Report No.457

)
COQAResearch

Towards a Climate-neutral
Land Sector by 2050

Scenarios Quantifying Land-Use & Emissions Transitions
Towards Equilibrium with Removals (SeQUESTER)

Authors: David Styles, Colm Duffy, Remi Prudhomme,
George Bishop, Mary Ryan and Cathal O’Donoghue

Rialtas na hEireann
Government of Ireland

wWww.epa.ie




Environmental Protection Agency

The EPA is responsible for protecting and improving
the environment as a valuable asset for the people of
Ireland. We are committed to protecting people and
the environment from the harmful effects of radiation
and pollution.

The work of the EPA can be divided into
three main areas:

Regulation: Implementing regulation and environmental
compliance systems to deliver good environmental outcomes
and target those who don't comply.

Knowledge: Providing high quality, targeted and timely
environmental data, information and assessment to inform
decision making.

Advocacy: Working with others to advocate for a clean,
productive and well protected environment and for sustainable
environmental practices.

Our Responsibilities Include:

Licensing

> Large-scale industrial, waste and petrol storage activities;
> Urban waste water discharges;

> The contained use and controlled release of Genetically
Modified Organisms;

Sources of ionising radiation;

Greenhouse gas emissions from industry and aviation
through the EU Emissions Trading Scheme.

National Environmental Enforcement

> Audit and inspection of EPA licensed facilities;

> Drive the implementation of best practice in regulated
activities and facilities;

> Oversee local authority responsibilities for environmental
protection;

> Regulate the quality of public drinking water and enforce
urban waste water discharge authorisations;
Assess and report on public and private drinking water quality;
Coordinate a network of public service organisations to
support action against environmental crime;

> Prosecute those who flout environmental law and damage
the environment.

Waste Management and Chemicals in the Environment

> Implement and enforce waste regulations including
national enforcement issues;

> Prepare and publish national waste statistics and the
National Hazardous Waste Management Plan;

> Develop and implement the National Waste Prevention
Programme;

> Implement and report on legislation on the control of
chemicals in the environment.

Water Management

> Engage with national and regional governance and operational
structures to implement the Water Framework Directive;

> Monitor, assess and report on the quality of rivers, lakes,
transitional and coastal waters, bathing waters and
groundwaters, and measurement of water levels and
river flows.

Climate Science & Climate Change

> Publish Ireland’s greenhouse gas emission inventories
and projections;

> Provide the Secretariat to the Climate Change Advisory Council
and support to the National Dialogue on Climate Action;

> Support National, EU and UN Climate Science and Policy
development activities.

Environmental Monitoring & Assessment

> Design and implement national environmental monitoring
systems: technology, data management, analysis and
forecasting;

> Produce the State of Ireland’s Environment and Indicator
Reports;

> Monitor air quality and implement the EU Clean Air for Europe
Directive, the Convention on Long Range Transboundary Air
Pollution, and the National Emissions Ceiling Directive;

> Oversee the implementation of the Environmental Noise
Directive;

> Assess the impact of proposed plans and programmes on
the Irish environment.

Environmental Research and Development
> Coordinate and fund national environmental research activity
to identify pressures, inform policy and provide solutions;

> Collaborate with national and EU environmental research
activity.

Radiological Protection

> Monitoring radiation levels and assess public exposure
to ionising radiation and electromagnetic fields;

> Assist in developing national plans for emergencies arising
from nuclear accidents;

> Monitor developments abroad relating to nuclear installations
and radiological safety;

> Provide, or oversee the provision of, specialist radiation
protection services.

Guidance, Awareness Raising, and Accessible Information

> Provide independent evidence-based reporting, advice
and guidance to Government, industry and the public on
environmental and radiological protection topics;

> Promote the link between health and wellbeing, the economy
and a clean environment;

> Promote environmental awareness including supporting
behaviours for resource efficiency and climate transition;

> Promote radon testing in homes and workplaces and
encourage remediation where necessary.

Partnership and Networking

> Work with international and national agencies, regional
and local authorities, non-governmental organisations,
representative bodies and government departments to
deliver environmental and radiological protection, research
coordination and science-based decision making.

Management and Structure of the EPA

The EPA is managed by a full time Board, consisting of a
Director General and five Directors. The work is carried out
across five Offices:

. Office of Environmental Sustainability

. Office of Environmental Enforcement

. Office of Evidence and Assessment

. Office of Radiation Protection and Environmental Monitoring
. Office of Communications and Corporate Services
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The EPA is assisted by advisory committees who meet regularly
to discuss issues of concern and provide advice to the Board.
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Identifying pressures

Ireland’s agriculture, forestry and other land use sector accounts for over 40% of national greenhouse gas emissions.
The Climate Action and Low Carbon Development (Amendment) Act 2021 commits Ireland to reaching a legally
binding target of net-zero emissions no later than 2050. While there are clear techno-economic pathways towards net-
zero emissions within the energy and industrial sectors, there are no such pathways for the agriculture sector, where
technical abatement options for emissions of nitrous oxide and methane are limited. Globally, it is assumed that land
management will provide a net carbon sink to offset residual emissions from agriculture and other sectors. However,
Ireland’s land sector is a large net emitter of carbon dioxide (CO2) owing to large areas of drained organic soils and a
low afforestation rate relative to the forest harvest rate. There is an urgent need to identify potential agriculture and
land use configurations compatible with net zero. The SeQUESTER project provides new insight into what those future
land use mixes could look like.

Informing policy

SeQUESTER provides new evidence to underpin strategic policymaking across agriculture, the environment and land
use. The conclusions are relevant to policymakers, farmers, foresters, agri-food businesses and wider stakeholders in
land management and food production. Key policy messages arising from the research include the following:

¢ Ongoing efforts to deploy ambitious emissions abatement across the agriculture sector are vital; however, the need to
curtail milk and beef output cannot be avoided if climate neutrality is to be achieved.

e Delivery of ongoing bog restoration and plans for organic soil rewetting (water table management) will be critical to
reducing very large (albeit uncertain) emissions from organic soils.

e The afforestation rate needs to be ramped up to at least 10 times the current rate, and 2.5 times the official policy target,
in order to support large-scale milk and beef production within net-zero constraints in 2050.

e There is a need for coordinated policy across sectors to support both supply and demand of bio-based feedstocks for the
bioeconomy, in a manner that incentivises positive land use change and diversification.

Developing solutions

SeQUESTER uniquely applied a backcasting approach to identify what “solutions” to net zero could look like for the
agriculture and land sector. This was necessary owing to the scale of the challenge and differs from approaches

that extrapolate past trajectories forwards (and inevitably fail to identify net-zero compatible futures). The scale of
systems transformations invoked in this modelling work indicate reversals or very steep accelerations in trends in land
use and cattle numbers. Addressing this challenge is imperative to ensure the future viability of farms and agri-food
exports. Strategic, long-term and cross-sectoral policymaking could realise multifaceted opportunities, linking farm
diversification to downstream sectors, including timber engineering, construction, bioenergy and alternative proteins
to support a climate-neutral, circular bioeconomy. Above all, this research highlights the need for a mindset shift

to explore alternative, sustainable and resilient futures for the food and land sectors. Constructive dialogue across
diverse stakeholders and stronger government guidance on the precise definition of “climate neutrality” and “net
zero” with regard to non-CO2 emissions will be essential.
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Executive Summary

Ireland’s agriculture, forestry and other land use *+* DFFRXQWLQJ WR GHWHUPLQH 3QHW ]H
(AFOLU) sector accounts for ¢.43% of national 850kha of new forest would be needed to also offset

inventoried greenhouse gas (GHG) emissions. methane emissions. Thus, achieving climate neutrality

The Climate Action and Low Carbon Development implies afforestation rates of 20-35kha per annum

(Amendment) Act 2021 commits Ireland to reaching a between 2025 and 2050 (2.5-4.5 times higher than

legally binding target of net-zero emissions by 2050, current policy), even assuming agricultural emissions

yet emissions from the AFOLU sector continue to are reduced by 50%. Planting on mineral soils to

increase. The SeQUESTER (Scenarios Quantifying ensure effective CDR implies competition with other

Land-Use & Emissions Transitions Towards agricultural uses.

Equilibrium with Removals) project generated over
Just 14-33% of beef and sheep farms are
UDQGRPLVHG $)2/8 FRQ(,JXUDWLR(%V _IFﬁU LSJUHODOG LQ .
Do econhomically viable, and livestock rearing per se is
2050, and calculated GHG emissions and removals

. . . , . often loss making, with farms supported by direct
using a new model validated against Ireland’s National )
ayments, Teagasc %Jldance suggéaslfs tkjjat forestry

,QYHQWRU\ 5HSRUW 6FHQDULRYV ZI—!J H¢OWHUHG DFFR
can generate higher gross revenue per hectare
WR YDULRXVY GH¢{QLWLRQV RI 3FOLPDWH QH)ﬁw UDOLW)\ QDEOLQJ
. . ) ) than cattle or sheep farming. Meanwhile, over 80%
delineation of a climate-neutral AFOLU sector. Despite
RI PLON DQG EHHI SURGXFWLH

N LZUHODOQGTV
XQFHUWDLQW\ DURXQG VRPH *+* AX[HV DQG %Hﬂ'GQLWLR V
_ I'DFLOCWDWHG EV HITHFWLYH JUHHQ PDUNI
sensitivity analyses support robust conclusions.

o . L ) N OLFHQFH" IRU WKH DJUL IRRG VHFWRU % C
Achieving climate neutrality will require a combination

. _ on the sector operating within ecological limits
of the following (or variations thereof): EXUUHQWO\ H[FHHGHG 7KXV WKHUH LV

" reducing milk and beef output by 30% (or a LPSHUDWLYH WR H[SORUH GLYHUVL¢{FDWL
more dramatic cut in either milk or beef); further VDIHIXDUGLQJ PRUH HI¢FLHQW IRRG SURC(
reductions will be required if the below measures HQVXULQJ WKDW WKH QH[W JHQHUDWLRQ
are not implemented; Barriers to change appear to be mainly social and

" implementing widespread emissions abatement cultural (outside the scope of this study). Widespread
across farms to reduce the GHG intensity of misconceptions regarding the need to dramatically
production by 30%; reduce methane emissions and the difference between

" restoring virtually all degraded peatlands; maintaining carbon stores and creating new carbon

" raising the water table across thousands of sinks create confusion about what effective climate
hectares (kha) of organic soils under grassland action looks like. There is an urgent need for an
(actionable area subject to revision in the light inclusive but robust, fact-based conversation among

RI HPHUJLQJ HYLGHQFH RQ WKH keyatdkehmldeRslonrebliskd/pathndys towards a
drainage in organic soils); genuinely sustainable AFOLU sector. Climate-neutral

" planting at least 500 kha of new forest (avoiding ODQG XVH FRQ¢JXUDWLRQV GHOLQHDWHG
organic soils). provide a reference.

The magnitude of the forest carbon sink required

The above is predicated on assumptions that climate . .
X underlines the urq_ent need to start rampm%; up
SROLF\ HYROYHV WR UHAHFW WKH Gf}_VWL(%FW Y H ZlDUPLQDJ H I_lHFW
afforestation rates from a low base. Delay will translate

of methane as a short-lived climate pollutant and that . .
into less CDR, and therefore less scope for emission-

national methane emissions are reduced to a level . S L Lo
generating activities (including livestock production) in

compatible with climate stabilisation. In that case, . .
future. National_carbon budgets based on cumulative

FDUERQ GLR[LGH UHPRYDO &'5 zZLQO EH UHT
AX[HV _SODF IXUWKHU HPSKDVLV RQ SURI
RIITIVHW UHVLGXDO HPLVVLRQV 3RQO\ Rl ORQJ OLYHG FDUER .
Maintaining climate neut ost 20560 m I)_/|re uire
GLR[LGH DQG QLWURXV R[LGH $OWHUQDWLYHO XV J FXU (%
cascading wood value chains to store carbon ih wood

_‘
D
=

X
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products and to supply bioenergy (coupled with carbon  strategically important bio-based industries in Ireland

capture and storage in future, i.e. permanent CDR). capable of delivering a climate-neutral and circular

Timber engineering for construction, organic waste economy. Meanwhile, peatland restoration and native
ELRUH{QHULHY DQG JUDVV:FORY H Woudladdjp&stinD tbhld SélivePHiodikepsity and water

mitigation options. As global demand grows for carbon TXDOLW\ FR EHQH{;WV $ EROG PXOWL VH
credits, biomaterials and bioenergy, the government plan could ensure a just transition. Strong leadership

has a crucial role in fostering the development of and strategic vision are required.



1 Introduction

The 2021 Intergovernmental Panel on Climate sinks, contributing ¢.13-21% of global GHG emissions
&KDQJH ,3&& 6L[WK $VVHVVPHQW bétv@ERrPAMOKBI\2019 (Nabuurs et al., 2022).

left no doubt about the scale of the global climate However, LULUCF is regarded as a major potential
challenge facing humanity. Every region of the globe CO, sink that will be central to any future balance

LV SURMHFWHG WR H[SHULHQFH F RIit2fwkdh Brhisgions Brig Gni¥aB YIACE (P611.9; Smith
changes in conditions that will affect societies and et al., 2021). Lérant and Allen (2019) emphasise the

HFRV\VWHPV /LPLWLQJ IXWXUH ZD ddntraDrdlesthBt tbe AFOHUW $egtbr will play in reaching

OHYHO ZLOO UHTXLUH DW OHDVW dirkhEhé&utrgity th@ughi)thelhiRigakdd Of ERrént

GLR[LGH HPZVVLRQV DORQJ ZLWK 3¥nmssiéh@alrces[(i the rdol@&l emissions intensity
VXVWDLQHG ™ UHGXFWLR&Wother PHW Kiag@itultugatproduction linked with increased

greenhouse gas (GHG) emissions (IPCC, 2021). The HI¢FLHQF\ LLL WKH SURGXFWLRQ RI ELR
United Nations Framework Convention on Climate to replace more carbon-intensive products and

Change (UNFCCC) Paris Agreement (Erickson and (iv) carbon sequestration.

Brase, 2015) emphasises that we must reach peak
GHG emissions as quickly as possible, with parties
striving to achieve a balance between anthropogenic
emissions and removals.

The Climate Action and Low Carbon Development

(Amendment) Act 2021 commits Ireland to reaching

a legally binding target of net-zero emissions no later

than 2050. This is a particular challenge for Ireland’s

The agriculture, forestry and other land use (AFOLU) $)2/8 VHFWRU ZKLFK VLWV DW WKH LQWH

sector incorporates both agricultural activities (such livestock production and climate mitigation, and utilises
as animal husbandry and crop production) and land almost 5 million of Ireland’s 7.1 million hectares (ha)
use, land use change and forestry (LULUCF) activities.  of available land (Table 1.1). In 2020, agriculture
Therefore, it contains important GHG sources and emitted 21 million tonnes (Mt) CO, equivalent (CO,e),

Table 1.1. Summary of GHG emissions or removals and areas related to the main source categories in
Ireland’s national inventory

Land use/source *+* HPLVVLRQV DQG UHRRBeyDO$UHD NMK
/8/8&) Forest land —2984 779
HWPs -819 NA
Cropland (incl. temporary grass) -111 743
Grassland — mineral soils —2294 3874
Grassland — organic soils 8445 339
Wetland 2529 1225
Settlements and other land 172 151
/8/8&) VXE WRWDO QHW 4938
Agriculture Enteric methane 12,605
Manure management 2200
6RLO QLWURXV R[LGH 5760
,QGLUHFW QLWURXV R[LGH 231
CO, (lime and urea applications) 509

$JULFXOWXUH VXE WRWDO 21,305

7273/ 26,243 7111

HWP, harvested wood product; NA, not applicable.
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or 36% of national GHG emissions (P. Duffy et al., were valued at €14.2 billion (DAFM, 2020). A highly

2022), owing to the large ruminant sector producing competitive grass-based spring-calving dairy sector

beef and milk largely (>80%) for international FRQWLQXHV WR H[SDQG LQ UHVSRQVH WR
H[SRUW B6RPHZKDW XQXVXDOO\ ZL Vdéshi@ dfixingmsreasing divergeqes fom climate

LULUCEF sector is a net source of GHG emissions. and air and water-quality policy targets. The Climate

7KLV U H/BBD0DYa of drained organic Action Plan 2023 (Government of Ireland, 2022) sets

VRLOV HPLWWLQJ OWG&dnpudMp WH O\ out a sectoral roadmap designed to deliver a 51%

(Table 1.1), compared with a declining forestry sink of reduction in GHG emissions by 2030 and reach net

D SSUR[L P DME® annually, including harvested  zero no later than 2050. Simultaneously, Food Vision

wood products (HWPs; P. Duffy et al., 2022) from alow 2030 (DAFM, 2020) sets out a target for Ireland to

share (11%) of land under forest (Table 1.1). In 2020, have a climate-neutral agri-food sector by 2050, while

the entire AFOLU sector made up 43% of the Irish WDUJHWLQJ D IXUWKHU LQFUHDVH LQ DJU
QDWLRQDO HPLVVLR @ValS20%) G, 3 todal billion by 2030.

accounts for ¢.60% of agricultural GHG emissions, and
LULUCF emissions of CH, could increase if organic
soils are rewetted to reduce CO, emissions.

There is an urgent need for independent, holistic

PRGHOOLQJ WR H[SORUH ZKHWKHU DQG K
contradictory environmental and agri-food policies

The agri-food sector is an important component of FRXOG EH UHFRQFLOHG ZLWKLQ D PRGLF
Ireland’s economy, directly providing over 163,600 jobs  This research report provides an account of such

and contributing 6% of gross national income and 9% modelling completed in the SeQUESTER (Scenarios

Rl HISRUW YDOXH '$)0 , ULV K Quhutifyinyg Cand>USeDRCEnRSKignS Ttaisitions

LQ HTXDOOHG % ELOOLRQ D Q Gownidd EquRHRI®@N WiffSRRIMWAS) project.



2 The GOBLIN Land—Emissions Model

2.1 Introduction SDUDPHWHUV WKDW LQAXHQFH DJULFXOW
AX[HV DPPRQ erbissitns and nutrient losses

to water using a methodology aligned with Ireland’s

UNFCCC reporting. The model is designed to be

This chapter summarises a detailed model description
available in *HR V FLH Q W LDgefelodtent (O. Duffy

et al., 2022a). Given the increasing divergence of . i ) .
, . run repeatedly with randomly varied, biophysically
Ireland’s AFOLU sector from climate targets, pathways
com atiple, combinations of parameter in uts in

WR FOLPDWH QHXWUDOLW\ FDQQRW_E REMHFWLYHO\ LGHQ HG

RUGHU WR LGHOWLI\ VSHFL F FRPELQDWL
WKURXJK HITWUDSRODWLRQ RI UHFHQW WUDMHFWR L(RYR

éaroductlon and land ieve climate neu aI|ty
WKH QHHG IRU D EDFNFDVWLQJ DSSURDEK WBLf‘ D7EOLVK

) E\ WKH KLV PHDQV WKDW
what a climate-neutral AFOLU sector F R XI@lG
. . neutral scenarios are not limited
like. Backcasting is a complementary approach to
FROQOVWUDLQWY ZLW
VFHQDULR GHYHORSPHQW WKDW VWDUWYV ZLWK WKH G

a desired future state, which then determines various

o
=
g
QD
%]
@
o
o
<
QD
o
=.
o
=,

Ix
-

,oc
§<

pathways that will achieve that future state (Gordon, 2.2 Model Overview
2015; Brunner et al., 2016). The SeQUESTER team
developed a new biophysical model capable of 2.2.1 Scope

generating random scenarios for Ireland’s AFOLU .
GOBLIN accounts for the main AFOLU sources

sector. GOBLIN (General Overview for a Backcasting
and sinks (Flgure 2. \1/2/reported in natlonal inventory
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reporting, including CO, AX[HV WR DQG |URP lagéhddasgd én those used in Ireland’s National

soils and forestry; CH, emissions from enteric Inventory Report (NIR) (P. Duffy et al., 2022), which
fermentation, manure management, wetlands are, in turn, based on the IPCC (2006, 2019) good
and other sources; and direct and indirect losses practice guidelines for national GHG reporting at

of nitrogen (N) from animal housing, manure tier 1 level for soil emissions, tier 2 level for animal
management and fertiliser application in the form of emissions and tier 3 level for forestry carbon
QLWURXV ®] NI ldnd Hissolved forms (e.g. dynamics.

nitrate, NO,) (P. Duffy et al., 2022). A primary aim
of the model is to ensure consistency of scenarios
in terms of land use (e.g. within available areas
for grazing and carbon sequestration), associated GOBLIN incorporates seven modules (Table 2.1 and
agricultural production potential within land constraints Figure 2.2) partially derived from previous models from
UHODWHG WR NH\ SURGXFWLRQ HI }EEniy@EEFal. 2D13)DIeres\eHdl 201B)SH/les et al.
DVVRFLDWHG *+* AX[HV 7KH VFHQ DRI sndQ Quffyldt 7. Q202RE) (FiGure 2.2).

to identify which ones comply with climate neutrality . . .
The scenario %neratlon module (1) varies the key
EDVHG RQ GLIIHUHQW GH{QLWLRQV. DQG PHWU

FV
) ) input’parameters utll'lised in the sub-modules. The
(i) net-zero GHG balance based on GWP,, (warming )
cattle and sheep livestock herd module (2) computes

effect of emitted GHGs integrated over a 100-year
: . . . WKH VL]H RI WKH QDWLRQDO FDWWOH KHL
period; IPCC, 2014); (ii) no additional warming based .
from milking and suckler cow numbers and upland

on GWP* (warming effect of emitted GHGs through
( d g and lowland ewe numbers (input parameters) based

time considering the distinct dynamics of CH, as
, , RQ FRHI¢FLHQWY GHULYHG IURP WKH DYH

a short-lived climate pollutant (SLCP); Allen et al., .

. . composition (Donnellan et al., 2018). The grassland
2018; Lynch et al., 2020); and (iii) compliance with .

. module (3) computes the energy (feed) requirements
VSHFL¢F JQRrgdis@o&nscaled from integrated . . . .
of each animal cohort within the national herd, fertiliser

assessment models, combined with a GWP,  balance L
lication an Fsubse%uF_:'ntly, the area of grassland

2.2.2 Model structure

100

. a
across CO,andN,2 AX[HV &OLPDWH QHXWFl).PDOLW _D% .

. o needed (depending on concentrate feed inputs,
determined at one point in time (e.g. 2050) and/or as

. fertiliser application rates and grass utilisation rate)
a time-integrated outcome over the second half of the
. . DQG WKH JUDVVODQG DUHD IUHHG IRU HJ\
century, as per the Paris Agreement (Erickson and

IRU RWKHU SXUSRVHV 3VSDUHG JUDVVOD
Brase, 2015). . . .

related to livestock production are computed in the
$ NH\ IHDWXUH RI *2%/,1 LV LWV UHIva3tdtk Ra@ule (4FaRdPr8y0o [nputs from the

interactions across livestock production, grassland cattle herd (2) and grassland (3) modules based on
management and emissions offsetting within the atier 2 IPCC approach (IPCC, 2019; P. Duffy et al.,
AFOLU sector to a few simple input parameters used 2022). Once the grass and concentrate feed demand
WR GH¢{QH D SOHWKRUD RI SRVYVLE Gd3 bédnHdacDitddriding $d hd?daldd grassland
input data to initialise the model are (i) national herd modules, the land use module (5) computes the
sizes (derived from milking cow and suckler cow remaining emissions from land uses related to forests,
numbers); (ii) average animal-level productivity (e.g. croplands, wetlands and other land. The remaining
milk yield per cow) to determine feed energy intake; LULUCEF categories related to forests are captured in
(iii) fertiliser application rates; (iv) grass utilisation the forest module (6) and are utilised by the land use
rates to determine stocking densities and production module (5). The scenario generation module provides
outputs; and (v) proportions of any spared grassland the proportion of spared grassland to be converted
(relative to the baseline year) going to alternative land to each alternative land use (forestry, rewetting, etc.)
uses. In version 1.0 (v1.0), alternative land uses are (Figure 2.3).

limited to fallow, commercial or conservation forestry

. . . . . An HWP module takes harvestable biomass outputs
and rewetting of drained organic soils (bioenergy

] o ) ) from the forest module-related tree cohorts (species,
cropping and anaerobic digestion can be readily
. . . \LHOG FODVY DQG DJH SUR,OH DQG PDQTI
integrated for coupling with downstream energy .
and aplglles the relevant HWP carboB atoHrage decay

PRGHOV $FWLYLW\ GDWD DQG HPLVVL q FRI—\Ig,FLH(?WV
functions 1o calculaté downstream carbon storage
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7TDEOH 6XPPDU\ RI PRGXOH IXQFWLRQV ZLWKLQ *2%/,1
Module JXQFWLRQ Details
Scenario  Generation of randomised scenario parameters 6DPSOH LQSXW YDULDEOHYV IURP SUHGH;QHG PDJL

(technical potential) with a Latin hypercube algorithm to build
each of the scenarios

Herd Generation of dairy, cattle, and upland and lowland 8WLOLVHV KHUG ARFN FRHI¢FLHQWe@DWD GHULYH
VKHHS QDWLRQDO KHUG ARFN Q XZE3)to &teate the national herd number, which is based on
milking and suckler cow numbers and ewe numbers (from the
scenario module)

Grassland Calculation of the grassland area required for Utilises IPCC (2006) guideline tier 2 functionality to calculate
livestock production and calculation of nutrient grassland area required based on the (i) nutritional requirements
applications to grassland area of the national herd (equation 2.1); (ii) organic N returns to soil;

and (iii) average fertiliser application rates, linked with a fertiliser
response curve for grass productivity

'HGXFHVY WKH VSDUHG JUDVVODQG DYDLODEOH IRL
other purposes (Equation 2.1)

Livestock  Calculation of agricultural emissions and nutritional  Algorithms for emissions of CH,, N,O, NH, and CO, to air based
requirements related to livestock production on IPCC (2006, 2019) methodologies

Includes tier 2 functionality for the estimation of the nutritional
requirements of livestock

Land use Calculation of emissions and removals related to Algorithms for emissions of CH,, N,O, NH, and CO, to air based
ODQG XVH DQG ODQG XVH FKDQ Jéh IRCON(Z0RE;2009) m@HodoMiey

Land use calculations relate to croplands, wetlands and
grasslands

Forestry Calculation of emissions and removals related to Calculation of forest sequestration based on IPCC (2006, 2019)
H[LVWLQJ IRUHVWY DQG DIIRUHYVMWMehddddyi®s and C. Duffy et al. (2022a). Past sequestration
is estimated as well as projected future sequestration. Other
emissions associated with management of soils under forestry
are also calculated here

GOBLIN Coordination and integration of the programme Management module utilising tools and functions from previous
PRGXOHV DQG SURGXFWLRQ RI ¢ @RCGXIHWX®WVSURGXFH WKH ¢QDO UHVXOWYV

and CO, emissions. The sequential resolution of using historic input data. GOBLIN outputs from

these modules allows for an accurate representation 1990 to 2015 were compared with NIR outputs over

of biophysically resolved land use combinations in the same time period using Common Reporting

terms of land areas, production (meat, milk, crops and JRUPDW (OHV GDWLQJ EDFN WR JLIXU

IRUHVWU\ DQG *+* AX[HV WKH YDOLGDWLRQ RI *2%/,1MV UHSOLFDW|
accounting across major emissions and removals

sources.

23 Model Validation

Beginning with land use and land use change

(Figure 2.4), the solid lines represent CO,, CH, and

N,O emissions modelled in GOBLIN, while the dashed

lines represent equivalent emissions reported in the

NI%.G/gbsoIZte emission IgvvevlsL%é trvyehds calculated by

GOBLIN very closely match those of the NIR, with the

most notable deviation arising for forest sequestration
UHSUHVHQWLQJ WKH FRPSOH[ WLHU PR(

which is sensitive to compound estimates of stand

Validation of emission and removal calculations

for livestock production and land use (change)

were carried out utilising activity data supplied by

WKH &HQWUDO 6WDWLVWLFV 21¢FH
data were also input into the NIR (with some minor
differences relating to derived variables for simulation
purposes) so that GOBLIN was calibrated to closely
match the NIR time series of emissions and removals
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JLIXUH $OORFDWLRQ RI VSDUHG ODQG DFURVY GLIITHUHQW SULPDU\ XVHV

DJH SUR¢{OHV DFURVV KXQGUHGYV Renzoa) Gcwers, lardacey calculations, forest volume

Figure 2.4 shows validation of agricultural emission increments and harvest removals, and animal feed

sources. Enteric and manure management CH, from intake calculations derived from raw input data are in

GOBLIN and the NIR are almost identical, while OLQH ZLWK 1,5 PHWKRGRORJ\ WKXV SURY
CO, and N,O emissions levels and trends are very LQ VFHQDULR HIWUDSRODWLRQV EDVHG R

VLPLODU 7KLV YDOLGDWLRQ VSHFLnpAtDl@daO\ LQGLFDWHY WKDW
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those reported in the NIR, derived from the same activity data from 1990 to 2015.

24 Model Limitations and in bioenergy carbon capture and storage (BECCS)
Development Priorities that could transform forestry CO, sequestration into
'gotentialleg Eermanent offsets (Forster et al., 2021).
*2%/,1 HI[DPLQHV WKH UHZHWWLQJ | %U %HG RUJD
. . . &URSODQG DUHDV DUH NHSW FRQVWDQW
soils and forestry as the primary mechanisms of

. L . role of crop production in Ireland’s current agri-food
emissions mitigation and offset within Ireland’s
/8/8&) VHFWRU WKXV UHAHFWLQJ W\{(\I-YV;IFL-BDLDQOGH’\#H* N I?LV}//I\(/L\BVQ SUR¢OH 1RQH
. . . with minor dev%lopments GOBLIN cou?d model
can be pulled to achieve climate neutrality. GOBLIN

) consequences of changes in cropping areas to
can be adapted and coupled with downstream energy

HPLVVLRQV PRGHOV WR H[SOLFLWO\ ﬁﬁl-S'FVMVDHSRWHL%VMIQEI)-i% L\QFUHDVH LQ GHF
GLYHUVL,FDWLRQ )LJXUH RU ZpIEOtEIRSI(jJI%n\]/aE%%\%Ia%'2Y]D42)')F(malfy'wmle
¢ *2V¥/o/,1 KDV EHIQ-IQ HIWHQVLYHO\ YDOLGDWF&

chain models for wood use potentially culminating .
NIR for current management practices, components
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such as fertiliser response curves for grass productivity FRXOG ORRN OLNH WKURXJK UDQGRPLVDV
FRXOG EH DOWHUHG E\ QHZ JUDVV MHacktadtiny)LAlNoughusueh mbdslling on its own

grass—clover swards or updated to be more spatially cannot provide all the answers, it does cut through to
H[SOLFLW LQ UHODWLRQ WR VRLO DQIGHCEQE FIIPWHKIRH LYQ® HRYQWDEOLVKHV E
(O’Donovan et al., 2021). There is potential to adapt targets for stakeholders to engage with.

this (and other) components of GOBLIN to represent

VSHFL{F PLWLIDWLRQ RSWLRQV 2.5 Code Availability

The main value of GOBLIN is the ability to decouple
the generation of plausible, coherent scenarios from
preconceptions of what pathways to climate neutrality

7KH H[DFW YHUVLRQ RI WKH PRGHO XVHG
results used in this report is archived on Zenodo (C.
Duffy et al., 2021) and is freely available for download.



3 Randomised Land Configurations for Net-zero
Emissions (GWP

100)

3.1 Introduction wetland area between N-Z-Fail and the successful

N-Z groups at the 1% level. Finally, the proportion of
UHZHWWHG GUDLQHG ZHWODQG ZDV VLJQ
between N-Z-Fail and N-Z-National (1% level) and

between N-Z-AFOLU and N-Z-National (5% level).

The detailed results from this chapter are published in
Nature Sustainability (C. Duffy et al., 2022b). Headline
results are presented here. The objective of this
chapter is to elaborate and interpret independently

generated scenarios depicting AFOLU scenarios that Among the most notable observations between the
achieve net-zero GHG emissions at 2050. The activity three scenario groups are the differences in animal
inputs to GOBLIN were randomly varied utilising a population numbers (Figure 3.1), with both net-zero

Latin hypercube model (McKay et al., 2000) between JURXSYVY UHTXLULQJ D VLIQL,{FDQW UHGXF
SUHGH¢{QHG ARRU DQG FHLOLQJ Y Ddixtamwi b@d Ec@isl The resMIRng reductions leave

generate 850 scenarios. Randomised scenarios were D VLIQL,FDQW DUHD RI 3VSDUHG ODQG"™ )
WKHQ FODVVL¢{¢HG DV L IDLOHG W Rilénd FoadqtianaveftsSeation in the AFQDU &hd

ZLWK D Q B.Bvedagtam (Tg) CO,g; (i) achieved national neutral scenarios. Wetland area (organic

$)2/8 QHXWUDOLW\ 1 = $)2/8 ZLW Kgrasslard Arednéfetted) is constrained by the total

" 7J&2H = 7J&2e; and (i) contributed area of organic soil under grass, and, therefore, the
WR QDWLRQDO QHXWUDOLW\ 1 = 1DWR\WR QRO M UHADWIODVYHWHEXDY ZHWODQG L\
" 7 J& 2e. The national neutrality scenarios groups.

ZHUH WKRVH WKDW H[FHHG $)2/8 QHXWUDOLW\dE\ D PDUJLS
The scenario w)ut ata were averaged by group to
VXI¢FLHQW WR RIIVHW Rl QRQ $)2/8 QD LRhQDO, i )
. ) ) g€nerate average characteristics (Figure 3.1) for each
emissions in 2020 (P. Duffy et al., 2022), i.e. capable

. . . . of the scenario groups (N-Z-Fail, N-Z-AFOLU and
of balancing out a plausible level of residual emissions

s ) N-Z-National). The averaged characteristics were
from energy-related activities in a decarbonised future . .
then used to generate three scenarios representing

economy. _ .
N-Z-Fail, N-Z-AFOLU and N-Z-National. Across the
three categories, and relative to the baseline year,
3.2 Results CH, emissions from enteric fermentation and manure
man%%a'ment were, on averaﬂe reduced by 37% and
$ WRWDO RI DQG VFHQDULRYV UH FODVVL,HG D

. . ) 38%, respectively. N,O emiSsions relating to manure
N-Z-Fail, N-Z-AFOLU and N-Z-National, respectively. ) o
management and other direct and indirect sources
.UXVNDO+:DOOLV WHVWLQJ VKRZHG VL SQL(;FD(%W GL HQFHYV
. were reduced by 37%, 43% and 41%, respectively.
across groups for dairy, beef and lowland sheep o . L
. Lastly, CO, emissions related to fertiliser application
populations; areas of total spared land (grassland area

were reduced by 48%.
that no longer supports livestock) and forested land y ’

(land converted to forest); and proportions of forest $IIRUHVWDWLRQ LQSXWV ZHUH 3IURQW OR
classed as conifer and land rewetting. Dunn’s post- 2050 across scenarios, with no additional land being

KRF DQDO\WLV LQGLFDWHG KLJKO\ DUIRUYVR/GWE OLWHU  MWXKIHVSRLQW UHVXOV
in dairy animal numbers across all three categories between 2080 and 2090, and again in c.2115, across

(Figure 3.1). The average reduction in the dairy each of the three scenario groups when large areas of

and beef herds, for N-Z-AFOLU and N-Z-National forest planted up to 2050 are harvested (Figure 3.2).
UHVSHFWLYHO\ ZDV FR Q¢ G HQ F Holveyey, thikgé iDcements in HWP carbon storage

40-44%) and 52% (Cl 50-54%) for dairy, and 38% arising from harvests during this period avoid forestry

(Cl 36—-41%) and 44% (CI 40-47%) for beef. becoming a (temporary) net source of emissions at

JXUWKHUPRUH WKHUH ZHUH VLJQL giyp@WASa ddrided ieQcE Bif the declining forestry
regarding total spared area, additional forest area and sink through time, out of the 850 scenarios generated,
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a total of 40 scenarios sustained climate neutrality. The

majority of these scenarios were in the N-Z-National
category (80%). However, only one N-Z-National
scenario continued to contribute to national-level
neutrality beyond 2100. The remaining 20% of
scenarios sustaining carbon neutrality were from the
N-Z-AFOLU category.

The achievement of climate neutrality incurs a
VLIQL,FDQW WUDGH RII
output (C. Duffy et al., 2022b). The highest milk-
producing scenario(s) within the N-Z-AFOLU
group achieved over 87% of 2015 production, but
simultaneously just 21% of 2015 beef production.

LQ UHODWLR

animal numbers and how the remaining (non-farmed)
land area is utilised. Larger reductions in animal
numbers lead to more spared land for other activities.
However, it is active utilisation of this spared land for
CO, removal (CDR) that is critical to achieve net zero.
Afforestation stands out as the most important driver
in achieving the net-zero balance, being the primary
scalable and near-term option for CDR (C. Duffy et al.,
2022a). Afforestation removals for the N-Z-AFOLU
and(?\l-\ZA-/Nthiongl \évclénFélr%lsD a(?e, I(D)ﬁ] g/'érgg)é,o 7\?{\‘4/0)( upo
and 114% greater, respectively, than those for the
N-Z-Failed scenario. Removing animals without an
ambitious CDR strategy will result in a much higher
penz&lt';_/| 09 natignal herd numbers and, ultimately, on

7KH PD[LPXP EHHI SURGXFWLRQ LQ' W

group was just 49% of 2015 production, with milk

production equivalent to 58% of the 2015 level in the
VDPH VFHQDULR V
and beef production in the N-Z-National group shows
D PD[LPXP YDOXH RI RI
coupled with 20% of 2015 national beef production.

= /8
animal protein grz)guction.

Given the cyclical nature of forestry, it is important

,QYHVWLIDWLRQ R IDWKRIXRI LIRXPWHKIDN:3 ARZV UHVXOWL

outputs when calculating emissions balances. These

SURGARZVRR) IMHIWPW®N *FDUERQ FOLII" WKDW Z

result in net emissions. Recent research by Forster

OD[LPXP EHHI SURGXFWLRQ RQ WK HetRIWOR highDy@tSthatyvia a sRdply of wood

2015 production, coupled with milk production at 43%
for the same scenario(s).

The N-Z-AFOLU and N-Z-National scenarios are
associated with much larger areas of land use change,
driven by higher rates of afforestation and relatively
smaller shares of spared grassland maintained in

D 3IDUPDEOH FRQGLWLRQ" +HUH
condition as the removal of animals from the land,

with land maintained under current grassland use (i.e.
no land use change arising). The mean proportion

of spared area kept in a farmable condition was, on
average, €.27% and c¢.19% lower for N-Z-AFOLU

and N-Z-National scenarios, respectively, than for

the N-Z-Failed scenarios. Average areas of rewetted
grassland are comparatively smaller, constrained by
drained organic soils representing less than 10% of
grassland area in the baseline. However, the rewetting
of previously drained organic soils under grassland
results in average emissions reductions of 0.5, 5.2 and
5.5Tg CO,e for the N-Z-Failed, N-Z-AFOLU and N-Z-
National scenarios, respectively.

3.3 Discussion

0DLQ ¢QGLQJV

The key differences between scenarios that achieve
net-zero GHG emissions and those that do not are
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LQWR DQ H[SDQGLQJ IXWXUH ELRHFRQRP\
afforestation is a highly effective option for long-term

climate mitigation — through HWP carbon storage,

the displacement of GHG-intensive products and,

potentially, permanent biogenic CO, storage following

energy generation in future bioenergy carbon capture

|I_D| GH yWRl[J)DJDH V\VV\C/)H PV 7KH VSHFL¢F WU
functiondl types) that constitute future afforestation

efforts are contentious and debated. Forster et al.

(2021) demonstrate that the fast-growing species

utilised in commercial forestry support much greater

climate mitigation than slow-growing semi-natural

species over a 100-year time horizon. However, that

GRHY QRW PHDQ WKDW ELRGLYHUVLW\ KD
The average proportions of conifers planted in N-Z-

AFOLU and N-Z-National scenarios are 52% and 55%,

respectively, thus implying considerable scope for the

establishment of more biodiverse native woodlands

within net-zero constraints.

7TKRXJK D VLIQL¢{¢FDQW QXPEHU RI VFHQDL
net-zero GHG emissions by 2050, few scenarios were

able to maintain this balance through to the end of

this century. In the race to net-zero GHG emissions

by 2050, it is important to factor in the sustainability

of the emissions balance, in particular the longevity of

carbon sinks. This will require not just high levels of

ambition across stakeholder groups, but also coherent
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inter-sectoral policymaking informed by horizon have potentially wide applications (Uprety et al.,

scanning (Prudhomme et al., 2021). JXUWKHU ZRUN LV QHHGHG WR GH¢Ql
upper bounds for abatement and productivity factors,

and how AFOLU management for climate neutrality

could create price signals affecting food supply and

demand. Given the spate of 2050 targets that have

TKRXJK *2%/,1 UHSUHVHQWYV D VLJQkghRabmuiced WyK&inties)ah® cdb@panies alike,

3.3.2  Further model and scenario
development

in terms of holistic modelling of future land use the generation of randomised, biophysically resolved

scenarios compatible with national climate neutrality combinations of land sector activities is an important

targets (C. Duffy et al., 2022b), future research VWHS WRZDUGY LPSURYHG FODULW\ DQG
DQG GHYHORSPHQW LV H[SHFWHG Wague ¢ibaielngutaitpladd Sechb Qatfelling should

emissions abatement for livestock production KHOS WR H[SORUH H[SHFWHG HQYLURQPH
(Eory et al JRU HI[DPSOH WKH XW auxbives W teRt@n Bladequacy and fairness (Rogelj

QLWURR[\SURSDQRO FRXOG yXEVWtBIQRNZlDOO\ UHGXFH &+
emissions from enteric fermentation (Van Wesemael
et al., 2019), while the use of protected urea fertilisers .

Conclusion

DQG HQKDQFHG ELRORJLFDO QLWURJHQ ?DWLRQ YLD FORYHU LQ
JUDVVODQGV FRXOG VL JRemisEitn® W O This ldiaptef haslshown that large reductions in animal
(DAFM, 2018; Lanigan et al., 2019). Furthermore, the numbers combined with ambitious afforestation are
LOQFRUSRUDWLRQ RI EHQH¢FLDO O Drigdesdaiy @ Bchi¢\e e vérdcSGHD iidsioms Wy

such as inversion tillage of grassland soils (Madigan 2050. There are several important messages for
et al DOWKRXJK QRW D 3JDPH Fpolxgnbkets. Acive@@nagement of land spared
give a more nuanced indication of the scale of land from livestock production for CDR (primarily via
use change necessary in the Irish AFOLU sector. new forestry) is crucial, and achieving net-zero

Scenarios that develop additional circularity within the GHG emissions will require careful reallocation of
$)2/8 VHFWRU VKRXOG DOVR EH HJ[Sspdred tital (i.eRad irttelgbae 8 @atibnal land use plan
WKH XVH RI ELRFKDU LQ DJULFXO W dgdrtikéntof Ehd FaQiséahy 2021 )).LWitHoDt\careful

studied in recent years (Kalus et al., 2019), with planning to maintain emission sinks beyond 2050,

potential uses as a soil amendment, manure additive the achievement of net-zero GHG emissions may

and feed additive for livestock. The use of forest and EH AHHWLQJ 7R VXVWDLQ DQ HPLVVLRQV
agriculture residues as feedstock for biochar has the 2050, future pathways will require greater ambition in

potential to reduce fertiliser application, soil leaching terms of land use change, as well as careful planning

and GHG emissions while promoting healthier soils in terms of HWP utilisation (i.e. parallel development

and livestock (Kalus et al., 2019; Palansooriya of appropriate bio-based industries and bioenergy

et al., 2019). Alternative forest management also infrastructure linked with carbon capture capability).

has considerable potential to change medium-term
WHUUHVWU L D @t &\ x20a2). AGDBLHENN

Y. N Cod eAvallai\blhty
GHYHORSHG WR LQFOXGH DGGLWLRQDO FRXQWUV FRQWH[WV

the abatement potential of practices more suited to 7KH H[DFW YHUVLRQ RI WKH PRGHO XVHG
areas with a greater focus on crop, as opposed to the results used in this paper is archived on

livestock, production will be necessary. Practices Zenodo (C. Duffy et al., 2021) and freely available

such as zero or minimum tillage and agro-forestry for download.
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4 National Methane Targets Compatible with 1.5°C

4.1 Introduction which has pronounced implications for how the

. . global CH, budget is apportioned, and that may be
This chapter summarises key outputs from a paper . . . . .
challenged in terms of international fairness (Rogelj

DQG H[WHQVLYH VXSSOHPHQWDU\ L(%AR PDWLR({ SXEOLYKJ—JG,L(P
. and Schleussner, 2019). New Zealand'’s climate
Journal of Environmental Management (Prudhomme . . :
neutrality policy is not directly based on GWP*, but
et al., 2021). The paper by Prudhomme et al. (2021)

) . . aims to reduce biogenic CH, emissions by 24-47%
addresses how biogenic CH, could be treated distinctly o .
- . e between 2017 and 2050 (Ministry for the Environment,
in climate targets, acknowledging that mitigation of

. 2019). There is no internationally agreed method
fugitve CH, HPLVVLRQV IURP IRVVLO IXHO H _\/\{]UDFWLR% DOG . .

to establish separate targets for CH, in national

climate plans. The aim of this chapter is to elucidate

Most national climate plans are based on aggregation trade-offs and complementarities among different

use should be prioritised for immediate action.

of the principal GHGs — CH,, N,O and CO, — using approaches to establish national biogenic CH, targets

the 100-year average global warming potentials LQ WHUPV RI VSHFL¢F SRVVLEOH PHDVXU|I
(GWP, ) recommended for national inventory equity, national food security and national climate

reporting (UNFCCC, 2014). Recent modelling has targets. To do this, implications of different national

demonstrated that short-lived GHGs such as CH, biogenic CH, targets, compatible with global climate

(c.20-year atmospheric half-life) behave more like stabilisation for national CH,-emitting food production

ARZ SROOXWDQWYV ZKLOH O R&nd O L {milkGedgs /) eat, Xice)Kargdhational agriculture

N,O act more as stock pollutants, in terms of their DQG ODQG XVH *:3 EDODQFHV DUH H[SOR
climate-forcing effects (Allen et al., 2018). This four contrasting countries (Brazil, France, India and

results in overestimations of long-term climate forcing Ireland).

being attributed to current CH, emissions under the
GWP,_, metric, and the GWP* aggregation metric has
been proposed to better represent cumulative climate
forcing of different emissions through time (Allen et al.,

2018; Cain, 2019). Global climate modelling indicates ) .
82-149% by 2050, compared with 2010, in order

that biogenic CH, reductions of 24-47%, relative to . ,
to deliver food secunté £Huppmann et al., 2019).
DUH VXI¢FLHQW WR DFKLHYH FOLPDWH VWD OLVDWL

RQ D
Biogenic CH, emissions are largely asso(giated with
global mean surface temperature of 1.5°C above pre-

industrial times (Rogelj et al.. 2018) the production of nutritious (high-quality protein)
gel B ' food (Key and Tallard, 2012). Some might argue that

J)LQDOO\ FOLPDWH SODQV GR QRW H[LVW
other policy objectives and societal priorities. There

is a challenge to reduce global CH, emissions

while increasing the production of nutritious food by

According to the GWP* method (Allen et al., 2018; tackling global malnutrition could be threatened by
Cain et al., 2019), the future climate-forcing effect the introduction of quotas on ruminant production

of emissions depends on the recent change in (Adesogan et al., 2020), while rice, the only CH,-
CH, emissions (usually over a 20-year period). emitting crop, represents a primary source of energy
This representation is more consistent with climate for 3.5 billion people who depend on it for more
modelling used to determine pathways towards than 20% of their daily calories (Maclean et al.,
climate stabilisation at the global scale (IPCC, 2018), 2013). The amount of livestock and rice production
and could be used to more accurately determine compatible with climate neutrality will depend not
the contribution of national CH, emissions, at just on CH, but also on other GHG emissions
JLYHQ AX] H\an& N, &, 20 climate neutrality. associated with such production (especially N,O)
However, when applied at a national scale, it involves DQG DOVR ODQG UHTXLUHPHQWY WKDW L
WKH 2JUDQG '$Dnatidr@MZH @dissions, available for emissions offsetting via afforestation or

3*UDQG SDUHQWLQJ” UHIHUV WR WKH LQIHUUHG DOORFDWLRQ RI HPLVVLRQ 3DOORZDQFH\
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other CDR options (IPCC, 2019). Therefore, there

is an urgent need to understand the implications of
different approaches to establishing separate biogenic
CH, targets for, inter alia, food security and AFOLU
climate neutrality objectives at a national scale.

VHOHFWHG FRXQWU\ HI[DPSOHYV SURYLGH |
RI1 $)2/8 DQG VRFLR HFRQRPLF FRQWH[WYV
on agricultural production, other AFOLU emissions
and land-based carbon sequestration potential are
WKHQ TXDQWL¢{¢HG WR HOXFLGDWH WKH ZI

food security implications of how global biogenic

CH, emissions targets are allocated. The methodology
FRPSULVHV VL[ VWHSY DQG D FRUH VHUL
eguations that are detailed subsequently (Figure 4.1).

The primary objective of this chapter is to provide
new insights into linkages between different value
judgements, national biogenic CH, targets compatible
with global climate stabilisation, food security and
national climate neutrality objectives. 1. The allocation of national CH, quotas according to

different rules.

4.2 Methodology (Short Summary) 2. 7KH LQAXHQFH RI, Guathbloty HQW &+

roduction.
Readers are directed to Prudhomme et al. (2021) P

for full methodological details. In essence, national
biogenic CH, targets for Brazil, France, India and
Ireland compatible with the 1.5°C scenario are
derived by scaling down global targets (Huppmann
et al., 2019) using different allocation rules. The four

3. 7KH LQAXHQFH RI GLIIHUHQW OHYHOV F
land use.

4. TKH LQAXHQFH RI GLIIHdubtg3¥h QDWLRQD
AFOLU CO, emissions.

Global biogenic CH, quota in 2050
(Huppman et al., 2019)

—H National biogenic CH, quota in 2050 |Ir-

National biogenic CH, quota per category of
product

i Mitigation |
- . . . . : t. f 1
Number of production units in 2050 Biogenic CH, erfuss!ons per unit of -4 op .|ons or i—---
production in 2050 1 agricultural |
i i

emissions**

____________________

’/
/”’
Intake _ -~
-

e’ ! I
Impact on Impact on Impact on production Intensification

feed demand grassland area (Milk, meat, eggs, rice) pathways*
roduction in 2010 |

;‘
@ dN L production in 2010 |

€O, sequestration [ _| Growth rate of forest ! N
in 2050 (Griscom et al., 2017)

| Number of units of ||

Impact on
cropland area

fmd == m =D ey
I Yields ! ! Intake 1
[

[ -

+| CO, offset in 2050 |+ | N,O emissions in 2050 @
National N20 i
emissions per unit of [«~----!

National biogenic CH,

quota in 2050
eGWP*
— " Global warming potential of the national AFOLU sector in 2050 ” production in 2050
JLIXUH 2YHUYLHZ Rl WKH PHWKRGRORJ\ XVHG LQ WKLV VWXG\ 'DWD XVHG

HOHPHQWY DUH WDNHQ IURP WKH *OREDO /LYHVWRFN (QYLURQPHQW $VVHVV
GDWDEDVH )$2 '‘DWD XVHG WR FRPSXWH JUHHQ HOHPHQWY ORQJ*VKRU
)$267%7 )$267%7 'DWD XVHG WR FRPSXWH UHG HOHPHQWY DUH WDNHQ IL
FRVW FXUYHV SUHYVEIQW20%T) [(sfor{ Baldhed box). Numbers in the schematic represent the

HTXDWLRQV SUHVHQWHG LQ WKH IROORZLQJ PHWKRG %OXH ER[HV GRXEOH
I[IURP WKLV VWXG\ H*:3 GDWD WDNHQ IURP 5RIJHOM DQG 6FOHXVVQQHU
intensities are detailed in table 1 of Prudhomme et al OLWLIJDWLRQ SRWHQWLDOV DUH Gt
S9 of Prudhomme et al. (2021).
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5. 7KH LQAXHQFH RI GLIIH4ubt&3vh QDWRRQDGI RV VLRQV LV VHHQ IRU %UD]L
AFOLU N,O emissions. high baseline emissions per US$GDP, while the
N largest required reduction in both absolute and relative
6. 7TKH LQAXHQFH RI DOO WKH DERYH R% K JUHJD
. terms (80%) is seen for France. In fact, because
GWP balance for national AFOLU sectors, i )
. GDP allocation represents national shares of global
calculated using GWP, , and an adapted e . .
. . emission reduction (rather than remaining budgets),
equity GWP* (eGWP*) approach (Rogelj and i
. ) France’s CH, quota has a zero lower bound for many
Schleussner, 2019). This adaptation of GWP* . . . . )
. . scenarios with GDP allocation (Figure 4.1). Population-
replaces contemporaneous national emissions ) ) ) . . )
. based allocations require reductions in 2010 biogenic
of CH, as the reference for calculating future o .
CH, emissions of SllgA)Hang |7_|9§’(A) for Brazil and Ireland,

ZDUPLQJ HIIHFWV ZLWK D PRGL¢{HG UHIHUHQ HO
UHVSHFWLYHO\ UHAHFWLQJ KLJK HPLVVLI
of CH, HPLVVLRQV EDVHG RQ VRPH GH(;'?LWLRQ RI D
, IRU SRUW RI EHHI DQG PLON IURP WKRYV
QDWLRQDO 3IDLU VKDUH” RI JOREDO H LV_VIBRQV , .
However, protein-based allocation results in a smaller

required reduction (31%) for France than for Brazil or

4.3 Key Results Ireland, because a high share of protein production
in France comes from pigs and poultry, which are
4.3.1  National biogenic CH  quotas and less CH, intensive than cattle. Finally, of the four
production VWXGLHG FRXQWULHY RQO\ ,QGLD FRXOCG

SURGXFWLRQ WR ¢ Q0ot® ndhglivavigh &+
assumed level of CH, mitigation potential for rice and

constraints on the area of land into which future rice
SURGXFWLRQ FRXOG H[SDQG 7KLV UHVXO
quotas of 0.9 to 4.4Mt CH, in 2050 (Table 4.1).

To comply with global emission scenarios compatible
with climate stabilisation, national biogenic

CH, emissions would need to be reduced by 11-81%
for Brazil, 28—-80% for France, 26-59% for India and
30-79% for Ireland, depending on the allocation

rule (Table 4.1). The choice of allocation rule has a
JUHDWHU LQAXHQFH RQuirkEn®®WLRQDO & OLPDWH HYyFDF\ DQG IRRG VHF:
choice of global scenario compatible with 1.5°C of associations

warming, with the quota for Ireland varying by a factor
of more than 6 depending on the allocation method
(Table 4.1). Based on the inverse gross domestic
product (GDP) effort, the smallest relative reduction

'LYLGLQJ DOO QDWLRQDO VFHQDULRV LQV
of their climate mitigation potential provides additional
insight into associations between climate mitigation

7TDEOH IDWLRQDQ W DRIHQW I&Y DFURVV %UD]JLO )UDQFH ,QGLD DQG ,
IRXU GLITHUHQW DOORFDWLRQ DSSURDFKHYV, BuiyeVdomDpatibleMwkKhclih@& EDO ELRJIHQL
VWDELOLVDWLRQ ULJKW ZLWK SHUFHQWDJH UHGXFWLRQV IURFOYRWLRQDO
VKRZQ DUH UHIHUH,@iRissions & +

Reference WDUJHW&Y) 0W 1RQ XVHG ELRJHXRW®+ &+pW
emissions in T
&RXQWU\ OW+) GDP *UDQG SDUHRpmIat Protein GDP *UDQG S DU HRpMWIatR  Protein
Brazil 13.5 11.9 9.1 2.6 3.6 NA NA NA NA
(-11%) (-33%) (-81%) (-73%)
France 1.8 0.4 1.2 0.9 1.2 NA NA NA NA
(-80%) (=33%) (~28%) (-31%)
India 19.4 13.9 10.3 12.3 8.0 4.4 2.7 3.9 0.9
(—28%) (-47%) (~26%) (-59%)
Ireland 0.6 0.4 0.4 0.06 0.2 NA NA NA NA
(-30%) (=35%) (~79%) (-58%)

GDP, gross domestic product; NA, not applicable.
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HI¢FDF\ DQG IRRG VHFXULW\ ZLWK métriD@len BtRlU R8s/ CaiR &t @ W01} & used
LQ WKH FRQWH[W RI H*:3 DFFRXQWW®JUR 8RAON. RIMMWH. RRWDL ®d* HPLVVLRQV D
(Table 4.2). CO, offset is strongly inversely associated national net-zero GHG targets (UK CCC, 2019),

with GWP quatrtile rankings — more negative GWP WKLY VWXG\ HI[SORUHG WKH LPSOLFDWLR
balances are associated with higher CO, offsets. approaches to determine separate national targets

Meanwhile, the biogenic CH, quota is positively for biogenic CH, — with a particular focus on national

associated with rankings. These associations, in food production and climate neutrality objectives for

particular involving CH,, break down somewhat 2050 and beyond. Emitting GHGs to the atmosphere

IRU ,QGLD UHAHFWLQJ WKH G\Q D P lismdt KRdasichéeq e 98.DiRddassions of fairness

constrained (rather than CH,-constrained) food in GHG mitigation burden-sharing therefore invoke

production in India. Notably, India’s third quatrtile is WKH TXHVWLRQ RI 3DOORZDQFHV™ WR QDW

associated with a larger median CH, quota, but higher individuals (Caney, 2009; Arnold, 2011). In this study,
CO, offsets, than the second quartile, and a high share  this principle of distributive justice is elucidated by
RI SEDVH" SURGXFWLRQ HI¢FLHQF\ tonideHngbRgeHit/CH, &RiSsMi dhdide @ongside
Hl¢FLHQF\ L QF, ehissidrHpér Bettare utilised food production and CO, offset potential within the

and means that land requirements for production $)2/8 VHFWRU )RU H[DPSOH ODUJH UHGX
could be constrained by CH, in some scenarios, Ireland’s CH, emissions may be ethically desirable in

as for the other countries. Across all countries, terms of international CH, quotas but could lead to a

median CO, offsets vary more markedly than median UHGXFWLRQ LQ OLYHVWRFN SURGXFWL
CH, quotas, implying a dominant role of offsetting in feeds millions of people living in other countries, and

determining GWP balances, but also showing that could lead to the unemployment of many lIrish farmers.

offsetting is typically inversely linked with CH, quotas Conversely, a hypothetical Indian government desire

YLD ODQG UHTXLUHPHQWYV IRU 3D O @GRehizEeQertitoniat etiGats heRt@lXyrnwuldRead
. . . . to a decline in rice production that could undermine
Production of CH,-intensive foods increases strongly
QDWLRQDO IRRG VHFXULW\ ZKLOH 3RYHU

with quartile ranking. National protein production is ) . .
blogenlc CH, targets based on theyrmu&les of
MXVW RYHU WKUHH ,QGLD WR VL[ ,UHODQG™ WL LJKH

PHV
e}guity. There is an urgent need for international
LQ WKH IRXUWK TXDUWLOH WKDQ WKH ¢ UVW TXDUWLOH LPRU VW
and cross-sectoral negotiation on burden sharing
FRXQWULHY PHGLDQ SURWHLQ SU oG(>:(I-'|:¥\é ulgtiQn'l% HHGV ODWLRQDO

n
) . . . ) 4 0 t consﬁers ethics alongside,

population requirements in the upper quartiles, with the ' . L
inter alia, food producti O, offset obllﬂatlons

n
RWDEOH H[FHSWLRQ RI ,QGLD ZKHUH WKH IR K TXBUWL ,
Q L [ Q, Q (WW(;L ultimately will need to compensate %r ongoing

food production is just short of meeting the needs of . . i
. . emissions in other sectors) (McMullin et al., 2020).
the current population of 1.35 billion people. AFOLU
climate neutrality for India lies somewhere between
WKH ¢UVW DQG VHFRQG TXDUWL OH Y.4.E H Widdte gplicy\inmdpliskitioisH D Q G

positive median eGWP* values in Table 4.2). Only the ) . L . . .
Either using GWP* or establlshw) a national Plogenlc
JUVW TXDUWLOH LV FRPSDWLEOH ZLWK FQLPD X UDtr?thW W WKH

w H
) ) ) ) CH, reduction target (%I_ljre(c%ly in line wi e global

national level for India, supporting <30% of national ) ) . o

) i . ) ) 24-47% reduction required for climate stabilisation to
protein requirements. Protein security for France lies ) ) . . .

. . . . set climate neutrality targets in industrialised countries

between the third and fourth quartiles, neither of which L . . .

. . ) , . (Ministry for the Environment, 2019) involves emission
complies with climate neutrality at the national level.

. . . . . 3JUDQG SDUHQWLQJ” DW D QDWLRQDO OH!
Ireland and Brazil can achieve national protein security
. . . GHQ\ GHYHORSLQJ FRXQWULHY DQ RSSRU
alongside climate neutrality.

livestock production and is thus likely to be challenged
internationally on grounds of equity (Rogelj and

4.4 Discussion 6FKOHXVVQHU 7TKHUHIRUH LW LV GL
how the separate treatment of biogenic CH, in national
4.4.1 Fairness of national methane reduction climate policies can be removed from issues around
targets the equitable sharing of global biogenic CH, budgets

DQG PLWLIJDWLRQ EXUGHQV W ZRXOG E
international agreement on a harmonised approach
to determine national CH, 3*TXRWDV" DV ¢([HG FOLPD

In the light of recent criticism of representation of
CH, warming through time by the GWP, aggregation

100
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a|nJ uonedo||y Remured 94 Y(

{dd4HN AM1SAd NHS \I SBOOANM 12 DHHEXDHN I IAWIRDHNSMDETDA 90ad HA41N OIMXMI1Z DTHMIENS 90d AHINYOAH
FAAO0OTAMAXA 904d OIdTMACLTM1d HANXd MAYd MOHdHMAIA 0odO1IrNdd HAQd HAQI A\AZIMAS OHIMAX9OHNS 94l
DO AdSSX+ dYMepaiSIINadnerair (1®4q paidnouw (€3QE) FHA AT F AYTNAOHIA 00A AAYNAA 9UMMHCI €:xH HXM M rO19Nnd44a
X1 OTIMITIZ \MTINX4dHA 9441 90ad OHIMACTMId s+« M MOAAHOHN Ad1NMHd \HN Ndl AMOXAHN OA19HO Ho3d.
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targets in the near future, not least because of the 7KLYV FKDSWHU H[SORUHG WKH HIIHFWV R
wide range of global budgets from which to allocate approaches to set national biogenic CH, targets on
these quotas depending on climate stabilisation food production and an ability to achieve net zero GHG
pathways and modelling choices (Huppmann et al., emissions (GWP,  metric) or climate stabilisation

:H GR QRW UHFRPPHQG D VSHHeGWPDnNESIt) Rithik Kational AFOLU sectors, using
to setting biogenic CH, targets, but recommend IRXU FRQWUDVWLQJ FRXQWULHY DV H[DP:
open discussions on how this could be done in a India and Ireland. National biogenic CH, budgets were
robust and internationally fair manner — we provide GHULYHG E\ GRZQVFDOLQJ JOREDO EXGJH
an open-source modelling tool (https://github.com/ 1.5°C scenarios based on allocation rules representing
prudhomme-nuig/methane) in the hope of stimulating the principle of equity (emissions proportionate to
the necessary debate. population), ability to reduce emissions (mitigation

proportionate to GDP) and protein security (emissions
proportionate to protein production in 2010), alongside

4.5 Conclusion , ,
a grand-parenting approach for reference. Choice

Short-lived GHGs such as CH, behave more like of allocation method was shown to have a profound

ARZ SROOXWDQWY WKDQ VWRFN SRBONXNRD QREYVWKH VOHHYPNO RRI 3 DOORZDEOH” U
their climate-warming effects. Recent modelling PLON DQG EHHI H[SRUWLQJ FRXQWULHV
indicates that climate stabilisation requires biogenic Ireland. Nonetheless, owing to relatively low population

CH, reductions of 24-47% globally, and GWP* has densities, AFOLU sectors in these countries have a

been proposed as an alternative GHG aggregation high level of potential to achieve climate neutrality if

metric that better represents the climate-forcing spared land is used for forestry. Meanwhile, countries

effects of CH, through time than the GWP_, metric VXFK DV ,QGLD KDYH FRQVWUDLQHG ODQC
currently used for national GHG reporting. However, CH, quota with CH,-emitting food production (milk,

the application of GWP* to determine national GHG meat, eggs, rice), and may not be able to achieve

budgets compatible with climate stabilisation implies climate neutrality targets while maintaining food

grand-parenting of CH, emissions, which may be (protein and calorie) security. Our results illustrate the

perceived as unfair to countries with low baseline need for more detailed coordination of international

emissions. Separate treatment of biogenic CH, in GHG mitigation efforts in order to achieve climate

climate policies will therefore necessitate consideration  stabilisation, with a particular focus on how global

of how global biogenic CH, budgets, compatible with biogenic CH, budgets can be equitably allocated. Such

climate stabilisation, can be translated into national coordination will require consideration of food security

climate policy targets. and land banks available for offsetting activities.

19



S Defining National “Climate Neutrality”

This chapter is a synthesis of a more detailed paper uptake and total grassland area utilised by the updated

published in Communications, Earth & Environment by QDWLRQDO KHUG DQG ARFN QXPEHUV )XLU
Bishop et al. 7KH WH[W LV UHSUR G hFGOBLIK hputipatamétetdican also be found in

the terms of the Creative Commons v4.0 International C. Duffy et al. (2022a). It is important to note that

(CC BY 4.0) licence (https://creativecommons.org/ WKH WDUJHW \HDU IRU $)2/8 FRQ¢JIJXUDWL
licenses/by/4.0/). no further changes to agricultural production or land

use are considered after 2050. Emissions beyond

WKXV UHSUHVHQW WKLV QHZ 3HTXLOLE
incorporating forestry (re)growth and harvest cycles.
Separate accounting for CH, WR UHAHFW LWV SDUWLFXODU
role as an SLCP implies a non-zero t\arget for this &OLPDWH QHXWUDOLW\ GH¢ QLW
JDV ZKLFK PD\ EH UHAHFWth@etsQ VHSDUDWH &+
(Chapter 4 and Prudhomme et al., 2021) or alternative 7HQ GLIITHUHQW GH¢{QLWLRQV IRU QHW JHL
metrics (e.g. GWP*) that integrate the effects of SLCP OLQNHG ZLWK FOLPDWH QHXWUDOLW\ ZHL

5.1 Introduction

with long-lived CO, and N,O gases (Cain et al., 2019). JLIXUH 7KHVH GH¢{¢QLWLRQV LQFOXGF
In addition, recent research has shown that the time- net-zero CO, (only) emissions by 2050 (IPCC,
horizon considered for climate neutrality has a major 2022); net-zero GHG emissions (CO,, CH, and N,O)

LQAXHQFH RQ WKH H[WHQW RI OD Q Bas¥d/dn GV QIPBCIRATAX dithtéGor the year

(Chapter 3 and C. Duffy et al., 2022b). Despite these 2050 only or cumulatively between 2050 and 2100;

important uncertainties, there has been little research VHSDUDWH V S H Ftargéts prapoded by +

SXEOLVKHG RQ KRZ GLIITHUHQW SR WudkoDhiie @thl¢, Q024) inraddifioRtb GWP_ net-

FOLPDWH QHXWUDOLW\ FRXOG L QA XeioERidsiing tidnFX,0 MXCDIY 2D3D;G0 net

land use policies at the national scale. This chapter warming effect by 2050 or 2100 based on GWP*

provides new evidence on the consequences (Smith et al., 2021); or no net warming by 2050 based

Rl DSSO\LQJ YDULRXV FRQWHPSRUDRQ &B; QLWKRMQPRGL,HG 3IDLU” UHIHUHQF
SFOLPDWH QHXWUDOLW\" IRU SURYV &H FewiissioHs eGWPP(Robeli@ithSehlgus<er,

FRQ¢JXUDWLRQV RI ,UHODQGYTV $)2/8 VHFMWKUR 7 WK H VFHQDULRV ZDV FOD
implications for sustainable levels of milk and beef succeeding (S-Neut) or failing (F-Neut) to meet climate
production (with and without further ambitious GHG QHXWUDOLW\ DFFRUGLQJ WR HDFK RI WK}t

abatement measures), and land use transformation,
DUH H[SORUHG

[ 5.2.3 Abatement

It is possible for climate neutrality targets to be met

QRW MXVW WKURXJK VSHFL¢{¢F FRQ¢JIXUDW
production and land use but also through the reduction

of agricultural emissions at source following the

5.2 Methodology

5.2.1 Scenarios

A total of 3000 randomised scenarios were generated implementation of abatement measures. Important

using a Latin hypercube model (McKay et al., 2000) abatement measures include reducing N fertiliser

by randomly varying the key input parameters, application (including via grass—clover pastures),

utilised in the GOBLIN model, between set minimum applying abated-urea fertilisers, improving animal

DQG PD[LPXP YDOXHV IRU HDFK L Q @énétic§ \i-emissionl dbadd_aRd spreading

(Table 5.1). Total animal numbers were set between WHFKQLTXHY IRU PDQXUHYVY DFLGL¢{FDWLF
one and values reported for 2021 (CSO, 2022), with andusingCH, DQG QLWUL/FDWLRQ LQKLELWRL
grassland utilisation rates calibrated at between 67% et al., 2014; Lanigan et al., 2019). The GOBLIN

and 80% productivity, based on calculated grass model randomly accounts for animal productivity
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7TDEOH ,QSXW VFHQDULR YDOXH UDQJHV IRU VHOHFWHG NH\ SDUDPHWHUV

Scenario value range

Parameter '"H¢ QLWLRQ Minimum  Maximum

Livestock population Milking cow numbers 1 1,604,500
Suckler cow numbers 1 940,300
Lowland ewe numbers 1 2,252,320
Upland ewe numbers 1 563,080

Productivity Milk output head 13.8kg 15.9kg
Heifer weight head (1 year) 276kg 322kg
Heifer weight head (2 years) 431kg 504 kg

Grassland area $UHD RI JUDVVODQG WR VXSSRUW QDWLRQDO KBed®ed QG ARFN

Cropland area Area under crop 361.6kha

New wetland area Area of available drained organic soil to be rewetted 20% 100%

Grassland utilisation The proportion of grass production consumed by livestock via grazing and 67% 80%
feeding on conserved grasses (silage and hay)

New afforested area The proportion of spared grassland area on mineral soils that will be utilised 20% 80%
for forest

Proportion broadleaf Proportion of forest area that is under broadleaf (vs conifer) 30% 70%

Proportion conifer Proportion of forest area that is under conifer (vs broadleaf) 30% 70%

Proportion conifer harvested Proportion of conifer area that is harvested 50% 90%

Proportion conifer thinned The proportion of harvested conifer area that is thinned 50%

improvements of up to 15-20%. In addition to this, a neutrality, with 99% of scenarios attaining neutrality;
30% post hoc reduction in agriculture emissions was GWP*, with 82% and 85% of non-abated and abated

uniformly applied across enteric and manure CH, and scenarios, respectively, accomplishing neutrality;
manure, direct and indirectN,2 HPLVVLRQV UH @\Hlj Faydt @rand-parenting, where 58% and 85%
WKH XSSHU HQG RI DEDWHPHQW S R4 Monliatdd 2ndviliatddGdeqakids, geldp@ctively,
technologies (Lanigan et al., 2019; Rees et al., 2020). reached neutrality; and eGWP* protein, where 61%
Abated scenarios allow for a conservative approach and 84% of non-abated and abated scenarios,
ZLWK UHVSHFW WR WKH ¢ QDO FR Q FéspecilveyQvicc&e e inMduaityDdsmiersely,

our default assumption. Each of the 3000 abated the lowest counts of climate neutrality were for
VFHQDULRYV ZDV FODVVL¢{HG DV V X FOHH&det pQpulator (K akd $% of non-abated and
or failing (F-Neut-A) to meet climate neutrality with abated scenarios, respectively, achieved neutrality),
DEDWHPHQW DFFRUGLQJ WR HDFK GWPY KoHg-@thhalanded ROG0¥2100 (18% and 27%
of non-abated and abated scenarios, respectively,
succeeded in neutrality), and eGWP* population
(26% and 39% of non-abated and abated scenarios,
7KH GH; QLWLRQV WKDW VDZ PRVW redpetiyé)dcBovhpliskdameltiabty). Q

achieving climate neutrality were (Table 5.2) carbon

5.3 Results
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JLIXUH '"H¢QLWLRQV RI FOLPDWH QHXWUDOLW\ HISORUHG 2YDOV UHSUHV
ULJKW DUH GHULYDWLRQV IURP WKH IRXU GH{QLWLRQV RQ WKH OHIW /7 OR
DFKLHYHV WKH VDPH SHUHFMOMWDRK RIH&XFWLRQ [RMis$ik redadidh Ealper. & +

Overall, the successful scenarios had considerably
larger areas of new forestry and wetlands, but lower

Table 52 Total .number (out _Of 3000) O_f scenaros guantities of milk and beef output. The median new
that achieved climate neutrality according to each forest areas for S-Neut were between 1100 and

RI WKH GH¢QLWLRQV H[SORUHG 6 LE¥W QGG AU WRH GH.QLWLRQV zKH

scenarios that succeeded in achieving neutrality median range for new forest area of F-Neut was
between 300 and 1100kha. The minimum new forestry

without and with ambitious agricultural abatement,

respectively area required to achieve S-Neut and S-Neut-A was
Total count ORZHVW IRU WKH FDUERQ QHXWUDOLW\ G
. S o forthe CH, target population and GWP, | long-term
Metrics 6 IHXW 6 1HXW
EDODQFHG + GH¢QLWLRQV OLON DQ
WP 1102 1513 outputs declined relative to 2021 levels across
GWP* 2464 2547 . . . .
) all climate-neutral scenarios, even with ambitious
CH, target grand-parenting 1raa 2560 DEDWHPHQW ,W ZDV GLI¢FXOW IRU WKH C
CH, target population 35 92 preserve 2021 dairy cow populations, with the
H i 1 . . .
CH, target protein 856 20 scenarios that modelled high numbers of dairy cows
eGWP* population 770 1172 . . .
_ needing to have large reductions in suckler cow
eGWP* protein 1816 2511 . . . .
numbers to achieve climate neutrality (Figure 5.2).
Carbon neutrality 2969 2969 . . .
Even with abatement measures, it was not possible
GWP,, LT balanced 2050-2100 551 805 , .
for any of the S-Neut-A scenarios to achieve
GWP* LT balanced 20502100 1684 1891 )
2021 population levels for both adult suckler beef and
LT, long term.
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