischer-Kowalski, M., West, J., Giljum, S., Dittrich, M., Eisenmenger, N., Geschke, 

A., Lieber, M., Wieland, H., Schaffartzik, A., Krausmann, F., Gierlinger, S., Hosking, K., 

Lenzen, M., Tanikawa, H., Miatto, A., & Fishman, T. (2016). Global Material Flows and 

Resource Productivity. 

Scheffer, M., & Carpenter, S. R. (2003). Catastrophic regime shifts in ecosystems: linking theory 

to observation. Trends in Ecology & Evolution, 18(12), 648–656. 

https://doi.org/10.1016/j.tree.2003.09.002 

Scheffer, M., van Bavel, B., van de Leemput, I. A., & van Nes, E. H. (2017). Inequality in nature 

and society. Proceedings of the National Academy of Sciences, 201706412. 

https://doi.org/10.1073/pnas.1706412114 

Schilizzi, S., & Latacz-Lohmann, U. (2007). Assessing the performance of conservation 

auctions: an experimental study. Land Economics, 83(4), 497–515. 

Schlag, N., & Zuzarte, F. (2008). Market Barriers to Clean Cooking Fuels in Sub-Saharan 

Africa: A Review of Literature. Fuel. 

Schlager, E., Blomquist, W., & Tang, S. Y. (1994). Mobile flows, storage, and self-organized 

institutions for governing common-pool resources. Land Economics, 294–317. 

Schlager, E., & Ostrom, E. (1992). Property-rights regimes and natural resources: a conceptual 

analysis. Land Economics, 249–262. 

Schmitz, C., Biewald, A., Lotze-Campen, H., Popp, A., Dietrich, J. P., Bodirsky, B., Krause, M., 

& Weindl, I. (2012). Trading more food: Implications for land use, greenhouse gas 

emissions, and the food system. Global Environmental Change. 

https://doi.org/10.1016/j.gloenvcha.2011.09.013 

Schneider, F., Kallis, G., & Martinez-Alier, J. (2010). Crisis or opportunity? Economic degrowth 

for social equity and ecological sustainability. Introduction to this special issue. Journal of 

Cleaner Production, 18(6), 511–518. https://doi.org/10.1016/j.jclepro.2010.01.014 

Schneider, S. H. (2004). Abrupt non-linear climate change, irreversibility and surprise. Global 

Environmental Change, 14(3), 245–258. 

https://doi.org/https://doi.org/10.1016/j.gloenvcha.2004.04.008 

Schouten, G., Leroy, P., & Glasbergen, P. (2012). On the deliberative capacity of private multi-

stakeholder governance: The Roundtables on Responsible Soy and Sustainable Palm Oil. 

Ecological Economics, 83, 42–50. https://doi.org/10.1016/j.ecolecon.2012.08.007 

Schroth, G., da Fonseca, G. A. B., Harvey, C. A., Gascon, C., Vasconcelos, H. L., & Anne-Marie 

N., I. (2004). Agroforestry and biodiversity conservation in tropical landscapes. Island 

Press. 

Schueler, V., Kuemmerle, T., & Schröder, H. (2011). Impacts of surface gold mining on land use 

systems in Western Ghana. Ambio, 40(5), 528–539. 

Schwartz, S. H. (1977). Normative Influences on Altruism11This work was supported by NSF 



Unedited draft chapters 31 May 2019 

226 

 

Grant SOC 72-05417. I am indebted to L. Berkowitz, R. Dienstbier, H. Schuman, R. 

Simmons, and R. Tessler for their thoughtful comments on an early draft of this chapter. In 

L. B. T.-A. in E. S. P. Berkowitz (Ed.) (Vol. 10, pp. 221–279). Academic Press. 

https://doi.org/https://doi.org/10.1016/S0065-2601(08)60358-5 

Schwarz, K., Fragkias, M., Boone, C. G., Zhou, W., McHale, M., Grove, J. M., O’Neil-Dunne, 

J., McFadden, J. P., Buckley, G. L., Childers, D., Ogden, L., Pincetl, S., Pataki, D., 

Whitmer, A., & Cadenasso, M. L. (2015). Trees grow on money: Urban tree canopy cover 

and environmental justice. PLoS ONE. https://doi.org/10.1371/journal.pone.0122051 

Scott, A. J. (2009). World Development Report 2009: reshaping economic geography. Oxford 

University Press. 

Scruggs, L. A. (1998). Political and economic inequality and the environment. Ecological 

Economics. https://doi.org/10.1016/S0921-8009(97)00118-3 

SDSN. (2013). Solutions for Sustainable Agriculture and Food Systems (Technical Report for 

the Post-2015 development agenda). China Agricultural University. 

Sebenius, J. K. (1992). Challenging conventional explanations of international cooperation: 

negotiation analysis and the case of epistemic communities. International Organization, 

46(1), 323–365. 

Seebens, H., Blackburn, T. M., Dyer, E. E., Genovesi, P., Hulme, P. E., Jeschke, J. M., Pagad, S., 

Pyšek, P., van Kleunen, M., Winter, M., Ansong, M., Arianoutsou, M., Bacher, S., Blasius, 

B., Brockerhoff, E. G., Brundu, G., Capinha, C., Causton, C. E., Celesti-Grapow, L., 

Dawson, W., Dullinger, S., Economo, E. P., Fuentes, N., Guénard, B., Jäger, H., Kartesz, J., 

Kenis, M., Kühn, I., Lenzner, B., Liebhold, A. M., Mosena, A., Moser, D., Nentwig, W., 

Nishino, M., Pearman, D., Pergl, J., Rabitsch, W., Rojas-Sandoval, J., Roques, A., Rorke, 

S., Rossinelli, S., Roy, H. E., Scalera, R., Schindler, S., Štajerová, K., Tokarska-Guzik, B., 

Walker, K., Ward, D. F., Yamanaka, T., & Essl, F. (2018). Global rise in emerging alien 

species results from increased accessibility of new source pools. Proceedings of the 

National Academy of Sciences, 201719429. https://doi.org/10.1073/pnas.1719429115 

Seebens, H., Blackburn, T. M., Dyer, E. E., Genovesi, P., Hulme, P. E., Jeschke, J. M., Pagad, S., 

Pyšek, P., Winter, M., Arianoutsou, M., Bacher, S., Blasius, B., Brundu, G., Capinha, C., 

Celesti-Grapow, L., Dawson, W., Dullinger, S., Fuentes, N., Jäger, H., Kartesz, J., Kenis, 

M., Kreft, H., Kühn, I., Lenzner, B., Liebhold, A., Mosena, A., Moser, D., Nishino, M., 

Pearman, D., Pergl, J., Rabitsch, W., Rojas-Sandoval, J., Roques, A., Rorke, S., Rossinelli, 

S., Roy, H. E., Scalera, R., Schindler, S., Štajerová, K., Tokarska-Guzik, B., van Kleunen, 

M., Walker, K., Weigelt, P., Yamanaka, T., & Essl, F. (2017). No saturation in the 

accumulation of alien species worldwide. Nature Communications, 8, 14435. 

https://doi.org/10.1038/ncomms14435 

Seebens, H., Blackburn, T. M., Dyer, E. E., Genovesi, P., Hulme, P. E., Jeschke, J. M., Pagad, S., 

Pyšek, P., Winter, M., Arianoutsou, M., Bacher, S., Blasius, B., Brundu, G., Capinha, C., 

Celesti-Grapow, L., Dawson, W., Dullinger, S., Fuentes, N., Jäger, H., Kartesz, J., Kenis, 

M., Kreft, H., Kühn, I., Lenzner, B., Liebhold, A., Mosena, A., Moser, D., Nishino, M., 

Pearman, D., Pergl, J., Rabitsch, W., Rojas-Sandoval, J., Roques, A., Rorke, S., Rossinelli, 

S., Roy, H. E., Scalera, R., Schindler, S., Štajerová, K., Tokarska-Guzik, B., Van Kleunen, 

M., Walker, K., Weigelt, P., Yamanaka, T., & Essl, F. (2017). No saturation in the 



Unedited draft chapters 31 May 2019 

227 

 

accumulation of alien species worldwide. Nature Communications. 

https://doi.org/10.1038/ncomms14435 

Seebens, H., Schwartz, N., Schupp, P. J., & Blasius, B. (2016). Predicting the spread of marine 

species introduced by global shipping. Proceedings of the National Academy of Sciences, 

113(20), 5646–5651. 

Segerson, K. (1988). Uncertainty and incentives for nonpoint pollution control. Journal of 

Environmental Economics and Management, 15(1), 87–98. https://doi.org/10.1016/0095-

0696(88)90030-7 

Segura-Moran, L. (2011). Oil palm plantations: threats and opportunities for tropical 

ecosystems. 

Selden, T. M., & Song, D. (1994). Environmental quality and development: is there a Kuznets 

curve for air pollution emissions? Journal of Environmental Economics and Management, 

27(2), 147–162. 

Selfa, T., Bain, C., Moreno, R., Eastmond, A., Sweitz, S., Bailey, C., Martins, T., Pereira, G. S., 

& Medeiros, R. (2014). Interrogating social sustainability in the biofuels sector in Latin 

America: global standards and local experiences in Mexico, Brazil and Colombia. 

Submitted to Environ Manag. 

Seter, H., Theisen, O. M., & Schilling, J. (2016). All about water and land? Resource-related 

conflicts in East and West Africa revisited. GeoJournal, 1–19. 

https://doi.org/10.1007/s10708-016-9762-7 

Seto, K. C., Fragkias, M., Gueneralp, B., & Reilly, M. K. (2011). A Meta-Analysis of Global 

Urban Land Expansion. Plos One, 6(8). 

https://doi.org/e2377710.1371/journal.pone.0023777 

Seto, K. C., Guneralp, B., & Hutyra, L. R. (2012). Global forecasts of urban expansion to 2030 

and direct impacts on biodiversity and carbon pools. Proceedings of the National Academy 

of Sciences, 109(40), 16083–16088. https://doi.org/10.1073/pnas.1211658109 

Seto, K. C., Parnell, S., & Elmqvist, T. (2013). A Global Outlook on Urbanization. In 

Urbanization, Biodiversity and Ecosystem Services: Challenges and Opportunities (pp. 1–

12). Dordrecht: Springer Netherlands. https://doi.org/10.1007/978-94-007-7088-1_1 

Seufert, V., & Ramankutty, N. (2017). Many shades of gray—The context-dependent 

performance of organic agriculture. Science Advances, 3(3), e1602638. 

Sexton, S., Wu, J., & Zilberman, D. (2012). How High Gas Prices Triggered the Housing Crisis: 

Theory and Empirical Evidence. University of California. Center for Energy and 

Environmental Economics Working Paper Series. 

Shackleton, C., & Shackleton, S. (2004). The importance of non-timber forest products in rural 

livelihood security and as safety nets: a review of evidence from South Africa. South 

African Journal of Science, 100. 

Shafik, N., & Bandyopadhyay, S. (1992). Economic growth and environmental quality: time-

series and cross-country evidence (Vol. 904). World Bank Publications. 

Shannon, G., McKenna, M. F., Angeloni, L. M., Crooks, K. R., Fristrup, K. M., Brown, E., 

Warner, K. A., Nelson, M. D., White, C., Briggs, J., McFarland, S., & Wittemyer, G. 

(2016). A synthesis of two decades of research documenting the effects of noise on wildlife. 

Biological Reviews, 91(4), 982–1005. https://doi.org/10.1111/brv.12207 



Unedited draft chapters 31 May 2019 

228 

 

Shapiro, J. S., & Walker, R. (2015). Why is pollution from US manufacturing declining? The 

roles of trade, regulation, productivity, and preferences. 

Shengji, P. (1993). Natural Resource Management. ICIMOD, Kathmandu, Nepal. 

Shi, P., Bai, X., Kong, F., Fang, J., Gong, D., Zhou, T., Guo, Y., Liu, Y., Dong, W., Wei, Z., & 

others. (2017). Urbanization and air quality as major drivers of altered spatiotemporal 

patterns of heavy rainfall in China. Landscape Ecology, 32(8), 1723–1738. 

Shogren, J. F., & Taylor, L. O. (2008). On behavioral-environmental economics. Review of 

Environmental Economics and Policy, 2(1), 26–44. 

Sills, E. O., de Sassi, C., Jagger, P., Lawlor, K., Miteva, D. A., Pattanayak, S. K., & Sunderlin, 

W. D. (2017). Building the evidence base for REDD+: Study design and methods for 

evaluating the impacts of conservation interventions on local well-being. Global 

Environmental Change, 43, 148–160. 

https://doi.org/https://doi.org/10.1016/j.gloenvcha.2017.02.002 

Sim, D., & Hilmi, H. A. (1987). Forestry Extension Methods. FAO. 

Simberloff, D., Martin, J. L., Genovesi, P., Maris, V., Wardle, D. A., Aronson, J., Courchamp, 

F., Galil, B., García-Berthou, E., Pascal, M., Pyšek, P., Sousa, R., Tabacchi, E., & Vilà, M. 

(2013). Impacts of biological invasions: What’s what and the way forward. Trends in 

Ecology and Evolution, 28(1), 58–66. https://doi.org/10.1016/j.tree.2012.07.013 

Singer, P. (1975). Animal liberation : a new ethics for our treatment of animals. New York 

Review. 

Singh, D., & Singh, A. (2000). The acute toxicity of plant origin pesticides into the freshwater 

fish Channa punctatus. CLEAN--Soil, Air, Water, 28(2), 92–94. 

Sister, C., Wolch, J., & Wilson, J. (2010). Got green? addressing environmental justice in park 

provision. GeoJournal. https://doi.org/10.1007/s10708-009-9303-8 

Six, K. D., Kloster, S., Ilyina, T., Archer, S. D., Zhang, K., & Maier-Reimer, E. (2013). Global 

warming amplified by reduced sulphur fluxes as a result of ocean acidification. Nature 

Climate Change. https://doi.org/10.1038/nclimate1981 

Skjelkvåle, B. L., Stoddard, J. L., & Andersen, T. (2001). Trends in surface water acidification in 

Europe and North America (1989-1998). Water, Air, and Soil Pollution. 

https://doi.org/10.1023/A:1013806223310 

Sletto, B., & Rodriguez, I. (2013). Burning, fire prevention and landscape productions among the 

Pemon, Gran Sabana, Venezuela: Toward an intercultural approach to wildland fire 

management in Neotropical Savannas. Journal of Environmental Management. 

https://doi.org/10.1016/j.jenvman.2012.10.041 

Smil, V. (2004). World history and energy. Encyclopedia of Energy, 6, 549–561. 

Smit, B., Pilifosova, O., Burton, I., Challenger, B., Huq, S., Klein, R., & Yohe, G. (2001). 

Adaptation to Climate Change in the Context of Sustainable Development and Equity 18. In 

J. J. McCarthy, O. Canziani, N. A. Leary, D. J. Dokken, & K. S. White (Eds.), Climate 

change 2001: impacts, adaptation and vulnerability. IPCC Working Group II (pp. 877–

912). Cambridge, UK: Cambridge University Press. 

Smit, B., & Wandel, J. (2006). Adaptation, adaptive capacity and vulnerability. Global 

Environmental Change, 16(3), 282–292. 

Smith, J., Obidzinski, K., Subarudi, S., & Suramenggala, I. (2003). Illegal logging, collusive 



Unedited draft chapters 31 May 2019 

229 

 

corruption and fragmented governments in Kalimantan, Indonesia. International Forestry 

Review, 5(3), 293–302. 

Smith, M. D., Oglend, A., Kirkpatrick, A. J., Asche, F., Bennear, L. S., Craig, J. K., & Nance, J. 

M. (2017). Seafood prices reveal impacts of a major ecological disturbance. Proceedings of 

the National Academy of Sciences. https://doi.org/10.1073/pnas.1617948114 

Smith, M., Roheim, C. A., Crowder, L. B., Halpern, B. S., Turnipseed, M., Anderson, J. L., 

Asche, F., Bourillón, L., Guttormsen, A. G., Khan, A., & others. (2010). Sustainability and 

global seafood. Science, 327(5967), 784–786. 

Smith, S. C. (2007). Ending Global Poverty: A Guide to What Works. The Heythrop Journal, 

48(4), 680. https://doi.org/10.1111/j.1468-2265.2007.00333_57.x 

Smith, V. K. (1996). Estimating Economic Values for Nature: Methods for Non-market 

Valuation. Edward Elgar Pub. 

Smith, W. (2004). Undercutting Sustainability. Journal of Sustainable Forestry, 19(1–3), 7–30. 

https://doi.org/10.1300/J091v19n01_02 

Sobrevila, C. (2008). The Role of Indigenous Peoples in Biodiversity Conservation; The Natural 

but Often Forgotten Partners. The World Bank, (44300), 102. Retrieved from 

https://scholar.google.es/scholar?hl=es&as_sdt=0%2C5&q=The+role+of+indigenous+peopl

es+in+biodiversity+conservation%3A+the+natural+but+often+forgotten+partners.&btnG=

%0Ahttp://www-

wds.worldbank.org/external/default/main?pagePK=64193027&piPK=64187937&theSit 

Sobstyl, J. M., Emig, T., Qomi, M. J. A., Ulm, F.-J., & Pellenq, R.-M. (2018). Role of City 

Texture in Urban Heat Islands at Nighttime. Physical Review Letters, 120(10), 108701. 

Solecki, W., Rosenzweig, C., Dhakal, S., Roberts, D., Barau, A. S., Schultz, S., & Ürge-Vorsatz, 

D. (2018). City transformations in a 1.5° C warmer world. Nature Climate Change, 8(3), 

177. 

Sommerville, M., Milner-Gulland, E. J., Rahajaharison, M., & Jones, J. P. G. (2010). Impact of a 

community-based payment for environmental services intervention on forest use in Menabe, 

Madagascar. Conservation Biology, 24(6), 1488–1498. https://doi.org/10.1111/j.1523-

1739.2010.01526.x 

Sonter, L. J., Moran, C. J., Barrett, D. J., & Soares-Filho, B. S. (2014). Processes of land use 

change in mining regions. Journal of Cleaner Production, 84, 494–501. 

Sosa, M., & Zwarteveen, M. (2012). Exploring the politics of water grabbing: The case of large 

mining operations in the Peruvian Andes. Water Alternatives, 5(2), 360–375. 

Speaker, J. F., Contact, J. C., Polasky, S., Lehman, C., Marshall, J., Hobbie, S., Smith, T., 

Denison, F., Bael, D., Sheehan, J., Nidzgorski, D., Savage, J., Wragg, P., Johnson, K., 

Sheehan, J., Pennington, D., Zheng, H., Peters, E., Nelson, E., Mueller, N., Clark, B., 

Mckain, C., Bonatti, P. K., & Hogan, B. (n.d.). List of institutions and participants. 

SPI. (2017). Social Progress Index 2017. In M. E. P. and S. S. with M. Green. (Ed.). M.E. Porter 

and S. Stern with M. Green. Social Progress Imperative organization. 

Spiegel, S. J. (2012). Governance Institutions, Resource Rights Regimes, and the Informal 

Mining Sector: Regulatory Complexities in Indonesia. World Development. 

https://doi.org/10.1016/j.worlddev.2011.05.015 

Spiller, C., Erakovic, L., Henare, M., & Pio, E. (2011). Relational Well-Being and Wealth: 



Unedited draft chapters 31 May 2019 

230 

 

M??ori Businesses and an Ethic of Care. Journal of Business Ethics. 

https://doi.org/10.1007/s10551-010-0540-z 

Spraggon, J. (2002). Exogenous targeting instruments as a solution to group moral hazards. 

Journal of Public Economics, 84(3), 427–456. https://doi.org/10.1016/S0047-

2727(01)00088-3 

Spraggon, J. (2004). Testing ambient pollution instruments with heterogeneous agents. Journal 

of Environmental Economics and Management, 48(2), 837–856. 

https://doi.org/10.1016/j.jeem.2003.11.006 

Squires, V. R., & Glenn, E. P. (2009). Salination, Desertification and Soil Erosion. In V. R. 

Squires (Ed.), The role of food, agriculture, forestry and fisheries in human nutrition / 

Volume 3. Eolss Publishers Co Ltd. 

Srebotnjak, T., Carr, G., De Sherbinin, A., & Rickwood, C. (2012). A global Water Quality 

Index and hot-deck imputation of missing data. Ecological Indicators. 

https://doi.org/10.1016/j.ecolind.2011.04.023 

Stammer, D., Cazenave, A., Ponte, R. M., & Tamisiea, M. E. (2013). Causes for contemporary 

regional sea level changes. Annual Review of Marine Science, 5, 21–46. 

Starrett, D. A. (2003). Property Rights, Public Goods and the Environment. In K. Maler & J. 

Vincent (Eds.), Handbook of Environmental Economics (Vol. 1). Elsevier Science. 

https://doi.org/10.1016/S1574-0099(03)01008-8 

Stedman, R. C. (2002). Toward a Social Psychology of Place: Predicting Behavior from Place-

Based Cognitions, Attitude, and Identity. Environment and Behavior, 34(5), 561–581. 

https://doi.org/10.1177/0013916502034005001 

Stehle, S., & Schulz, R. (2015). Agricultural insecticides threaten surface waters at the global 

scale. Proceedings of the National Academy of Sciences, 112(18), 5750–5755. 

https://doi.org/10.1073/pnas.1500232112 

Sterling, E. J., Filardi, C., Toomey, A., Sigouin, A., Betley, E., Gazit, N., Newell, J., Albert, S., 

Alvira, D., Bergamini, N., Blair, M., Boseto, D., Burrows, K., Bynum, N., Caillon, S., 

Caselle, J. E., Claudet, J., Cullman, G., Dacks, R., Eyzaguirre, P. B., Gray, S., Herrera, J., 

Kenilorea, P., Kinney, K., Kurashima, N., MacEy, S., Malone, C., Mauli, S., McCarter, J., 

McMillen, H., Pascua, P., Pikacha, P., Porzecanski, A. L., De Robert, P., Salpeteur, M., 

Sirikolo, M., Stege, M. H., Stege, K., Ticktin, T., Vave, R., Wali, A., West, P., Winter, K. 

B., & Jupiter, S. D. (2017). Biocultural approaches to well-being and sustainability 

indicators across scales. Nature Ecology and Evolution, 1(12), 1798–1806. 

https://doi.org/10.1038/s41559-017-0349-6 

Stern, D. I. (2004). The rise and fall of the environmental Kuznets curve. World Development, 

32(8), 1419–1439. 

Stern, D. I., Common, M. S., & Barbier, E. B. (1996). Economic growth and environmental 

degradation: the environmental Kuznets curve and sustainable development. World 

Development, 24(7), 1151–1160. 

Stern, P. C. (2002). New Environmental Theories: Toward a Coherent Theory of 

Environmentally Significant Behavior. Journal of Social Issues, 56(3), 407–424. 

https://doi.org/10.1111/0022-4537.00175 

Sterner, T. (2012). Distributional effects of taxing transport fuel. Energy Policy, 41, 75–83. 



Unedited draft chapters 31 May 2019 

231 

 

Stevens, J., & Dixon, K. (2017). Is a science-policy nexus void leading to restoration failure in 

global mining? Environmental Science & Policy, 72, 52–54. 

Stevenson, J. R., Villoria, N., Byerlee, D., Kelley, T., & Maredia, M. (2013). Green Revolution 

research saved an estimated 18 to 27 million hectares from being brought into agricultural 

production. Proceedings of the National Academy of Sciences of the United States of 

America, 110(21), 8363–8368. https://doi.org/10.1073/pnas.1208065110 

Stewart, J., & Walshe, K. (2008). Compliance costs and the small fisher: A study of exiters from 

the New Zealand fishery. Marine Policy, 32(1), 120–131. 

https://doi.org/10.1016/j.marpol.2007.05.004 

Stiglitz, J. E. (2013). The price of inequality. 

Stoddard, J. L. J., Jeffries, D. S. D., Lukewille,  a., Clair, T. a., Dillon, P. J., Driscoll, C. T., 

Forsius, M., Johannessen, M., Kahl, J. S., Kellogg, J. H., Kemp,  a., Mannio, J., Monteith, 

D. T., Murdoch, P. S., Patrick, S., Rebsdorf,  a., Skjelkvale, B. L., Stainton, M. P., Traaen, 

T., van Dam, H., Webster, K. E., Wieting, J., Wilander,  a., & Lükewille,  a. (1999). 

Regional trends in aquatic recovery from acidification in North America and Europe. 

Nature. https://doi.org/10.1038/44114 

Stoll-kleemann, S., Bender, S., Berghofer, A., Bertzky, M., Fritz-vietta, N., Schliep, R., & 

Thierfelder, B. (2006). Linking Governance and Management Perspectives with 

Conservation Success in Protected Areas and Biosphere Reserves. DiPerspectives on 

Biodiversity Governance and Management. https://doi.org/10.1017/S1477200004001495 

Storeygard, A. (2016). Farther on down the Road: Transport Costs, Trade and Urban Growth in 

Sub-Saharan Africa. The Review of Economic Studies, 83(3), 1263. 

https://doi.org/10.1093/restud/rdw020 

Stranlund, J. K., & Ben-Haim, Y. (2008). Price-based vs. quantity-based environmental 

regulation under Knightian uncertainty: An info-gap robust satisficing perspective. Journal 

of Environmental Management, 87(3), 443–449. 

Stutzer, A., & Frey, B. S. (2008). Stress that Doesn’t Pay: The Commuting Paradox*. 

Scandinavian Journal of Economics, 110(2), 339–366. https://doi.org/10.1111/j.1467-

9442.2008.00542.x 

Su, J. G., Morello-Frosch, R., Jesdale, B. M., Kyle, A. D., Shamasunder, B., & Jerrett, M. 

(2009). An Index for Assessing Demographic Inequalities in Cumulative Environmental 

Hazards with Application to Los Angeles, California. Environmental Science & 

Technology, 43(20), 7626–7634. https://doi.org/10.1021/es901041p 

Suding, K., Higgs, E., Palmer, M., Callicott, J. B., Anderson, C. B., Baker, M., Gutrich, J. J., 

Hondula, K. L., LaFevor, M. C., Larson, B. M. H., Randall, A., Ruhl, J. B., & Schwartz, K. 

Z. S. (2015). Committing to ecological restoration. Science, 348(6235), 638–640. 

https://doi.org/10.1126/science.aaa4216 

Suding, K. N. (2011). Toward an Era of Restoration in Ecology: Successes, Failures, and 

Opportunities Ahead. Annual Review of Ecology, Evolution, and Systematics, 42(1), 465–

487. https://doi.org/10.1146/annurev-ecolsys-102710-145115 

Sui, D. Z., & Zeng, H. (2001). Modeling the dynamics of landscape structure in Asia’s emerging 

desakota regions: a case study in Shenzhen. Landscape and Urban Planning, 53(1), 37–52. 

https://doi.org/10.1016/S0169-2046(00)00136-5 



Unedited draft chapters 31 May 2019 

232 

 

Sullivan, R., Martindale, W., Feller, E., & Bordon, A. (2015). Fiduciary Duty in the 21st 

Century. 

Sumaila, U. R., Cheung, W., Dyck, A., Gueye, K., Huang, L., Lam, V., Pauly, D., Srinivasan, T., 

Swartz, W., Watson, R., & others. (2012). Benefits of rebuilding global marine fisheries 

outweigh costs. PloS One, 7(7), e40542. 

Sun, J., TONG, Y., & Liu, J. (2017). Telecoupled land-use changes in distant countries. Journal 

of Integrative Agriculture, 16(2), 368–376. 

Sunderlin, W. D., Dewi, S., Puntodewo, A., Müller, D., Angelsen, A., & Epprecht, M. (2008). 

Why forests are important for global poverty alleviation: A spatial explanation. Ecology and 

Society, 13(2). https://doi.org/24 

Sunderlin, W., & Gorospe, M. (1997). Fishers’ organizations and modes of co-management: The 

case of San Miguel Bay, Philippines. Human Organization, 56(3), 333–343. 

Sunstein, C. R., & Reisch, L. A. (2014). Automatically green: Behavioral economics and 

environmental protection. Harv. Envtl. L. Rev., 38, 127. 

Suri, V., & Chapman, D. (1998). Economic growth, trade and energy: implications for the 

environmental Kuznets curve. Ecological Economics, 25(2), 195–208. 

Svolik, M. W. (2012). The politics of authoritarian rule. Cambridge University Press. 

Swain, A. (2002). The Nile River Basin Initiative: Too Many Cooks, Too Little Broth. SAIS 

Review, 22(2), 293–308. https://doi.org/10.1353/sais.2002.0044 

Swallow, B., & Meinzen-Dick, R. (2009). Payment for environmental services: Interactions with 

property rights and collective action. In V. Beckmann & M. Padmanabhan (Eds.), 

Institutions and Sustainability: Political Economy of Agriculture and the Environment-

Essays in Honour of Konrad Hagedorn (pp. 243–265). Springer Netherlands. 

https://doi.org/10.1007/978-1-4020-9690-7_12 

Swenson, J. J., Carter, C. E., Domec, J. C., & Delgado, C. I. (2011). Gold mining in the peruvian 

amazon: Global prices, deforestation, and mercury imports. PLoS ONE. 

https://doi.org/10.1371/journal.pone.0018875 

Sze, J. (2007). Noxious New York : the racial politics of urban health and environmental justice. 

MIT Press. 

Tacconi, L. (2007a). Decentralization, forests and livelihoods: Theory and narrative. Global 

Environmental Change, 17(3–4), 338–348. https://doi.org/10.1016/j.gloenvcha.2007.01.002 

Tacconi, L. (2007b). Illegal logging : law enforcement, livelihoods and the timber trade. 

Earthscan. 

Tacconi, L. (2012). Redefining payments for environmental services. Ecological Economics, 73, 

29–36. https://doi.org/10.1016/j.ecolecon.2011.09.028 

Tacconi, L., Boscolo, M., & Brack, D. (2003). National and International Policies to Control 

Illegal Forest Activities. Jakarta, Indonesia: Center for International Forestry Research. 

Tang, S. Y. (1992). Institutions and collective action: Self-governance in irrigation. ICS press. 

Tang, S. Y. (1994). Building community organizations: Credible commitment and the new 

institutional economics. Human Systems Management, 13(3), 221–232. 

Tanner, T. (1980). Significant Life Experiences: A New Research Area in Environmental 

Education. The Journal of Environmental Education, 11(4), 20–24. 

https://doi.org/10.1080/00958964.1980.9941386 



Unedited draft chapters 31 May 2019 

233 

 

Tavoni, A. (2013). Game theory: Building up cooperation. Nature Climate Change. 

https://doi.org/10.1038/nclimate1962 

Tayanc, M., & Toros, H. (1997). Urbanization effects on regional climate change in the case of 

four large cities of turkey. Climatic Change. https://doi.org/Doi 10.1023/A:1005357915441 

Taylor Buck, N. (2017). The art of imitating life: The potential contribution of biomimicry in 

shaping the future of our cities. Environment and Planning B: Urban Analytics and City 

Science, 44(1), 120–140. https://doi.org/10.1177/0265813515611417 

Taylor, P. L. (2005). In the market but not of it: Fair trade coffee and forest stewardship council 

certification as market-based social change. World Development, 33(1), 129–147. 

https://doi.org/10.1016/j.worlddev.2004.07.007 

Taylor, P. W. (1981). The Ethics of Respect for Nature. Environmental Ethics. 

https://doi.org/10.5840/enviroethics19813321 

Tegegne, Y. T. (2016). FLEGT and REDD+ synergies and impacts in the Congo Basin: lessons 

for global forest governance. Tropical Forestry Reports. 

Temper, L., Del Bene, D., & Martinez-Alier, J. (2015). Mapping the frontiers and front lines of 

global environmental justice: the EJAtlas. Journal of Political Ecology, 22(1), 255–278. 

Templet, P. H. (1995). Equity and Sustainability - an Empirical-Analysis. Society & Natural 

Resources. 

Tesfaw, A. T., Pfaff, A., Golden Kroner, R. E., Qin, S., Medeiros, R., & Mascia, M. B. (2018). 

Land-use and land-cover change shape the sustainability and impacts of protected areas. 

Proceedings of the National Academy of Sciences, 115(9), 2084–2089. 

https://doi.org/10.1073/pnas.1716462115 

Thaler, G. M. (2017). The Land Sparing Complex: Environmental Governance, Agricultural 

Intensification, and State Building in the Brazilian Amazon. Annals of the American 

Association of Geographers, 107(6), 1424–1443. 

https://doi.org/10.1080/24694452.2017.1309966 

Thapa, B. (2010). The Mediation Effect of Outdoor Recreation Participation on Environmental 

Attitude-Behavior Correspondence. The Journal of Environmental Education, 41(3), 133–

150. https://doi.org/10.1080/00958960903439989 

Thapa, B., Graefe, A. R., & Meyer, L. A. (2006). Specialization and Marine Based 

Environmental Behaviors Among SCUBA Divers. Journal of Leisure Research, 38(4), 

601–615. https://doi.org/10.1080/00222216.2006.11950094 

The Equator Principles Association. (2013). The Equator Principles: A financial industry 

benchmark for determining, assessing and managing environmental and social risk in 

projects. 

The Land Matrix Global Observatory. (n.d.). Get the detail. 

Thiede, B., Gray, C., & Mueller, V. (2016). Climate variability and inter-provincial migration in 

South America, 1970–2011. Global Environmental Change, 41, 228–240. 

https://doi.org/10.1016/j.gloenvcha.2016.10.005 

Thompson, J. (1961). The fisheries industry of El Salvador. Journal of Inter-American Studies, 

3(3), 437–446. 

Thompson, W. (2003). Encyclopedia of Population. In P. Demeny, G. McNicoll, & D. Hodgson 

(Eds.), Encyclopedia of Population (pp. 939–940). New York: Macmillan Reference. 



Unedited draft chapters 31 May 2019 

234 

 

Thorpe, A., Pouw, N., Baio, A., Sandi, R., Ndomahina, E. T., & Lebbie, T. (2014). “Fishing Na 

Everybody Business”: Women’s Work and Gender Relations in Sierra Leone’s Fisheries. 

Feminist Economics, 20(3), 53–77. 

Ticktin, T. (2004). The ecological implications of harvesting non-timber forest products. Journal 

of Applied Ecology. https://doi.org/10.1111/j.1365-2664.2004.00859.x 

Tilman, D., & Clark, M. (2014). Global diets link environmental sustainability and human 

health. Nature, 515(7528), 518–522. https://doi.org/10.1038/nature13959 

Tindall, C., & Holvoet, K. (2008). From the lake to the plate: assessing gender vulnerabilities 

throughout the fisheries chain. Development, 51(2), 205–211. 

Todaro, M. P. (1969). A Model of Labor Migration and Urban Unemployment in Less 

Developed Countries. The American Economic Review. https://doi.org/10.2307/1811100 

Todd, V. L. G., Todd, I. B., Gardiner, J. C., Morrin, E. C. N., MacPherson, N. A., DiMarzio, N. 

A., & Thomsen, F. (2015). A review of impacts of marine dredging activities on marine 

mammals. ICES Journal of Marine Science, 72(2), 328–340. 

https://doi.org/10.1093/icesjms/fsu187 

Tol, R. S. J. (2002). Estimates of the Damage Costs of Climate Change Part 1: Benchmark 

Estimates. Environmental and Resource Economics, 21, 47–73. 

Toledo, V. M. (2001). Indigenous Peoples and Biodiversity. In Encyclopedia of Biodiversity. 

https://doi.org/10.1016/B978-0-12-384719-5.00299-9 

Toledo, V. M., & Barrera-Bassols, N. (2008). La memoria biocultural la importancia ecológica 

de las sabidurías tradicionales. Barcelona: Icaria. 

Toman, M. A., & Jemelkova, B. (2017). Energy and Economie Development: An Assessment of 

the State of Knowledge. The Energy Journal, 24(4), 93–112. 

Tonge, J., Ryan, M. M., Moore, S. A., & Beckley, L. E. (2014). The Effect of Place Attachment 

on Pro-environment Behavioral Intentions of Visitors to Coastal Natural Area Tourist 

Destinations. Journal of Travel Research, 54(6), 730–743. 

https://doi.org/10.1177/0047287514533010 

Tovar, L. G., Martin, L., Cruz, M. A. G., & Mutersbaugh, T. (2005). Certified organic 

agriculture in Mexico: Market connections and certification practices in large and small 

producers. Journal of Rural Studies, 21(4), 461–474. 

Traeger, C. P. (2011). Sustainability, limited substitutability, and non-constant social discount 

rates. Journal of Environmental Economics and Management, 62(2), 215–228. 

https://doi.org/10.1016/j.jeem.2011.02.001 

Tscharntke, T., Klein, A. M., Kruess, A., Steffan-Dewenter, I., & Thies, C. (2005). Landscape 

perspectives on agricultural intensification and biodiversity - ecosystem service 

management. Ecology Letters, 8(8), 857–874. https://doi.org/10.1111/j.1461-

0248.2005.00782.x 

Tscharntke, T., Milder, J. C., Schroth, G., Clough, Y., Declerck, F., Waldron, A., Rice, R., & 

Ghazoul, J. (2015). Conserving Biodiversity Through Certification of Tropical Agroforestry 

Crops at Local and Landscape Scales. Conservation Letters, 8(1), 14–23. 

https://doi.org/10.1111/conl.12110 

Tuanmu, M.-N., Vina, A., Yang, W., Chen, X., Shortridge, A. M., & Liu, J. (2016). Effects of 

payments for ecosystem services on wildlife habitat recovery. Conservation Biology, 30(4), 



Unedited draft chapters 31 May 2019 

235 

 

827–835. 

Tveterås, S., Paredes, C. E., & Pena-Torres, J. (2011). Individual vessel quotas in Peru: stopping 

the race for anchovies. Marine Resource Economics, 26, 225–232. 

UCHIDA, E., XU, J., XU, Z., & ROZELLE, S. (2007). Are the poor benefiting from China’s 

land conservation program? Environment and Development Economics, 12(04), 593. 

https://doi.org/10.1017/S1355770X07003713 

UN-Water. (2015). Wastewater Management-A UN-Water Analytical Brief. New York. 

UN. (1966). The Convention on Fishing and Conservation of the Living Resources of the High 

Seas. In Recent Developments in the Law of the Sea and the Japanese-Korean Fishery 

Dispute (pp. 31–43). Springer. 

UN. (1992). Agenda 21. The United Nations Programme for Action from Rio. 

UN. (2003). Water for People Water for Life. 

UN. (2004). World Population to 2300. New York. 

UN. (2005). Review of the state of world marine fishery resources. Food & Agriculture Org. 

UN. (2009). Implementation of Agenda 21, the programme for the further implementation of 

Agenda 21 and the outcomes of the World Summit on Sustainable Development. UN doс. 

A/RES/64/236 (24 December 2009). 

UN. (2012). The future we want (Vol. 66). 

UN. (2014a). Department of Economic and Social Affairs. 

UN. (2014b). Population facts - Our urbanizing world (No. 3). Population Facts. 

UN. (2015). The Millennium Development Goals Report. New York: UN. 

UN. (2016a). Climate Change Resilience: an opportunity for reducing inequalities. 

UN. (2016b). Human Development Report 2016. Human Development for Everyone. 

UN. (2016c). International migration report 2015. Population Division, 1–36. 

https://doi.org/ST/ESA/SER.A/384 

UN. (2016d). The First Global Integrated Marine Assessment. United Nations, 2016. 

https://doi.org/DOI: 10.1017/9781108186148 

UN - Secretariat to the Antartic Treaty. (2018). List of Parties to the Antartic Treaty. 

UNComtrade. (2013). United Nations Commodity Trade Statistics Database. 

Undargaa, S. (2017). Re-imagining collective action institutions: pastoralism in Mongolia. 

Human Ecology, 45(2), 221–234. 

UNDP. (2016). Human development report 2016. United Nations Development Programme. 

https://doi.org/eISBN: 978-92-1-060036-1 

UNDP. (2018). Globalization Index. 

UNEA. (2014). Resolutions and Decisions Adopted by the United Nations Environmental 

Assembly of the United Nations Environment Programme at its First Session on 27 June 

2014. 

UNEP-WCMC-IUCN. (2016). Protected Planet Report 2016 How protected areas contribute to 

achieving global targets for biodiversity. Cambridge UK and Gland, Switzerland. 

UNEP. (2012). Global Environmental Outlook 5: Environment for the future we want. United 

Nations Environment Programme. 

UNEP. (2013). Global Mercury Assessment 2013: Sources, Emissions, Releases, and 

Environmental Transport. UNEP. https://doi.org/DTI/1636/GE 



Unedited draft chapters 31 May 2019 

236 

 

UNEP. (2015). IPBES/4/INF/1: preliminary guide regarding diverse conceptualization of 

multiple values of nature and its benefits, including biodiversity and ecosystem functions 

and services (deliverable 3(d)). Report of the Fourth Session of the Plenary of the 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. Bonn: 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. 

UNEP. (2016a). A Snapshot of the World’s Water Quality: Towards a global assessment. 

Nairobi, Kenya: United Nations Environment Programme. Retrieved from 

https://uneplive.unep.org/media/docs/assessments/unep_wwqa_report_web.pdf 

UNEP. (2016b). GEO-6 Regional Assessment for Africa. Nairobi, Kenya: United Nations 

Environment Programme. 

UNEP. (2016c). GEO-6 Regional Assessment for Asia Pacific. Nairobi, Kenya: United Nations 

Environment Programme. 

UNEP. (2016d). GEO-6 Regional Assessment for Latin America and the Caribbean. Nairobi, 

Kenya: United Nations Environment Programme. 

UNEP. (2016e). GEO-6 Regional Assessment for North America. Nairobi, Kenya: United 

Nations Environment Programme. 

UNEP. (2016f). GEO-6 Regional Assessment for pan-European region. Nairobi, Kenya.: United 

Nations Environment Programme. 

UNESCO, & HELCOM. (2017). Pharmaceuticals in the aquatic environment of the Baltic Sea 

region. (UNESCO Emerging Pollutants in Water Series – No. 1, Ed.) (Paris). UNESCO 

Publishing. 

UNFCCC. (2015). Adoption of the Paris agreement. United Nations Office at Geneva, Geneva 

Google Scholar. 

Unruh, J. D., Krol, M. S., & Kliot, N. (2004). Environmental change and its implications for 

population migration. Kluwer Academic Publishers. 

Uphoff, N., & Langholz, J. (1998). Incentives for avoiding the Tragedy of the Commons. 

Environmental Conservation. https://doi.org/10.1017/S0376892998000319 

Urkidi, L., & Walter, M. (2011). Dimensions of environmental justice in anti-gold mining 

movements in Latin America. Geoforum. https://doi.org/10.1016/j.geoforum.2011.06.003 

US SIF Foundation. (2016). Report on US Sustainable, Responsible and Impact Investing 

Trends. New York. 

USAID. (2012). Tenure and indigenous peoples. The importance of self-determination, territory, 

and rights to land and other natural resources. 

Utting, P. (1993). Trees, people and power: social dimensions of deforestation and forest 

protection in Central America. Earthscan Publications Ltd. 

Vale, P. M. (2016). The changing climate of climate change economics. Ecological Economics. 

https://doi.org/10.1016/j.ecolecon.2015.10.018 

van Dam, J., & FAO. (2017). The Charcoal transition: greening the charcoal value chain to 

mitigate climate change and improve local livelihoods. 

van de Walle, D. (2009). Impact evaluation of rural road projects. Journal of Development 

Effectiveness, 1(1), 15–36. https://doi.org/10.1080/19439340902727701 

Van de Wauw, J., Evens, R., & Machiels, L. (2010). Are groundwater overextraction and 

reduced infiltration contributing to Arsenic related health problems near the Marlin mine 



Unedited draft chapters 31 May 2019 

237 

 

(Guatemala)? 

van der Sandt, J. (2009). Mining Conflicts and Indigenous Peoples in Guatemala. CORDAID. 

van der Sluis, T., Pedroli, B., Kristensen, S. B. P., Lavinia Cosor, G., & Pavlis, E. (2016). 

Changing land use intensity in Europe – Recent processes in selected case studies. Land 

Use Policy, 57, 777–785. https://doi.org/10.1016/j.landusepol.2014.12.005 

Van Dijk, T. C., Van Staalduinen, M. A., & der Sluijs, J. P. (2013). Macro-Invertebrate Decline 

in Surface Water Polluted with Imidacloprid. PLOS ONE, 8(5), 1–10. 

https://doi.org/10.1371/journal.pone.0062374 

Van Donkelaar, A., Martin, R. V., Brauer, M., Kahn, R., Levy, R., Verduzco, C., & Villeneuve, 

P. J. (2010, January). Global Estimates of Ambient Fine Particulate Matter Concentrations 

from Satellite-Based Aerosol Optical Depth: Development and Application. The University 

of British Columbia. https://doi.org/10.14288/1.0103477 

van Duuren, E., Plantinga, A., & Scholtens, B. (2016). ESG Integration and the Investment 

Management Process: Fundamental Investing Reinvented. Journal of Business Ethics, 

138(3), 525–533. https://doi.org/10.1007/s10551-015-2610-8 

van Vliet, J., de Groot, H. L. F., Rietveld, P., & Verburg, P. H. (2015). Manifestations and 

underlying drivers of agricultural land use change in Europe. Landscape and Urban 

Planning. https://doi.org/10.1016/j.landurbplan.2014.09.001 

Van Vliet, N., Mertz, O., Heinimann, A., Langanke, T., Pascual, U., Schmook, B., Adams, C., 

Schmidt-Vogt, D., Messerli, P., Leisz, S., & others. (2012). Trends, drivers and impacts of 

changes in swidden cultivation in tropical forest-agriculture frontiers: a global assessment. 

Global Environmental Change, 22(2), 418–429. 

Van Vliet, N., Milner-Gulland, E. J., Bousquet, F., Saqalli, M., & Nasi, R. (2010). Effect of 

Small-Scale heterogeneity of prey and hunter distributions on the sustainability of bushmeat 

hunting. Conservation Biology. https://doi.org/10.1111/j.1523-1739.2010.01484.x 

Van Vliet, N., Nasi, R., Emmons, L., Feer, F., Mbazza, P., & Bourgarel, M. (2007). Evidence for 

the local depletion of bay duiker Cephalophus dorsalis, within the Ipassa Man and 

Biosphere Reserve, north-east Gabon. African Journal of Ecology. 

https://doi.org/10.1111/j.1365-2028.2007.00783.x 

Vandergeest, P. (2007). Certification and Communities: Alternatives for Regulating the 

Environmental and Social Impacts of Shrimp Farming. World Development, 35(7), 1152–

1171. 

Vandermeer, J., & Perfecto, I. (1995). Breakfast of biodiversity: the truth about rain forest 

destruction. Food First. 

VanWey, L. K., D’Antona, Á. O., & Brondízio, E. S. (2007). Household demographic change 

and land use/land cover change in the Brazilian Amazon. Population and Environment. 

https://doi.org/10.1007/s11111-007-0040-y 

Vaske, J. J., & Kobrin, K. C. (2001). Place Attachment and Environmentally Responsible 

Behavior. The Journal of Environmental Education, 32(4), 16–21. 

https://doi.org/10.1080/00958960109598658 

Vásquez-León, M., & McGuire, T. R. (1993). La iniciativa privada in the Mexican shrimp 

industry. Maritime Anthropological Studies, 6(1/2), 59–73. 

Vedeld, P., Angelsen, A., Bojö, J., Sjaastad, E., & Kobugabe Berg, G. (2007). Forest 



Unedited draft chapters 31 May 2019 

238 

 

environmental incomes and the rural poor. Forest Policy and Economics, 9(7), 869–879. 

https://doi.org/10.1016/j.forpol.2006.05.008 

Venter, O., Sanderson, E. W., Magrach, A., Allan, J. R., Beher, J., Jones, K. R., Possingham, H. 

P., Laurance, W. F., Wood, P., Fekete, B. M., Levy, M. A., & Watson, J. E. M. (2016). 

Global terrestrial Human Footprint maps for 1993 and 2009. Scientific Data, 3, 160067. 

https://doi.org/10.1038/sdata.2016.67 

Verbos, A. K., & Humphries, M. (2014). A Native American relational ethic: An indigenous 

perspective on teaching human responsibility. Journal of Business Ethics, 123(1), 1–9. 

Verburg, P. H., Soepboer, W., Veldkamp, A., Limpiada, R., Espaldon, V., & Mastura, S. S. A. 

(2002). Modeling the spatial dynamics of regional land use: The CLUE-S model. 

Environmental Management. https://doi.org/10.1007/s00267-002-2630-x 

Verdone, M., & Seidl, A. (2017). Time, space, place, and the Bonn Challenge global forest 

restoration target. Restoration Ecology, 25(6), 903–911. https://doi.org/10.1111/rec.12512 

Verones, F., Moran, D., Stadler, K., Kanemoto, K., & Wood, R. (2017). Resource footprints and 

their ecosystem consequences. Scientific Reports, 7(December 2016), 40743. 

https://doi.org/10.1038/srep40743 

Vilà, M., Basnou, C., Pyšek, P., Josefsson, M., Genovesi, P., Gollasch, S., Nentwig, W., Olenin, 

S., Roques, A., Roy, D., & Hulme, P. E. (2010). How well do we understand the impacts of 

alien species on ecosystem services? A pan-European, cross-taxa assessment. Frontiers in 

Ecology and the Environment, 8(3), 135–144. https://doi.org/10.1890/080083 

Viña, A., Mcconnell, W. J., Yang, H., Xu, Z., & Liu, J. (2016). Effects of conservation policy on 

China’s forest recovery. Science Advances. https://doi.org/10.1126/sciadv.1500965 

Vitousek, P. M., Aber, J. D., Howarth, R. W., Likens, G. E., Matson, P. A., Schindler, D. W., 

Schlesinger, W. H., & Tilman, D. G. (1997). Human Alteration of the Global Nitrogen 

Cycle: Sources and Consequences. Ecological Applications, 7(3), 737–750. 

https://doi.org/10.1890/1051-0761(1997)007[0737:HAOTGN]2.0.CO;2 

Vitousek, P. M., Mooney, H. A., Lubchenco, J., & Melillo, J. M. (1997). Human Domination of 

Earth’s Ecosystems. Science, 277(5325). 

Vittor, A. Y., Gilman, R. H., Tielsch, J., Glass, G., Shields, T., Lozano, W. S., Pinedo-Cancino, 

V., & Patz, J. A. (2006). The effect of deforestation on the human-biting rate of Anopheles 

darlingi, the primary vector of falciparum malaria in the Peruvian Amazon. American 

Journal of Tropical Medicine and Hygiene, 74(1), 3–11. https://doi.org/74/1/3 [pii] 

Vlosky, R., & Smithhart, R. (2011). A Brief Global Perspective on Biomass for Bioenergy and 

Biofuels. Journal of Tropical Forestry and Environment. 

Vörösmarty, C. J., Osuna, V. R., Koehler, D. A., Klop, P., Spengler, J. D., Buonocore, J. J., Cak, 

A. D., Tessler, Z. D., Corsi, F., Green, P. A., & Sánchez, R. (2018). Scientifically assess 

impacts of sustainable investments. Science, 359(6375), 523–525. 

https://doi.org/10.1126/science.aao3895 

Vossler, C. A., Poe, G. L., Schulze, W. D., & Segerson, K. (2006). Communication and incentive 

mechanisms based on group performance: An experimental study of nonpoint pollution 

control. Economic Inquiry, 44(4), 599–613. 

Wackernagel, M., Cranston, G., Morales, J. C., & Galli, A. (2014). Ecological Footprint 

Accounts. In G. Atkinson, S. Dietz, E. Neumayer, & M. Agarwala (Eds.), Handbook of 



Unedited draft chapters 31 May 2019 

239 

 

sustainable development. Edward Elgar Publishing. 

Wada, Y., Wisser, D., & Bierkens, M. F. P. (2014). Global modeling of withdrawal, allocation 

and consumptive use of surface water and groundwater resources. Earth System Dynamics. 

https://doi.org/10.5194/esd-5-15-2014 

Wade, R. (1985). Common Property Resource Management in South Indian Villages. Research 

Unit, Agriculture and Rural Development Department, Operational Policy Staff, World 

Bank. 

Wade, R. (1988). Why some Indian Villages co-operate. Economic and Political Weekly, 773–

776. 

Walker, J. M., Gardner, R., Herr, A., & Ostrom, E. (2000). Collective choice in the commons: 

Experimental results on proposed allocation rules and votes. The Economic Journal, 

110(460), 212–234. https://doi.org/10.1111/1468-0297.00497 

Walker, W. R. (2013). The transitional costs of sectoral reallocation: Evidence from the clean air 

act and the workforce. The Quarterly Journal of Economics, qjt022. 

Walpole, S. C., Prieto-Merino, D., Edwards, P., Cleland, J., Stevens, G., & Roberts, I. (2012). 

The weight of nations: an estimation of adult human biomass. BMC Public Health. 

https://doi.org/10.1186/1471-2458-12-439 

Walter, M. (2017). Mining conflicts in Latin America. 

Wang, W., Alva, S., Wang, S., & Fort, A. (2011). Levels and Trends in the Use of Maternal 

Health Services in Developing Countries. DHS Comparative Reports No. 26. Calverton, 

Maryland. 

Wang, X., Ning, L., Yu, J., Xiao, R., & Li, T. (2008). Changes of urban wetland landscape 

pattern and impacts of urbanization on wetland in Wuhan City. Chinese Geographical 

Science. https://doi.org/10.1007/s11769-008-0047-z 

Wanger, T. C. (2011). The Lithium future—resources, recycling, and the environment. 

Conservation Letters, 4(3), 202–206. https://doi.org/10.1111/j.1755-263X.2011.00166.x 

Wapner, P. (1995). Politics beyond the state environmental activism and world civic politics. 

World Politics, 47(3), 311–340. 

Warchol, G., & Kapla, D. (2012). Policing the wilderness: a descriptive study of wildlife 

conservation officers in South Africa. International Journal of Comparative and Applied 

Criminal Justice, 36(2), 83–101. 

Ward, H., Cao, X., & Mukherjee, B. (2014). State capacity and the environmental investment 

gap in authoritarian states. Comparative Political Studies, 47(3), 309–343. 

Warner, K., & Afifi, T. (2014). Where the rain falls: Evidence from 8 countries on how 

vulnerable households use migration to manage the risk of rainfall variability and food 

insecurity. Climate and Development. https://doi.org/10.1080/17565529.2013.835707 

Wassenaar, T., Gerber, P., Verburg, P. H., Rosales, M., Ibrahim, M., & Steinfeld, H. (2007). 

Projecting land use changes in the Neotropics : The geography of pasture expansion into 

forest, 17, 86–104. https://doi.org/10.1016/j.gloenvcha.2006.03.007 

Webb, E. L., & Shivakoti, G. (2008). Decentralization, Forests and Rural Communities: Policy 

Outcomes in Southeast Asia. SAGE Publications India. 

Wedding, L. M., Reiter, S. M., Smith, C. R., Gjerde, K. M., Kittinger, J. N., Friedlander, A. M., 

Gaines, S. D., Clark, M. R., Thurnherr, A. M., Hardy, S. M., & Crowder, L. B. (2015). 



Unedited draft chapters 31 May 2019 

240 

 

Managing mining of the deep seabed. Science, 349(6244), 144–145. 

https://doi.org/10.1126/science.aac6647 

WEF. (2013). From Ideas to Pratice, Pilots to Strategy. Pratical Solutions and Actionable 

Insights on How to Do Impact Investing. Geneva: WEF Press. Geneva. 

Weitzman, M. L. (1974). Prices vs. quantities. The Review of Economic Studies, 41(4), 477–491. 

Weller, R. A., Farrar, J. T., Buckley, J., Mathew, S., Venkatesan, R., Lekha, J. S., Chaudhuri, D., 

Kumar, N. S., & Kumar, B. P. (2016). Air-Sea Interaction in the Bay of Bengal. 

Oceanography, 29(2), 28–37. 

Wells, N. M., & Lekies, K. S. (2006). Nature and the Life Course: Pathways from Childhood 

Nature Experiences to Adult Environmentalism. Children, Youth and Environments, 16(1), 

1–24. 

Weng, L., Boedhihartono, A. K., Dirks, P. H. G. M., Dixon, J., Lubis, M. I., & Sayer, J. A. 

(2013). Mineral industries, growth corridors and agricultural development in Africa. Global 

Food Security, 2(3), 195–202. 

WFP. (2017). 108 Million People In The World Face Severe Food Insecurity – Situation 

Worsening. 

WHI. (2017). World Happiness Report 2017. (J. Helliwell, R. Layard, & J. Sachs, Eds.). 

White, A., & Martin, A. (2002). Who owns the world’s forests? Forest tenure and public forests 

in transition. Forest Trends. 

White, A. T., & Palaganas, V. P. (1991). Philippine Tubbataha Reef National Marine Park: 

status, management issues, and proposed plan. Environmental Conservation, 18(2), 148–

157. 

Whitehead, J. C. (2006). Improving Willingness to Pay Estimates for Quality Improvements 

through Joint Estimation with Quality Perceptions. Southern Economic Journal, 73(1), 100–

111. 

Whitmee, S., Haines, A., Beyrer, C., Boltz, F., Capon, A. G., De Souza Dias, B. F., Ezeh, A., 

Frumkin, H., Gong, P., Head, P., Horton, R., Mace, G. M., Marten, R., Myers, S. S., 

Nishtar, S., Osofsky, S. A., Pattanayak, S. K., Pongsiri, M. J., Romanelli, C., Soucat, A., 

Vega, J., & Yach, D. (2015). Safeguarding human health in the Anthropocene epoch: 

Report of the Rockefeller Foundation-Lancet Commission on planetary health. The Lancet. 

https://doi.org/10.1016/S0140-6736(15)60901-1 

WHO-WEDC. (2013). How much water is needed in emergencies. 

WHO. (2005). Modern food biotechnology, human health and development: an evidence-based 

study FOOD SAFETY DEPARTMENT* WORLD HEALTH ORGANIZATION WHO Library 

Cataloguing-in-Publication Data. Geneva. 

WHO. (2016). Ambient Air Pollution: A global assessment of exposure and burden of disease. 

World Health Organization. https://doi.org/9789241511353 

WHO, & UNEP. (1989). Public health impact of pesticides used in agriculture: report of a WH. 

WHO, & UNICEF. (2017). Progress on drinking water, sanitation and hygiene: 2017 update 

and SDG baselines. World Health Organization. 

WHYMAP, & Margat. (2008). Groundwater Resources of The World. Larger Aquifer Systems. 

Wickham, J. D., Riitters, K. H., Wade, T. G., Coan, M., & Homer, C. (2007). The effect of 

Appalachian mountaintop mining on interior forest. Landscape Ecology. 



Unedited draft chapters 31 May 2019 

241 

 

https://doi.org/10.1007/s10980-006-9040-z 

Widmer, R., Oswald-krapf, H., Sinha-khetriwal, D., Schnellmann, M., & Bo, H. (2005). Global 

perspectives on e-waste, 25, 436–458. https://doi.org/10.1016/j.eiar.2005.04.001 

Wiedmann, T., Schandl, H., Lenzen, M., Moran, D., Suh, S., West, J., & Kanemoto, K. (2015). 

The material footprint of nations. Proceedings of the National Academy of Sciences, 

112(20), 6271–6276. https://doi.org/10.1073/pnas.1220362110 

Wilen, J. (2006). Why fisheries management fails: treating symptoms rather than the cause. 

Bulletin of Marine Science, 78(3), 529–546. 

Wilen, J. E., Cancino, J., & Uchida, H. (2012a). The economics of territorial use rights fisheries, 

or turfs. Review of Environmental Economics and Policy, 6(2), 237–257. 

https://doi.org/10.1093/reep/res012 

Wilen, J. E., Cancino, J., & Uchida, H. (2012b). The Economics of Territorial Use Rights 

Fisheries, or TURFs. Review of Environmental Economics and Policy, 6(2), 237–257. 

https://doi.org/10.1093/reep/res012 

Wilkie, D. S., & Carpenter, J. F. (1999). Bushmeat hunting in the Congo Basin: An assessment 

of impacts and options for mitigation. Biodiversity and Conservation. 

https://doi.org/10.1023/A:1008877309871 

Wilkinson, J. L., Hooda, P. S., Barker, J., Barton, S., & Swinden, J. (2016). Ecotoxic 

pharmaceuticals, personal care products, and other emerging contaminants: A review of 

environmental, receptor-mediated, developmental, and epigenetic toxicity with discussion 

of proposed toxicity to humans. Critical Reviews in Environmental Science and 

Technology, 46(4), 336–381. https://doi.org/10.1080/10643389.2015.1096876 

Wilkinson, R. G., & Pickett, K. (2010). The spirit level : why equality is better for everyone. 

Penguin. 

Williams, R., Wright, A. J., Ashe, E., Blight, L. K., Bruintjes, R., Canessa, R., Clark, C. W., 

Cullis-Suzuki, S., Dakin, D. T., Erbe, C., Hammond, P. S., Merchant, N. D., O’Hara, P. D., 

Purser, J., Radford, A. N., Simpson, S. D., Thomas, L., & Wale, M. A. (2015). Impacts of 

anthropogenic noise on marine life: Publication patterns, new discoveries, and future 

directions in research and management. Ocean & Coastal Management, 115, 17–24. 

https://doi.org/10.1016/j.ocecoaman.2015.05.021 

Wilson, M. A., & Howarth, R. B. (2002). Discourse-based valuation of ecosystem services : 

establishing fair outcomes through group deliberation, 41, 431–443. 

Wing, S., Cole, D., & Grant, G. (2000). Environmental injustice in North Carolina’s hog 

industry. Environmental Health Perspectives. https://doi.org/sc271_5_1835 [pii] 

Winslow, M. (2005). Is democracy good for the environment? Journal of Environmental 

Planning and Management, 48(5), 771–783. 

Wiser, R. H. (2007). Using contingent valuation to explore willingness to pay for renewable 

energy: A comparison of collective and voluntary payment vehicles. Ecological Economics, 

62, 419–432. https://doi.org/10.1016/j.ecolecon.2006.07.003 

Wittemyer, G., Elsen, P., Bean, W. T., Burton, A. C. O., & Brashares, J. S. (2008). Accelerated 

Human Population Growth at Protected Area Edges. Science. 

https://doi.org/10.1126/science.1158900 

Wolfersberger, J., Delacote, P., & Garcia, S. (2015). An empirical analysis of forest transition 



Unedited draft chapters 31 May 2019 

242 

 

and land-use change in developing countries. Ecological Economics, 119, 241–251. 

Wood, E. C., Tappan, G. G., & Hadj, A. (2004). Understanding the drivers of agricultural land 

use change in south-central Senegal. Journal of Arid Environments. 

https://doi.org/10.1016/j.jaridenv.2004.03.022 

Wood, P. J. (2011). Climate change and game theory. Annals of the New York Academy of 

Sciences. https://doi.org/10.1111/j.1749-6632.2010.05891.x 

Working Group on Mining in the Philippines. (2009). The impact of UK-based mining 

companies on the Philippines, particularly focusing on the right to food. 

World Bank. (1994). World Development Report 1994: Infrastructure for Development. JSTOR. 

World Bank. (2004). World development report 2004: making services work for poor people. 

World Bank. (2006). Where is the wealth of nations?: measuring capital for the 21st century. 

World Bank Publications. 

World Bank. (2007). Poverty and the environment: Understanding linkages at the household 

level. World Bank. 

World Bank. (2009). World Bank development report 2009: reshaping economic geography. In 

World Bank development report 2009: reshaping economic geography. 

World Bank. (2012). Hidden harvest: The global contribution of capture fisheries. Worldbank; 

WorldFish. 

World Bank. (2014). Saving fish and fisheries: towards sustainable and equitable governance of 

the global fishing sector (No. 29090). 

World Bank. (2015). The Africa Competitiveness Report 2015. 

World Bank. (2016). Global Monitoring Report 2015/2016: Development Goals in an Era of 

Demographic Change. Washington, DC: https://doi.org/10.1596/978-1-4648-0669-8. 

World Bank. (2017a). Global tracking framework 2017: Progress towards sustainable energy. 

International Bank for Reconstruction and Development, The World Bank and the 

International Energy Agency, Washington DC, 1(1), 1–40. https://doi.org/10.1596/ 978-1-

4648-1084-8 

World Bank. (2017b). The World Bank Environmental and Social Framework. 

World Bank. (2017c). World Bank Open Data. 

World Bank. (2018a). Agriculture, value added (% of GDP). 

World Bank. (2018b). Employment in agriculture (% of total employment) (modeled ILO 

estimate). 

World Bank. (2018c). Employment in services (% of total employment) (modeled ILO estimate). 

World Bank. (2018d). Energy use (kg of oil equivalent per capita). 

World Bank. (2018e). Fertilizer consumption (kilograms per hectare of arable land). 

World Bank. (2018f). GDP (Currents USD$). 

World Bank. (2018g). GDP per capita (current US$). 

World Bank. (2018h). Industry, value added (% of GDP). 

World Bank. (2018i). International migrant stock, total. 

World Bank. (2018j). Mortality rate, under-5 (per 1,000 live births). 

World Bank. (2018k). Number of people employed in industry. 

World Bank. (2018l). People using safely managed sanitation services (% of population). 

World Bank. (2018m). Population, Total. 



Unedited draft chapters 31 May 2019 

243 

 

World Bank. (2018n). The changing wealth of nations 2018: Building a sustainable future. 

World Bank Publications. 

World Bank. (2018o). Trade in services (% of GDP). 

World Bank. (2018p). Urban population (% of total). 

World Bank. (2018q). World Bank Country and Lending Groups. 

World Economic Forum. (2017). The Global Risks Report 2017 12th Edition. Insight Report. 

https://doi.org/10.1017/CBO9781107415324.004 

World Economic Forum. (2018). The Global Risks Report 2018. Geneva. https://doi.org/978-1-

944835-15-6 

Worldfish Center. (2010). WorldFish Report 2009/10. WorldFish Report, 1–10. 

WRI. (1992). Global biodiversity strategy: Guidelines for action to save, study, and use earth’s 

biotic wealth sustainably and equitably. World Resources Inst. 

WRI. (2000). A Guide to World Resources 2000–2001: People and Ecosystems: The Fraying 

Web of Life. UNDP-UNEP-World Bank. 

WRI. (2017). Thirsting for Justice. Transparency and Poor People’s Struggle for Clean Water in 

Indonesia, Mongolia, and Thailand. 

Wright, G., Ardron, J., Gjerde, K., Currie, D., & Rochette, J. (2015). Advancing marine 

biodiversity protection through regional fisheries management: A review of bottom fisheries 

closures in areas beyond national jurisdiction. Marine Policy, 61(2015), 134–148. 

https://doi.org/10.1016/j.marpol.2015.06.030 

WU. (2015). Global Material Flow Database. 2015 Version., (March), 1–37. 

WU. (2017). Global Material Flows Database. 

WU, & Dittrich. (2014). Global Material Flows Database. 

Wunder, S., & Albán, M. (2008). Decentralized payments for environmental services: The cases 

of Pimampiro and PROFAFOR in Ecuador. Ecological Economics, 65(4), 685–698. 

WWAP. (2012). The United Nations World Water Development Report 4: Managing Water 

under Uncertainty and Risk. Paris. 

WWF. (2016). Living planet report: risk and resilience in a new era. WWF International. 

https://doi.org/978-2-940529-40-7 

Xepapadeas, A. P. (1991). Environmental policy under imperfect information: Incentives and 

moral hazard. Journal of Environmental Economics and Management, 20(2), 113–126. 

Yemefack, M., Rossiter, D. G., & Njomgang, R. (2005). Multi-scale characterization of soil 

variability within an agricultural landscape mosaic system in southern Cameroon. 

Geoderma, 125(1–2), 117–143. 

Yiridoe, E. K., Bonti-Ankomah, S., & Martin, R. C. (2005). Comparison of consumer 

perceptions and preference toward organic versus conventionally produced foods: A review 

and update of the literature. Renewable Agriculture and Food Systems, 20(4), 193–205. 

Yohe, G. W. (1978). Towards a general comparison of price controls and quantity controls under 

uncertainty. The Review of Economic Studies, 45(2), 229–238. 

Youn, S.-J., Taylor, W. W., Lynch, A. J., Cowx, I. G., Beard Jr, T. D., Bartley, D., & Wu, F. 

(2014). Inland capture fishery contributions to global food security and threats to their 

future. Global Food Security, 3(3–4), 142–148. 

Youn, Y. C. (2009). Use of forest resources, traditional forest-related knowledge and livelihood 



Unedited draft chapters 31 May 2019 

244 

 

of forest dependent communities: Cases in South Korea. Forest Ecology and Management. 

https://doi.org/10.1016/j.foreco.2009.01.054 

Young, E. (1999). Balancing conservation with development in small-scale fisheries: is 

ecotourism an empty promise? Human Ecology, 27(4), 581–620. 

Young, E. (2001). State intervention and abuse of the commons: Fisheries development in Baja 

California Sur, Mexico. Annals of the Association of American Geographers, 91(2), 283–

306. 

Young, M. H., Mogelgaard, K., & Hardee, K. (2009). Projecting Population, Projecting Climate 

Change Population in IPCC Scenarios. 

Yun, S. Do, Hutniczak, B., Abbott, J. K., & Fenichel, E. P. (2017). Ecosystem-based 

management and the wealth of ecosystems. Proceedings of the National Academy of 

Sciences, 114(25), 6539–6544. https://doi.org/10.1073/pnas.1617666114 

Zaller, J. (1992). The nature and origins of mass opinion. Cambridge university press. 

Žganec, K. (2012). The effects of water diversion and climate change on hydrological alteration 

and temperature regime of karst rivers in central Croatia. Environmental Monitoring and 

Assessment. https://doi.org/10.1007/s10661-011-2375-1 

Zhang, Q. (2009). The South-to-North Water Transfer Project of China: Environmental 

implications and monitoring strategy. Journal of the American Water Resources 

Association. https://doi.org/10.1111/j.1752-1688.2009.00357.x 

Zhang, Q., Jiang, X., Tong, D., Davis, S. J., Zhao, H., Geng, G., Feng, T., Zheng, B., Lu, Z., 

Streets, D. G., Ni, R., Brauer, M., van Donkelaar, A., Martin, R. V., Huo, H., Liu, Z., Pan, 

D., Kan, H., Yan, Y., Lin, J., He, K., & Guan, D. (2017). Transboundary health impacts of 

transported global air pollution and international trade. Nature, 543(7647), 705–709. 

https://doi.org/10.1038/nature21712 

Zhang, X., & Fan, S. (2004). How Productive Is Infrastructure? A New Approach and Evidence 

from Rural India. American Journal of Agricultural Economics, 86(2), 492–501. 

Zhao, H. Y., Zhang, Q., Guan, D., Davis, S. J., Liu, Z., Huo, H., Lin, J. T., Liu, W. D., & He, K. 

B. (2015). Corrigendum to “assessment of China’s virtual air pollution transport embodied 

in trade by using a consumption-based emission inventory” published in Atmos. Chem. 

Phys., 15, 5443-5456, 2015. Atmospheric Chemistry and Physics. 

https://doi.org/10.5194/acp-15-6815-2015 

Zhou, S., Smith, A. D. M., Punt, A. E., Richardson, A. J., Gibbs, M., Fulton, E. A., Pascoe, S., 

Bulman, C., Bayliss, P., & Sainsbury, K. (2010). Ecosystem-based fisheries management 

requires a change to the selective fishing philosophy. Proceedings of the National Academy 

of Sciences, 200912771. 

Zhu, C., & Feng, G. (2003). Case studies of policies and management of the Green for Grain 

programme in China. Beijing: Science Press. 

Zhu, T., Melamed, M. L., Parrish, D., Gauss, M., Laura, G. K., Lawrence, M., Konare, A., & 

Liousse, C. (2012). WMO/IGAC impacts of megacities on air pollution and climate. Urban 

Climate, 1, 67–68. 

Zimmerer, K. S., Carney, J. A., & Vanek, S. J. (2015). Sustainable smallholder intensification in 

global change? Pivotal spatial interactions, gendered livelihoods, and agrobiodiversity. 

Current Opinion in Environmental Sustainability, 14, 49–60. 



Unedited draft chapters 31 May 2019 

245 

 

https://doi.org/10.1016/j.cosust.2015.03.004 

Zimmerman, B. (2011). Beauty, power, and conservation in the Southeast Amazon: How 

traditional social organization of the Kayapo leads to forest protection. Indigenous Peoples 

and Conservation: from Rights to Resource Management. Retrieved from 

http://www.conservation.org/publications/Documents/CI_ITPP_Indigenous_Peoples_and_C

onservation_Rights_Resource_Management.pdf 

Zomer, R. J., Neufeldt, H., Xu, J., Ahrends, A., Bossio, D., Trabucco, A., van Noordwijk, M., & 

Wang, M. (2016). Global Tree Cover and Biomass Carbon on Agricultural Land: The 

contribution of agroforestry to global and national carbon budgets. Scientific Reports, 6(1), 

29987. https://doi.org/10.1038/srep29987 

 

 


