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Overview of this Carbon Budgeting Fellowship ™
Four work packages = o Context: Climate Act & the Paris Agreement goal.

1. Integrated carbon budget assessment of existing policy we3
o Meeting CB1+2; Paris-consistent IE overshoot-and-return pathways.

2. Assessing alternative integrated emissions scenarios wpr2
o “Paris Test” reassessment; historic responsibility; GWP* use.

3. Agriculture, forestry & land use in society-wide transition we1
o |E land-nitrogen-emissions analysis; AFOLU & carbon budgeting.
o Also: |IE food system N-efficiency; Anaerobic Digestion; Rewetting.

4. Integrating national and business-sector carbon budgeting? wr4
o Assessing the value of business carbon accounting and management.



1. Integrated carbon budget assessment of existing policy
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EPA projections, incl. LULUCF, relative to the 5-year carbon budgets
« CB1 and CB2 will not be met unless new policy effectively limits societal C & N inputs.

IE 2018-2030: WEM/WAM vs 5-yr carbon budgets
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1. Integrated carbon budget assessment of existing policy ol

If “climate neutrality” occurs in overshoot then it is not ‘consistent with’ Paris °C.
e Overshoot of Paris-consistent |E fair share quota results in two different “net zero” years.
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1. Integrated carbon budget assessment of existing policy ocl
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Meeting same Paris goal reveals negative emission tradeoff CH /yr vs CDR
- Scenarios with early+deep+sustained CH,/yr cut: limits CDR required for IE 1.5°Cequal Per cap.

By-gas total MtCO_we (+ve or -ve) 2015-2100 o
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1.5°C global equal per capita National
Carbon Quota = NCQ* for [CO,&N,0&CH,]
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Deeper, earlier CH,/yr reduction limits 1.5°C
overshoot and reduces IE CDR requirement.

CH,/yr cut or CDR °C reduction are useful
to meet the stringent °C limit only if deep
CO, emissions reduction achieved NOW!



2. Assessing alternative integrated emissions scenarios ol
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“Paris Test” (PT) is important to show Paris-consistency. IE is a leading example.
» A framework approach developed (& used to reassess 2021 CB Technical Report’s PT).

Framework of Key Considerations for PT assessment For any nation

1. Analysis transparency: present choices & results clearly Inform society

Unavoidable
PT value
judgements
supported by
explicit definition
and justification.

Paris Test results

2. Target Prudence: temperature goal and overshoot

3. PT Time Span: reference year & time horizons

4. Effort Sharing: scope and mechanism

5. Detailed implementation: quantification assumptions

L VoV.




2. Assessing alternative integrated emissions scenarios

N
&Y

Ll

“Paris Test” (PT) reassessment: overshoot, & 2050 thresholds reduced.
* Cutting CH,/yr deeply by 2030: crucial to limit overshoot & meet the lower PT thresholds.
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2. Assessing alternative integrated emissions scenarios ol
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. . . . . . Sectoral
Refining the same Paris Test: quantitative adjustments Emissions
. . . eilings
e Only one or none of the core scenarios pass the revised Paris Test. Sept. 2022
Agriculture -25%
CCAC 2021 Technical Report ESl- ES7- E6l- E65-  E69-
AS1 A40 A33 A25 Al19
Upscaled 2050 Scenario °C Scenario warming °C = -0.05  0.05 0.11 0.17  0.25
Paris Test threshold basis PT°C Scenario °C — PT °C (negative = passes PT)
2021 PT | 4. COz-only (CCAC-TR PT) 0.23 -0.29 -0.19 -0.12 -0.06  0.02
Adjustments added in turn: Pass | Fail
A. GWP* change CO2-only (CCAC-TR PT) 0.23 -0.22  -0.12 -0.06 0.00 0.08
B&C: 2021, CO,&N,0&CH, rGCB* 2021 0.15 -0.14  -0.04 0.03 0.09 0.16
D. 2021 minus IAS rGCB* 2021 minus IAS 0.07 -0.06 0.04 0.11 0.17 0.24
E. 2015 minus IAS rGCB* 2015 minus [IAS & 2015-2020] -0.04 0.05 0.15 0.21 0.27 0.35

Earlier Base year or inclusion of International Aviation and Shipping (IAS) greatly reduces 2020-2050 budget(s).
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3. Agriculture, forestry National agri-food system NUE (output/input) ol
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Europe av. and EU MS 1965-2013 Data: FAO via Billen et al. 2021 L
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3. Agriculture, forestry & land use in society-wide transition ol
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Land-nitrogen-emissions

farm-gate data reanalysis

* Novel coarse grained “LNE”
re-analysis by production-type

 Journal paper in review

LNE reanalysis of Agri
Benchmark N 2008-2015
farm-gate farm-type data
(Murphy et al. 2021)

163 LNE
30 reanalysis e Resultsin N & GHG
values for intensity and
B2 s |E national total by

P
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N export (production)

production-type (milk,
livestock, cash crops).



3. Agriculture, forestry & land use in society-wide transition ocl

Land-nitrogen-emissions farm-gate data reanalysis by production type
* Novel coarse-grained reanalysis can usefully inform low-GHG AFOLU national planning.
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3. Agriculture, forestry & land use in society-wide transition /c?
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Land-nitrogen-emissions reanalysis of national farm-gate data & GHGs.
e Cash crop production is highly land efficient. Milk & Livestock are land, GHG- & N- inefficient.

Cash crop production is 65x more
nitrogen efficient relative to
Milk or Livestock production

Milk and Livestock have very high
emissions relative to production output
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3. Agriculture, forestry & land use in society-wide transition DA
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AFOLU policy is now crucial to Paris-consistent achievement
e Transition is eased if methane is cut deeply & existing land carbon is protected.

Two indicative national scenarios with the same net warming:

<¢—— Net 660 MtCO2we ———p>
Weak AFOLU policy:
Future land CO_we budget is net 320 i 170
positive = decreasing feasibility of Used Fossil Land
Energy transition within 1.5°C limit. 200 200 400 600 | 800 1,000

-——0

Strong AFOLU policy: Net 660 MtCO2we

future land CO,we budget can be net

negative = increasing Energy transition, -310
feasibility but land carbon (standing forest Land Fossil
and peatland) must be protected. 560 5 . e Soa 860 1,000




4. Integration of /.’;c?
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Main Finding: Achieving 1.5°C is very difficulit.

Overshoot of an equitable IE national GHG quota is
imminent or has occurred already.

@)

Paris Agreement consistency is arguably far more
demanding than the 2021 CCAC Carbon Budget Technical
Report indicated. If so, current IE carbon budgets are too high.

Meeting CB1+2 already requires urgent policy and
regulation to effectively constrain carbon & reactive nitrogen
usage through robust societal supply & demand control.

Assuming good faith 1.5°C CO2 policy, early, deep, sustained
cut in CH,/yr limits overshoot & future CDR dependence.
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Journal papers from this Carbon Budgeting Fellowship
Four work packages = 2 journal papers already in peer review, plus 2 submitted .

1. Integrated carbon budget assessment of existing policy (in peer review)
o “Setting a “Paris Test” of national carbon budgeting: an assessment framework for

equitable alignment with meeting the Paris Agreement long term temperature goal’
2. Assessing alternative integrated emissions scenarios (submitted to journal)

o “Early methane mitigation, including agriculture, can be crucial to limit dependence on
uncertain carbon dioxide removal in national climate action consistent with meeting a fair

Share 1.5°C quota”

3. Agriculture, forestry & land use in society-wide transition (in peer review)

o “Land-nitrogen-emissions reanalysis of national farm data by production type can
improve assessment of pathways toward sustainable agriculture and land use”

4. Integrating national and business-sector carbon budgeting? (in peer review)
o “Limits or bust? Business carbon accounting and management in a time of climate crisis”



Communications: selected outputs related to this Fellowship

CCAC inputs: “Assessing Ireland'’s fair contribution” Literature Review, 1-pager summary, plus AR6 addendum
and presentation; scenario presentations: “Implications of Agriculture scenarios for post 2030 efforts" plus Added
scenario; Daly et al. position paper 2021 (co-author); “Refining the Paris Test” at CCAC workshop video & pdf.

Conferences:
o  Environ 2021 AFOLU and carbon budgeting (video and presentation); Environ 2022 business sector.
o  Negative CO, conference, June 2022 Gothenburg, Sweden: abstract, video, presentation, twitter.
o IAFA 2022; EGU 2023 “Towards a net negative world” abstract and poster presentation.

Oireachtas Committee contributions:
o JC-ECA 12 Jan 2022 Carbon budgets debate: Barry McMullin, John Sweeney, Kevin Anderson and PRP
o JC-Agriculture 24 Mar 2022 PRP solo one hour — opening stmt, video and Debate transcript incl. Q&A
o JC-Agriculture 20 Jul 2022 opening stmt: Barry McMullin (and Paul Price).

Media: RTE Brainstorm; Irish Times op-ed How to keep the Government honest on climate change; Irish Times
letter Climate crisis and agriculture. 2022-07-24. TheJournal.ie article input and quotes. GreenNews.ie.
SiliconRepublic. Twitter: from @DCU_ECRN account using the hashtag #CCAC_Fship_DCU.

pdfs of literature reviews and scenario outputs for CCAC and others made available on the DCU-ECRN website
(search tag: #CCAC_Fship_DCU). Presentation to Teagasc on “GHG metrics and agri emissions” pdf.

Twitter: from @DCU_ECRN account, hashtag #CCAC_Fship_DCU.
Blogposts posted to DCU-ECRN news:
o “Stable cattle herd”; Using GWP*: Forestry EF revision; LULUCF fraction of five-year carbon budgets. Dcz

Ol Chathoir
ot
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https://www.climatecouncil.ie/media/climatechangeadvisorycouncil/Paul%20Price%20Pre-publication%20CCAC%20literature%20review%20with%20Weblinks.pdf
https://sites.google.com/a/dcu.ie/dcuecrn/files/Carbon%20budgeting%201-pager%20for%20CCAC%20final.pdf?attredirects=0&d=1
https://www.climatecouncil.ie/media/climatechangeadvisorycouncil/Paul%20Price%20AR6%20Addendum%20to%20Lit%20Review%202021-08-24.pdf
https://sites.google.com/a/dcu.ie/dcuecrn/files/2021-09-09%20%5Bslides%5D%20AR6-WGI%20%20Addendum%20to%20CCAC-CBC%20lit%20review%20%E2%80%93%20Paul%20Price%20%281%29.pdf?attredirects=0&d=1
https://sites.google.com/a/dcu.ie/dcuecrn/files/2021-04-30%20PRP%20CBC%20Scenario%20Implications%20presentation%20%281%29.pdf?attredirects=0&d=1
https://sites.google.com/a/dcu.ie/dcuecrn/files/2021-05-05%20Added%20scenario%20O.A25E66%281%29.pdf?attredirects=0&d=1
https://sites.google.com/a/dcu.ie/dcuecrn/files/2021-05-05%20Added%20scenario%20O.A25E66%281%29.pdf?attredirects=0&d=1
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGN1LmllfGRjdWVjcm58Z3g6NWFkNDQ4YWU0YjNiNmM0ZQ
https://t.co/Xyr2Qy0jEs
https://t.co/R5tk68reUF
https://drive.google.com/file/d/1GDl6T_BhNlHq7s6SlYzFOPpa2bnorC7i/view?usp=sharing
https://drive.google.com/file/d/1Nx3Ff_piiPqv0owf9avmDQdwuiN0I34I/view?usp=sharing
https://docs.google.com/presentation/d/1VF_bFHUul05Ns-eYWZiAC3E4kAabyIEueBA9AjfPVHw/edit?usp=sharing
https://drive.google.com/file/d/1voMcioSA09GBwIqLXYpWI6xvbXX_pHAo/view?usp=sharing
https://t.co/Hijftooo9R
https://t.co/Xyr2Qy0jEs
https://twitter.com/swimsure/status/1545381290219687939?s=20&t=UjxK-RGs4msGDMIU8-AP1A
https://docs.google.com/presentation/d/1IA2_pRmwxF1Bh6p-HeO9lYU7UDQBOY8D/edit?usp=sharing&ouid=102690903597112420270&rtpof=true&sd=true
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGN1LmllfGRjdWVjcm58Z3g6NDM5YTk1NWM1ODZkOTQxNA
https://drive.google.com/file/d/1pEufwwzvL2YFaC5temAc2lMnKr-ew8LL/view?usp=sharing
https://www.oireachtas.ie/en/debates/debate/joint_committee_on_environment_and_climate_action/2022-01-12/
https://data.oireachtas.ie/ie/oireachtas/committee/dail/33/joint_committee_on_agriculture_food_and_the_marine/submissions/2022/2022-03-24_opening-statement-paul-r-price-research-assistant-dublin-city-university-dcu_en.pdf
https://www.oireachtas.ie/en/debates/debate/joint_committee_on_agriculture_food_and_the_marine/2022-03-24/
https://data.oireachtas.ie/ie/oireachtas/debateRecord/joint_committee_on_agriculture_food_and_the_marine/2021-11-17/debate/mul@/main.pdf
https://sites.google.com/a/dcu.ie/dcuecrn/files/JOCAFM-CH4-2022-07-20.pdf
https://www.rte.ie/brainstorm/2021/1019/1254326-carbon-budget-ireland-emissions-accountability/
https://www.irishtimes.com/opinion/how-to-keep-the-government-honest-on-climate-change-1.4790116
https://www.irishtimes.com/opinion/letters/2022/07/15/climate-crisis-and-agriculture/
https://www.thejournal.ie/factcheck-irish-beef-and-dairy-emissions-5823435-Jul2022/?utm_source=shortlink
https://greennews.ie/methane-explainer-2021/
https://www.siliconrepublic.com/innovation/climate-research-ireland-paul-price-dublin-city-university
https://twitter.com/dcu_ecrn
https://twitter.com/hashtag/CCAC_Fship_DCU?src=hashtag_click
https://sites.google.com/a/dcu.ie/dcuecrn/files
https://twitter.com/hashtag/CCAC_Fship_DCU?src=hashtag_click
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGN1LmllfGRjdWVjcm58Z3g6MmQ0YzY4NDY2OWVhNThlNw
https://twitter.com/dcu_ecrn
https://twitter.com/hashtag/CCAC_Fship_DCU?src=hashtag_click
https://sites.google.com/a/dcu.ie/dcuecrn/news
https://sites.google.com/a/dcu.ie/dcuecrn/news/2whatismeantbyastablecattleherdccacfshipdcublogpost2s%20meant%20by%20a%20%22stable%20cattle%20herd%22%3F%20%5BCCAC%20Carbon%20Budgeting%20Fellowship%20Blogpost%202%5D
https://sites.google.com/a/dcu.ie/dcuecrn/news/thegwpmetricandmethanemitigationpotentialccaccarbonbudgetingfellowshipblogpost3
https://sites.google.com/a/dcu.ie/dcuecrn/news/revisionofforestemissionsmakesmeetingirelandscarbonbudgetmoredifficult
https://sites.google.com/a/dcu.ie/dcuecrn/news/newprojectedlanduseemissionstakeupagreaterandincreasingfractionofthecarbonbudgets

1. Integrated carbon budget assessment of existing policy ol
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Paris Test base year and end year definition are a value judgment.

e Requires justification (CCAC 2021 Technical Report uses IPCC but IPCC not normative).

e 2015, Paris, can be justified as latest defensible choice = maximum developed nation
remaining 1.5°C budget, from which year it is depleted by national annual emissions.

time

from ~1950

“Great Acceleration”

1950 1960

UNFCCC
1992

1970 1980

0.5°C

1990

2000

Paris Agreement
2015

2010 2020

CCAC-TR test
Start of 2020 to

end of 2050
oc ??
2030 2040 2060 2060 2070

Historic Responsibility

1.5°C
> Deplete Paris Test national “carbon” quote>

Start year for

historic responsibility?

Paris Test
Reference Year

(?)

High per capita emitters
may quickly deplete and
overshoot their quota


http://link.springer.com/10.1007/s11027-019-09881-6

1. Integrated carbon budget assessment of existing policy

GHG-WE tool upgrade: can now explore GWP* pathways for any nation

e Input national all-sector, multigas scenarios = Output °C comparison to meet a defined “fair’ IE Paris target.
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e GHG-WE tool can evaluate 1.5°C/wb2C pathways (2015 base year) for any nation using a CBDR-RC population EPC target.
e Given EPA projections, or all GHG by-gas for all sectoral scenarios, GHG-WE indicate 2050 outcome relative to 1.5°C EPC level.
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Historical Responsibility for warming up to 2018 (upscaled by population)
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2. Assessing alternative integrated emissions scenarios

Meeting same Paris goal reveals negative emission tradeoff: deeper CH,/yr cut, less CDR
« |E scenarios with early,deep, & sustained CH4/yr cut limits overshoot & CDR amount required for IE 1.5°Ceerc.

Annual charts =
Depth of non-CO,
cut by 2030
increases

from left to right,
-10% up to -43%.

Cumulative charts =
Deeper cuts in

CH,/yr have large
warming reduction
(negative emissions)
effect, so less CDR
required for Paris goal.
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3. Agriculture, forestry & land use in society-wide transition
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Ireland Nitrogen Budgets: National and land surface (scales matched)
e Time series show strong |IE focus on grass-based ruminants & artificial N requirement to replace losses.

1,000

FAO 1961-2013 annual reactive nitrogen (ktN/yr) — Data: Billen et al. 2021
Functional boundary: Ireland production+imports vs. consumption+exports.
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fﬂ‘:,,.w//é. rassiand N depasition
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400 I
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200 20
e e e e ot
EXPORT net N (animal)

200 — less than IMPORTED N 20
-300
-400 400
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-600 -600
0 Monogastric consumption :

-800

Artificial fertiliser N is required to maintain N level in L

[manure+grass+AD] of current system = so AD digestate
is very unlikely to “replace” much if any fertiliser N.

Fertilisers

ktN/yr 4

1990 1995 2000 2005 2010 2015

EPA
1990-2019
Functional
boundary:
Land
surface N
inputs vs N
outputs

| < Bio N fixation
<«—Atm N deposition

B Total Harvested Crops

NETT Sumlus

# Total N Emissions

u Fodder - Total

u Total Harvested Crops

N Fertiliser use Change relative to 1961 (FAQO)

Ireland

Index 1961 =1

O =2 NWhOIOoON®

Denmark

1961 1971 1981 1991 2001 2011 2021

Compared to 1961: in 2013 IE
produced about ~2x grass and
cereal N, but relies on over ~10x
fertiliser use = a major NUE drop.
System now has worse NUE still,
due to more N imports, less tillage.
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Analysis of EPA 1990-2019 data for Irish beef and dairy: change relative to 2010

e |E system N-ex. & GHG relative to production: beef ~ coupled since 1998, dairy ~ coupled since 2005.
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Dairy shows very
little N_ . or CH

ex 4
production
efficiency change
since 2005
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Ireland: warming due to agriculture 1850-2018, compare to Denmark
* DK similar animal N output to IE. IE warming continuously up, DK ~levelled off.

GHG-WE model outputs using PRIMAP 2.2 data HISTCR

Ireland Denmark

GHG total
1,600 et 1,600

.GHG total From 1970, DK transitioned
/ (GWP100) 1,400 away from grass-fed ruminants

IE has maintained
1,400 | (lock-in?) focus on

grass-fed ruminants. '/ g toward monogastrics fed with
g Intensification since 2011 p G, & grain & imported legumes
& 1,200 | results in less tillage & S o 1200 resulting in substantial CH,
0 more imported feed, ,SCH, = warming reduction offsetting 3 g'\;‘f;g:a'
s . . o . ’
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3. Agriculture, forestry & land use in society-wide transition
Anaerobic Digestion: GWP* reanalysis of GWP

100

and CH, leakage data.

» SEAI Heat Study’s AD slurry:silage feedstock mix: fails to deliver warming reduction to 2050.
raotete v~ KELY o curiso= R o noteose v~ EEY crasocwrino- BN |

Higher leakage
rates of
(3.7-14.9%)
from UK field
measurements

Bakkaloglu et al|
2021
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Own charts. Data from Beausang, C., McDonnell, K., Murphy, F., 2021. Assessing the
environmental sustainability of grass silage and cattle slurry for biogas production. Journal of
Cleaner Production 298, 126838. https://doi.org/10.1016/j.jclepro.2021.126838
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Rewetting organic soils: warming analysis of CO, removal vs. CH, emission.
- Care needed as CH, increase with rewetting can substantially reduce net 2050 climate benefit.

1200 2050 warming benefit: less than GWP,  indicates
—=Drained (as existing)

« » Rewet 2560kgCH4/halyr
1000 = -Rewet 123 kgCH4/halyr
—=Rewet 60 kgCH4/halyr
—Rewet: GWP100 Goblin

£ 800 -200
o .o

c% o Goblin model
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4. Integration of business carbon e
accounting & management (BCAM) . :
with national carbon budgeting?
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extract
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organisation, particularly to identify
relationships between accounting
nodes and accounting boundaries.
(Chang, Hwang & Tu, 2022; Rebich
& Gautier, 2005).




4.

Global climate & business context: global warming vs. global $ output

e Business-as-usual continues: warming continues to accelerate, highly coupled to global economic output.
e 1.5°C overshoot imminent. Impact risks are escalating. Managed global transition or unmanaged failure?

GtCO2 cumulative
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Own charts. Data: CO2 from CDIAC (2017) and Global Carbon Project
(Friedlingstein et al., 2022), GWP data derived from Bolt and van Zanden (2020)
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decoupling is too slow
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degrowth required?
Is it globally possible?

5000

Jarvis et al. 2013:

This emergent coupled
system is “a
manifestation of a
feedback coupling
between
environmentally derived
resources and the
exploitation of these
resources by society on
the global scale.”



https://www.researchgate.net/profile/David-Leedal/publication/258686415_Climate-society_feedbacks_and_the_avoidance_of_dangerous_climate_change/links/02e7e528f8d5aca13b000000/Climate-society-feedbacks-and-the-avoidance-of-dangerous-climate-change.pdf

4. Aligning business vs. national carbon accounting &
80%

management (BCAM) with national carbon budgeting? .,
BCAM: companies align Science Based Targets with global goal :gﬁ /"\"‘
Thus, reasonable to assess BCAM (& NCAM) on global basis: 40‘; —Services

o _ " Indust
e Strong linear global $GDP:warming CO,, correlation is ongoing. zZi o

o Services globally & OECD “decarb” relative to Non-OECD. 0%

o All sectors, incl. Services, are similarly carbon intensive (see ref.). 0%
1970 1980 1990 2000 2010 2020

Agriculture

e Implies strong linear relationship of [*Economic Value Added” to

mass CO2] — via company EVA and national GDP — can assess OECD vs Non-OECD (1970-2020)
BCAM to NCAM mutual alignment and relation to 1.5°C CBDR-RC. 100 _

e Therefore, GDP may be a more meaningful assessment than £ 095 1979 ~ Non-OECD
territorial emissions for warming responsibility: based on an entity's > — World
share of total gross world product multiplied by total worldwide S 0.90 —~ OECD
emissions. Explored carbon regulation or tax on this basis. §

O 0.85

e Distributing carbon tax revenue on fair share basis among

Parties provides a BCAM & NCAM benchmark. 0.80
1970 1980 1990 2000 2010 2020

Year


https://doi.org/10.1088/1748-9326/ab7f63

4.

Work Package analysis relating total global
CO, emissions to gross world product
(GWP): = questionable to use only GNI* or
similar as a proxy in assessing climate
change action responsibility.

If a nation’s GDP is inflated due to foreign
direct investment (FDI) flows, as for IE and
other financial centres (Lane &
Milesi-Ferretti, 2018) then can plausibly
argue a nation’s emissions responsibility
relates to its full GDP, including profits made
by foreign-owned MNEs or other transfers.

Implies the use of GDP can be used by the
CCAC to evaluate IE global warming
responsibility. Otherwise use of GNI* (only)
risks inequitably overlooking IE’s full impact
on global warming by not accounting for
profits booked to IE based on emitting
activities and investments elsewhere.
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