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ABSTRACT

Stochastic agreconomic model GLOBIOM is used temonstrate how best to design and
evaluate the CAPO6s financial and structur al
inherent uncertainty and risk. The model accounts for plausible shocks simultaneously and
derives measures that are rabagainst all shock scenarios; it can thus help avoid the
irreversibility and sunk costs that occur in unexpected scenarios.To allow adequate agricultural
production, we show that the distribution of CAP funds needs to account for exposure to risks,
securty targets, and the synergies between policy measures, including production, trade, storage,

and irrigation technologies.
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1. Introduction

Climate change and variabiligre expected to have significant (Heal and Kristran 2002) and
highly uncertain impacts on agricultural productioend the utilization of natural
resources,affecting food, water, environmental, and (bio)enaAjyl security at national and
regional levels, with the potential for wondde spillovers(OECD2009; Ray et al. 2015).
Different regions will be subject to different types of exposure. To ensure adequate agricultural
production and thufood securityat the level of EU countries angiain economic regions, an
analysis of local agricultural adaptation strategies have to be esigdedplemented to tackle

uncertainties: such strategies includicisions on governmental regulations, investment in and
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reform of water management, land use practices, agrofood production patterns, and food trade

regulations(European Commission 2009a).

It has been emphasized that climate adaptation is a major carfddse Common Agricultural

Policy (CAP) of theEuropean Union (EU). In the proposed CAP regulations for iZ02D,
adaptation has gained great promi nence, wi t h
climate actionobei ngPraopareppraisal of ®A® policees @n inckegse c t i v
the productive capacity and viability of the agricultural ldrased sectors of the EU faced with

climate change and variability (European Commission 2013).

In this paper, we studgynergies and tradaffs amory different measures of the new Common
Agricultural Policy (CAP); our aim is to identify th@inciples that can ensure the most effective
distribution of CAP funds to achieve optimal climate change adaptation in the face of inherent

uncertainty and risk.

The CAP is organized into two pillars. The measures supported under the first pillar are financial,
and can be defined as shtetm. While thesean beinstantly reversed or adjustéd react to

sudden production or market shocks, the effebtsy have an be longasting and even
irreversible. The measures under the second pillacareerned with more strategic letegyrm
restructuring of local production capacities, natural resource utilization, and investmeets in
technologies that are importantr fceaching sustainable rural development and climate change
adaptation goals in the longer term. Examples are grain storage, irrigation capacities, and water

reservoirs.

The ongoingCAP reform aims to flatten the basic payments of pillar I, so that farneeeive
the same level of support f@very hectare of eligible agricultural land across EU countries,
independently of: i) the type of farm; ii) what crop is grown (European Commission2013); iii)
the risks from climate changend variability; and iv) agcultural production vulnerability and

potentials in the face of changing climate and increasing climate variability.

This paper argues that risks and vulnerability are highly significatite interdependencies
between pillar I and pillar Il measuremd must therefore be properly accounted for in analyses

of the new CAP, in particular, theptimal allocation of CAP funds betweamd within the



pillars at different levels. Traditionally, analysis and appraisal of polibigsEuropean
Commission are ls@d on a measute-me as ur @ ffowhaantal ysi s using det
and methodologies (e.g.,CAPRI model in European Commission (2011)CA®model, JRC

(2015); European Parlament, 2010; Gohin 2006; Balkhausen et al. 2007; Rosegrant 2012;Nelson

et d. 2013) both for regional and farfavel analysis; scenardependent recommendations are

derived.

To derive robust conclusions, we use the stochasticegpnomic model GLOBIOM (HavkK et

al. 2011; Ermolieva et al. 2016a). Stochastic GLOBIOM simultasigoemploys different
historical (19602016)yield shock scenarios in order to derive a combination ofhadging
measures that are optimal and robust with respect to all scenarios (Ermoliev and Hordijk,
2003).We show that in the presence of uncertanp#lar | subsidies calculategingstochastic
GLOBI OM (fArobust 0) a exposuaec prafitability, iand gadative rcapacity sofk
member states,ensure more robust agricultural production at the level of EU countries and main

economicregionsthn t he Afl at o subsidies.

Our model results demonstrate numerically that a proper interdependent analysis and appraisal of
the EU CAP measures under uncertainty and risks will ensure mainstreaming of climate change
uncertainty, risk management approactey] robust actions withithe CAP implementation

plans (European Commission 2009b). The recommendations of the stochastic model have been
summarized in a deliverable to the EU Commission (ECONADAPT 2016; Ermolieva and
Biewald et al. 2016b).

The paper is anized as follows. Section 2 provides an overview of the newi 2024 CAP.

Section 3 presents a stylized fragment of stochastic GLOBIOM, demonstrating how a proper mix

of shortterm operational and loAgrm strategic decisions, together with the symsrdhey

create, can play a role in hedgimdperent risks. In Section 3, we also show that the optimal mix
depends on complex n@mooth interactions among the systems, feasible adaptation measures,

and probability distributions of uncertain parametersg.( yield shocks).In particular, vaéscuss

that changing the structure pfi | | ar I direct payments to a df
(European Commission 2011) can have negative consequences (Helming and Peerlings 2014;

Koundouri et al. 2009). Walso identify the sources of systemic risks emerging due to potential



imbalances (as, for example,in demiasupply) that are catalyzed by random yield shocks.
Section 4 outlines the scenarios of CAP measures studied individually and jointly, as well as

sdected resultérom the studies. A summary of conclusions is foumslection 5.

2. CAP reform
Before using stochastic GLOBIOM to investigatger dependencies and robust mix ©AP

measures, we provide a summary of the newRBQ20CAP,an extended form efhich is
available in European Commission reports of 2009, 2013, 2011, 2014, 2015, and 2017.

2.1 New CAP:Challenges and goals.

The CAP seeks to protect viabieod production, ensure sustainable management of natural
resources, and support rural vitality pooling European Union resources. The total 22020

CAP accounts for about 40% of the total EU budget. The CAP has two pillars. The first pillar
includes direct paymensnd mar ket measures. Under pill ar
distribued to farmers, generatingoout 2% of EU GDP. French farmers receive the most
subsidies with about 17% of CAP payments, followed by Spain (13%), Germany (12%), Italy
(10.6%), and the UK (7%). Larger producers receive more from the CAP than small farmers;
about 80% of aid goes to about 25% of EU farmers. Pilleg finded througtihe European
Agricultural Fund for Rural Development (EAFRDyhich waswor t h about 0100 bi
2014 2020. EachEU country receives a financial allocatifor the #year period (European
Commission, Rural developmer)142020). Member states and regions elabotia¢ér rural
development programs based on their own needs and on EU priorities, for example, enhancing
the viability and competitiveness of all types of agriculture; promoting innovative farm
technologies andsustainable forest management; fostering knowledge and innovation in
agriculture, forestry, and rural areas; promoting food chain organization, animal welfare, and risk
management in agriculture; restoring, preserving, and enhancing ecosystems related to
agriculture and forestry; promoting resource efficiency and supporting the shift toward a low
carbon and climateesilient economy in the agriculture, food, and forestry sectors; and

promoting social inclusion, poverty reduction, and economic developmeuntal areas.

One of the challenges identified in the 202@20 CAP is to maintain food security, which has

once again become an issue with food prices rising in recent years.A major focus of the new
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CAP s on the adoption of actions aimed at climate change management and the promotion of the

sustainable management of natural resources.

2.2 Direct subsidies (pillar I).

Direct annual payments to farmers are provided to help stabilize farm revenueshadder

weather conditions and potentially volatile markets. The payments, wimtho incentivize

farmers to demonstrate good environmental behavior,can be considered as a reward to farmers
for providing environment al | yonfof goednpilactiges, i s er v
increasing farmland biodiversity, and hedging against climate change risks. They also aim to
support farmersd incomes and enhance food sec
were decoupled from production but linked to ilig farmland. Countries could choose what

defined eligible farmlandased on i) farns peci fi ¢ fAhi storico referer
reference margins; or iii) a hybrid of the historic regional references (European Commission,
2014). While the EuropeaCommission expressed a preference for ii),ntlagority of countries

opted for i) (Matthewset al. 2013 . Under the #fAhistoricodo approac
crops was condered eligible fof i xed payments (0/ ha) and thes
based on historic 2002002 yields

The CAP reform of 2013 introduced a basic payment scheme that would provide the same
Afl atol evel of suppor t ardawithia & egiopn, irmMespectivaiyofetheo f  a ¢
type of farm or crop grown (European Commission, 2013);and ii) of the regional production

potentials or risks.

While theflattening of subsidies can introduce more fairness into agriculture, it can also distort
the attainability of other important CAP objectives, for example: i) promoting technical progress
to increaseagricultural productivity while trying to ensure optimum use of the factors of
production, in particular, labor; iistabilizingmarket® a crucia challenge, given the frequent
alternation between sharp increases in global food prices and severe price depression; iii)

ensuring supply availability; and iv) ensuring reasonable prices for consumers.

We arguethat, to achieve sustainab#gricultural production inthe EU,payments have to
account for i) the | ocal a n dxpoguregi)tha Yulnerabilgyk s t h

and/orprofitability; and iii) technological potential of locations.
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In section 3we explain how robust pagnts (Figure 1) can be calculated with stochastic
GLOBI OM, and in section 4wecompare the effects
types of payment; in other words, we compare the effects of the following payments: i)
payments based on fargpedfic historical reference amounts that were in place before the 2013

CAP reform (Commission, 2011); ii) the fleite payments, introduced in the 2013 CAP reform;

andiii) a robust approach, based on calculations with stochastic GLOBIOM, taking into iccoun

risk exposure, profitability, and adaptive capacity of member states.

2.3 Rural development (pillar I1).

Pillar 1l financeslong-term projects, for example, investments in advanced irrigation and-water
saving technologies, and grain and water storafgasinucture.The economic measures of pillar

Il aim to contribute to the sustainable development of a region by improvingtah#ity of
economic returns. For example, grain storage allows harvested products to be preserved and
delivered when most needesiich as transferring grains from good to bad years to ensuiie food
feed bio fueli water security. As storage hedges production risks, it also reduces the demand for
other climate change adaptation and tedging measures, both financial and structuoal,
instance, by reducing the commitment of arable land to production and thus the impact of

agriculture on the environment.

Advances in water technologies are also an important part of pillar Il measures. Agriculture is a
major consumer of water, plagralarge burden on available water resources and threatening
water security. While proper irrigation can be beneficial to regional sustainability and provide
greater yield stability under variable weather conditions, it can also lead to negative impacts,
especially in watescarce areas with multiple watgependent systems (IEEP 2000), where the
over consumption of water by one sector (e.g., agriculture) can lead to water shortages and

systemic failures in another (Ermolieva et al., 2016).

2.4 Synergiedbetween land use systems and adaptation measures.

Because of the existing intdependencies, the ways in which CAP policies will evolve in one
region will likely have implications for other regions and globally. The implementati@A&f
measures couldlter regional land uses and trigger changes in other regions. For example, direct

payments or other available forms of income support (for instance, state or private insurance,



subsidies, etc.) will guarantee some income and compensate for some potedtiation losses.
Farmers can thus be less concerned about production risks, and this could discourage them from
maintaining a certain production level or investing in lortgem riskhedging structural
measures, such as grain or water storage, to reglroerability to climate risks.

It can be argued that ensuring the security of production by means of a structural measure can
reduce or eliminate the need for other measures. On the other hand, if climate change and
production risks associated withy fexample, weather vulnerability are not as severe as expected,
investments used to implement the adaptation may be lost. Pillar Il measures may thus divert
capital (funds) from other projects and lead to sunk costs should climate change or weather
variablity not be as severe as expecteth# combination of financial and structural measures is
inadequate, there could lmkecreasing production, tightening agricultural markets, increasing
prices, a stimulus to land expansion, increasing environmentalipo/land misuse of water for

irrigation.

3. Analysis of CAP measuresising stochastic GLOBIOM

How can an optimal and robust portfolio of interdependent measures be evaluated in the face of
uncertainties and risks? In this section, similar to (Ermolieval.e2016), we use a stylized
version of stochastic GLOBIOM model in order to illustrate how different types of
decisions,uncertainties and risks interact with and can affect one another. We emphasise,
contrary to the results of CAPRI model (European Cassion, 2011),that considerations of

risks and slight alteration of costs, e.g. by changing subsidies structure, can affect production
allocation by regions (farmers). We also show that explicit accounting for risks will alter the
composition of productiomnits and their intensification levels towards more robust and risk

adjusted levels.

3.1 Modeling inter dependencies between CAP measures: Strategic and operational
decisions

Stochastic GLOBIOM is a complex muttegion model incorporating vaas agricultural goods
and production and processing systems. To show the defgendencies between risks and
different measures as they are introduced in stochastic GLOBIOM, this section uses its stylized

version with only two regions (or producers)=12, producing the same good (grain or



livestock commodities). Lek denote the production level of-th region. In general, the
variable can also stand for the amount of land allocategréatuction. The costsf regioni per
unit of produce (or hectare) are denotedcpyndc, <c, <b, i.e., the second region has higher
costs. The goal of the production is to satisfy the exogenoussticetlemandd . Because of
climate change and weather variability, production can be distorted by shdehsand a, (1) ,
O¢ca (el , i=12 where w represents stochastic events such dasughts, heavy

precipitation, and increasing instances of camgl livestock diseases. Random eventsin be
characterized by a finite number of scenarios (Kall and Mayer 2004), affecting thasregio

simultaneously or independently. These shoc&a reduce productio®, and X, differently

indifferent regions.

The goal of robust production planning is to minimize the total costs:

CX%q +CoXa, (1)

under thfood security constraint

q(Mx +a(M)x2 d. (2)

The main question is how (in the face of uncertainty) to allocate producton x, exante
before knowing exact information about shoskghat theconstraint (2)is fulfilled under all (or
almost all) possible shock scenaiss (W4, Ws,...,5) . If supply a, (W)x, +a,(W)x, falls short

of demand d after actual vyields become known, the residual amount
y(x, W) =d- g (W)x - a,(W)X, can come expost either from the market,or from a storage
facility, or compensated by insurance or subsidieger unit pricéd. The shortfally(x,n) in a
sense determines tliemand for new, possibinot yet existing, measures, both structural and
financial, to cover the shortfall. The concept of two types of decisionsgtage) modeling with
interdependent strategic exante (taken in front of uncertainjies), and operational expost
(after uncertainty scenario becomes known) decisygsw) is critically important for robust
planningin the face of uncertainties and risks, as these decisions ensure the security constraint (2)

for any eventw (Ermoliev and von Winterfeldt, 2012).

The model (1)X2) is formulated as a linear twatage stochastic optimization (STO) model:

minimize thecosts function



X + X +DEY(X, 1) . ®3)

The scenari@lependent shortfally(x, W) = max{0,d - & (W)X - a,(W)x,} characterizeinter
dependencies and tradéfs among strategi@decisionsx and operational decisiong(x,w) ,
shocksa, (W) and a, (1), costsc, priceb, demandd , and the risks of not fulfilling constraint
(2). Changing parametegsand c, on local (country or regional) arld and d on the global

(national and international) leveldue to various interventions,for example, subsidies or
taxes,cad if risks are not accounted fdorcause production to beedistributed toward a more

risk-exposed region and lead to the increase of the shortfall and to systemic failure.
3.2 Robust production allocation

The goal of subsection is to show how production level that is robust and resilient to shocks is
determinedby risk exposure and (net) costs. Redistribution of CAP subsidies can stimulate
allocation of production to a riskier region.Assume that only region 1lis exposed to risk. The

optimal positive productiorx, >0, x, >0o0ccurs vhen the derivativeﬁxl (0,0) and Fy, (0,0)
of the goal functionF(x) are such thatF, (0,0) =c; - bEg(») <0 andF,, (0,0)=c,- b<0

(see Ermolieva et al. 2016). As conditgnr b <O0is fulfilled independently of random shocks

w, the riskfree,less efficient region 2 must always be active. The-affistent,riskexposed

region 1 is inactive in the casg- bEg (1) 2 0. In this situation, the higherost, riskfree region

2acts as fAinsuranceo for fulfill ¢nEa(Mex0d secu

Thus, the optimal robust production ofesion depends on its risk exposure and (net) costs.



From the optimality conditioﬂ:X2 (X,%9) =Cy - bP(d > (W) % + %) =00f stochastic minimax
problems (see, e.g., Dantzig and Madansky 1961, Ermoliev and Wets 1988, and references

therein) we can derive optimal production Ie\x*geland x; from

P(d>a (W)X +X%5) =C,/b. (4)

This means that the probability of shortfall under robust decisions is equal to the rafidoof
defined by the cost, and import priceb. The optimal production levet, >0 of risk-free

region 2 is a quantile of the probability distribution defined by the sta¢ks of risk-exposed

region 1, decisionsxi of region 1, the costs of region 2, and the import phice

3.3 General stochastic GLOBIOM and robust subsidies

Previous subsectiongxplain with a stylized version of stochastic GLOBIOM the inter

dependencies between the optimal and robust-temy strategicx” (e.g. land allocation by

regions, cops, management systems; (grain, water, (bio)energy) storage capacity) and the short

term operational scenariependent decisionsy*(x,W) (trade, storage control, insurance,

subsidies). The general stochastic GLOBIOM includes many monedependencies between
variables and parameters, including costs, prices, depraaddctiontrade interactions between
locations and land use sectors, security constraints, location arsp&dfic yield shocks for 27

world regions. The goal function stochastic GLOBIOM includethe expected producer and
consumer surpluses and various costs of all world countries subject to biofuel targets, GHG
emissions, and resource constraints (Ermolieva et al., 2016). Depending on the land use activities,
security onstraints are introduced as follows. The food security constraint ensures that the
energy intake from food production cannot be lower than the minimum number aflokies
needed to satisfy dietary requirements in cereals, vegetables, and animalachedairy)
products, measured in kitzalories per capita (WHO 1985). Feed sources for livestock comprise
crops, grass, and biofuel-pooducts (feed cakes). The feed security constraint ensures that feeds

for livestock cannot be lower than the minimumeBtock dietary requirements in energy
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measured in megealories. Firsigeneration biofuels from crops and secgeteration biofuels

from lignocellulosic biomasgwoody crops) and agricultural residues have to fulfill biofuel
production targets. Food security constraints and biofuel security targets introduce competition
for limited natural resources (land and water) among different land uses. Spwrdtion
biofuels from forest production include biomass for woody energy and traditional fuelwood. The
energy biomass can be converted through i) combined heat and power production; ii)
fermentation for ethanol, heat, power, and gas production; and iii) gaeifi¢at methanol and

heat production. Because of biofuel targets, agriculture and forestry have a joint biofuel security
constraint similar to (2), which induces systemic risks across sectors and activities (Ermoliev and
Winterfeldt, 2012). Through joinsecurity constraints, a ridkee region or activity becomes
risk-exposed. Production shortages are estimated at regional and global levels requiring
additional decisions such as (grain, water, energy) storages, investments, insurance, financial
intrumentsand the options, that must be constructed in proper locations (regions, countries, grids)

to guarantee a desirable regional and global systemic security level.

Robust subsidies are calculated and applied in stochastic GLOBIOM (Figure 1) in two steps.

First, the model runs without subsidies. At this step, profits from robust decisions

* * * .
(X ,y (X ,w)) are calculated at country level under numerous constraints and performance

indicators (Ermolieva et al., 2016). The profits from robust decisionssarkta share down total

Pillar | subsidies between the EU countries. Robust subsidies, therefore, are based on robust
profits that are calculated taking into account FWEE security constraints, systemic inter
dependencies between the two types of decisiermandsupplytrade balances, risk exposure,

and other parameters defining the structure of the whole model.

There are several ways in which subsidies can be included and investigated using the model. In
stochastic GLOBIOM, we use the-soal | ed -bis @ed om@pr oacho accord
subsidies are included as i ncsohreee taon da pnporto aacsh .c

the second step the model runs including subsidies, which reduce the net costs.

4. Selected results

Stochastic GLOBIOM accatis for spatial dependencies between yield shocks (FAO, 2016) and

suggests policies, which are robust with respect to all shocks rather than with respect to only one

11
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scenario. Robust scenaiimdependent longerm strategic policies regarding production
allocation and management technologies (e.g. irrigation, storage capacities, etc.) account for risk
exposure, profitability and adaptive capacity of locations. The strategic policies are
supplemented by scenaspecific geographicalidiversified trade acss uncorrelated (or
negatively correlated) regions and commaodities, by storage control (withdrawals) decisions, and
by financial support measures such as insurance or subsidies. These instant operational decisions
can be easily adjusted on an annual basishis section we discuss pillar 1 and pillar II CAP
measures that have been analyzed with stochastic GLOBIOM.

4.1 Robust payments of pillar |

First, | et us compare the effects offArobust 0]
payments chemes, the Ahistorico and Aflato (Commi
1. AHIi storico direct payments reflect countr

Commission (2011) considered the decoupling of direct payments linked to historical support
values as the mbs neut r al design of support i n terms
Ahi storico payments reflect the conditions f
particular, the differences in economic and natural conditions across the courtfligs of

2. The dAflato (or AEU averageod) payments sche
hectare to all farmers in the EU. The implementation of this scheme can lead to losses in
countries where fAhistorico phRhiymeotiscarpawnmhete:

the average.

3. ARobusto direct payments are calcul ated wi
distinguish the EU member states s&ych factors as profitability, riskxposure and adaptive
capacity, availability ofrisk-hedging options, seBufficiency policies and environmental
commi t ments of the EU countries. The Arobust ¢

economic, and fairness criteria.

The structure of the three alternative schemes is shown ireFigu
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Figure 1. Alternative schemes for distribution of CAP pillar | payments across EU countries, in
EUR/ ha: #@AHiIistorico, ARobusto; and AFIl at o.

In the model, we calculate the average level of direct payments at the EU27 level to be around
250 EUR/h&. The three schemes are implemented in stochastic GLOBIOM per hectare of
cultivated land and are compared in terms of demand and supply of major crops, land use change,

irrigated land, and water consumption.
4.1.1Demand and supply of crops

If aggregatedrom the country to the EU level, the effects of different payment schemes cancel

each other out and are therefore not very pronounced. Nevertheless,at EU level the demand and
supply of wheat, corn, rice, and edhdgharthramder t
under the Afl ato scheme. Toward 2 0052D%highsruppl yo
under the Arobusto than wunder thedafl atoschem
Ahi storico s che mmcreasevsightty lower, mamelyg, tabootn5%. Corn
productonunder the fArobusto scheme could be about
with the #Aflato and Ahistorico schaoauesds%% resp
under fArobust o t han putoiseynis @épectedttodhe ghen leymmyt 10a n d

and 6% compared with the Aflato and Ahistoric

‘Ot her approaches to fexogenouso allocation of payment
schemes also do not account for risk considerations (European Commission 2011).
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At the level of EU countrieand economic regions, the effects of different payment schemes are
more visible. Some countries and regisit®ow substantial increases, while others show a
decrease in supply ande mand f or the i1nvestigated <crops

compared to the fAflato and fAhistorico schemes
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Figure 2a: Grain yields, in percentage change, Figure 2b: yeeln, in percentage change,
from Ahistoricdo to Arobusto subsidies.
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Figure 3a: Grain area, in percentage change, Figure 3b: Grain area, in percentage change,
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Figure 2a compares yield change and FiguréegBda ai ns producti on area <ch
compared to fArobusto subsidiese, i n percent a:{

yield and grains production area change wunde
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green color indicates that in Arobusto grain
correspondingly, shows countries with yields and productiereas under Ar obust o ¢
example, the implementation of robust payments will increase yields of farmers in central eastern
countries (e.g., Slovakia, Slovenia, Bulgaria, Hungary, Poland) and middle western countries
(e.g., Austria, Germany, Frandgetherlands), where production of grains (e.g. wheat, corn, rice,

soya) could increase by about 30%. In the south (e.g., Spain, Portugal, Italy, Cyprus), the effects

can be negative, production of main cereals could decrease by about14%. Somewha negativ
effects can be also expected in Badtic and northecountries such as Estonia, Latvia, Lithuania,

Finland as well as in Midwestern countriesBelgium, Luxembourg and in central edst

Romania.
4.1.2Irrigated area expansion and water demand

Inthep! anning time horizon from 2010 to 2050, ¢t
water consumption by about 4 and 11%, respe.
reduction in water demandi s because Arobusto pai matart s st
management in more profitable and less -8gxposedregions with lower costs of advanced

irrigation technologies. At the level of EU countries and regions, the effects are rather
heterogeneous. For example, in Baltic and northern countries (e.qa,LBStionia, Norway,

Sweden, Denmar k) Arobusto subsidies stimul at e
Afl ato scheme (Figire 4b)but | es s ledsthcauntries he fh
such as e.g., Hungary and Slovakia, theegeral| t rend wunder fArobusto s

Ahi storicois toward decrigavardsingreasintge irrigated area.mp ar e
This differences across the scenarios can be intuitively explained by thedemendacies
betweente (net) cost s, which are alted by subsid
| ower than Arobust o), and by the yield schock
and vulnerable countries. With more details, the idegrendencies aexplained in section 3. In

mi ddl ewes't (e. g. Ger many, France, Austri a) a
increase irrigate area, but decrease water consumption, which indicates that these countries are
able tointroduce more efficient water sagirrigation technologies. In the southern region (e.g.

Spain, Iltaly), #Aflato subsidies |ead to grea
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Arobustosubsi di es, whi ch can be expl ained b

investments int@dvancedrrigation (i.e.,high water price).

erbia
rkey
S,

RN
ol T

Figure 4a: Irrigated area, percentage change, Figure 4b: Irrigated area, percentage change,
from Arobusto to Ahistorico subsidies.

Figure @: Water demand, percentage change, Figure 5b: Water demand, percentage change,
from Ahistorico to Arobustodo subsidies.

Figures 5a and 5b show the distribution of water demand by EU courfiggge 5a in
percentage terms compares the difference betw
subsidies, and Figure 5bAif | at 6 ver sus fArobustodo subsidies.
countries under fAr obusbtydo hsiugbhseird iwast earr ed ecnhaanrda c
and dAhistorico, which in figures is indicate

Hungary, Czech Republic, etc.), Arobustodo subs
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