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Abstract

Limiting climate change below a 2°C temperature tiisis century will require substantial
reductions of greenhouse gas (GHG) emissions andrainsition to a climate-friendly, low
carbon economy, which may also impact the agricalltsector. Aglink-Cosimo, one of the
main partial equilibrium agro-economic models usedorepare medium-term agricultural
market outlooks, was enabled to transmit and meatha impact of a less carbon intensive
economy on agricultural markets. Applying a carbax we first use the MAGNET general
equilibrium model and the GTAP database versiom @antify the macroeconomic variables
which are inherent in moving to a global low carbetonomy but exogenous to Aglink-
Cosimo. We then employ Aglink-Cosimo to assess ithpacts on agricultural markets,
analysing scenarios with a global carbon tax on@@a emissions (progressively increasing
to 110 US$/t C@eq by 2030 in developed and developing countrigghont and with a
dietary shift away from bovine meat consumption.

Simulation results of the carbon tax scenario sk@oweduction in global non-GOGHG
emissions from agriculture by 5.4% in 2030 compaedhe baseline. Only 0.1% of the
global reduction is caused by indirect macroecoraeffects (i.e. changes in GDP and prices
for energy, fertiliser and pesticides), but at doyfevel the macroeconomic effects can cause
up to a quarter of the agricultural emissions réduac In the scenario with an additional
consumer preference shift away from bovine medfréner 4.1% emission reduction is
reached compared to the pure carbon tax scendraselemissions reductions are rather low
compared to other model projections, but the rdlatgpacts on agricultural production are
considerable, especially at country level. Our Itesadicate the importance of (i) capturing
future GHG policies when projecting agricultural nkets over a medium-term time horizon;
(i) emission intensities across agricultural prou(i.e. kg C@eqg/kg commodity) at country
level; and (iif) more sophisticated and differetedh policy approaches for the agricultural
sector, specifically taking into account technolazpange and transfer, to reduce emission
intensities especially in developing countries. Tasults also highlight the need to further
develop the Aglink-Cosimo model to include the aewpof new technologies and to account
for CO, emissions and removals related to land use chatge®t a broader picture of the
possible contribution (and resulting impacts) afi@gture to a global low carbon economy.

1 Introduction

The UNFCCC COP21 in December 2015 resulted in taesPAgreement, with parties
agreeing to take action to limit global temperatise this century to well below 2°C above
pre-industrial levels (UNFCCC 2015). Limiting cliteachange below the 2°C will require
substantial reductions of greenhouse gas (GHG)ssonis and the transition to a climate-
friendly, low carbon economy. The European Comrissi report "Global Energy and
Climate Outlook, Road from Paris" (Kitous et. aD1B) provides an initial estimate of



potential emission reductions by sectors in thé@l@conomy that are required to reach the
2°C target. This is done by comparing a refereraanario (business as usual) to a 2°C
scenario for the world (Figure 1). Here it is egtied that the GHG emissions mitigation
already required by 2030 could be achieved by tbwep sector contributing 39% of
mitigations, followed by other energy (19%), indys(18%), agriculture (10%), buildings
(6%), transport and waste (4% each), excluding gions and sinks of the sector “Land Use,
Land Use Change and Forestry” (LULUCF). More prelgisglobal GHG emissions of the
sector “agriculture” (i.e. only accounting the agitural non-CQ emissions methane and
nitrous oxide) are estimated to rise to 6.283 GELQunder the reference scenario compared
to the 2°C scenario where agriculture emissiondirdedo 4.996 GtCgeq in 2030. This
represents a 20% reduction in global agriculturéessions compared to the reference scenario
in 2030 (Kitous and Keramidas 201&b)

Figure 1: World GHG emissions in the 2°C scendbipsector (left) and by GHG (right)
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Other model simulations identify similar reductitamgets for agricultural non-G@missions
necessary to meet the Paris Agreement. For exaaquddying the three integrated assessment
models IMAGE, GCAM and MESSAGE, Wollenberg et &016) calculated the need of
global agricultural non-C@emissions mitigation in the range of 11%-18% bg$®6ompared

to baseline emissions (representing a reduction0.82-1.37 GtC@eq per year). The
estimations in Kitous et al. (2016) and Wollenbetgal. (2016) are only two examples
showing that the agricultural sector will be immattoth directly and indirectly by a low
carbon economy. On the one hand, agriculture hasrtribute to emission reductions if the
global climate change goals want to be met (Regieg al. 2013, Gernaat et al. 2015; Kitous
et al. 2016), which will have a direct impact omiagltural production. On the other hand, the
agricultural sector will also be indirectly affedtas agricultural intermediate prices respond
to the new economic environment. Given this forabkechallenges, there is a need to adjust
existing and develop new tools that enable theilddtanalysis of the economic impacts on
agricultural markets of a low carbon economy.

A variety of agricultural economic models are athgaquipped and employed for the analysis
of climate change mitigation on the agriculturaictee (see, for example, the model

! The estimated world GHG mitigations in 2030 (refere — 2 °C scenario) amounts to roughly 14600Hi¢Hv
agricultural non-C@Q GHG mitigations are estimated to around 1300 Mggrepresenting a 20% (1300/6283)
reduction in GHG emissions from agriculture.



intercomparison in van Meijl 2017). However, the liAg-Cosimo model (OECD-FAO,
2015), as one of the main partial equilibrium agoenomic models used to prepare medium-
term agricultural market outlooks, as for examphaually published by the OECD-FAO
(2017) and the European Commission (2017), wagetqirepared with all necessary features
to account for agricultural emissions and respeatiitigation efforts. Given that the outlooks
produced with the Aglink-Cosimo model shape thechemark/reference for many other
agricultural economic models, it is specifically portant that Aglink-Cosimo is able to
transmit and measure the impact of a less carltensive economy on agricultural markets.
Moreover, Aglink-Cosimo has important features timaike it particularly suitable to analyse
impacts on the agricultural sector of policies tedlato the movement to a low carbon
economy. For example, the model has a global cgeesthe main agricultural commodities
produced, consumed and traded, a detailed repatgentof domestic and trade-related
agricultural policies, and accounts for substituteffects between agricultural commodities
through explicit price transmission equations.

In this paper we briefly outline the model adjusirtsethat were necessary to enable Aglink-
Cosimo for non-C® emission accounting and to reflect the impactsaofow carbon
economy, and then we present an application ougdated model. As Aglink-Cosimo is a
partial equilibrium model, the scenario analysisadbw carbon economy on the agricultural
sector requires first capturing the macro-econompacts in a Computable General
Equilibrium (CGE) model and transmitting these aemto the Aglink-Cosimo model. In a
second step we then analyse agriculture's possibigribution to reductions in GHG
emissions by implementing scenarios with a globBIGGemission tax without and with a
dietary shift away from bovine meat consumption.

2 The Aglink-Cosimo model

The Aglink-Cosimo model is a recursive-dynamic, tigarequilibrium, multi-commodity
market model of world agriculture. The model wavaleped by the OECDand FAO
secretariats, with the double purpose of prepanmagium-term (usually about 10 years)
agricultural market outlooks, and to provide an regoic simulation model for policy
simulations. The model calculates endogenouslydéwelopment of annual supply, demand
and prices for the main agricultural commoditiesduced, consumed and traded worldwide.
In the present version it covers 82 individual does and regions, 93 commodities and 40
world market clearing markets prices. The Aglinks@@ao country and regional modules are
developed and maintained by the OECD and FAO Sataet together with country experts
and national administrations. In a joint publicatithe OECD and FAO provide annually an
outlook for the development of agricultural markatsd prices. A large amount of expert
knowledge is applied at various stages of the oltlorocess and Aglink-Cosimo is used to
facilitate the consistent integration of this inf@tion. Moreover, the outlook is built on the
basis of specific assumptions on the developmemxofjenous macro-economic indicators
(like GDP growth, exchange rates, population growthde oil prices), which at the moment
of preparing the projections seem plausible givengdlobal environment (Araujo-Enciso et.
al. 2015; OECD-FAO 2015).For this paper and the ehatbvelopments necessary with
respect to GHG emission accounting, the latestnkgliosimo model version, released with
the OECD-FAO (2017) agricultural market outlook,swesed. This latest version had already
been extended to 2030 and also has a completealbnwédtion system introduced for the 14
Aglink countries, taking into account double crappisystems where the respective data is
available, i.e. Brazil (Charlebois et al. 2017),r@) and double cropping of soybeans in the

% The results of any analysis based on the usesohgfink-Cosimo model by parties outside the OECADFare
outside the responsibility of the OECD and FAO $tiats. Conclusions derived by third-party usefs
Aglink-Cosimo should not be attributed to the OEEB0 or their member governments.
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USA (OECD-FAO 2017). Taking this initial model vens and its underlying database, four
additional updates were required to model the immdca low carbon economy on the
agricultural sector: (1) enhanced land allocati(t), diminishing food demand elasticities
with growing income, (3) increase in factor prodwity and long run yield elasticities, and
(4) estimation of emission intensities. These fowdel improvements are briefly outlined
below.

First, a complete land allocation system was imgdeethe 68 Cosimo countries specified in
the model, where initially 'pasture land' and 'otbep land® was exogenous. The full land
allocation is especially important in the contekemissions related to land use and land use
change (LULUC). A full matrix of crop land suppliasticities was estimated for the Cosimo
countries, specifically including pasture and otbep land, which, for example, now also
allows taking into account ruminant production retuon the land allocation. Even though
CO, emissions related to land use changes are naoysidered in the emission accounting
in the model, capturing changes in total land uszady gives an indication on the effect of
policy changes on the respective emission develafsne

Secondly, when doing medium to long-term projedjaonstant food demand elasticities are
a clear limitation, especially when analysing mé&km developing countries. Therefore,
adjustments in the model were applied to the incama and cross food demand elasticities
in developing countries, which were transformednfrgcalar to a vector so that with
increasing wealth over time, own- and cross-pricedf demand elasticities are reduced
(basically reflecting that developing countriesseldhe income gap to developed economies
and move along the Engel curve).

Thirdly, another important issue to consider in madto long-term analysis is 'productivity’,
which usually increases over time, reflecting acréase in factor productivity. Therefore, a
long-term crop yield response to movements in atcal commodity prices and input costs
as well as to the share of labour was also intreducto the model. The adjustment includes
() the introduction of long term elasticities resyling to historical long term crop prices and
cost signals, (ii) changes in the share of labouhe total cost index were revised according
to the change in real GDP per capita, and (iii) ititeoduction of an input demand system,
reflecting that the move to a low carbon economly hikely affect the prices of fertilisers,
chemicals and energy, which in turn could leadh®nges in the input mik.

Finally, modelling agriculture's contribution to GHemissions reduction targets involves (i)
estimating emission intensities per agriculturaivay for Aglink-Cosimo countries/regions
and (ii) imposing the possible use of a carbon itexhe model. So far, the model only
accounts for the agricultural non-€@missions methane and nitrous oXjdehich are
calculated endogenously following the IPCC (2006)dglines at the tier 1 level using
FAOSTAT data for the emission factors (Tubiell@kt2014a,b, FAOSTAT 2018). The GHG
emissions are linked to the hectare of land andhta of livestock, respectively, as these
inventories are explicitly represented in the Akifbosimo model. The quantity of GHG
emissions per country/region is calculated by thdtiplication of the activity data by the
Tier 1 emission factors. In order to perform diéfiet policy scenarios, the non-g@mission
inventories in Aglink-Cosimo are aggregated in&Quivalents. The calculation of emission
factors is based on historic emissions and prodaaata, but to allow for the integration of

3 “Other crop land” is an aggregate of the land bseall other crops not specifically included inli-Cosimo
(e.g. perennials and vegetables).

* The first two adjustments were taken over fromedigements by Thompson et al. (2017).

® Following the UNFCCC reporting, agricultural metkaand nitrous oxide emissions are attributed écstctor
‘agriculture’, whereas emissions and removals diatadioxide (CQ) from land use, land use change and
forestry (LULUCF) are separately accounted for e tsector LULUCF. C@emissions related to energy
consumption at the farm and the processing of alui@l inputs are attributed to other sectors.
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technical trends and hence emission efficiency anwg@ments in the emission factors, trend
functions have been estimated. The trend functionsemission intensities are estimated
within a robust Bayesian estimation framework thambines data from FAOSTAT on
production quantities and emission inventories. apgroach is further outlined in Jansson et
al. (2010) and Pérez Dominguez et al. (2012, 20R6yarding carbon taxes, the taxes on
emissions are introduced in the individual arealare$tock number equations, which allows
to analyse the tax effects in terms of emissiomegdns and production impacts at country
level. The carbon tax is introduced per tonne oba@a-equivalent emitted by each production
activity in a certain region, so that emission msi&y across activities is taken into account.

3 Scenario background and setting

For this paper we want to assess the impact ofvaclrbon economy on the agricultural
sector. Moreover, we want to analyse agricultysessible contribution to reductions in GHG
emissions by implementing scenarios with a globaban tax without and with a dietary shift
away from bovine meat consumption.

In the present Aglink-Cosimo model roughly 65% diG emissions stem from bovine meat
and dairy production. In the past, GHG intensifieen these livestock commodities have
been reduced due to the evolution from less to nmiemsive productions systems, resulting
in increases in commodity output per animal and yait land that are larger than the
corresponding increases in emissions per animpéounit land area (Tubiello et al. 2014a).
Following this past trend, increasing agricultuyalds, by moving towards more intensive
livestock production systems and the possibilityetiring land from agricultural production,
creating potential carbon sinks, is one possibkggation strategy, which could be combined
with changes in consumer's preferences towardstacdntaining less bovine meat (Lamb et.
al 2016). One way to accomplish this strategy amerforce agriculture's contribution to
GHG emission mitigation is to introduce a carbonpar tonne of GHG emissions measured
in CO,eq. This in effect puts a larger tax on commodwueh higher GHG intensities, which
typically would be ruminant meat and milk from lestensive livestock productions systems,
as they emit more emissions per kg meat and mdk thore intensive production systems.
The resulting commodity price increase gives arentive to consumers to change their
consumption habits to less emission intensive ptsd{e.g. eating less cattle meat).

Against this background we first run a businessuigsal scenario (baseline), and then two
scenarios with a carbon tax, in the latter two abgmecifically accounting for the
macroeconomic effects inherent in moving to a dldt»a carbon economy. In the scenario
"tax + macro shocks" (ScenTM) we introduce in 2@28omogenous carbon tax of 10 US$/t
CO,eq increasing to 110 US$/t G&y by 2030 in all developed and developing counftert
excluding least developed countries). With this @aa highlight the impact a carbon tax
would have on agricultural production and consudiets. The second scenario "tax + macro
shocks + preference shift" (ScenTMP) combines #rbdan tax scenario with an additional
consumer preferences shift away from cattle meato(fing the modelling approach of
Santini et al. 2017). As a simplified assumption awa to double the reduction in bovine
meat consumption achieved by the emission tax. Withsecond scenario we want to get an
indication on the potential and impact of a moreected dietary shift and how this may
further contribute to achieve a low carbon economy.

Given that the Aglink-Cosimo is a partial equiliom model, the total impact of a low carbon
economy cannot be directly evaluated. The majaitgmission reductions will have to be
made by other sectors of the economy (Kitous e2@l6), and imposing a carbon tax on the
global economy will induce macroeconomic effectgy.(&hanges in prices for crude oill,
fertilisers and pesticides as well as changes ah GDP) that in turn will impact on the
agricultural sector. As the macroeconomic varialdes exogenous in the Aglink-Cosimo
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model, the macroeconomic impact of a low carbomenty has to be first captured and
quantified in a Computable General Equilibrium (QG&odel and then transmitted to the
Aglink-Cosimo model. Therefore a set of carbon sagnarios was run using the Modular
Applied GeNeral Equilibrium Tool (MAGNET) model atlde GTAP database version 9 with
base year 2011. MAGNET is a multi-regional, mudctral, applied general equilibrium
model based on neo-classical microeconomic theult{er et al. 2014). Two versions of
the MAGNET model were used. The first one, a stethddAGNET model built using the
dynamic steering system to compile a GHG emissimuglel and associated databases.
Adjustments were then made to this initial modettsat the primary agricultural sector was
excluded from carbon taxes in a second model wersie. the carbon tax was removed from
equations modelling primary agricultural taxes witthe model. The same baseline scenario
was run on both model versions projecting the GhaRbase over four time periods (2011 —
2017, 2017 — 2020, 2020 — 2025, and 2025 — 2@3frpon tax scenarios were then imposed
as counterfactual simulations in the years 202@52&nd 2030 in both models, where the
respective nominal Aglink-Cosimo carbon taxes af@@and 110 US$/tC@q were deflated

to real 2011 US$. The resulting percentage chamgt® price of energy (aggregated price
change of crude oil, gas, coal) as well as chamgeke price of mineral fertilisers and
pesticides (chemical price change) were transmittetthe Aglink-Cosimo model. Since we
cannot directly impose a carbon tax on crude ail pesticides in the Aglink-Cosimo model,
we took the energy/pesticide price changes frongdreral MAGNET model where carbon
taxes were imposed on all sectors. Converselyfeitilisers, we directly imposed a carbon
tax in the Aglink-Cosimo model, wherefore we todie tprice change from the MAGNET
model version excluding primary agricultural carliares.

4 Scenario results and discussion

Basdline

Baseline results show an increase in agricultuvalt@Q, GHG emissions from 4.8 GtGexy.

in 2016 to 5.4 GtCeeq by 2030 (Figure 2, left panel). This is in liwgh the projected
FAOSTAT estimate of 5.8 Gt G8q in 2030 (FAOSTAT 2018)put well below other model
(MAGNET, IMAGE) baseline projections of agriculti@HG emission (Frank et. al. 2018).

The projected increase in agricultural GHG emissionthe baseline is driven by increased
demand for agricultural commodities by a growingyation. However, due to yield gains
per hectare land and head of livestock, the peitac@missions are declining over time. Not
surprisingly, commodities with the highest GHG mg#ies (kg CQeqg/kg commodity) are
cattle and sheep meat followed by chicken and peatmwhereas the lowest emission
intensities are found in cereals (Tubiello et &@14a). This of course points the finger at
animal husbandry as the main possible source ofudyral GHG mitigations. The Aglink-
Cosimo baseline projects that roughly 80% of adtical GHG emission stem from animal
husbandry, with enteric fermentation accounting50%o of agriculture emissions. This falls
in line with FAO estimates (FAOSTAT 2018), whictdi that roughly 70% of agricultural
GHG emissions stem from livestock.

Over the baseline period the average global meatf(bpork, poultry, and sheep)
consumption increases from 42.6 to 43.1 kg/capmt/yn 2030, with notably poultry and
sheep meat consumption increasing, while pork copsion declines and beef consumption
per capita remains nearly unchanged. Even thougpeh capita consumption of bovine meat
remains stable, the increasing population mean®asmng total demand for bovine meat,

® |t is to be expected that the Aglink-Cosimo prtgecGHG emissions are lower than the ones estinintede
FAO since the present model does not include eamssrom burning savanna and crop residues.
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leading to an expansion of the global livestockemwries. The expected yield increases are
not enough to meet the increased demand for foddfesd, leading to an expansion of the
global utilised agricultural area by 28 million k&®s in 2030 compared to the base year
2016.

Figure 2. Global agricultural non-G@GHG emissions, 2016 — 2030
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Macroeconomic impact on agriculture

As shown in Figure 2 (right panel), the introduntiof a carbon price in ScenTM reduces
global agricultural non-COGHG emissions by 5.4% in 2030 (-0.291 Gteq). Of this
reduction, the macroeconomic spill over effect frthra rest of the economy of imposing an
equivalent carbon tax accounts for 0.1% of theltota2.6% of the agricultural GHG
emissions reduction (-0.008 Gt@#0). The largest macroeconomic impact stems fraen th
reductions in GDP (reducing global incomes), fokalby the changes in input prices. The
price of olil, fertiliser, and pesticides are expekcto increase by respectively 4%, 5%, and
0.5% in 2020, rising to price increases of 32%, 3&%d 3.5%, respectively, in 2030 as the
carbon tax increases. The largest impacts on r&& Gy 2030 occur in India, China, and
Russia, where the MAGNET model estimates reductionSDP of 2.1%, 2.0%, and 1.7%,
respectively. This relatively large impact of impasa carbon tax is due to the fact that we
have used a standard MAGNET model, where no adomionew mitigating technologies
have been modelled or structural changes in managesystems have been applied. The
mitigation of GHG emissions is mainly active thrbugeductions in production quantities,
directly reducing real GDP. This mimics the presexsion of the Aglink-Cosimo model and
is at present the optimal way to link the two madel

The macroeconomic spill over effects account f6e2of global agricultural GHG emissions

mitigation, but at the country level the contriloms vary significantly. For example, in the

USA, Canada, and China the macroeconomic spill @oeounts for 26%, 24% and 9%,

respectively, of these countries total mitigation the agricultural sector. Other

regions/countries with less intensive agricultymadduction (i.e. relying less on the input use
of fertiliser and fuel), become relatively more quetitive as they are less affected by the
macroeconomic changes induced by moving to a gldwal carbon economy. As a

consequence, the macroeconomic shocks actually teaah increase in the agricultural

emissions of countries like Brazil, Argentina, agstralia.

Impacts of an agricultural carbon tax

As mentioned above, the introduction of a carbonr&uces global agricultural non-gO
GHG emission by 5.4% in 2030, (-0.3 GtgQ). This is a relativity small decline in absolute
values, especially compared to the 20% (1.07 G&QPreduction of agricultural GHG
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emissions estimated by Kitous et al. (2016) and1thd 8% (0.92-1.37 GtCf£q) identified
by Wollenberg et al. (2016) necessary by 2030 hiexe the goals of the 2°C scenario. Given
our medium-term time horizon of implementing a carltax (2020 - 2030), and the phasing
in of taxes over the period, a 20% reduction segensaps rather optimistic. When looking at
other studies, typically with a longer time span2@6 reduction is possible. Frank et al.
(2018) compare the mitigation potential of imposiaghomogenous carbon tax on the
agricultural sector across four models, highlightithat the models already at a carbon price
of 100 US$/ItCQeq show a significant potential for emission rethrgt of 1.6 to 2.6
GtCOseq/year by 2050, which is equivalent to a 20 — 3Bduction compared to the
respective baselines. This of course is in a 20 pemer time span (2030 - 2050) than in our
study and the carbon tax is in real US$, whichamimal prices would be equivalent to a tax
of 200 - 250 US$ in 2050 (depending on the ratenfition) when implemented in the
Aglink-Cosimo model which uses nominal US$.

Given the relatively lower carbon tax imposed, 4%.reduction in GHG emissions is
actually in line with other model results when takinto account the shorter time span and
especially the time it takes to adopt new technelgnd structural change, which holds for
both agricultural production/management systemsvell as consumer behaviour. In the
longer run models (100 US$/tG€Y in 2050), technical and structural changes atcfou
75% - 80% of agricultural emissions reduction. Treenaining mitigation of 20 - 25% is
achieved through a reduction in production levElsuk et al. 2018). It has to be mentioned
that in the present Aglink-Cosimo model we do haweogenous increases in agricultural
yields over the projection period, but no endogsnadoption of new mitigation technologies
or major structural changes. Therefore, the mitbgadf GHG emissions from the agricultural
sector is mainly achieved by reducing productiovele but also by the reallocation of
production between countries (Figure 3). The intcibn of a carbon tax should increase
farmer's incentives to adopt new technologies/mamagmt systems, and consumer's
incentives to change their consumption habitshéhrrhedium-term scenario presented in this
paper we are likely underestimating the adoptiomea technologies and structural change
within the agriculture sector, but given the tinmihon to 2030 the impact this would have
on reducing agricultural GHG emissions is relagvainaller than the 80% projected by other
models in 2050.

Looking closer into the results, the impact of werbon tax is, not surprisingly, most
pronounced in the livestock sector (Figure 3a).rdke baseline period, agriculture emissions
increase by 0.52 Gt G@q, with the majority stemming from increased puitiun of dairy
products and bovine/sheep meat production. Thedattion of a carbon tax mainly reduces
the production of bovine meat and milk productigducing the increase in emissions to 0.23
Gt COeq (Figure 3c, 3d). The carbon tax, however, atslacates production between
countries/regions (Figure 3b). Notably, the proaucbf both milk and bovine meat increase
in the USA and EU, while India increases its beefdpction and New Zealand its milk
production. At the other end of the scale, esplcBidazil, China and Pakistan are reducing
their production of milk and beef. These movemémidomestic production are driven by the
relative impact of the carbon tax, where: i) coigstiwith relatively low GHG intensities (kg
CO,eq/kg commodity) become more competitive on theldvararket, with global exports
increasing (cheese +5% and butter +7% in 2030)ij)ogibbal consumption of bovine meat (-
8%) butter (-2%) and fresh dairy products (-2%) lides as domestic consumer prices
increase (Figure 3e, 3f). In the USA, for exammensumers reduce their average bovine
meat consumption by 3%, consuming 2% more poulid @ork meat instead. Nonetheless,
US bovine meat production increases, as exportw @50 5.8 million tonnes driven by the
relatively more competitive intensive productiostgyns in the USA.



Figure 3. Changes in agricultural non-08HG emissions (a, b), beef & milk production (;, @hd
meat & dairy consumption (e, f)
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Impact of a preference shift away from bovine meat

A change in consumer diets is seen as a possiltidityeduce the carbon footprint of

agriculture, especially if the diet favours eatilggs bovine meat. Such a movement in
consumer's global preferences can be expectedviaéarge impact in countries where per
capita consumption is high (e.g. USA), and comea@with reducing domestic production,

imports and possible expanding exports. In the kglCosimo baseline, 49% of the global

bovine meat production is consumed in the USA, &hBrazil and the EU (Table 1). During

the baseline period, per capita consumption of imvwneat is projected to decline in these
countries with the exception of China, where pgiteaconsumption of meat increase from
5.7 to 7.1 kg, which is still well below the projed consumption level of the USA (35.8

kg/per capita) by 2030.

Table 1. Bovine meat consumption, production, irtgoand exports, 2030 baseline

Consumption  Production Exports  Imports
Relative share in global (%)

USA 16.2 15.6 11.3 14.9
CHN 12.7 11.4 0.3 8.7
BRA 10.9 14.3 20.4 0.4
EU 9.4 9.4 25 2.3
AUS 11 3.9 17.3 0.1
IND 1.4 4.1 15.8 0.0
VNM 2.0 0.5 0.0 9.9
Total 53.8 59.1 67.7 36.3
Total global (1000 t)
World 78623 78747 13167 13032

In the scenario ScenTMP we introduce both a catbrrand an additional preference shift
away from bovine meat consumption to measure tipaatnthis would have on global GHG
emissions. Initially, the carbon tax scenario Sédnéduces global beef consumption (and
hence production) from 78.6 mt to 72.2 mt. In SddRTwe double this initial reduction of
6.4 mt in bovine meat consumption, which leads dioog in global bovine meat production to
65.6 mt. In relative terms, global bovine meat congtion was reduced by 8% in ScenTM,
which was increased to a 16% reduction by intrasydhe addition preference shift in
ScenTMP. The net effect of this additional prefeeershift is a reduction in global
agricultural GHG emissions by an additional 4% 20@ CQeq) in 2030 (Figure 1). Our
results indicate that it would indeed require a&@uadly large change in consumer diets away
from bovine meat and possibly dairy products toiveel a substantial contribution to

agricultural emissions mitigation.

Some specific has direct implications for productiand a closer look into the results shows
that for the global agricultural GHG emissions depeent it specifically matters where (i.e.
in which country/region) the production is affectdéble 2 depicts developments in bovine
meat production per country/region and the respeatmission intensities measured in kg
CO.eq per kg commodity in 2030. The carbon tax in $démecreases global bovine meat
production by 8%. Most countries/regions show pobidin decreases, but increases in
production of bovine meat are indicated for, Afr(@&), North America (+3%) and the EU
(+4%). While the latter two have relatively low GHgBissions per kg meat, Africa's LDC
countries are exempt from the imposed carbon taxaAet effect, in ScenTM the average
world emissions in kg Cfq/kg bovine meat are reduced from 29.2 to 28.8tduee more
efficient allocation of bovine meat production inetworld. In ScenTMP, the simulated
further reduction of the amount of bovine meat comsd leads to (additional) production
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decreases in all countries/regions, including Afrislorth America and the EU. The average
world emissions are reduced to 28.4 kg,€§)kg bovine meat.

Table 2. Bovine meat production and kg CO2eg/kgrimwmeat in 2030

Baseline ScenTM ScenTMP Baseline ScenTM ScenTMP
1000t % change to basegline Kg CO2eq/kg bovine meat
Africa 7956 7 -2 Africa 43.6 42.4 42.3
China 8939 -26 -33 China 17.7 17.3 16.2
India 3244 5 -4 India 50.8 50.9 49.3
Asia 9813 -1 -10 Asia 37.0 36.8 36.4
Brazil 11211 -38 -47 Brazil 36.9 38.8 40.9
L America 9961 -10 -20 L America 334 34.0 33.6
EU 7410 4 -3 EU 16.0 15.6 15.7
Europe 2804 -1 -8 Europe 53.3 53.1 51.2
N America 13768 3 -6 N America 13.2 114 111
Oceania 3641 -4 -10 Oceania 20.5 21.0 20.5
World 78747 -8 -17 World 29.2 28.8 28.4

Note: Asia: excluding China and India; Europe: edahg EU; Latin America: Middle and South America
(excluding Brazil); North America: USA and Canada

Land use

In the present model version of Aglink-Cosimo, LUE-@lated CQ emissions and sinks
form agricultural production are not accounted fdowever, the model projects land use
chance (LUC), which already can give an indicabarthe related CQemissions.

In the baseline, the total utilised agriculturahda(UAA) increases by 28 million hectares
over the projection period, which is an averagerlyeiacrease of 0.04% (Figure 4). This
change from forestry and other land use into craplar grazing land and the associated GHG
emissions from net forest conversion or vice-véraa not be taken into consideration in this
study. Nonetheless, what can be seen from the soaeaults is that imposing a carbon tax
(ScenTM) actually increases global UAA by an addiéil 27 million hectares with pasture
land expanding by 30 million hectares (i.e. 3 railliha of cropland is converted to pasture
land). The main bulk of this increased pasture lentbund in Africa where bovine meat
production increases by 7%. Conversely, the catbantogether with the introduction of a
consumer preference shift away from bovine meagr{$MP) reduces producer prices in all
countries, including LDCs, resulting in a declimeglobal UAA by 58 million hectare, with
pasture land decreasing by 59 million hectare coetptp the baseline by 2030.

The land use change implied with increasing UAA egalty comprises C®emissions,
whereas removing land from agricultural productom converting it to perennial plants such
as trees, grass or shrubs, is generally regardedpasitive contribution to climate change
mitigation through carbon sequestration (Powlsoal.€2011). However, the net effect of the
global increase/decrease in UAA on £émissions and removals is not straightforward. For
example, the reduction in UAA in the ScenTMP scendpes not necessarily lead to a net
decrease in global LUC-related €@missions, as soil carbon emissions and remoeglsral

on many factors, like e.g. the management systehamation (Powlson et al. 2011, Oertel et
al. 2016, Thamo et al. 2017). Moreover, the deef@asease in UAA is not universal in the
scenarios, and while many countries reduce theiicagiral land in the ScenTMP, the
change in UAA in 2030 also comprises countries egp®y their UAA, among others the
African countries Angola and Nigeria. This is nafr@ising since the two countries are
exempted from the simulated carbon tax, making tth@mestic agricultural production more
competitive in the market, which leads to productincreases that also involve increasing
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UAA. How large the net contribution of the changeland use would be to global GHG

emissions mitigation is difficult to quantify, ginghe regional distribution of land moving in

and out of agricultural production. Taking pastlaed out of production in the outback of
Australia compared to pasture land in the EU daasimply the same reduction of GHG

emissions per hectare (see e.g. the discussiohitaradure in Powlson et al. 2011 and Oertel
et al. 2016). The Aglink-Cosimo model needs to behker updated and enabled to take
LULUCF emissions into account to get a fuller pretwf the (potential) contribution of

agriculture, forestry and other land use to GHGgattons.

Figure 4. Change in utilised agricultural area
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Conclusions

This paper outlines the work of developing a methogly in the Aglink-Cosimo model to

transmit and measure the impact of a low carbon@oy on agricultural markets. Extensive
improvements have been made to the model, likenditg the complete land allocation
system, introducing diminishing food demand elastie with growing income, introducing

increases in factor productivity and long-run yiedthsticities, and estimating emission
intensities per agricultural activity for Aglink-Gmno countries/regions

We applied the updated Aglink-Cosimo model in twadation scenarios with a carbon tax,
in both specifically accounting for the macroecomoeffects inherent in moving to a global
low carbon economy (captured with the MAGNET modahd implemented as
macroeconomic shocks into Aglink-Cosimo). An idisaenario has been undertaken where a
homogenous tax on agricultural non-C@&mission is implemented in all developed and
developing countries (least developed countrieseaesnpted). The carbon tax starts with 10
USS$ per tonne of Cgq in 2020, raising to 110 US$/t @€ by 2030. Simulation results
show that global GHG emissions from the primaryiadtural sector are reduced by 5% in
2030 compared to the baseline. Only 0.1% of theug®oh is caused by indirect
macroeconomic effects, i.e. by price changes imggndertiliser, pesticides and GDP due to
the carbon price. However, at country level the no@conomic effects can cause up to a
quarter of the agricultural emissions reduction.alrsecond scenario which combines the
carbon tax scenario with an additional consumefepeaces shift away from cattle meat, a
further 4% reduction in agricultural non-g@missions is reached compared to the pure
carbon tax scenatrio (i.e. -9% compared to the lexel
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Our scenario results highlight the importance gdteang future GHG policies imposed on
the agricultural sector when projecting agricultumarkets over a medium-term time horizon.
Even though the reductions in agricultural non,Ggnissions achieved in our scenarios
might seem to be rather low, and fall short of émeission reductions that are projected by
other models to be necessary to achieve the gbéte d?aris Agreement, the related impacts
on agricultural production are significant, espigiashen looking at the impact at country
level. The scenario results indicate that when @agomchange in technological development
is assumed by 2030, agriculture could contributdnédomove to a global low carbon economy
mainly by the reduction in production levels, weklverse effects for food production in
several countries. Especially production in someeltging countries would be relatively
more affected by a global agricultural carbon &sthey are usually characterised by higher
emission intensities (kg G8&g/kg commodity) and are less competitive on thddvmarket.
Furthermore, the results indicate that for the métigation of global agricultural GHG
emissions it specifically matters where (i.e. inethcountry/region) production is affected by
the simulated carbon tax and consumer preferentts.dhdecreases in consumption mainly
lead to production reductions in countries withatiee low emissions per kg commodity (as
for example in US bovine meat production), then tasulting emission reductions from
dietary changes might only lead to relatively snealira mitigation compared to the baseline
developments. This points towards the importandsotth (a) technology change and transfer,
to reduce emission intensities especially in dgvelp countries, and (b) more sophisticated
and differentiated policy approaches for the admical sector, specifically taking into
account point (a), to achieve a significant conttidn of agriculture towards the move to a
global low carbon economy.

The results also highlight the need to further tigvéhe Aglink-Cosimo model to include the
adoption of new GHG emissions abatement techndogre the contribution of structural
change within farming in the modelled counties. dtiver, Aglink-Cosimo should be enabled
to account for C@emissions and removals related to land use amtluaa changes, to get a
broader picture of the possible contribution (aesutting impacts) of agriculture to a global
low carbon economy.
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