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EURAF is an NGO, based in Montpellier and Brussels (Transparency Register ID of 913270437706-82). It
aims “to promote the adoption of agroforestry practices across Europe by supporting efforts to develop
awareness, education, research, policy making and investments which foster the use of trees on farms”. It has
a network of 31 affiliated entities in 23 countries.

This Policy Briefing is provided as an input to the FAO review of monitoring and reporting methods for Trees
Outside Forests to be used in 2030 Forest Resource Assessment (with the review scheduled for completion in
2025). EURAF recommends greater coordination with the UNFCCC forest definitions and the move towards
wall-to-wall identification of “lands” in national LULUCF inventories (particularly in Annex I countries). We
also suggest that quantification of TOF should be based on the crown area of trees in agricultural land
(croplands and grasslands) and in settlements. The opportunity could be taken to move away from the minimum
block size threshold (0.5ha) used in the FAO categories of Other Wooded Land and Other Land With Tree
Cover. Country-wide remote sensing techniques are increasingly available to estimate the crown area of
individual trees, tree lines and small copses, irrespective of block-size. As an intermediate step, EU Member
States are encouraged to contribute more completely to the TOF categories being used in the FRA-2025.

1 Introduction
There are three ways of classifying forests and tree cover: a) a unified international definition applying to all
countries (FAO), b) internationally agreed thresholds within which countries set their limits (UNFCCC), c)
countries using their own categorisations.

A. The Food and Agriculture Organisation (FAO) Forest Resource Assessment gives a single definition of forest based
on minimum area, % crown-cover and minimum potential tree height;

B. The UNFCCC Marrakesh Accords set minimum and maximum limits for the three criteria above, and countries notify
the UNFCCC Secretariat of the values (and changes) that they will use for climate change reporting related to forests,
croplands, grasslands, wetlands, settlements and other land.

C. A national rural cadastre, where parcels are classified as forest or agriculture, alongside ownership information.
Definitions in cadastres tend to closely match method B above. Only a few countries (e.g. 4 in Europe and 4 of the
main UNFCCC Non-Annex I countries) have national forest classifications which conform to the FAO definition.

 2 FAO Forest Resource Assessment
The FAO Global Forest Resources Assessment (FRA) is produced every five years. It requires countries to report
on a range of forest statistics for four mutually-exclusive land use categories: Forest, Other Wooded Land, Other
Land, Inland Water. These categories cover 100% of land. The FRA defines “forest” [1] as in Box 11

Box 1: Forest. Definition - land spanning more than 0.5 ha with a cover more than 10% and trees higher than five metres,
or trees able to reach those thresholds in situ, it does not include land that is predominantly under agricultural or urban land
use.

Explanatory notes for “forest”.
1. Forest is determined both by the presence of trees and the absence of other predominant land uses. The trees should

be able to reach a minimum height of 5 metres.
2. Includes areas with young trees that have not yet reached, but which are expected to reach, a canopy cover of at

least 10 percent and tree height of 5 metres or more. It also includes areas that are temporarily unstocked due to
clear-cutting as part of a forest management practice or natural disasters, and which are expected to be
regenerated within 5 years. Local conditions may, in exceptional cases, justify that a longer time frame is used.

1 The UN Convention on Biological Diversity definition is very similar [2]: “A land area of more than 0.5 ha, with a tree canopy cover of
more than 10 %, which is not primarily under agriculture or other specific non-forest land use. In the case of young forest or regions where
tree growth is climatically suppressed, the trees should be capable of reaching a height of 5m in situ, and of meeting the canopy cover
requirement”.
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3. Includes forest roads, firebreaks and other small open areas; forest in national parks, nature reserves and other
protected areas such as those of specific environmental, scientific, historical, cultural or spiritual interest.

4. Includes windbreaks, shelterbelts and corridors of trees with an area of more than 0.5 hectares and a width of more
than 20 metres.

5. Includes abandoned shifting cultivation land with a regeneration of trees that have, or are expected to reach, a
canopy cover of at least 10 percent and tree height of at least 5 metres.

6. Includes areas with mangroves in tidal zones, regardless whether this area is classified as land area or not.
7. Includes rubberwood, cork oak and Christmas tree plantations.
8. Includes areas with bamboo and palms provided that land use, height and canopy cover criteria are met.
9. Excludes tree stands in agricultural production systems, such as fruit tree plantations, oil palm plantations, olive

orchards and agroforestry systems when crops are grown under tree cover. Note: Some agroforestry systems such
as the “Taungya” system where crops are grown only during the first years of the forest rotation should be
classified as forest.

Two further categories were used in the FAO Forest Resource Assessment2 from 1990 onwards (Box 2 & 3) [4]:

Box 2. Other Wooded Land (OWL). Definition “land not defined as forest”, spanning more than 0.5 hectares; with trees
higher than 5 metres and a canopy cover of 5-10 percent, or trees able to reach these thresholds; or with a combined cover of
shrubs3, bushes and trees above 10 percent. It does not include land that is predominantly under agricultural or urban land
use.”

Explanatory notes for OWL: the definition has two options - a) the canopy cover of trees4 is from 5-10% and the trees
should be higher than 5m or able to reach 5m in situ, b) the canopy cover of trees is less than 5% but the combined cover of
shrubs, bushes and trees is more than 10% - this includes areas of shrubs and bushes where no trees are present. b)
includes areas with trees that will not reach a height of 5m in situ with a canopy cover of 10% or more (e.g. some alpine tree
vegetation types, arid zone mangroves etc); c) includes areas with bamboo and palms, provided that land use height and
canopy cover criteria are met.

Box 3. Other Land with Tree Cover (OLTC). Definition: “land considered as ‘other land’,5 that is predominantly
agricultural or urban land use and has patches of tree cover that span more than 0.5 hectares with a canopy cover of more
than 10 percent of trees able to reach a height of 5 metres at maturity. It includes both forest and non-forest tree species.”

Explanatory notes for OLTC. a) The difference between Forest and Other Land with Tree Cover is the land use criteria. b)
OLTC Includes groups of trees and scattered trees (e g trees outside forest) in agricultural landscapes, parks, gardens and
around buildings, provided that area, height and canopy cover criteria are met. c) . Includes tree stands in agricultural
production systems, for example in fruit plantations and agroforestry systems when crops are grown under tree cover. Also
includes tree plantations established mainly for other purposes than wood, such as oil palm plantations. d) Excludes
scattered trees with a canopy cover less than 10 percent, small groups of trees covering less than 0.5 hectares and tree lines
less than 20 metres wide.

The FAO definition of “Trees outside Forest" equates to “Other Land with Tree Cover (OLTC)”[6]. It does
not include "Other Wooded Land (OWL)”, despite this category being “outside forest”. A further
complication is that all FAO categories include only blocks bigger than 0.5ha. This gives rise to the quaint
description for areas of TOF smaller than 0.5ha as “Trees Outside Trees Outside Forests” (TOTOF) [7]

A tree-block with “predominant” agricultural use would be considered as OLTC, provided it meets the same area
and crown cover criteria as “forest”. If the agricultural use of the agroforest is secondary then the land will be

5 The UNFCCC definition of “other land” is preferred –- i.e. any land that is not forest, agriculture, settlement or wetland. EU Member
States have provided lists of non-agricultural activities in rural areas which would be considered as “other land”, e.g. carparks, solar panels
playing-fields and airports.

4 Tree for the FAO is a woody perennial with a single main stem, or in the case of coppice with several stems, having more or less definite
crown including bamboos, palms, and other woody plants meeting the above criteria. More detail in a European context is available in [5].

3 Shrub for the FAO is a woody perennial plant, generally more than 0.5 m and less than 5 m in height at maturity and without a definite
crown. The height limits for trees and shrubs should be interpreted with flexibility, particularly the minimum tree and maximum shrub
height, which may vary between 5 m and 7 m

2 The forest definition has significantly changed since the first FAO international forest assessment. For instance in its 1968 World Forest
Inventory, FAO defined “forest land” as “all land with a ‘forest cover’, that is with trees whose crowns cover more than 20% of the area and
that is not used primarily for purposes other than forestry” [3].
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considered as “forest” or “Other Wooded Land” depending on the tree crown cover. This means that most systems
of shade coffee or cocoa and other agroforestry crops would be considered as OLTC, as would plantations of oil
palm grown primarily for purposes other than wood; but plantations of rubber and bamboo would be considered as
forest [8], even if they have replaced native forests with higher levels of biodiversity [9].

The decision on whether forest or agriculture is the “predominant” land use is difficult [10], and also has
consequences for potential funding of REDD+ projects, since this applies only to “efforts to REduce Emissions
from Deforestation and forest Degradation”. REDD+ projects are sometimes seen as encouraging agricultural
intensification in monocultures, rather than the ecological intensification of multi-strata agroforestry [11].

In the 2015 FRA Other Land with Tree Cover (OLTC - i.e. TOF) was reported on by 78 of the 234 countries, and
represented 5.18% of total “tree based systems” (i.e. Forest + OWL + OLTC). Forest represented 72.87% of the
area, and Other Wooded Land (OWL) 21.95%. If OWL is considered as “outside the forest” then a more complete
definition of ToF is OLTC + OWL, or 27.14% of the total tree-based system area. In the FRA-2020 the area of
both OWL and OLTC declined significantly from FRA-2015 (Table 1), and the reasons for this are unclear

Table 1: Overall Statistics from the FAO Forest Resource Assessment in 1990, 2000, 2005, 2010 2015 and 2020.
Data abstracted from FAO Databases. The FAO assumes that Trees Outside Forests are ONLY “Other Land With

Tree Cover (OLTC)” The area of “Other Wooded Land (OWL) is ignored in TOF calculations (despite being
“outside forest”. Areas are in thousand ha. (FRA 2020 data here)

De Foresta et al [12] reported on TOF-recording in the Forest Resource Assessment and recommended three
subcategories (Box 4) with minimum block-size of 0.05ha (Figure 1). These subcategories provide both maximum
and minimum thresholds, but a parcel with many boundary trees, like bocage in Normandy (Figure 2), would still
not be classified as TOF if the block size was less than than 0.05ha.

Box 4: Subclasses of TOF recommended by de Foresta et al (2013)

ToF-AGRI: i.e. all lands predominantly under an agricultural use with trees and/or shrubs, whatever their spatial pattern (in
line, in stands, scattered), provided that the area is ≥ 0.05 ha, the canopy cover is ≥ 5% if trees are present, or ≥ 10% if
combined trees, bushes and shrubs, the width ≥ 3 m and the length ≥ 25 m.

ToF-URB: i.e. all lands predominantly under an urban use with trees and/or shrubs whatever their spatial pattern (in line, in
stands, scattered), provided that the area is ≥ 0.05 ha, the canopy cover is ≥ 5% if trees are present, or ≥ 10% if combined
trees, bushes and shrubs, the width ≥ 3 m and the length ≥ 25 m.

ToF-NON A/U: i.e. all lands not predominantly under agricultural or urban use, with either a) small tree stands (0.05 ≤ area
<0.5 ha), with canopy cover ≥ 5% if trees are present, or ≥ 10% if combined trees, bushes and shrubs. Or b) narrow linear
tree formations, (3 m ≤ width < 20 m), with canopy cover ≥ 5% if trees are present, or ≥ 10% if combined trees, bushes and
shrubs.
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Figure 1: Suggested classification of “Trees outside Forests” for use in the Forest Resource Assessment 2015. This assumes
that ToF is present only in “Other Land” and not within the “Other Wooded Land” category. [12]

However, neither the 2015 nor 2020 Forest Resource Assessments commented on the recommendations of de
Foresta et al 2013. In the 2020 FRA, only around 85 of the 239 participating countries used the OLTC category.
There were only 32 countries which had palm plantations, 64 with tree orchards, 57 with agroforestry and 44 with
trees in urban settings. The current FRA methodology therefore seems to greatly under-report agroforestry and trees
in urban settings worldwide.

De Foresta also recommended development of global TOF assessment using the remote sensing survey
methodologies6 linked to the seven themes used in the FRA (Table 2)

Figure 2: A typical bocage-agroforestry landscape in Normandie, France. Since the boundary trees are not in blocks > 0.5ha
they will not be reported as ToF in the FAO Forest Resource Assessment [12]

6 This covers the Earth´s whole land surface and has about 13,500 10km x 10km samples, of which about 9,000 are outside deserts and areas
with permanent ice This grid of sample plots is the same as used for the national forest assessments supported by FAO and by many national
forest inventory programmes. Landsat images (from around 1990, 2000 and 2005) were interpreted and classified using an automated
supervised approach. Nearly 7 million polygons were analysed at each time interval to enable detection of forest area, forest gains and forest
losses 5 hectares or greater in size.
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Table 2: The seven FRA 2010 themes, their associated variables, and their proposed equivalent for a future global
ToF Assessment [12].

ToF is hardly mentioned in the FAO Voluntary Guidelines on National Forest Monitoring and Assessment
(NFMA). Sections I & II of these guidelines [13], covering the NFMA definition, scope and principles does say
that ToF “should be included within the term Forest Resources”, but the draft of Section III (covering “compilation
of good practices and technical recommendations on NFMA”) [14] merely says that countries should decide for
themselves whether ToF is included in their monitoring or not [13].

Discussion of TOF in the FRA Main Reports has been declining. The FRA-2000 had a whole chapter devoted to
Trees Outside the Forest, but the FRA-2015 reduced this to the comments shown in Box 5, and by FRA-2020, TOF
received only two passing mentions.

BOX 5 - FRA- 2015: While not technically considered as forest, according to the standard forest definition used by FAO
and many other international organisations, trees outside forests are a valuable source of many products and services found
in forests. In some countries they provide critical supplies of wood, fruits and other non-wood forest products. For FRA
2015 the area of trees outside forests was reported to be 280 million ha in 2015, which is an increase from the 246 million
ha reported for 1990; however, only 84 countries, representing 51 percent of global forest area, reported on this variable.7
While substantially more difficult and costly to measure than forest at a national level, trees outside forests are clearly an
important natural resource in many countries.

Table 3 shows that, even in European countries with sophisticated land use/cover mapping tools, there is great
variability in the reporting of OWL and OLTC. In the FRA-2020, several Member States recorded zero hectares of
one or other category, or both - in the case of Poland.

7 Note from Table 1 that in 2015 only 78 countries gave non-blank or non-zero figures for “Other Land With Tree Cover (OLTC)”, not the 84
given here.
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Table 3 National returns from EU Member States + UK and Switzerland to the FRA-2020

Schnell et al [15] reviewed the efforts being used worldwide to quantify ToF resources with remote sensing, and
suggested that national TOF inventories should be based on high resolution images, supplemented by Lidar where
possible, measuring all trees above an agreed dbh or crown diameter threshold. The number and volume of trees
would be reported using the 3 land use categories suggested by the FAO –- i.e. urban, agriculture and “natural
formations”. This approach also matches the Indian definition of ToF - “all those trees, which have attained 10 cm
or more dbh on land which is not notified as forests” [16]. It could be used alongside the records of
“landscape-feature” trees and tree-rows held by EU Member States, where the threshold tree crown-diameter is
often set as 2 metres [17] (See Section 5).

3  UNFCCC - National Inventories of GHG Emissions and Removals8

The definition of forest in the UNFCCC Marrakesh Accords (UNFCCC/CP/2001/13/Add1) is :

Forest is a minimum area of land of 0.05-1.0 hectares with tree crown-cover (or equivalent stocking level) of more
than 10-30 per cent with trees with the potential to reach a minimum height of 2-5 metres at maturity in situ. A forest
may consist either of closed forest formations where trees of various storeys and undergrowth cover a high proportion
of the ground or open forest. Young natural stands and all plantations which have yet to reach a crown-cover of 10-30
per cent or tree height of 2-5 metres are included under forest, as are areas normally forming part of the forest area
which are temporarily unstocked as a result of human intervention such as harvesting or natural causes but which are
expected to revert to forest.

8 Annual inventories of emissions and removals of direct GHGs (carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O),
perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), sulphur hexafluoride (SF6) and nitrogen trifluoride (NF3)) from 4 sectors: (a) Energy;
(b) Industrial Processes and Product Use; (c) Agriculture Forestry and Other Land Use (AFOLU), and (d) Waste, for all years from the base
year (or period) to two years before the inventory is due.
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Countries which are signatories to Annex 19 of the UNFCCC are required to report the thresholds which they have
set for “forest” within the permitted ranges for the three key criteria (area, %crown-cover, tree height). This
enables a country-specific distinction between forest land and agricultural land (reported in UNFCCC terms as
“cropland” or “grassland”). The other 3 land-use categories used in UNFCCC reporting are wetlands, settlements
and other.

Only 6 EU Member States10 from 28 use the FAO criteria (0.5ha, 10% crown-cover, 5m potential height) in full
(Table 4), and only Norway of the 13 non-EU Annex I countries.

Table 4 - Threshold values used in the definition of “forest land” by EU Member States - Annex II Regulation
2018/841)

Developing countries are not signatories to Annex 1 of the UNFCCC, but they are now expected to provide
country-specific values for the three forest criteria (Table 5). Only 4 (Cambodia, Philippines, South Korea, Togo) of
the 55 non-Annex I countries which have registered their forest definitions with the UNFCCC use the FAO
“standard” of 10% crown cover, 0.5 ha minimum area and 5m tree potential height in situ. It is therefore possible
that many countries are reporting “forest” area in successive FRAs using their national definitions rather than the
FAO “standard”.

Table 5: Parameters used in the definition of Forest supplied to the UNFCCC by non-Annex 1 Countries, in order to be
eligible for CDM afforestation projects. Full details are available on the UNFCCC CDM website11.

11 https://cdm.unfccc.int/DNA/bak/allCountriesARInfos.html

10 Italy is one of the six EU-MS which implements FAO criteria at a national level, but is considering a reduction in the minimum area to
0.2ha and an increase in canopy cover to 20% (Pisanelli pers comm). Spain has announced a change from 2025 onwards.

9 Each Party included in Annex I shall, for the purposes of applying the definition of “forest” as contained in paragraph 1 (a) above, select a
single minimum tree crown-cover value between 10 and 30 per cent, a single minimum land area value between 0.05 and 1 hectare and a
single minimum tree height value between 2 and 5 metres. The selection of a Party shall be fixed for the duration of the first commitment
period. The selection shall be included as an integral part of its report to enable the calculation of its assigned amount pursuant to Article 3,
paragraphs 7 and 8, in accordance with decision 19/CP.7, and shall include the values for tree crown-cover, tree height and the minimum land
area. Each Party shall justify in its reporting that such values are consistent with the information that has historically been reported to the
Food and Agriculture Organization of the United Nations or other international bodies, and if they differ, explain why and how such values
were chosen.
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The thresholds chosen for crown-cover make a great difference to the area potentially available for afforestation
projects (Figure 3). Use of the maximum UNFCCC-permitted crown-cover threshold of 30% was much criticised
when the UNFCCC-CDM was introduced, since it was seen as enabling areas of sparse natural forest to be classed
as “non-forest” and therefore be eligible for new plantations funded through the CDM [18,19]. Zomer et al. [20]
found that modifying the crown-cover threshold for “forest” from 30% to 10% reduced the worldwide availability
of “non-forest” land for afforestation projects from 7.73 billion km2 to 2.28 billion km2.

Figure 3: Proportion of wooded land classified as “forest” using different % crown-cover thresholds [21]

Zomer et al [22] also calculated that 43% of agricultural land worldwide has at least 10% tree cover, with
major differences between continents (Figure 4), and very high levels in Central America and SE Asia.
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Figure 4: Percentage of agricultural land with tree cover, year 2000 [22]

In preparation for COP21 in Paris, 162 UNFCCC signatories submitted “Intended Nationally Determined
Contributions” (INDCs) and 103 of these included some GHG mitigation activities in the agricultural sector [23].
Many also mentioned the mitigating role of forests and/or agroforestry [24,25]. Grassi & Detener [26] summed the
suggested LULUCF/AFOLU projected emissions for 2030 for 72 countries and found that pledged reductions in
emissions from the land use sector represent 20-25% of their overall emission reductions.

There are major methodological issues with the INDCs, and all countries will be expected by the UNFCCC to
ensure that their pledges and reporting follow the IPCC guidelines [27–30]. This will mean improved
differentiation between areas of “forest” and those of other land use categories. There are five land uses in the
IPCC Guidelines, in addition to “forest” (see above for definition), and agroforestry is mentioned in two of them.
Note that the UNFCCC “other” category is largely barren land, and unlikely to be relevant to ToF.

1. Cropland. Which includes all annual and perennial crops as well as temporary fallow land (i.e., land rested for one or
several years before being cultivated again). Annual crops may include cereals, oils seeds, vegetables, root crops and
forages. Perennial crops can include trees and shrubs, in combination with herbaceous crops (e.g. agroforestry) or as
orchards, vineyards and plantations such as cocoa, coffee, tea, oil palm, coconut, rubber trees, and bananas, except
where these lands meet the criteria for categorisation as forest land. Arable land which is normally used for
cultivation of annual crops but which is temporarily used for forage crops or grazing as part of an annual crop-pasture
rotation is included under cropland.

2. Grassland.12 Includes rangelands and pasture land that is not considered as cropland, and systems with vegetation
that fall below the threshold used in the forest land category and are not expected to exceed, without human
intervention, the threshold used in the forest land category.13 The category also includes all grassland from wildlands
to recreational areas as well as agricultural and silvi-pastoral systems, subdivided into managed and unmanaged,
consistent with national definitions.

3. Wetlands. Which include land that is covered or saturated by water for all or part of the year, and that is not
classified as Forest land, Cropland, Grassland or Settlements. It includes inland organic soils and wetlands on mineral
soils, coastal wetlands including mangrove forests, tidal marshes and seagrass meadows and constructed wetlands for
wastewater treatment. It also includes reservoirs, natural rivers and lakes [31].

4. Settlements. Which includes all developed land, including transportation infrastructure and human settlements of any
size, unless they are already included under other categories. This should be consistent with national definitions.

5. Other land. Which includes bare soil, rock, ice, and all land areas that do not fall into any of the other five categories.

In EU countries like Denmark [32], Ireland [33] and the Netherlands [34], official GHG inventories are starting to
record TOF as a separate category. This is another reason for greater coordination between FAO-FRA and
UNFCCC.

13 This land use category includes non-herbaceous perennial species which can be grazed. The EU the definition of “permanent grassland
and permanent pastures” (Article 4 Regulation Nº 1307/2013) is “land used to grow grasses or other herbaceous forage naturally
(self-seeded) or through cultivation (sown) and that has not been included in the crop rotation of the holding for five years or more, it may
include other species such as shrubs and/or trees which can be grazed provided that the grasses and other herbaceous forage remain
predominant. as well as (where Member States so decide) land which can be grazed and which forms part of established local practices
where grasses and other herbaceous forage are traditionally not predominant in grazing areas.

12 For the Kyoto Protocol this is termed Grazing-Land.

9

https://paperpile.com/c/eZRbwW/J3mEI
https://paperpile.com/c/eZRbwW/42zE9
https://paperpile.com/c/eZRbwW/lKOfL+dnSHA
https://paperpile.com/c/eZRbwW/z6Opb/?noauthor=1
https://paperpile.com/c/eZRbwW/XP2v6+mkY7I+J19ei+gkWOf
https://paperpile.com/c/eZRbwW/1H0zh
https://paperpile.com/c/eZRbwW/t0Y6
https://paperpile.com/c/eZRbwW/x1LJ
https://paperpile.com/c/eZRbwW/ZJBB


The IPCC-UNFCCC Guidelines identify three Approaches for the characterisation of land use, and three Tiers for
the calculation of GHG fluxes from these different land uses (Figure 5). The expectation is that UNFCCC parties
will gradually move towards higher Approaches and Tiers, as their expertise and resources improve. In more
detail, taking the case of land use estimation:

● Approach 1 identifies the total area for each of the 6 land-use categories within a country, but does not provide
detailed information on the nature of conversions between these land uses.

● Approach 2 introduces tracking of a matrix of conversions of all the land-use categories.
● Approach 3 extends the information available in Approach 2 by allowing land-use conversions to be tracked on a

spatially explicit basis (i.e. a comprehensive national land-use GIS system).

Recent approval of a revised LULUCF target of -310 MtCO2 equiv for the European Union in 2030, has given a
major challenge to Member States of the Union (ref), and the Regulation also stipulates that MS should move to “...
spatially-explicit land-use conversion data for the identification and tracking of land-use categories and
conversions between land-use categories”), together with detailed modelling approaches to estimate fluxes of GHG
on specific parcels. This is the IPPC “high resolution and high accuracy” approach shown in Figure 5. This
commitment is very exciting for European agroforestry, since most Member States will have to improve their
inventories of trees on agricultural land, and their models of the impact of trees on emissions from grassland and
cropland management.

Figure 5: UNFCCC Greenhouse Gas Emissions reporting in Europe will increasingly use the more accurate and
robust Tier 3 and Approach 3 methodologies [35].

 4 Forest definitions in Cadastral Systems

Lund [36] found national thresholds of tree crown-cover for “forest land” varying from 0% to 80%, minimum areas
from 0.05ha to 1ha (with minimum widths from 2.5 m to 50 metres), and potential tree height from 1m to 7m). He
listed more than 300 different national forest classifications, and other studies have pointed to the wide range of
definitions in Europe [37], and a great variation in forest inventory methodologies [38].

Thus, while both developed and developing countries have provided thresholds for the three criteria which define
“forest land” according to the Marrakesh Accords, a different set of rules may be used for national legal or
“cadastral” databases. In the Netherlands, for example, as soon as more than 20 tree seedlings/ha are planted within
an agricultural parcel it has to be listed in the national cadastre as “forest/nature”, with an immediate reduction in
land value and rate of tax [39].

Thus the national “cadastre” (or similar land register) is the best place to start when looking for the fine detail on
whether an individual parcel is classed as forest or agriculture. Cadastral systems exist, at least in part, in most
UNFCCC Annex 1 countries.

● Australia (tenure of Australia’s forests - ref):
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● Canada: most provinces maintain a searchable cadastre showing boundaries of agricultural and forest parcels, e.g.
Quebec14, Ontario .. and probably most others

● EU: all countries implement a Land Parcel Identification System (LPIS) which shows the boundary of farmers fields
(reference layer), and the areas used for different agricultural crops (agricultural layer). Any landowner with land
which is eligible for agricultural direct payments will make agricultural returns (IACS) which confirm the use of the
land in the current year, including areas which are considered as forest and which are not eligible for agricultural
payments [17]. Many activities are coordinated by the Permanent Committee on Cadastre in the European Union (ref)

● Japan (ref)
● New Zealand: Land Information New Zealand (LINZ) provides a rural evaluation tool integrating ownership and

many other layers of land use and land potential
● Russian Federation (ref):
● Switzerland: a searchable national database with many layers including land use.
● Turkey: forest cadastre and ownership cadastre conducted by different agencies (ref).
● USA: some States maintain a cadastre showing boundaries, owners and details of land use including agriculture and

forestry - e.g. Montana, Utah

In non-Annex I countries there are also interesting examples of cadastral systems which have been integrated with
high resolution imagery of land cover: e.g. in India [40–43]. The Global Land Cover Facility provides world
coverage of vegetation type and tree crown-cover with a 250 m pixel grid [44] but for integration with cadastral
datasets much higher resolution is required

In Europe, national Land Parcel Information Systems (LPIS) often hold information on isolated trees, trees in line
and trees ingroups on agricultural land on farms, together with areas classified as forest. However, the LPIS is not
a complete rural land register, since it only holds returns from farmers and managers of farmland. For a complete
rural Cadastre, countries would require to integrate data from National Forest Inventories (NFI). Aggregated
European National Forest Inventory data is available through the European Forestry Institute EFISCEN system
[45].

One EU example of a well integrated Cadastral and Land Use system is the SIGPAC in Spain. Here the Spanish
Ministry of Agriculture, Food and Environment (MAGRAMA) has been obliged by the European Union Court of
Auditors to introduce an automated classification system to make individual parcels with “excessive” tree cover
ineligible for agricultural Basic Payments under the Common Agricultural Policy (CAP). Parcels with 0%
eligibility are judged to be “forest” for the purposes of the CAP (Figure 6) even if, for the time being, they remain
classified as tree pasture in the country's online forest map [46].

Figure 6: Problems of classification of wood pasture in Spain (and many countries of Europe). This shows a scene near
Trujillo from the Spanish Land Parcel Identification System (SIGPAC). An automatic algorithm - based on tree crown-cover,
slope and bare ground - has been used to calculate the eligibility of each parcel for agricultural direct payments. The parcel in

the centre is judged to have 0% eligibility, and is therefore “forest” rather than “agriculture”.

14 http://www.cptaq.gouv.qc.ca/index.php?id=231; http://mern.gouv.qc.ca/english/department/index.jsp
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5 Recent estimates of Trees outside Forests Using Remote Sensing
There are many recent examples of the use of Remote Sensing to characterise areas of trees outside forests. Some
are given below:

● Campos-Taberner et al [47] used both Sentinel-1 and Sentinel-2 to classify land use in the Valencia region
of Spain, including areas with trees, shrubs and wood pasture.

● Hassanin et al [48] used Sentinel-2 MSI satellite data to map trees outside forests in India.
● Brandt et al [49] detected 1.8 billion individual trees with more than 3m2 crown diameter in a 1.3 million

ha area of the West African Sahara using sub-metre resolution satellite imagery.
● den Herder el al [50] used the EU Copernicus “small woody features”, with an overlay of agricultural data

from the Corine database to plot tree cover on 100m pixels in agricultural land in Europe. This Copernicus
product is also available at 5m pixel resolution, and updates are planned every three years [51].

● Golicz et al [52] used similar methods to identify landscape features and agroforestry areas in Germany
● Maloc et al [53] used a LIDAR-based vegetation height model, a topographic landscape model and a forest

mask to map trees outside forests in Switzerland. They also used the de Foresta approach for the
identification of sub categories.

● Thomas el al [54] mapped TOF in Bangladesh - and identified more than 2.23 million ha with a mean
canopy height of 7.3m

● Sarti et al [55] distinguished copses, isolated trees and hedgerows in Italy using Sentinel-2 imagery and
recommended the method for large areas of agroforestry landscape.

● Valasques-Camacho et al [56] have reviewed the many techniques and products available to estimate tree
crown cover and area in urban settings.

● Brandt et al [57] presented a 10-m map for 4.35 billion hectares in the tropics based on multi-temporal
composites of Sentinel-1 and Sentinel-2, and identified 2719 million hectares of tropical land with >10%
tree cover.

● Satellites reveal the effectiveness of European policy in enhancing forest structural diversity (link)
● Application of CORINE land-cover mapping to estimate carbon stored in the vegetation of Ireland (link)
● Integration of remote-sensing and ground-based observations for estimation of emissions and removals of

greenhouse gases in forests (link)
● European biomass satellite to support REF+ (link)

6. Conclusions
1. Given the low areas and sparse returns from countries for Trees Outside Forests, EURAF is delighted that

the FAO is undertaking a review of TOF monitoring methods, to be published in 2025.
2. The review of FAO methodologies should consider greater interoperability between FAO-FRA UNFCCC

[58], for example, in the use of UNFCCC-Marrakesh Accord definitions
3. Areas of TOF should not be limited to parcels greater than 0.5ha: this gives rise to the confusing category -

of "Trees Outside Trees Outside Forests"
4. The use of remote sensing to quantify individual trees and % tree cover in agricultural land and settlements

is increasing exponentially: countries in the south could be assisted with these calculations. Tree cover
(and biomass) in the FAO-FRA could be estimated using remote sensing outside "forest land" - with
potential separation into “cropland” and “grassland” to match the UNFCCC categories.

7. References

1. FAO. Forest Resource Assessment 2015: Terms and Definitions. FAO, Rome; 2015. Report No.: FRA Working Paper
180. Available: www.fao.org/docrep/017/ap862e/ap862e00.pdf

2. CBD. Definitions. In: Convention on Biological Diversity [Internet]. Available:
https://www.cbd.int/forest/definitions.shtml

3. Husch B. Manual for Forest Inventory Operations Executed by FAO. 1968.
4. MacDicken KG. Global Forest Resources Assessment 2015: What, why and how? For Ecol Manage. 2015;352: 3–8.
5. Gschwantner T, Schadauer K, Vidal C, Lanz A, Tomppo E, di Cosmo L, et al. Common tree definitions for national forest

inventories in Europe. Silva Fenn. 2009;43: 303–321.
6. Bellefontaine R, Petit S, Pain-Orcet M, Deleporte PH. Trees outside forests: towards better awareness. 2002. Available:

http://publications.cirad.fr/une_notice.php?dk=513250
7. Finlayson R. TIF, TOF and TOTOF trees or universal tree rights? 8 Apr 2013. Available:

12

https://paperpile.com/c/eZRbwW/6EuP/?noauthor=1
https://paperpile.com/c/eZRbwW/I4Tl/?noauthor=1
https://paperpile.com/c/eZRbwW/mREO/?noauthor=1
https://paperpile.com/c/eZRbwW/VnHw/?noauthor=1
https://paperpile.com/c/eZRbwW/Bjqn
https://paperpile.com/c/eZRbwW/9xDP/?noauthor=1
https://paperpile.com/c/eZRbwW/2Y7o/?noauthor=1
https://paperpile.com/c/eZRbwW/XpeV/?noauthor=1
https://paperpile.com/c/eZRbwW/oibg/?noauthor=1
https://paperpile.com/c/eZRbwW/aT8t/?noauthor=1
https://paperpile.com/c/eZRbwW/UzDM/?noauthor=1
https://earthenvironmentcommunity.nature.com/posts/satellites-reveal-the-effectiveness-of-europe-s-nature-conservation-policy-in-enhancing-forest-structural-diversity
https://www.researchgate.net/publication/238383910_Application_of_CORINE_land-cover_mapping_to_estimate_carbon_stored_in_the_vegetation_of_Ireland
https://drive.google.com/file/d/1m6PQoVtNXg4cAzS0Pp20ph6ByuYAz2AY/view?ths=true
https://www.ecosystemmarketplace.com/articles/european-biomass-satellite-to-support-redd/
https://paperpile.com/c/eZRbwW/pbsI
http://paperpile.com/b/eZRbwW/DqRwq
http://paperpile.com/b/eZRbwW/DqRwq
http://www.fao.org/docrep/017/ap862e/ap862e00.pdf
http://paperpile.com/b/eZRbwW/QUpQj
https://www.cbd.int/forest/definitions.shtml
http://paperpile.com/b/eZRbwW/NA7ry
http://paperpile.com/b/eZRbwW/sm5ep
http://paperpile.com/b/eZRbwW/4DVwe
http://paperpile.com/b/eZRbwW/4DVwe
http://paperpile.com/b/eZRbwW/cwfmc
http://publications.cirad.fr/une_notice.php?dk=513250
http://paperpile.com/b/eZRbwW/kq2n


https://www.worldagroforestry.org/blog/2013/04/08/tif-tof-and-totof-trees-or-universal-tree-rights-2?kid=15032
8. Buckingham KC, Wu L, Lou Y. Can’t see the (bamboo) forest for the trees: examining bamboo's fit within international

forestry institutions. Ambio. 2014;43: 770–778.
9. Keenan RJ, Reams GA, Achard F, de Freitas JV, Grainger A, Lindquist E. Dynamics of global forest area: Results from

the FAO Global Forest Resources Assessment 2015. For Ecol Manage. 2015;352: 9–20.
10. Chazdon RL, Brancalion PHS, Laestadius L, Bennett-Curry A, Buckingham K, Kumar C, et al. When is a forest a forest?

Forest concepts and definitions in the era of forest and landscape restoration. Ambio. 2016;45: 538–550.
11. Mbow C, Skole D, Dieng M, Justice C, Kwesha D, Mane L, et al. Challenges and Prospects for REDD+ in Africa : Desk

Review of . IGBP & IHDP; 2012. Report No.: Global Land Project International Report NO. 3. Available:
http://www.worldagroforestry.org/downloads/Publications/PDFS/B17421.pdf

12. de Foresta H, Somarriba E, Temu A, Boulanger D, Feuilly H, Gauthier M. Towards the assessment of trees outside
forests. IRC, FAO; 2013. Report No.: Forest Resources Assessment Working Paper 182. Available:
http://repositorio.bibliotecaorton.catie.ac.cr:8080/handle/11554/7868

13. FAO. Voluntary guidelines on national forest monitoring;: Sections I & II. Food and Agriculture Organisation; 2014.
Available: www.fao.org/forestry/38631-08f58961a3495e61a2fa774eca65a792f.pdf

14. FAO. Voluntary guidelines on national forest monitoring;: Sections III. Food and Agriculture Organisation; 2015.
Available: www.fao.org/fsnforum/sites/default/files/files/121_forestry_monitoring/Draft_FAO_VG_NFMA.pdf

15. Schnell S, Kleinn C, Ståhl G. Monitoring trees outside forests: a review. Environ Monit Assess. 2015;187: 600.
16. FSI. State of Forest Report. Forest Survey of India, Ministry of Environment and Forests, Government of India; 2015.
17. Luketić N, Milenov P, Devos W. Management of layers in LPIS: Interaction between LPIS data sets. Joint Research

Centre, EU Commission; 2015. Report No.: DS-CDP-2015-10. Available:
https://marswiki.jrc.ec.europa.eu/wikicap/images/f/f3/TG_Management_of_layers_in_LPIS_DRAFT_v3.pdf

18. Sasaki N, Putz FE. Critical need for new definitions of “forest” and “forest degradation” in global climate change
agreements. Conservation Letters. 2009;2: 226–232.

19. Verschot LV, Zomer R, Van Straaten O, Muys B. Implications of country-level decision on the specification of crown
cover in the definition of forests for land area eligible for afforestation and reforestation …. Joanneum Research, Graz,
Austria. 2005.

20. Zomer RJ, Trabucco A, Verchot LV, Muys B. Land Area Eligible for Afforestation and Reforestation within the Clean
Development Mechanism: A Global Analysis of the Impact of Forest Definition. Mitig Adapt Strateg Glob Change.
2007;13: 219–239.

21. Fries RSD, Hansen M, Townshend JRG, Sohlberg R. Global land cover classifications at 8 km spatial resolution: The use
of training data derived from Landsat imagery in decision tree classifiers. Int J Remote Sens. 1998;19: 3141–3168.

22. Zomer RJ, Trabucco A, Coe R. Trees on farm: analysis of global extent and geographical patterns of agroforestry. ICRAF
Working Paper-. 2009.

23. Richards M, Gregersen L, Kuntze V, Madsen S, Oldvig M, Campbell B, et al. Agriculture’s prominence in the INDCs.
2015. Available: https://cgspace.cgiar.org/handle/10568/68990

24. Petersen K, Varela JB. INDC Analysis: An Overview of the Forest Sector. Vaud: WWF. http://wwf. panda.
org/what_we_do/footprint/forest_climate/forest_climate_publications; 2015.

25. UNFCCC. Synthesis Report on the Aggregate Effect of the Intended Nationally Determined Contributions. In: United
Nations Framework Convention on Climate Change [Internet]. 2015 [cited 2016]. Available:
http://unfccc.int/focus/indc_portal/items/9240.php

26. Grassi G, Dentener F. Quantifying the contribution of the land use sector to the Paris climate agreement. EC Joint
Research Centre, Institute for Environment and Sustainability; 2015. Available:
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC98451/jrc%20lulucf-indc%20report.pdf

27. Milne R, Jallow BP, Arrouays C, Drichi I, Beets P, Harun IB, et al. Basis for consistent representation of land areas,
Chapter 2. Intergovernmental Panel on Climate Change (IPCC); 2003.

28. IPCC. 2006 IPCC guidelines for national greenhouse gas inventories. Intergovernmental Panel on Climate Change; 2006.
29. Bickel K, Richards G, Kohl M, Rodrigues R, Stahl G. Chapter 3: Consistent representation of lands. In: IPCC, editor.

IPCC guidelines for national greenhouse gas inventories. IPCC; 2006. pp. 3.1–3.42.
30. Iverson P, Lee D, Rocha M. Understanding Land Use in the UNFCCC, Iverson et al 2014. UNFCCC; 2014. Available:

http://ghginstitute.org/wp-content/uploads/2015/04/Understanding_Land_Use_in_the_UNFCCC.pdf
31. Hiraishi T, Krug T, Tanabe K, Srivastava N. 2013 supplement to the 2006 IPCC guidelines for national greenhouse gas

inventories: Wetlands. IPCC,. 2014. Available:
https://www.researchgate.net/profile/Mitsuru_Osaki/publication/272170539_2013_Supplement_to_the_2006_IPCC_Guid
elines_for_National_Greenhouse_Gas_Inventories_Wetlands_Methodological_Guidance_on_Lands_with_Wet_and_Drai
ned_Soils_and_Constructed_Wetlands_for_Wastewater_Treatment/links/54dd51be0cf28a3d93f8cf37.pdf

32. Danish Centre for Environment and Energy. Denmark’s National Inventory Report 2022. 2022. Report No.: Report 494.
33. Black K, Lanigan G, Ward M, Kavanagh I, hUallacháin DÓ, Sullivan LO. Biomass carbon stocks and stock changes in

managed hedgerows. Sci Total Environ. 2023;871: 162073.
34. Arets EJM, van Baren SA, Hendriks CMJ, Kramer H, Lesschen JP, Schelhaas MJ. Greenhouse gas reporting of the

LULUCF sector in the Netherlands : methodological background, update 2023. Wageningen: Wettelijke Onderzoekstaken
Natuur & Milieu; 2023 p. -. Report No.: 238. Available: https://library.wur.nl/WebQuery/wurpubs/612714

35. S Rossi GG, Abad-Vinas R, Priwitzer T, Pilli R. Improving the Monitoring, Reporting and Verification of the LULUCF
sector in the EU. Side event “Assessing transparency and ambition in the land use sector”; 2015 Dec 1; COP21, Paris, 1

13

https://www.worldagroforestry.org/blog/2013/04/08/tif-tof-and-totof-trees-or-universal-tree-rights-2?kid=15032
http://paperpile.com/b/eZRbwW/rbXXf
http://paperpile.com/b/eZRbwW/rbXXf
http://paperpile.com/b/eZRbwW/hpIYF
http://paperpile.com/b/eZRbwW/hpIYF
http://paperpile.com/b/eZRbwW/QUiSw
http://paperpile.com/b/eZRbwW/QUiSw
http://paperpile.com/b/eZRbwW/MmjYC
http://paperpile.com/b/eZRbwW/MmjYC
http://www.worldagroforestry.org/downloads/Publications/PDFS/B17421.pdf
http://paperpile.com/b/eZRbwW/VGQS
http://paperpile.com/b/eZRbwW/VGQS
http://repositorio.bibliotecaorton.catie.ac.cr:8080/handle/11554/7868
http://paperpile.com/b/eZRbwW/lKRS
http://paperpile.com/b/eZRbwW/lKRS
http://www.fao.org/forestry/38631-08f58961a3495e61a2fa774eca65a792f.pdf
http://paperpile.com/b/eZRbwW/iZFha
http://paperpile.com/b/eZRbwW/iZFha
http://www.fao.org/fsnforum/sites/default/files/files/121_forestry_monitoring/Draft_FAO_VG_NFMA.pdf
http://paperpile.com/b/eZRbwW/GMCt9
http://paperpile.com/b/eZRbwW/U4E3
http://paperpile.com/b/eZRbwW/VjUuk
http://paperpile.com/b/eZRbwW/VjUuk
https://marswiki.jrc.ec.europa.eu/wikicap/images/f/f3/TG_Management_of_layers_in_LPIS_DRAFT_v3.pdf
http://paperpile.com/b/eZRbwW/ithrM
http://paperpile.com/b/eZRbwW/ithrM
http://paperpile.com/b/eZRbwW/hsszG
http://paperpile.com/b/eZRbwW/hsszG
http://paperpile.com/b/eZRbwW/hsszG
http://paperpile.com/b/eZRbwW/Aqtf6
http://paperpile.com/b/eZRbwW/Aqtf6
http://paperpile.com/b/eZRbwW/Aqtf6
http://paperpile.com/b/eZRbwW/Xb1CI
http://paperpile.com/b/eZRbwW/Xb1CI
http://paperpile.com/b/eZRbwW/J3mEI
http://paperpile.com/b/eZRbwW/J3mEI
http://paperpile.com/b/eZRbwW/42zE9
http://paperpile.com/b/eZRbwW/42zE9
https://cgspace.cgiar.org/handle/10568/68990
http://paperpile.com/b/eZRbwW/lKOfL
http://paperpile.com/b/eZRbwW/lKOfL
http://paperpile.com/b/eZRbwW/dnSHA
http://paperpile.com/b/eZRbwW/dnSHA
http://unfccc.int/focus/indc_portal/items/9240.php
http://paperpile.com/b/eZRbwW/z6Opb
http://paperpile.com/b/eZRbwW/z6Opb
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC98451/jrc%20lulucf-indc%20report.pdf
http://paperpile.com/b/eZRbwW/XP2v6
http://paperpile.com/b/eZRbwW/XP2v6
http://paperpile.com/b/eZRbwW/mkY7I
http://paperpile.com/b/eZRbwW/J19ei
http://paperpile.com/b/eZRbwW/J19ei
http://paperpile.com/b/eZRbwW/gkWOf
http://ghginstitute.org/wp-content/uploads/2015/04/Understanding_Land_Use_in_the_UNFCCC.pdf
http://paperpile.com/b/eZRbwW/1H0zh
http://paperpile.com/b/eZRbwW/1H0zh
https://www.researchgate.net/profile/Mitsuru_Osaki/publication/272170539_2013_Supplement_to_the_2006_IPCC_Guidelines_for_National_Greenhouse_Gas_Inventories_Wetlands_Methodological_Guidance_on_Lands_with_Wet_and_Drained_Soils_and_Constructed_Wetlands_for_Wastewater_Treatment/links/54dd51be0cf28a3d93f8cf37.pdf
https://www.researchgate.net/profile/Mitsuru_Osaki/publication/272170539_2013_Supplement_to_the_2006_IPCC_Guidelines_for_National_Greenhouse_Gas_Inventories_Wetlands_Methodological_Guidance_on_Lands_with_Wet_and_Drained_Soils_and_Constructed_Wetlands_for_Wastewater_Treatment/links/54dd51be0cf28a3d93f8cf37.pdf
https://www.researchgate.net/profile/Mitsuru_Osaki/publication/272170539_2013_Supplement_to_the_2006_IPCC_Guidelines_for_National_Greenhouse_Gas_Inventories_Wetlands_Methodological_Guidance_on_Lands_with_Wet_and_Drained_Soils_and_Constructed_Wetlands_for_Wastewater_Treatment/links/54dd51be0cf28a3d93f8cf37.pdf
http://paperpile.com/b/eZRbwW/t0Y6
http://paperpile.com/b/eZRbwW/x1LJ
http://paperpile.com/b/eZRbwW/x1LJ
http://paperpile.com/b/eZRbwW/ZJBB
http://paperpile.com/b/eZRbwW/ZJBB
http://paperpile.com/b/eZRbwW/ZJBB
https://library.wur.nl/WebQuery/wurpubs/612714
http://paperpile.com/b/eZRbwW/oTkDx
http://paperpile.com/b/eZRbwW/oTkDx


December 2015. Available: https://ec.europa.eu/jrc/sites/default/files/cop21-jrc-rossi_en.pdf
36. Lund HG. Definitions of forest, deforestation, afforestation, and reforestation. Forest Information Services Gainesville

(FL); 2016. Available:
https://www.researchgate.net/publication/259821294_Definitions_of_Forest_Deforestation_Afforestation_and_Reforestat
ion

37. Pulla P, Schuck A, Verkerk PJ, Lasserre B, Marchetti M, T} G. Mapping the distribution of forest ownership in Europe -
Annex 1 Forest Definitions. European Forestry Institute; 2013. Report No.: Technical Report 88.

38. McRoberts RE, Tomppo EO, Schadauer K, Ståhl G. Harmonizing National Forest Inventories. For Sci. 2012;58: 189–190.
39. Luske B, van Veluw K, Vonk M. Bottlenecks and solutions for introducing agroforestry: a case study for The Netherlands.

agroforestry.eu. 2016. Available: http://www.agroforestry.eu/sites/default/files/pub/docs/development_5_luske.pdf
40. Mothi Kumar KE, Singh S, Attri P, Kumar R, Kumar A, Sarika, et al. GIS based Cadastral level Forest Information

System using World View-II data in Bir Hisar (Haryana). Int Arch Photogramm Remote Sens Spatial Inf Sci. 2014;XL-8:
605–612.

41. NRSC. Generation of Cadastral Geospatial Database of Forest Lands. In: National Remote Sensing Centre, Indian Space
Research Organisation [Internet]. 2016. Available: http://nrsc.gov.in/Cadastral_Forest_Lands

42. Rao SS, Sharma JR, Rajashekar SS, Rao DSP, Arepalli A, Arora V, et al. Assessing Usefulness of High-Resolution
Satellite Imagery (HRSI) for Re-Survey of Cadastral Maps. ISPRS Ann Photogramm Remote Sens Spatial Inf Sci.
2014;II-8: 133–143.

43. Jayaprasad P, Nadeem A, Ghosh R, Pathan SK, Kaliappan S, Vidhya R, et al. UPDATION AND METROLOGY OF
CADASTRE AND VILLAGE BOUNDARY USING HIGH-RESOLUTION SATELLITE DATA. Available:
http://www.isprs.org/proceedings/XXXVI/part4/WG-IV-9-5.pdf

44. DiMiceli CM, Carroll ML, Sohlberg RA, Huang C. Annual global automated MODIS vegetation continuous fields
(MOD44B) at 250 m spatial resolution for data years beginning day 65, 2000–2010, …. 2011. Available:
http://glcf.umd.edu/data/vcf/

45. Schelhaas MJ, Varis S, Schuck A, Nabuurs GJ. EFISCEN Inventory Database, European Forest Institute, Joensuu,
Finland. 2006.

46. MAGRAMA. Mapa Forestal de España (MFE50). In: Ministerio de Agricultura, Alimentación y Medio Ambiente
[Internet]. 2014. Available:
http://www.magrama.gob.es/es/biodiversidad/servicios/banco-datos-naturaleza/informacion-disponible/mfe50.aspx

47. Campos-Taberner M, García-Haro FJ, Martínez B, Sánchez-Ruíz S, Gilabert MA. A Copernicus Sentinel-1 and Sentinel-2
Classification Framework for the 2020+ European Common Agricultural Policy: A Case Study in València (Spain).
Agronomy. 2019;9: 556.

48. Hassanin M, Kanga S, Farooq M, Singh SK. Mapping of Trees outside Forest (ToF) from Sentinel-2 MSI satellite data
using object-based image analysis. Gujarat Agricultural Universities Research Journal. 2020;207: 204–213.

49. Brandt M, Tucker CJ, Kariryaa A, Rasmussen K, Abel C, Small J, et al. An unexpectedly large count of trees in the West
African Sahara and Sahel. Nature. 2020. doi:10.1038/s41586-020-2824-5

50. den Herder M, Kay S, Lawson G, Worms P. Agroforestry in the EU Forest Strategy. European Agroforestry Federation;
2020. Report No.: EURAF Policy Briefing #2. doi:10.5281/zenodo.7936685

51. Copernicus. Observer- small size, big Impact: mapping small woody landscape features across Europe. In: Copernicus
News [Internet]. 23 Mar 2023. Available:
https://www.copernicus.eu/en/news/news/observer-small-size-big-impact-mapping-small-woody-landscape-features-acros
s-europe

52. Golicz K, Ghazaryan G, Niether W, Wartenberg AC, Breuer L, Gattinger A, et al. The Role of Small Woody Landscape
Features and Agroforestry Systems for National Carbon Budgeting in Germany. Land. 2021;10: 1028.

53. Malkoç E, Rüetschi M, Ginzler C, Waser LT. Countrywide mapping of trees outside forests based on remote sensing data
in Switzerland. Int J Appl Earth Obs Geoinf. 2021;100: 102336.

54. Thomas N, Baltezar P, Lagomasino D, Stovall A, Iqbal Z, Fatoyinbo L. Trees outside forests are an underestimated
resource in a country with low forest cover. Sci Rep. 2021;11: 7919.

55. Sarti M, Ciolfi M, Lauteri M, Paris P, Chiocchini F. Trees outside forest in Italian agroforestry landscapes: detection and
mapping using sentinel-2 imagery. European Journal of Remote Sensing. 2021;54: 610–624.

56. Velasquez-Camacho L, Cardil A, Mohan M, Etxegarai M, Anzaldi G, de-Miguel S. Remotely Sensed Tree
Characterization in Urban Areas: A Review. Remote Sensing. 2021;13: 4889.

57. Brandt J, Ertel J, Spore J, Stolle F. Wall-to-wall mapping of tree extent in the tropics with Sentinel-1 and Sentinel-2.
Remote Sens Environ. 2023;292: 113574.

58. Grassi G, Conchedda G, Federici S, Abad Viñas R, Korosuo A, Melo J, et al. Carbon fluxes from land 2000–2020:
bringing clarity on countries’ reporting. Earth Syst. Sci. Data. 2022. pp. 1–49. doi:10.5194/essd-2022-104

14

http://paperpile.com/b/eZRbwW/oTkDx
https://ec.europa.eu/jrc/sites/default/files/cop21-jrc-rossi_en.pdf
http://paperpile.com/b/eZRbwW/ZAIVI
http://paperpile.com/b/eZRbwW/ZAIVI
https://www.researchgate.net/publication/259821294_Definitions_of_Forest_Deforestation_Afforestation_and_Reforestation
https://www.researchgate.net/publication/259821294_Definitions_of_Forest_Deforestation_Afforestation_and_Reforestation
http://paperpile.com/b/eZRbwW/X9hJo
http://paperpile.com/b/eZRbwW/X9hJo
http://paperpile.com/b/eZRbwW/xJO8O
http://paperpile.com/b/eZRbwW/jK5oi
http://paperpile.com/b/eZRbwW/jK5oi
http://www.agroforestry.eu/sites/default/files/pub/docs/development_5_luske.pdf
http://paperpile.com/b/eZRbwW/aYbdi
http://paperpile.com/b/eZRbwW/aYbdi
http://paperpile.com/b/eZRbwW/aYbdi
http://paperpile.com/b/eZRbwW/96sH1
http://paperpile.com/b/eZRbwW/96sH1
http://nrsc.gov.in/Cadastral_Forest_Lands
http://paperpile.com/b/eZRbwW/G1M7K
http://paperpile.com/b/eZRbwW/G1M7K
http://paperpile.com/b/eZRbwW/G1M7K
http://paperpile.com/b/eZRbwW/NwPla
http://paperpile.com/b/eZRbwW/NwPla
http://www.isprs.org/proceedings/XXXVI/part4/WG-IV-9-5.pdf
http://paperpile.com/b/eZRbwW/5twdy
http://paperpile.com/b/eZRbwW/5twdy
http://glcf.umd.edu/data/vcf/
http://paperpile.com/b/eZRbwW/84u2V
http://paperpile.com/b/eZRbwW/84u2V
http://paperpile.com/b/eZRbwW/PDMAo
http://paperpile.com/b/eZRbwW/PDMAo
http://www.magrama.gob.es/es/biodiversidad/servicios/banco-datos-naturaleza/informacion-disponible/mfe50.aspx
http://paperpile.com/b/eZRbwW/6EuP
http://paperpile.com/b/eZRbwW/6EuP
http://paperpile.com/b/eZRbwW/6EuP
http://paperpile.com/b/eZRbwW/I4Tl
http://paperpile.com/b/eZRbwW/I4Tl
http://paperpile.com/b/eZRbwW/mREO
http://paperpile.com/b/eZRbwW/mREO
http://dx.doi.org/10.1038/s41586-020-2824-5
http://paperpile.com/b/eZRbwW/VnHw
http://paperpile.com/b/eZRbwW/VnHw
http://dx.doi.org/10.5281/zenodo.7936685
http://paperpile.com/b/eZRbwW/Bjqn
http://paperpile.com/b/eZRbwW/Bjqn
https://www.copernicus.eu/en/news/news/observer-small-size-big-impact-mapping-small-woody-landscape-features-across-europe
https://www.copernicus.eu/en/news/news/observer-small-size-big-impact-mapping-small-woody-landscape-features-across-europe
http://paperpile.com/b/eZRbwW/9xDP
http://paperpile.com/b/eZRbwW/9xDP
http://paperpile.com/b/eZRbwW/2Y7o
http://paperpile.com/b/eZRbwW/2Y7o
http://paperpile.com/b/eZRbwW/XpeV
http://paperpile.com/b/eZRbwW/XpeV
http://paperpile.com/b/eZRbwW/oibg
http://paperpile.com/b/eZRbwW/oibg
http://paperpile.com/b/eZRbwW/aT8t
http://paperpile.com/b/eZRbwW/aT8t
http://paperpile.com/b/eZRbwW/UzDM
http://paperpile.com/b/eZRbwW/UzDM
http://paperpile.com/b/eZRbwW/pbsI
http://paperpile.com/b/eZRbwW/pbsI
http://dx.doi.org/10.5194/essd-2022-104
http://digitaf.eu/

