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1. Introduction and objectives of the report

The Netherlands is an important producer and egpaift agricultural products. Changes in
climate, markets and policies may have a large anpa the agricultural sector and farmers
will need to adapt to these changes. Sector andypdbcuments have, so far, insufficiently
considered the impacts of climate change and iseckalimate variability on the sector.

Originally, climate impact studies have, with a fewceptions (e.g. Rotter & van
Diepen, 1994), focused on biophysical relationshipplaining the potential impacts of
climate change on primary production (Rosenzweid Rarry, 1994; Downing et al., 2000;
Reilly et al., 2003). In recent years the importaraf socio-economic developments is
increasingly recognised and considered in clintaigeict assessments for agriculture (Parry et
al., 2004; Fischer et al., 2005; IPCC, 2007). Aldme importance of management and
technology development (Ewert et al., 2005) foi@dtural production has been stressed.

Of particular importance is the scale at which iotpand adaptation options are
assessed. Clearly, not only the sensitivity to atenchange will differ depending on whether
individual farmers, regions or countries are aredybut also the strategies to adapt to these
impacts. Scale dependency of adaptation stratd@giesbeen reported earlier (Reidsma and
Ewert, 2008, Reidsma et al., 2007, 2009, 2010)sk®@wvn for regions in southern Europe,
individual farms may be vulnerable to climate chaubgit the region as a whole may be not
which can be a result of high diversification affféng systems (Reidsma and Ewert, 2008).

Importantly, there may also be feedback mechanadifegge scale responses to global
change (e.g. at country or continental level) whicaly have severe implications at smaller
scale (local farm or farm types in a region) affagthe ability of farms or regions to adapt to
climate change.

However, scale interactions have hardly been censitin climate change impact
assessment studies. Most studies assess impaciseatevel of the organization only.
Recently, the competitiveness of Dutch agriculumder climate and market change has been
assessed. Adaptation in agricultural production assmimed to depend on the economic size
of the farms within a sector, with larger farmsrgeiless vulnerable than smaller farms
(Hermans et al., 2010). The study suggested tratgds in Dutch agriculture will depend on
productivity change in other EU regions.

Despite the new insights provided there were somiations in this study (Hermans
et al., 2010) which required further attention. Bssessment was restricted to wheat, potato
and milk production (relying on grass) only and dat assess effects of climate variability.
Also, it was not intended to link large scale ctes agricultural production to small scale
impacts and adaptation options.

Accordingly, the present project aims to assessmpi@t climate change impacts on
agriculture in Europe | in combination with marlkatanges. The specific aim of the present
report is to develop scenarios and provide estonatiof changes in crop productivity and
commodity prices for important crops in Europe fiscéed by climate change and changes in
market drivers such as GDP and population growthmbre detail the objectives of this
report are:

* To describe the modelling of crop productivity deeted by climate change, CO2 and
technology development. Specific emphasis is onhaust of model calibration to
improve estimations of the spatio-temperal varigbdf crop productivity

e To describe the general methodology used to devetmmarios of yield and price
changes for crops in Europe

 To describe the considered scenarios for climatangd, CO2 and technology
development

» To describe the development of scenarios for keseds of market change

» To present the scenarios for changes in the privityadf and prices for crops in Europe
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2. Methodsand data
2.1.Description of models and data used
2.1.1.General description

Two models were used and are described in thewoitp sections, i.e. ACE and CAPRI

(Britz and Witzke, 2008).

The data we used can be categorized in two ty@ea:fdr model calibration (crop phenology,
soil and yields) and climate data for the simulatid yields in Europe representing different
future climate change scenarios.

2.1.2.Description and calibration of ACE-FAST
2.1.2.1.Model description

The crop modeling activities are based on the onogel LINTULZ2 for potential and water-
limited conditions (Spitters and Schapendonk, 1F¥yéet al, 2000; van lttersunet al,
2003) integrated in ACE (Analysing Cropping systemsd Environment) a further
development of the recently developed cropping esystmodelling framework APES
(Agricultural Production and Externalities Simulgt¢van Ittersumet al, 2008; Donatellet
al., 2010) which follows the principles of modularifillyer et al, 2003). LINTUL2 was
further extended with a calibration algorithm angplemented to allow fast simulations for
large numbers of spatial units and years with ntleaa 100000 simulations runs per scenario
(i.e. 8 times 100000 for the calibration runs) for whiemporal model performance becomes
a critical issue. The resulting model FAST (FastdA§imulation Technique) implemented in
ACE (ACE-FAST) is used for the simulations in thtady.

LINTULZ2 considers effects of climate including lited water supply as described in
(Spitters and Schapendonk, 1990; Fatré@l, 2000) and has been used in numerous climate
change studies (e.g. Eweat al, 1999; van Oijen and Ewert, 1999; Wolf and vaneQi
2002). Different to other model versions (Ewettal, 1999; van Oijen and Ewert, 1999;
Rodriguez et al, 2001; Wolf and van Oijen, 2002) for the presestidy a simple
representation of the effects of increased atmas8plX, concentration (denoted as [gD
on biomass production was considered using théaethip between [C& and radiation use
efficiency as proposed by Stocldeal, (1992):

RUE = (100)([CQ])/[-[CO2] + by exp(- [CO]) | (1)

where RUE is Radiation use efficiency in g eind [CQ] represents the atmospheric [§O
in ppm. The values assigned to the parameteaasdb are 6928 and 0.0014 respectively, and
correspond to a moderate increase of RUE due tosgheric [CQ] elevation from 350 to
600 ppm (Stockleet al, 1992). This relationship was assumed or all €rexcept for grain
maize which is a C4 plant and presents %) stimulation of photosynthesis at elevated
(>600 ppm) atmospheric [GD (Leakey, 2009).The second effect of [§Mn biomass
production is to reduce crop transpiration. A lindaminution of transpiration up to 10% for
all crops was taken into consideration when theoapheric [CQ] reaches 700 ppm (Ewest

al., 2002, Kruijtet al, 2008).

2.1.2.2.Data for model run

2.1.2.2.1 Weather data



Weather data were obtained from the SEAMLESS databan Ittersum et al., 2008; Janssen
et al., 2009) for 533 climate zones in EU25 (Jamsgeal., 2009; Andersen et al., 2010) for
the period 1983-2006. A climate zone is spatiat that conmbines NUTS-2 (Nomenclature

of Territorial Units for Statistics) regions and \iElonmental Zones (EnZ) (Metzger et al.,

2005). Data included daily rainfall (mm/ d-1), maxim air temperature (°C), minimum air

temperature (°C), global solar radiation (MJ/ m2-2), wind speed (m/ s-1) and vapour
pressure (hPa). Evapotranspiration (mm/ day-1), axaslable from the observed database
where it was calculated with the Penman formulanftemperature, wind speed and vapour
pressure (Allen et al., 1998).

Figure 1. Climate zones in Europe for which daily weatheadat available
2.1.2.2.2.Soil data

Soil characteristics at the level of AgriEnvironnte@nZones (AEnZ) (Hazeu et al., 2010), a
further refinement of the climatic zones were abeailable from the Pan European
SEAMLESS database (van lttersum et al., 2008; Aseteret al., 2010). Six different soil
types were defined according to topsoil organidearlevels (Hazeu et al., 2010). However,
in this study only the dominant soil type per AEng, the soil type covering the largest area
in each AeNZ, was considered and aggregated tdethed of NUTS-2 (Nomenclature of
Territorial Units for Statistics) administrativegiens for which yield statistics were also
available.

2.1.2.2.3.Crop data

Crop phenology

Yearly sowing and harvest dates for grain maizdatpes, sugar beet, winter barley and
winter wheat were obtained from the JRC/MARS CramWledge Base for 233 NUTS-2
regions across Europe (JRC, 1998). However, dumigeing values in some NUT2 regions
and years, these dates were averaged to the [ev&d Bnvironmental Zones (EnZ) across
Europe (Metzger et al., 2005). Subsequently, theioed sowing and harvest dates for the 13
EnZs were disaggregated again to the climate zdresse data of sowing and harvest dates
were then used for the calibration of ACE-FAST.



Crop yields

Yearly yields were available for NUTS-2 regionsnrd983 to 2006 from the EUROSTAT
database (EUROSTAT, 2010). For Germany, data gaps moticed and filled with data from
the Federal Office of Statistics of Germany (DEST&12010). The yield data were the basis
for the calibration exercise of ACE-FAST.

2.1.2.3.Model calibration

2.1.2.3.1.Calibration criteria

ACE-FAST uses an optimization brute-force seardordhm for the calibration of crop
phenology and three biomass production parametausti@e yield correction factor. The

targeted parameters were determined by the mininmatnmean square error RMSE between
simulated and observed data given by:

RMSE(6, — 6,) = |2zafsi=%o)” o

n

wheres is simulated and is observed yieldd is a yield data vector andis a yield data
point. The calibration algorithm was set up to skdor the best value for each considered
parameter (i.e. minimising RMSE) within a maximumegght iterations. Tests have shown
that larger numbers of search iterations improvarmater values only marginally.

2.1.2.3.2.Calibration procedure and methods

Before applying ACE-FAST for projecting climate clgge impacts in Europe we tested the
effect of three different calibration methods tcentlfy the most suitable method. The
methods tested were;
(1) Region-specific calibration of phenology parametenty,
(2) Region-specific calibration of phenology parametansl a correction factor for yield
estimations.
(3) Region-specific calibration of phenology and sadcgrowth parameters instead of a
yield correction factor

Calibration of phenology parameters

For all three calibration methods phenology paramsetwere calibrated as follows.
Temperature sums for the 533 climate zones of B@® calculated using the observed and
aggregated crop phenology data for the stages gaavid maturity, and the historical weather
data at climate zones level. As a result one s@hehology parameters (temperature sums)
was provided for each climate zone. Growth pararaeted yield were not calibrated and one
growth parameter set was used for all regions adfosope.

Calculation of yield correction factors

This method considers calibration of phenology peaters combined with the calculation and
use of a yield correction factor. Available yielsististics were de-trended to exclude yield
increases resulting from technology developmentmoich no calibration was performed but
which was explicitly considered in the scenariolgsia. No calibration of growth parameters
was performed and one set of growth parametersused for all regions in Europe. The yield
correction factor was calculated for each climaiaezbased on minimising RMSE between
observed and simulated yields from 1983 until 200&us, for each climate zone one yield
correction factor was calculated and applied tyedrs in this climate zone.
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Calibration of growth parameters

Selected growth parameters were calibrated usirsgrabd crop yields from 1983-2006
which were de-trended as described above for thkl ydorrection factor. The calibration
referred to three parameters; (i) radiation useieficy, (ii) specific leaf area and (iii) drought
tolerance. It was assumed that these parameteesesp main variety differences in leaf area
index and thus light capturing, light conversatamd drought sensitivity. As the calibration
algorithm allowed for 8 search iterations for egearameter starting from a default value,
calibrating 3 parameters simultaneously resulted 8in combinations. The parameter
combination with the lowest RMSE of yield simulaisofor the 24 years (1983-2006) was
considered for further simulations. No yield cotraa factor was considered in this method.
Thus, instead of a yield correction factor, onecgejrowth parameters was provided for each
climate zone that was applied to all years in thimate zone.

Depending on the comparison of these differentbcation methods (see section 3.1),
parameters derived from the best performing methibidbe used to assess the impacts of
climate change and technology development on crops.

2.1.3.Simulations runs of ACE-FAST

The calibrated model ACE-FAST was used to simuii@e annual crops, i.e. winter wheat,
winter barley, potato, sugar beet and grain maszeetirope (EU-25) for the baseline period
from 1983 to 2006. Future crop yields were simuldte the 24 years period centred around
2050 (2041-2064) for the 7 climate change scenatescribed above. In order to analyze
separately the effects of climate, increased atimesp [CG] and technology development,
each scenario was run in three steps. First, stionkaconsidered the influence of climate
change on yields only. The next step included #igoeffect of increased [GD Finally, in

the third step, the influence of technology develept (see section 2.2.4) was considered in
addition to the effects of climate change and iaseel [CQ. Simulations of the last step
were used as inputs into CAPRI.

2.1.4.Description and calibration of CAPRI
2.1.4.1 . Model description

The CAPRI modelling system consists of specificaases, a methodology, its software
implementation, and the researchers involved inir tldevelopment, maintenance and
applications.

The economic model is split into two major modul€ke supply moduleonsists of
independent aggregate non-linear programming maeéelesenting activities of all farmers
at regional or farm type level captured by the Eroit Accounts for Agriculture. The
programming models are a kind of hybrid approashth@y combine a Leontief-technology
for variable costs covering a low and high yieldiaat for the different production activities
with a non-linear cost function which captures é#fiects of labour and capital on farmers’
decisions. The non-linear cost function allows perfect calibration of the models and a
smooth simulation response rooted in observed bemavihe models capture in high detall
the premiums paid under CAP, include NPK balaneces aamodule with feeding activities
covering nutrient requirements of animals. Mainstoamints outside the feed block are arable
and grassland, set-aside obligations and milk guothe complex sugar quota regime is
captured by a component maximising expected utitiyn stochastic revenues. Prices are
exogenous in the supply module and provided by ntiaeket module. Grass, silage and
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manure are assumed to be non-tradable and recdereal prices based on their substitution
value and opportunity costs.

The market module consists of two sub-modules. 3lle-modulefor marketable
agricultural outputs is a spatial, non-stochastiolgal multi-commoditynodel for about 40
primary and processed agricultural products, cogeabout 40 countries or country blocks in
27 trading blocks. Bi-lateral trade flows and dtieat prices are modelled based on the
Armington assumptions. The behavioural functionsdsiapply, feed, processing and human
consumption apply flexible functional forms wheraliloration algorithms ensure full
compliance with micro-economic theory including vature. The parameters are synthetic,
i.e. to a large extent taken from the literaturd ather modelling systems. Policy instruments
cover Product Support Equivalents and Consumer @ugguivalents (PSE/CSE) from the
OECD, (bi-lateral) tariffs, the Tariff Rate QuotdRQ) mechanism and, for the EU,
intervention stocks and subsidized exports. Thisreodule delivers prices used in the supply
module and allows for market analysis at global, &id national scale, including a welfare
analysis. A second sub-module deals with priceydong animals.

As the supply models are solved independentlyxadfipricesthe link between the
supply and market modulés based on an iterative procedure. After eaclatitan, during
which the supply module works with fixed pricese thonstant terms of the behavioural
functions for supply and feed demand are calibrabethe results of the regional aggregate
programming models aggregated to Member State.l8aling the market modules then
delivers new prices. A weighted average of thegsrifrom past iterations then defines the
prices used in the next iteration of the supply mledEqually, in between iterations, CAP
premiums are re-calculated to ensure compliande mational ceilings.

Post-model analysigcludes the calculation of different income indara as variable
costs, revenues, gross margins, etc., both fowishail production activities as for regions,
according to the methodology of the EAA. A welfaralysis at Member State level, or
globally, at country or country block level, covagricultural profits, tariff revenues, outlays
for domestic supports and the money metric medasucapture welfare effects on consumers.
Outlays under the first pillar of the CAP are mdelelin very high detail. Environmental
indicators cover NPK balances and output of climatevant gases according the guidelines
of the Intergovernmental Panel on Climate Chan§€Q). Model results are presented as
interactive mapsind as thematinteractive drill-down tables

Thetechnical solutiorof CAPRI is centred on the modelling language GAM3ch
is applied for most of the data base work and CON@pPplied as solver for the different
constrained (optimisation) problems. The differemddules are steered by a Graphical User
Interface currently realised in C, which interaeith FORTRAN code and libraries which are
inter-alias dealing with data base management. cBylyi these applications generate run-
specific parts of the GAMS code. Exploitation toapply additionally Java applets for
interactive maps and XLM/XSLT to generate intenaetiHTML tables. A detailed
documentation of the CAPRI modelling system caifoli@d in Britz and Witzke (2008).

2.1.4.2 Data for model run

The databases exploit wherever possiWigl-documented, official and harmonised data
sources especially data from EUROSTAT, FAOSTAT, OECD axdractions from the Farm
Accounting Data Network (FADN)Specific modules ensure that the data used in GARR
mutually compatible and complete in time and spadeey cover about 50 agricultural
primary and processed products for the EU (see Bntd Witzke, 2008), from farm type to
global scale including input and output coefficgent

1
FADN data are used in the context of so-calledystumhtracts with DG-AGRI, which define explicitliz¢ scope for which the
data can be used, who has access to the data sumé éime data are destroyed after the lifetim@éeftbntract.
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The economic model builds on ghilosophy of model templateghich are structurally
identical so that instances for products and regyeme generated by populating the template
with specific parameter sets. This approach enstosgparability of results across products,
activities and regions, allows for low cost systamintenance and enables its integration
within a large modelling network such as SEAMLE3%the same time, the approach opens
up the chance for complementary approaches atreliffdevels, which may shed light on
different aspects not covered by CAPRI or helgtoh about possibility aggregation errors in
CAPRI.

2.1.4.3.Model calibration

The calibration philosophy is twofold. First allrpmeters steering the model response are
based on past observation as much as possibleeXaonple the supply response of each
regional farm (on Nuts2 level) is estimated usimget series data on land use and
corresponding price and cost developments (Jan2887). Similar procedures calibrate the
demand and processing behavior as well as the ysfippttions for regions outside the EU.
Whenever estimations on time series were not téloen parameters - like elasticities — they
are “borrowed” from other modeling systems.

On top of these parameter estimations, the wholdemis calibrated to reproduce an
exact point in time, like a base year. It must hdarstood that the CAPRI simulation engine
is not able to simulate over time. However, the aetathn be calibrated to a point in the
future, which is generated by trend estimation axplert information. We call this point in
time baseline (which is different to the understagadf this term in the APES-context). For
the year 2050, which is our simulation year in thisdy, this point in time is mainly
influenced by projections of the FAO and the IMPA@Ddeling system who have some
experience in long term projections.

A comparison of the resulting crop yields with ta@mulated by APES has shown, that the
CAPRI 2050 baseline is close to the B1.1 scenaB6@CQR_BCM2_0/SRES Bl - less
warming consistent across all European regionssaadons). Therefore, it was decided to
assume that the CAPRI baseline represents the $tlidtion. All scenario parameters are
defined relative to this scenario.

2.2.Scenario development
2.2.1.0verall method for scenario development

The method used for scenario development is suraathm figure 2 and is described in more
detail in the following sections. Briefly, futureop yields in Europe considering the effects of
climate change and technology development are abeailwith ACE-FAST. The projected
yield changes are then considered in CAPRI togetht#tr scenario dependent assumptions
about changes in global drivers (e.g. populatiod @&DP) and climate induced changes in
global crop vyields.
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Figure 2. Overview of the scenario approach for the two medeled in this study. The two maps
indicate climate zones (as the simulation unitA@E-FAST) and Nuts 2 regions (simulation unit for
CAPRI). See text for further explanation.

2.2.2.Climate change scenarios

The climate changes scenarios considered projectam8100 assuming alternative emissions
pathways from 15 different general circulation med&CM)s, archived as part of the third
Coupled Model Intercomparison Project (CMIP3) a& thtergovernmental panel on Climate
Change (IPCC) Data Distribution Centre (DDC) (DDRCIC, 2010). The following seven
GCM-based scenarios were selected to provide a maidge of changes in temperature and
precipitation by the mid-Zicentury:

e SRES A1B 15-model ensemble mean — this provides a central estimate of changes
with respect to all variables provided.

» Pattern-scaled SRES B2 15-model ensemble mean —: all changes of the A1B
ensemble mean are reduced by a factor 0.90, metaration see below.

e BCCR_BCM2 0/SRES B1 - less warmingconsistent across all European regions
and seasons

« MIROC3.2(hires)/SRES A1B — more warming consistent across all European
regions and seasons

+ CCCMA-CGCM3.1/SRESA2 — wet in NEU

 MIROC3.2(hires)/SRESB1 — wet in MED

* GISS MODEL_E _H/SRESA1B - dry in MED and NEU

Changes in temperature simulated by individual GGivs fairly consistent across Europe;
two simulations could therefore be identified thpan a large part of the range of temperature
changes simulated by all GCMs investigated forsalhsons and all parts in Europe. As
precipitation changes vary across Europe and betvssasons considerably, no single

2
This scenario could be replaced by MIROC3_2_Higsto reduce to the total number of climate sdesaalthough precipitation changes

of the latter are a bit less consistently on thesige.
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simulation provides consistent dry or wet condigidhroughout the year and in all parts of
Europe. Two GCMs each have been selected for martned southern European conditions
separately to represent dry and wet conditionBpalih also this selection does not cover the
full range of precipitation changes in all seasons.
One GCM, IAP-FGOALS1.0g, was showing exceptionathd conditions in high latitudes in
the control run and was therefore not considerpossible candidate. All simulations were
checked to provide plausible values for all vagshheeded to construct the scenarios.
Changes in annual temperature and precipitationnésthern (NEU) and southern
Europe (MED) are shown in Figure 3. Changes inhsort Europe in the other variables
required to calculate scenarios are shown in Figure

Region: NEU, season: ANN

Region: MED, season: ANN

. @ 2040-2059, all GCMs 3 JaN
9
< <9
§ 2 - g * Y
= g [ 14 1]
] o A1B15GCMs g 1%, ot
.g 0 - R * A29GCMs g 0 & e S ;
- "Rt B1 14 GCMs S [ 80 m’&wtﬂ@ﬁw
£ Ll X A1B ensemble mean £ i ceeer Y N .
& X B2 pattem-scaled 2 - ol
8 ? 7 o X A2 ens. mean P A
o o byt B1 ens. mean o n o
T ; ; - : : % black symbols - selected GCMs T T T | T
1 0 1 2 3 4 0 1 2 3 4

Change in mean temperature (K) Change in mean temperature (K)

Figure 3. Changes in temperature and precipitation for Nonti{geft; land grid cells in 10W-40E,
48N-75N) and Southern Europe (right; 10W-40E, 3@N4 by 2040-2059 wrt. 1980-1999 as
simulated with a large number of GCMs; seven sititaresults are selected for AgriAdapt shown
with larger symbols.
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Figure 4. Changes in sea-level air pressure and specific ditym{top right), precipitation and
radiation (bottom left) and meridional and zonahevispeeds (bottom right) for Northern Europe by
2041-2070 wrt. 1971-2000 as simulated with a largmber of GCMs; seven simulation results are
selected for AgriAdapt shown with larger symbols.

2.2.2.1.Calculating simulated monthly changes from GCMs

Simulated monthly changes between baseline andefyteriod from GCM output are added
to the observed time series. Simulated changesca@milated between the scenario and
baseline periods for precipitation (pr), mean 2emperature (tas) and surface-downwelling
shortwave flux in the air (rsds).

Near-surface (usually, 10 meters) wind speed &tdckby climate models in its zonal
and meridional directions separately; the real wamked of a single time step can be
calculated from these [sqrt(Fasvas)]. However, for most climate models, only monthly
mean values are available from the data archivelwbauses a potential underestimation of
the real wind speetiWe assume that this can be neglected since oalygels in wind speed
are used for constructing climate scenarios. A compn of wind speed changes estimated
with a GCM simulation from the ENSEMBLE project indted that this might over- or
underestimate changes in wind speed by up 30%.

Vapour pressure is not directly simulated by GCMstchell et al. (2004) in the
ATEAM scenarios suggested two alternative approathestimate vapour pressure based on
GCM output using either sea level air pressure) @stl specific humidity (huss) (ATEAM
method 1) or using relative humidity (hur), meard aninimum temperatures (tas, tasmin)

Consider a hypothetical situation in one monthneta wind is blowing directly in north-south datéon with a wind speed of 1 m/s
during half of the days and in east-west directlaring the other half of the days. As the wind spee each day is 1 m/s, the average wind
speed for the month is also 1 m/s. The average speedd in north-south and east-west directionsisnds. On the other hand, calculating

the wind speed from monthly mean directional wipdesis results in sqrt(0.50.5 )=0.71 m/s.
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(ATEAM method 2). As minimum temperatures wereilade for only very few GCMs
from the CMIP3 archive, we employed ATEAM method\lcomparison of both methods for
a single GCM showed that method 2 gives larger ghsnn vapour pressure in northern
Europe by up to 20%.

Table 1. Variables used to construct AgriAdapt climate sciesa

Observed GCM variable (monthly mean) fromMethod of calculation
variable (daily)  which to derive deltas

PR [mm] Precipitaton flux (pr) [kg m-2 s-1] Relagichange

TX [°C] Mean surface temperature (tas) [K] Absolatenge

TN [°C] Mean surface temperature (tas) [K] Absoldtange

GR [MJ m-2 d-1]

WS [m s-1]

VP [hPa]

Surface downwelling shortwave fluRelative change
in air (rsds) [W m-2]

Zonal (uas) and meridional windbsolute change in WS
speed (vas) [m s-1] determined as WS =
sgrt(uas*uas+vas*vas)

Air pressure at sea level (psl) [Pa] Absolute change in VP
Specific humidity (huss) [kg kg-1] calculated as

(ATEAM method 1):

VP =huss * psl/ 0.62
Relative humidity at the highest
pressure level (hur) Alternatively (ATEAM method
tasmin 2):

VP=hur*e_s/100

e s=f(tas,TN)

2.2.2.2 Calculation of A1B ensemble mean and pattern-sgabrB2

Simulated changes of GCM have been calculated lfovasiables and all regions for 15
GCMs with SRES A1B forcing and averaged over tharidglels. For relative changes, the
ensemble averages have been first calculated #orabisolute values of the baseline and
scenario periods before calculating the relativenge.

Simulations for the SRES B2 scenario have not bsmrducted with the GCMs
analysed in this work or were not available frone tBMIP3 archive. In order to provide
climate projections for the B2 scenarios, we apgphlesimple version of the pattern-scaling
method (Ruosteenojat al, 2003). Pattern-scaling factors were obtained ftbe simple
climate model MAGICC that emulates GCM-responsedifterent forcing scenarios and
provides estimates of global mean temperatufae spatial pattern of changes for climate
variables, also other variables then temperatuosn fone GCM simulation is then linearly
scaled to different forcing scenarios. Global mé&amperature changes were emulated both
for the A1B and B2 scenarios for 13 of the 15 GCiuist we used for the A1B-ensemble

4
Pattern-scaling factors from MAGICC were providgd$ Raper and M. Meinshausen.
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mean. The reason for these two GCMs not being @etulaith MAGICC was that climate
sensitivity, one of the parameters needed to emmu&LM response, was not available.
However, the two GCMs show temperature and pretipit changes in Europe relatively
close to the 15-GCM-ensemble mean and it is therefeasonable to assume that their
exclusion from calculating an ensemble-mean scaddiotpr has a minor effect.

The ratio between the global mean temperature @aifgthe B2- and A1B- 13-GCM-
ensemble mean for the year 2050 is 2.0593/2.289928. The pattern-scaled B2 15-GCM-
ensemble was calculated by multiplying the monttignges for all variables with this factor.

2.2.2.3. Applying changes to daily observed time series

Simulated monthly GCM-changes were interpolatediady changes using cubic splines.
This gives a smooth curve of daily values that dasdisteps” from one month to the next.
Daily changes were repeated 25 times and appligie¢abserved time series 1982-2006.
Absolute changes were added, relative changesmeltelied.
The baseline period, 1980-1999, does not exactlghmae observed period, 1982-2006, for
practical reasons to be consistent with the IPC@ ARd as pattern-scaling factors to scale to
the SRES B2 scenario were only available for threodel 980-99.
To represent statistics of the scenario period ZBiGuch as the mean or variability of yield,
we recommend using the first 20 years of the ckns&enarios only. This could be compared
to statistics of the baseline period using alsdfitise 20 years, 1982-2001, to compare periods
of the same length.

Simulation results of the nth year of the referepegod are directly comparable to the
nth year of the scenario period. For direct congmariof scenario results with simulation
results of any year between 2000 and 2006, thé&lgsars of the scenario data can be used.

2.2.3.Changes in C@concentration

The CQ present and future atmospheric concentrationthioclimate change scenarios A1B,
B1, A2 and B2 were taken from the SRES report (IPZID1) [able 2).

Table 2. CO2 atmospheric concentration (in ppm) for the ades A1B, A2, B1 and B2 in the period
from 1980 to 2060 (IPCC, 2001).

Year Scenario

AlB A2 B1 B2
1980 337 337 337 337
1990 353 353 353 353
2000 369 369 369 369
2010 391 390 388 388
2020 420 417 412 408
2030 454 451 437 429
2040 491 490 463 453
2050 532 532 488 478
2060 572 580 509 504
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2.2.4.Technology development

The importance of considering technology developgnrenlimate change impact assessments
studies has been stressed by several authors (Etvert, 2005; Challinoret al., 2009;
Semenov & Halford, 2009; Roéttet al.,2011). Here we use the approach described in tEwer
et al, 2005) to estimate yield changes due to impraxgitties and crop management. In this
approach, historic yield trends are used as a bhasextrapolate yields into the future. The
extrapolated trends are, however, modified depgndmscenario specific assumptions about
breeding progress to increase potential yieldsa@od management to reduce the yield gap
(Ewert et al, 2005). In this study we used the same technofmyameters to correct the
historic yield trends as described in (Ewettal, 2005). Importantly, historic trends were
calculated for the period 1983-2006 for each NUT&#on and disaggregated to the climate
zone. Thus, all climate zones in one NUTS2 regise the same historic yield trend.
Calculated scenario-specific yield changes du@tbriology development were then used to
correct simulated yields under climate change anceased [Cg).

2.2.5.Changes of global (macro) economic drivers and grelols for CAPRI

There are three types of scenario parameters dppliene CAPRI scenario in this study. The
first type of parameters defines the regional cymdds derived from the ACE simulation.
Thereby we could not simply take over the absolotenbers from ACE, because of
differences in yield definition (dry weight versumarvested weight) and some database
differences although both models work with EUROSTddta. As already said before, crop
yields for a certain scenario (like B2) where definby using the CAPRI Baseline yields
multiplying them by the relation of APES yieldsB2 over those from B1.1. We furthermore
had to make certain assumption to extrapolate PERresults form 5 crops to the complete
CAPRI activity list and all CAPRI NUTS2 regions. dileby the following procedure was
applied.
1. Transformation of ACE yields of change factor conepato B1.1
2. Statistical checks to detect and eliminate outliersmulation results.
3. Aggregation of simulated crops to groups (harvestummer, harvest in autumn, all
crops, see table 3)
4. Mapping of all CAPRI crops to a probably comparatienbination of specific crops
or groups. see table 4.
5. Aggregation to average at MS level.
6. Derive missing MS data from neighboring countries.
7. Derive missing Nuts2 data from MS average

Table 3. Definition of activity groups based on crops sintethby ACE. As not all crops considered
in CAPTRI were simulated with ACE. Thus results @bps simulated with ACE had to be
extrapolated to all crops used in CAPRI. As parthid aggregation crops were grouped in summer
and autumn harvested crops.

Group of activities | Related crops

Havest in summer Wheat and Barley

Harvest in autumn Potaoe and Maiz

All crops Wheat, Barley, Maize and Potatoe
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Table 4. Mapping of specific CAPRI activities to availableops and groups. This table was used to
extrapolate results for crops simulated with ACEhe crops used in CAPRI. For instance, oats was
not simulated by ACE. Thus, the yield responseai$ avas derived from the simulated response of
wheat and the simulated response of all simulate& Arops (with considered with a weight of 50%)
to changes in climate, G@nd technology development.

Harvest Harvest All . No
Crop Summer Autumn Crops Barley  Wheat  Maize F)OtatoeChange
SWHE 50% 50%
DWHE 50% 50%
RYEM 50% 50%
BARL 50% 50%
OATS 50% 50%
MAIZ 50% 50%
OCER 50% 50%
RAPE 50% 50%
SUNF 50% 50%
SOYA 50% 50%
OOIL 50% 50%
OIND 50% 50%
NURS 100%
FLOW 100%
OCRO 100%
NECR 100%
MAIF 50% 50%
ROOF 50% 50%
OFAR 50% 50%
GRAE 50% 50%
GRAI 50% 50%
PARI 50% 50%
oLIv 50% 50%
PULS 50% 50%
POTA 50% 50%
SUGB 50% 50%
TEXT 50% 50%
TOBA 50% 50%
TOMA 100%
OVEG 50% 50%
APPL 50% 50%
OFRU 50% 50%
CITR 50% 50%
TAGR 50% 50%
TABO 50% 50%
TWIN 50% 50%
FALL 100%
ISET 100%
GSET 50% 50%
TSET 50% 50%
VSET 100%
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The second type of parameters allude to the magsnoesic environment namely
population and GDP growth. They were taken froneplMPACT simulation made available
by Rene Verburg. Again, those where mapped to thBRZ definition of world regions and
defined relative to the B1l.1 scenario. Since thta damas available at country level no
extrapolation procedure was needed. However, pirgirg simulation experiments revealed
that effects of changes in GDP dominate model testdence, simulations were done for
reduced changes in GDP (0%, 25% and 50% of IMPA@illation)

Finally, also assumptions of climate effects orldgen the rest of the world had to be
reflected. Unfortunately, there are not yet mangligts assessing the effects of climate change
on crop yields on a global level. We found a backigd note in the world development report
by Miuller et al. (2010). There at least averagepcyeeld effects for some of the IPPC
scenarios (Al and B1) are published. We use tlagsdnformation to receive some response
on results for the rest of the world to climate ridp@, which appears more appropriate than
assuming climate change only happening in the Bi¢ grocedure to define supply shift in
the rest of the world was the following:

1. Transformation of yields development over time ramrge factors compared to Bl
scenario.
2. Calculation of average effects of various modeld amdel assumptions to derive
pattern of world wide yield effects.
3. Apply constant shifts (+0.1, +0.05, -0.05, -0.1)get different level of overall yield
effects
4. Mapping CAPRI aggregate to (most overlapping) sated regions, see Table 5.
5. Mapping ACE simulation to comparable world effetiased on EU results), see table
6.
Apply Change factor to all tradable crops outputs.
Apply reduced change factor to animal productsajmture effects of non-tradable feed
stocks (Beef: 80%, Milk: 50%, Pork and Poultry: 20%ffects of tradable feed stocks
are captured by cross price effects.

No

The Common Agricultural Policy in the EU in the bagar is implemented as declared in the
so called 2003 CAP reform. Future simulations abeisthe changes made in the 2009 Health
check. In the Al scenarios a trade liberalizatiocoading to the 2009 Falconer proposal is
implemented. A summary of the CAPRI scenario sgitizre given in Table 7.
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Table 5. Mapping CAPRI aggregates to simulated world regions

CAPRI Aggregate

Simulated world Region Comment

Rest of Europe

Europe

Russia, Belarus and Ukraine Former Soviet Union

USA
Canada
Mexico
Venezuela
Argentina
Brazil
Chile
Uruguay
Paraguay
Bolivia
Rest of South America
India
China
Japan

Australia and New Zealand

Morocco
Tunesia
Algeria

Egypt

Israel

LDC

ACP non LDC
Rest of world

North America
North America
Latin America
Latin America
Latin America
Latin America
Latin America
Latin America
Latin America
Latin America
Latin America
South Asia
Centrally-Planned Asia
Pacific OECD
Pacific OECD

Middle East/North Afric
Middle East/North Afric

Middle East/North Afric
Middle East/North Afric
Middle East/North Afric
Sub-Saharan Africa
Sub-Saharan Africa

Capri Region is part of
simulated region

Definition not
matching, but

Middle East/North Africaignificant overlap

Table 6. Mapping ACE scenarios to worldwide simulation

Change Factor World

Alb_sens+10 Alb_sens+Alb Alb _sens-5 Alb_sens-10

Europe 1.0¢ 1.04 0.99 0.94 0.89
North Americ: 1.0¢ 0.9¢ 0.93 0.8¢ 0.83
Latin Americ 1.0 0.9¢ 0.93 0.8¢ 0.83
Middle East/North Afr 1.0¢ 1.0¢ 0.98 0.9z 0.88
Sub-Saharan Afric 1.0¢ 1.04 0.99 0.9 0.89
Centrally-Planned As 1.14 1.0¢ 1.04 0.9¢ 0.94
South Asii 1.12 1.07 1.02 0.97 0.92
Pacific OECL 1.07 1.0Z 0.97 0.9z 0.87
i ™ N
Change Factor APES a & o ~
at EU level = = = <
Whea 1.1C 1.01 0.74 0.8¢
Barley 1.0¢ 1.01 0.72 0.9C
Maize 0.8¢ 0.7¢ 0.7 0.7t
Potatoe 1.02 0.92 0.6¢ 0.8
Sugarbec 1.0¢ 0.8¢ 0.67 0.8C
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Table 7. Description of CAPRI scenarios

Base year B1 (Baseline) B2 Al bl Al b2 Al b3
[2004] [2050] [2050] [2050] [2050] [2050]
Inflation rate of 1.9% per year
Observed data constant exchange rates
(average 2003 - |Projection of GDF | Derived from
Exogen?us 2005) taken fronf 'MPAC_T Derived from IMPACT scenarios (leading|to
asSUMPLONSIE \rostat, FAO, Projection of s;:enarlp$ increasing demand for agricultural produfts
. ecreasing
OECD etc. population (growth demand for compared to B2)
agricultural
Extrapolated from
Commodit Observed prices|market outlooks
Prices y (average 2003 - |(European Simulation results
2005) Commisssion and
IFPRI)
Observed prices
Input Prices|(average 2003 - |[Extrapolated from market outlooksonstant in all simulations)
2005
Trend projection Apes siumlation
combined with APES Apes siumlation (MIROC3.2(hireq Apes siumlation
Observed yields simulation Ppattern—scaled Apes siumlation])/SRES A1B - (GpISS MODEL
vidd 2003 (BCCR_BCM2_0/SRE PSRES B2 15 -(SRES A1B 15{more warming E H/S_RES AlB_
! (average “IB1 - less warming model en em_ble model ensemblefconsistent acros: d_ in MED and
2005) consistent across all S mean) all European v
. mean) - NEU)
European regions and regions and
seasons) seasons)
. With obligator
Set-aside set-asidegandy
. Abolishing obligatory set-aside, expiry of milk gapcontinuation of sugar qudta
anq quota quota (milk and ishing obligatory [ Xpiry ilk gap inuati ugar qu
policies
sugar
2003 CAP reform
Premium (dec_oupled " 2009 Health Check (decoupled payment, increasedilziiah)
scheme partially coupled
payment
. Reduction of tariffs and expansion of TRQ
WTO trade Tar.n‘fs and TRQ Tariffs and TRQ as in 2004 | (sensitive products) as proposedHajcone
policy as in 2004 (2010)
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3. Reaults
3.1.Calibration results for ACE-FAST

3.1.1.Effect of calibration method on simulations cropghuictivity

3.1.1.1.Baseline conditions

Simulations considering only phenology (i.e. methbdsection 2.5.2) resulted in large
differences between simulated and observed yi@dslf crops as depicted exemplarily for
winter wheat in Fig. 5a. In fact, no relationshigtweeen simulated and observed yields could
be obtained. Considering region-specific correctactors for yield simulations (i.e. method
2, section 2.5.2) noticeably improved simulatiosufes, but there was still considerable
disagreement between observed and simulated yieigs5b). Finally, the simulations based
on a more extended calibration of growth paramdiegzsmethod 2, section 2.5.2) resulted in

a substantial improvement with very good agreemeetween simulated yields and
observations (Fig. 5c).

Method 1 Method 2 Method 3

N WA VOO

Simulated yield (Mgha'!)
Simulated yield (Mgha'!)

O = W ks OO

o 4

Simulated yield (Mgha'')

O = N W sk N X O

o —

o 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 ¢ 1 2 3 4 5 6 7 8 ¢
Observed yield (Mgha'') Observed yield (Mgha'') Observed yield (Mgha'')

(=}

Figure 5. Comparison between observed and simulated yiebts finree calibration methods; (a)
phenology only, (b) using a yield correction factamd (c) an extended calibration of selected gnowt

parameters of winter wheat for 533 climate zondsurope in the period from 1983 to 2006. See text
for explanation of calibration methods.

3.1.1.2.Climate change effects

Further analysis revealed that the simulated cknecatange effects depend on the calibration
method used. For instance, the simulated yieldedifice between the climate change
scenarios (here:15 GCM A1B) and the baseline wglsehifor the method in which a yield
correction factor was used (method 2) as compardtied method in which only phenology
was calibrated (method 1) (Fig. 6a). Diversion frdme 1:1 line (Fig. 6b) indicates that
simulated climate change effects were more pronedinghen a yield correction factor was
used. However, for simulated relative yield chandéterence in climate change effects
between the two calibration methods were small. (610J.
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Absolute yield difference baseline Relative yield difference baseline
vs AIB vs AIB

v
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Basic calibration (-)
=

Basic calibration (Mgha!)
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Yield corrector factor (Mgha'!) Yield corrector factor (-)

Figure 6. (a) absolute and (b) relative (related to baselmayl differences between yield simulations
of the baseline and the 15 GCM A1B climate scenfinm calibration using the yield correction
factors (calibration method 2) vs. calibration dfepology only (calibration method 1), for winter
wheat in 533 climate zones in Europe over 23 yeggs.text for explanation of calibration methods.

Larger differences were found between calibrati@thod 1 (phenology parameters only) and
method 3 (phenology and growth parameters) forsiheulated climate change effects on
yield (Fig. 7a). Higher climate change effects weiraulated with method 1 as compared to
method 3 suggesting that with a more accurate redildm estimated climate change effects
may be less pronounced. There was no such systed®tiation between the two methods
when relative yield changes were compared, but stexmtions were noticed (Fig. 7b).

Absolute yield difference baseline Relative yield difference baseline
vs A1B vs A1B

a 8
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-8-7-6-5-4-3-2-101234506738 -8-7-6-5-4-3-2-101234506738
Extended calibration (Mgha'!) Extended calibration (-)

Figure 7. (a) absolute and (b) relative (related to baselmayl differences between yield simulations
of the baseline and the 15 GCM A1B climate scerfaoim extended calibration of growth parameters
(calibration method 3) vs. calibration of phenolamyly (calibration method 1), for winter wheat in

533 climate zones in Europe over 23 years. Seddegiplanation of calibration methods.

The differences between calibration methods in Etmg climate change effects were largest
when method 3 (growth parameters) and method 2d(g@rection factor) were compared.
Simulated climate change effects were considerhlgiter when the model was calibrated
according to method 3 as compared to a calibrdtbowing method 2 (Fig. 8a). Again, no
systematic deviation between the two methods waisdavhen the relative effects of climate
change were compared (Fig. 8b).
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Figure 8. (a) absolute and (b) relative (related to baseliayl differences between yield simulations
of the baseline and the 15 GCM A1B climate scen@oim calibration using a yield correction factor
(calibration method 1) vs. extended calibratiomaiwth parameters (calibration method 3) for winter
wheat in 533 climate zones in Europe over 23 yeggs.text for explanation of calibration methods.

3.1.2.Spatial and temporal variability of calibration utts

As evident from Fig. 5 model calibration considgrgrowth parameters (method 3) provided
the best agreement between observed and calibgagdds. Thus, further analysis was
restricted to this calibration method.

A comparison of the simulated spatial pattern okathyields averaged over the 24
years period (1983-2006) with the observations dher same time period showed good
agreement between simulated and observed data 9igThe model was capable of
reproducing high productivity regions in CentratlaWestern Europe (France, Belgium, The
Netherlands and Germany) as well as the low pradtyctregions in the Mediterranean
countries (Spain, Italy and Greece) (Fig. 9).

EUROSTAT Extended calibration
a) . .
Winter wheat yield
(Mgha')
< 0.1
Bo1-<2
B2-<4
P 14-<6
— 6-<7
R 7-<8
A EF e A
. “ »;;:f‘: ¢‘3; ,;}‘)‘.‘ e 8-<9
7 ety A 9-<10
Y A% s - B >= 10

Figure 9. Spatial pattern of (a) observed and (b) simulatéttew wheat yields (Mg h based on
extended calibration of selected growth paramdieakbration method 3) for winter wheat for 533
climate zones in Europe averaged over 23 years3(93006).
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This good agreement between simulated and obsestaéam is not surprising as spatial
differences are considered in the calibration tghowegion-specific parameters. However,
more interesting was to analyse whether the moa@el also able to reproduce the temporal
variability of yields within each regions and fdnet entire EU25 as no calibration was
performed for individual years. The simulated yselfjreed well with the observed temporal
yield variability of individual regions (see FigtOa-c for selected regions). The agreement
was always better when regions had observationalfar most years available (not shown).
Thus, the more observations, the better the caildoraresults were for the temporal
variability. Remarkably, at the aggregated levelEaf25 the temporal variability of wheat
yields was very well reproduced (Fig. 10d) with tda¢ibrated model.
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Figure 10. Temporal yield variability of observed (blue) aralibrated (red) winter wheat yields (Mg
ha) of three locations (a) South Finland, (b) Cologegion in Germany and (c) Galicia in Spain, and
(d) on average over EU25 for the period from 1383006.
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3.1.3.Calibrations for other crops

Calibration results for other crops based on metBdghenology and growth parameters)
were fairly satisfactory but some differences waeerved (Fig. 11). Yield simulations were
in better agreement with observations for wintereathand barley yields as compared to
potato, maize and sugar beet yields, with the rladt®wing the largest differences. One
reason for the larger differences between obseaweldsimulated data for the spring crops as
compared to the winter cereals could be the lim{tadincorrect) availability of phenology
data, particularly sowing dates. Discrepanciesoaies weeks between estimated and observed
sowing date are more important and can have a largact when simulating spring crops as
compared to winter crops.
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Figure 11. Comparison between observed and calibrated yield®uw crops in Europe (EU25)
considering 533 climate zones and 24 years (1683006). (a) winter barley, (b) sugar beet, (c)
potato, (d) grain maize.

Simulated spatial (Fig. 12) and temporal (not showariability of yields in Europe for the

selected crops are in acceptable agreement witenadifons. High productivity regions

observed in Central and Western Europe (Francénedands, Belgium, Germany) for barley,
potato and sugar beet are reproduced well by thdem&or grain maize, the highest yields
are typically recorded in southern regions (Spkity, Greece) which the calibration method
also captured. For some zones and crops e.g. wbddey for Finland, phenological

parameters were missing and no model calibrationsanulation was performed.
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EUROSTAT Calibration

Yield (Mgha™)
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Figure 11. Spatial pattern of observed (a,c,e,g) and simulétedif,h) yields (Mg hd) based on
extended calibration of selected growth paramétaigbration method 3) for (a,b) winter barley,dc,
potato, (e,f) sugar beet) and (g,h) maize in Eusoggaged for the period 1983 to 2006.
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3.2.Simulations of future crop yields in Europe

3.2.1.Impact of climate change

Climate change without considering increasing aphesc [CQ] and advances in
technology, causes a yield decrease for all crogssaenarios compared to the baseline yields
(Fig. 12a,d,g,j,m). The largest yield declines tmelimate change were simulated with the
GISS A1B scenario, a predominantly dry scenariowveieer, differences between crops were
observed. Projected climate change impacts ong/iekte largest for maize, approximately -
1.7 Mg ha (Fig. 12m) and smallest for winter wheat, abou#t -®lg ha' on average over
EU25 (Fig. 12a). We also realized that simulatespoases to climate change were less for
winter crops as compared to spring crops. This beylue to the longer vegetative period
typical for winter crops, which allows winter crofmsrecover better from extreme events such
as drought spells in spring. Also, climate changguced changes in growing season length
due to temperature increase will be relatively $enah winter as compared in spring crops.

3.2.2. Combined impacts of climatic change and incre{S€})

Taking into account elevated [GOwhen simulating climate change impacts increases
simulated yields for all crops and scenarios buhvdome variation. Yield increases are
highest for the winter crops and compensate fornbegative yield effect due to climate
change (Fig. 12b,e). In these crops projected éuyiglds are higher than baseline yields for
all scenarios. Also for the root crops, sugar laeet potatoes, the simulated yields are higher
than the baseline yields in most scenarios; buthferscenario with the largest climate change
impact, Giss Al1B, the positive [GDeffect cannot compensate for the negative eftéct
climate change (Fig. 12h,k). For grain maize, as pGaht, there is only an insignificant
increase in yields due to [GPsince only an effect of [C£ on transpiration rate was
considered but not in radiation use efficiency (Rign).

3.2.3.Combined impacts of climate change, increased,]@ad technology development

When both the effect of increased [gCand technology development are taken into
consideration together with the effect of climateamge, simulated yield increases are
considerable (Fig. 12c,f,i,l) but with some notickeadifferences among the crops. While for
winter cereals and the root crops, yield increaseshigher than the baseline for all future
scenarios, simulated grain maize yields remain vbetbe baseline yields (Fig. 120).
Apparently, the simulated pronounced climate chaefject on maize yield could not be
compensated by increased [f§Gnd technology development. For the other crdps,
highest vyield increases are simulated for A1B sgenéFig. 12c,f,i,l), in which [CQ
abundance and temperature reach the highest valgmrtantly, the consideration of
technology development results also in larger bfiees of simulated yields among the
scenarios.
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Figure 12. Simulated effects of (a,d,g,j,m) climate chandee,f,k,n) climate change and increased
[CO,], and (c.f,i,l,0) climate change, increased [Land technological development on yields of five

crops for 24 years in Europe (EU25) using four IPCC scenarios. Baseline and future scenarios.
centred around 1990 and 2050 respectively. Cropsidered are winter wheat (a,b,c), winter barley
(d,e,f), sugar beet (g,h,i), potato (j,k,I) and meajm,n,o).
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An analysis of the spatial variability of simulatgigélds under combined changes in climate,
[CO;] and technology shows little differences amongnaces as can been seen from the
comparison of yield simulation from A1B and B1 haligh some differences in the extent of
yield changes in the individual regions can beasati (Fig. 13). For the winter cereals yield
increases of 30% and more compared to the basekngmulated for most regions. There are
small areas on the Iberian and Italic peninsulaswesld decreases are projected compared
to the baseline, which however, do not exceed 1B (L3b,d). These declines are mainly
due to the pronounced negative climate changeteffieich could not be compensated for by
the positive [CQ and technology effect. The latter is relativelgadl due to the comparably
small yield increases for these regions observeddrpast. For potatoes and sugar beet yields
increases are also simulated for most regions meuexcept for some areas in south Europe
(Italy, Greece and Spain), and few regions in Rbland Finland, but the decreases do not
surpass 10% in relation to baseline. For grain en#tie spatial variability in yield changes
ranges between -30% and more to 30% and more 1Big). Yield increases are highest in
South-western Europe and yield declines are mairdjected for Eastern Europe.
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Scenario A1B Scenario B1

Winter wheat

Winter barley

Sugar Beet

Potatoes

Yield difference
from baseline (%)

B <-30
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Grain maize

Figure 13. Differences between simulated baseline yields wgiettls from two climate change
scenarios (a,c,e,g,i) A1B and (b,d,f,h,j) B1 focrbps over 24 years in Europe (EU25). The baseline
and future time series are centred around 19902860, respectively. Crops considered are winter

wheat (a,b), winter barley (c,d), sugar beet (pdjato (g,h) and maize (i,j).
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Finally, we compared the temporal variability ofr duture projections with the baseline and
the observed yield variability. Results are shown three selected crops representing the
range of responses for all five crops (Fig. 14)e Thop model ACE-FAST reproduces well
the observed yield variability for all crops andsheegions as was already described above.
However, we realized some overestimations of te&yariability for potatoes and maize on
the Iberian Peninsula. This may be due to an otieragon of the drought effect in the
model. This overestimation can be expected for nsoagplying the RUE concept instead of
detailed photosynthesis routines (e.g. Régteal., in press). However, yield variability was
reproduced satisfactorily in most regions.

There were only small changes in yield variabifdy the projected future scenarios for most
crops, accept for maize (Fig. 14q,h,i). The coedfits of variation (CV) of simulated grain
maize decreased for the climate change scenariosnagared to the baseline on the Iberian
Peninsula (Fig. 149,h).On the other hand, an iserea yield variability of maize due to
climate change was observed for some regions inkemepe, mainly Poland (Fig. 14g,h).

EUROSTAT Baseline Scenario A1B (15 GCM)

a)

Winter wheat

Coefficient of
variation (CV)
(J<s
Bs5-<10
[10-<15
[J15-<20
[]20-<25
[J25-<30
B >=30

Potatoes

Maize

Figure 14. Coefficient of Variation over 24 years in Europe {a,c,g) observed and simulated yields
for (b,e,h) baseline and (c,f,i) A1B scenario. Grghown are winter wheat (a,b,c), potato (d,e ) an
maize (g,h,i).
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3.3.Price changes due to climate, £40d technology

The simulated scenarios comprise shocks on thelysggp (yield changes) as well on the
demand site (population and GDP). Further world ewithde liberalization according to
probable WTO rules (tiered tariff reduction, expansof tariff rate quotas, and abolition of
export subsidies) is assumed in some scenarios.

The simulated yield changes are:

 alb 1 (SRES A1B 15-model ensemble mean)

* alb 2 (MIROCS3.2(hires)/SRES A1B - more warmingsisient across all European
regions and seasons)

« alb 3(GISS MODEL_E_H/SRES A1B - dry in MED andWE

* bl (BCCR_BCM2_0/SRES B1 - less warming consistentss all European regions
and seasons)

* b2 (Pattern-scaled SRES B2 15-model ensemble mean)

In order to analyze effects of changing yields petedent from demand shocks we carried out
simulations combing a change in yields with:
» Constant GDP and population
» GDP and population changing as predicted by GTAfRe(dnt for A1 and B2
scenarios)
* 25% of the GDP and population change
* 50% of the GDP and population change

The Al scenario assumes tiered tariff reductiopaesion of tariff rate quotas and abolition
of export subsidies according to actually discuss®&@O modalities of the Doha
Development Round (WTO, 2008). In order to sepamapacts all al scenarios are simulated
with and without trade liberalization.

The b1 scenario comes closest to the CAPRI basgtojection for 2050. Hence this scenario
is used for comparison.

Among many other variables, the CAPRI model outpunprises market prices at
global level which are typically used to analyzamfpes and plausibility of simulation results.
National prices (so called producer prices) arévddrfrom the market price. In the following
section simulation results are discussed at Europmeel. Subsequently the Dutch producer
prices are presented.

3.3.1.Market Price effects in EU27

Figures 15 and 16 visualize the development of Eheopean wheat price under various
scenario settings. Compared to the baseline scebarihe price can increase by up to 200%,
while price drop is at most -10%. Yield impactsn@ging demand changes) cause price
effects between -12% and +75%. The macro economsscnaptions in all al scenarios
strongly influence the price effects. In each aénscio the difference between no and full
GDP shock is about 100%. Marco economic assumptanse (slightly) more variation in
the results than yield effects. It should be ndteat the consumption patter is assumed to be
unchanged. Different assumptions regarding the waopson of meat might also have
significant effects on the results (not testedas® f

31



Developemnt of Wheat Price in EU27
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Figure 15. Development of wheat price in various scenarios.

Compared to the effects of yields and demand shdbksinfluence of trade liberalization is

rather small differing at most 10% from the compégascenario without liberalization (see

Fig. 16). There is a tendency that trade liberéibraleads to increasing wheat prices. When
agricultural prices go up, exports from the EU @age. Following EU farmers would profit

from trade liberalization. It has to be noted ttia trade liberalisation effects on prices for
agriculturak goods is not the same across comnesdiffhose products that experience
actually higher degree of border protection thareath(like meat e.g.) are showing price
decreases.

Developement of Wheat Price in EU27
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Figure 16. Effect of trade liberalization on wheat price arious scenarios. Scenarios range from no
trade liberalization (left) to trade liberalizatigmght).
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Results so far show that the development of yialdiject to climate change as well as
projections of the macro-economic environment ceaadl to fundamental changes in
agricultural prices. Compared to other simulati@8P reform, WTO scenarios, milk quota
abolition) carried out so far with the CAPRI mod#ie observed price changes are higher.
However, the shocks implemented in the model aeenéndous as well. Yields (and
subsequently supply) of arable field crops decieapeto 25% in the albl 2 scenarios. Since
demand elasticities for agricultural commoditiee generally low the price effects can be
significantly higher. Further wheat prices werédeatvolatile during recent years, whereas the
maximum price was more than twice of the minimumegarAll in all, the model results seem
drastic but can be seen as plausible given theascesissumptions.

Following results are presented in more detail. BRescenario simulates a decline in
yields combined with decreasing demand due lowpuladion and GDP compared to the bl
comparison scenario. These shocks potentially ¢aeweh other out. If demand would be
constant (b2 — no change in GDP) prices of arabld trops would increase in a range of
20% to 45% (see table 5). Due to increasing prioedeed stocks animal product would
become more expensive either [14%, 32%]. When adowy for the decreasing demand
projected for this scenario, prices mainly decrees@pared to bl, i.e. the shock on the
demand site overcompensates the yield reductiaces?of arable field crops are rather stable
[-12%, + 3%] while animal products become signifitty cheaper [-41%, - 5%].
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b2

b2

b2

b2

Bas (B1)eline No Change in 25% of GDP 50% of GDP GDP Shock (

GDP Shock (B2)  Shock ( B2) B2)
. [EUR/ton] 146.86 197 171.53 154.62 129.19
European Union 27 Wheat [edi, b1] 34% 17% 506 129
European Union 27 Barley [EUR/ton] 105.65 145.97 126.95 115.13 97.71]
[%diff. b1] 38% 20% 9% -8%
European Union 27 Grain maize [EUR/ton] 104.25 145.36 129.18 119.38 103.7%
[%diff. b1] 39% 24% 15% 0%
. EUR/ton] 123.92 176.28 148.71 132.54 110.4
European Union 27 Other cereal[g%diﬁ b1] 42% 20% 79 11%
European Union 27 Rape seed [EUR/ton] 369.74 466.15 437.84 419.66 383.62
[%diff. b1] 26% 18% 14% 4%
European Union 27 Pulses [EUR/ton] 168.35 244.88 213.99 194.81 158.07
[%diff. b1] 45% 27% 16% -6%
. [EUR/ton] 105.5 129.09 121.18 118.77 109.12
European Union 27 Potatoes [edi, b1] 2204 15% 13% 2%
European Union 27 Tomatoes [EUR/ton] 255.81 268.54 254.42 248.53 236.2
[%diff. b1] 5% -1% -3% -8%
. .. [EUR/ton] 513.06 626.22 540.43 514.41 389.4y
European Union 27 Other fruits [%diff. b1] 2204 506 0% 24%
European Union 27 Beef [EUR/ton] 2735.73 3613.3 2984.53 2661.7 1874.32
[%diff. b1] 32% 9% -3% -31%
European Union 27 Pork meat [EUR/ton] 1309.62 1733.16 1566.59 1488.28 1248.19
[Yodiff. b1] 32% 20% 14% -5%
European Union 27 Poultry meat[EUR/ton] 3467.58 4373.74 3846.06 3536 2574.76
[Yodiff. b1] 26% 11% 2% -26%
European Union 27Rape seed [EUR/ton] 138.2 182.65 164.22 153.36 133.98
ake [Yodiff. b1] 32% 19% 11% -3%
. [EUR/ton] 366.47 478.09 427.65 404.28 343.1
European Union 27 Soya Cake [%diff. b1] 30% 17% 10% 6%
European Union 27 Sugar [EUR/ton] 401.83 379.03 352 331.84 246.21
[%odiff. b1] -6% -12% -17% -39%
European Union 27 Butter [EUR/ton] 1941.75 2077.58 1718.52 1617.78 1143.19
[%odiff. b1] 7% -11% -17% -41%
European Union 27Skimmed milk [EUR/ton] 1310.52 1499.6 1343.02 1281.03 1053.76
powder [%odiff. b1] 14% 2% -2% -20%

Table 8. Price effects on crops of the B2 climate changenario vs. the baseline for different
assumptions about changes in GDP

All al scenarios assume a significant increaseemahd for human consumption paired with

different yield expectations. In alb_1 yields assuamed to increase slightly compared to b1l.

Ignoring demand shocks prices would decrease (ratelg)y about 10% (see table 9). When
changes in GDP and population are considered paioasst double for some products. Prices
of arable field crops increase about 75% [20%, 93Plg price increase for animal products
is even more significant [39%, 154%] since consudenand increase strongly.
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Alb_1

Alb_1

Alb_1

Alb_1

B1 No Change in 25% of GDP  50% of GDP GDP Shock (|
GDP Shock (A1)  Shock ( Al) Al)
. [EUR/ton] 146,86 130,83 154,49 182,71 251,67
European Union 27 Wheat [edif. bi] 11% 504 24% 71%
European Union 27 Barle [EUR/ton] 105,65 94,45 112,25 132,75 185,24
P Y losdiff, b1] 11% 6% 26% 75%
S e 27 Sl e [EUR/ton] 104,25 99,76 114,49 131,58 175,02
[%diff. b1] -4% 10% 26% 68%
. EUR/ton] 123,92 109,56 132,9 159,06 220,91
European Union 27 Other cereal%%diﬁ. 1] 12% 7% 28% 28%
European Union 27 Rape seed [EUR/ton] 369,74 327,17 371,15 419,48 535,17
P P [o%diff. b1] -12% 0% 13% 45%
e Uin 27 Pulsss [EUR/ton] 168,35 145,99 181,94 222,69 325,2
[%diff. b1] -13% 8% 32% 93%
. [EUR/ton] 105,5 99,63 105,79 111,95 126,04
European Union 27 Potatoes [ecif, b1] 6% 0% 6% 20%
Euronean Union 27 Tomatoes [EUR/ton] 255,81 248,77 265,33 280,26 321,31
P [%diff. b1] -3% 4% 10% 26%
. . [EUR/ton] 513,06 476,15 531,87 590,51 712,5p
odITT. - 0 0 0 0
European Union 27 Other fruits %diff. bl iy 4% 15% 39%
. ton , , , , 4
European Union 27 Beef EUR/ 2735,73 2406,32 2977,38 3757,13 5618,P6
odITT. - 0 0 0 0
P %diff. b1 12% L% 37% 105%
. EUR/ton 1309,62 1130,42 1645,33 2192,51 3322,61
European Union 27 Pork meat
P [%diff. b1] _14% 26% 67% 154%
European Union 27 Poultry rneat[EUR/ton] 3467,58 3107,27 3894,49 4689,98 6330,B5
[%diff. b1] -10% 12% 35% 83%
e 27Rape seed [EUR/ton] 138,2 122,94 150,71 181,47 268,86
ake [%diff. b1] -11% 9% 31% 95%
. [EUR/ton] 366,47 330,82 398,92 473,68 683,24
European Union 27 Soya Cake [%diff. b1] 10% 9% 20% 86%
European Union 27  Suaar [EUR/ton] 401,83 398,02 414,9 418,81 481,5
P g [%diff. b1] 1% 3% 4% 20%
. EUR/ton 1941,75 1899,14 2117,56 2314,38 2701)9
European Union 27 Butter
P [%diff. b1] 2% 9% 19% 39%
Euronean Union 27Skimmed milk [EUR/ton] 1310,52 1256,69 1385,94 1544,75 1933,B7
P powder [%diff. bi] 4% 6% 18% 48%

Table 9. Price effects on crops of the A1B_1 climate cleasgenario vs. the baseline for different
assumptions about changes in GDP.

Since scenario alb_2 assumes yields to decreassdembly while demand increases
extreme results can be expected. Even when ignal@mgand shocks prices would almost
double [35%, 86%] (see table 10). When demand shac& considered prices “explode”.
E.g. Wheat prices would go up from 146€/ton to 4@8€ This price increase of 177% seems
high, but prices of almost 300€/ton were observe@007 when word wide cereal stocks
shrunk rapidly. Hence results are plausible givenextreme scenario assumptions.
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Alb_2 Alb_2 Alb_2 Alb 2
B1 No Change in 25% of GDP  50% of GDP GDP Shock (|
GDP Shock (A1)  Shock ( A1) Al)
. [EUR/ton] 146,86 257,44 362,31 354,11 406,08
European Union 27 Wheat 75% 147% 141% 177%
European Union 27 Barley [EUR/ton] 105,65 196,56 312,31 274,05 324,26
[%diff. b1] 86% 196% 159% 207%
S e 27 Sl e [EUR/ton] 104,25 180,68 238,63 244,11 286,24
[%diff. b1] 73% 129% 134% 175%
w27 G Cereal%EUR/ton] 123,92 242,86 340,36 342,16 493,46
%diff. bl] 96% 175% 176% 298%
e LN 27 Feme s [EUR/ton] 369,74 597,69 807,62 777,22 872,09
[%diff. b1] 62% 118% 110% 136%
e Uin 27 Pulsss [EUR/ton] 168,35 330,23 670,87 504,58 1025,97
[%diff. b1] 96% 298% 200% 509%
European Union 27 Potatoes [EUR/ton] 105,5 163,78 184,95 187,27 219,8¢
[%diff. b1] 55% 75% 78% 108%
European Union 27 Tomatoes [EUR/ton] 255,81 283,92 331,12 335,95 418,14
[%diff. b1] 11% 29% 31% 63%
. .. [EUR/ton] 513,06 770,9 1188,85 946 1120,93
European Union 27 Other fruits [%diff. bi] 50% 132% 84% 118%
European Union 27 Beef [EUR/ton] 2735,73 4629,23 6794,66 6977,44 9099,88
[Y%diff. b1] 69% 148% 155% 233%
European Union 27 Pork meat [EUR/ton] 1309,62 2175,22 3196,56 3522,39 48141)6
[%ediff. b1] 66% 144% 169% 268%
European Union 27 Poultry meat[EUR/ton] 3467,58 5190,91 7036,34 7140,15 8904
[%ediff. b1] 50% 103% 106% 157%
e 27Rape seed [EUR/ton] 138,2 233,46 312,12 325,6 412,28
ake [%ediff. b1] 69% 126% 136% 198%
European Union 27 Soya Cake [EUR/ton] 366,47 605,77 777,44 849,04 1117,44
[%ediff. b1] 65% 112% 132% 205%
European Union 27 Sugar [EUR/ton] 401,83 422,26 572,23 564,4 752,79
[Y%diff. b1] 5% 42% 40% 87%
European Union 27 Butter [EUR/ton] 1941,75 2231,22 2499,78 2699,2 3264,71
[Y%diff. b1] 15% 29% 39% 68%
European Union 27Skimmed milk [EUR/ton] 1310,52 1765,07 2056,68 2281,13 2543,87
powder [Y%diff. b1] 35% 57% 74% 94%

Table 10. Price effects on crops of the A1B_2 climate cleaagenario vs. the baseline for different
assumptions about changes in GDP.

In alb_3 yields are assumed to decrease slighttypaced to bl. Ignoring demand shocks
prices would increase (moderately) about 10% (abéetll). When changes in GDP and
population are considered prices of arable fietghsralmost double [54%, 116%)]. The price
increase for animal products is even more sigmtigd5%, 187%] since consumer demand
and production cost (feed stocks) are rising.
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Alb_3 Alb_3 Alb_3 Alb_3
Baseline (B1) No Change in 25% of GDP 50% of GDP GDP Shock (|
GDP Shock (A1)  Shock ( Al) Al)
. [EUR/ton] 146,86 156,94 187,51 222,13 299,67
European Union 27 Wheat [6diff, bi] 7% 289 5106 104%
European Union 27 Barley [EUR/ton] 105,65 114,24 137,83 164,62 224,6%
[%diff. b1] 8% 30% 56% 113%
European Union 27 Grain maize [EUR/ton] 104,25 123,59 144,55 168,71 225,49
[%diff. b1] 19% 39% 62% 116%
. EUR/ton] 123,92 137,91 168,12 200,76 271,97
European Union 27 Other cereal%%diﬁ. b1] 11% 36% 62% 119%
European Union 27 Rape seed [EUR/ton] 369,74 377,21 434,08 489,54 570,51
[%diff. b1] 2% 17% 32% 54%
European Union 27 Pulses [EUR/ton] 168,35 186,79 2314 281,97 370,9
[%diff. b1] 11% 37% 67% 120%
. [EUR/ton] 105,5 114,97 122,21 129,81 146,53
European Union 27 Potatoes [edif. bi] 9% 16% 2304 39%
European Union 27 Tomatoes [EUR/ton] 255,81 259,5 275,18 293,18 342,02
[%diff. b1] 1% 8% 15% 34%
. .. [EUR/ton] 513,06 549,59 614,47 680,17 816,28
European Union 27 Other fruits [%diff. bi] 70 20% 33% 50%
European Union 27 Beef [EUR/ton] 2735,73 2904,11 3699,07 4654,58 6628
[Y%diff. b1] 6% 35% 70% 142%
European Union 27 Pork meat [EUR/ton] 1309,62 1399,95 1980,69 2574,69 3756,P5
[Y%diff. b1] 7% 51% 97% 187%
European Union 27 Poultry meat[EUR/ton] 3467,58 3696,48 4553,34 5425,36 7094/9
[Y%diff. b1] 7% 31% 56% 105%
European Union 27Rape seed [EUR/ton] 138,2 149,42 182,54 219,33 285,27
ake [Yodiff. b1] 8% 32% 59% 106%
. [EUR/ton] 366,47 396,17 479,83 579,05 742,81
European Union 27 Soya Cake [%diff. bi] 8% 31% 5806 103%
European Union 27 Sugar [EUR/ton] 401,83 357,36 385,94 417,95 532,9p
[Y%diff. b1] -11% -4% 4% 33%
European Union 27 Butter [EUR/ton] 1941,75 1976,45 2202,85 2408,72 2810,86
[Y%diff. b1] 2% 13% 24% 45%
European Union 27Skimmed milk [EUR/ton] 1310,52 1357,78 1524,12 1716,81 2131,07
powder [%diff. b1] 4% 16% 31% 63%

Table 11. Price effects on crops of the A1B_3 climate chasgenario vs. the baseline for different
assumptions about changes in GDP.
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3.3.2.Producer Price effects in Netherlands

The following tables show the producer price eBecalculated for the Netherlands. The
tendencies of price changes are similar to thoseribes before.

b1 Alb_1 2A51‘;n_c:)Lf 5Ao1t;)_§f Alb_1
Base year (baseline) Ng Change GDP Shock GDP Shock ChC
in GDP (A1)
(A1) (A1)
[EUR/ton] | 103,42 140,67 124,22 na 176,71 235,03
Netherlands | Soft Wheat [9%diff. b1] 19% na 26% 67%
Netherlands | Barley [EUR/ton] 85,9 89,33 78,55 na 114,22 155,48
[Y6diff. b1] -12% na 28% 74%
Netherlands | Grain maize [EUB/ton] 122 111,73 103,78 na 144,62 196,48
[Y6diff. b1] -71% na 29% 76%
[EUR/ton] | 101,11 106,75 91,58 na 133,81 179,87
Netherlands | Other cereals [9%diff. b1] 14% na 25% 68%
Netheriands | Rape seed [EUB/ton] 166,49 285,97 251,98 na 325,4 410,45
[Y6diff. b1] -12% na 14% 44%
Netherlands | Pulses [EUR/ton] | 1524,78 | 1343,18  1155,64 na 1747,9 2426)67
[%diff. b1] -14% na 30% 81%
Netherlands | Potatoes [EUR/ton] | 117,49 110,58 103,56 na 114,51 126,98
[%6diff. b1] -6% na 4% 15%
[EUR/ton] 42,76 32,58 23,66 na 22,83 27,14
Netherlands | Sugar Beet [9%diff. b1] 7% na 30% 17%
Netherlands | Tomatoes [EUR/ton] 776,57 616,8 592,47 na 641,59 711,31
[%diff. b1] -4% na 4% 15%
Netherlands Other [EUR/ton] 381,24 302,84 278,08 na 313,32 349,78
Vegetables [%0diff. b1] -8% na 3% 15%
. [EUR/ton] 1257,47 | 1029,42 689,82 na 928,08 115639
Netherlands [Other fruits [%diff. b] -33% na 10% 12%
Netherlands |Beef [EUR/ton] 3305,85( 3198,24  2311,59 na 4267,15  4955|51
[%diff. b1] -28% na 33% 55%
Netherlands |Pork meat [EUR/ton] 1321,93( 1333,07 1143,39 na 2283,21  3541}49
[%diff. b1] -14% na 71% 166%
Netherlands |Poultry meat [EUR/ton] 911,47 1337,25  1204,13 na 1858,48  2581|88
[%diff. b1] -10% na 39% 93%
Netherlands Cow and [EUR/ton] 324,68 211,88 178,28 na 231,61 284,37
buffalo milk [%diff. b1] -16% na 9% 34%

Table 12. Producer Prices in the Netherlands — for the Al8irhate change scenario vs. the baseline
for different assumptions about changes in GDP.
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Mb2 DLl sowt A2
Base year (baseline) Ng Change GDP Shock GDP Shock ChC
in GDP (A1)
(A1) (Al)
[EUR/ton] | 103,42 140,67 248,4 na 341,66 542,24
Netherlands | Soft Wheat [9%diff. b1] 7% na 143% 285%
Netherlands | Barley [EUR/ton] 85,9 89,33 169,08 na 236,27 3849
[%6diff. b1] 89% na 164% 331%
Netherlands | Grain maize [EUB/ton] 122 111,73 190,43 na 265,28 461,3b
[Y6diff. b1] 70% na 137% 313%
Netherlands | Other cereals [EUR/ton] | 101,11 106,75 193,41 na 295,95 455,58
[%diff. b1] 81% na 177% 327%
Netheriands | Rape seed [EUB/ton] 166,49 285,97 460,16 na 561,47 592,11
[Yodiff. b1] 61% na 96% 107%
Netherlands | Pulses [EUR/Mton] | 1524,78 | 1343,18  2540,52 na 3490,34  4337/61
[%diff. b1] 89% na 160% 223%
Netherlands | Potatoes [EUR/ton] | 117,49 110,58 163,25 na 184,65 263,19
[%6diff. b1] 48% na 67% 138%
[EUR/ton] 42,76 32,58 30,47 na 39,42 61,7
Netherlands | Sugar Beet [9%diff. b1] 6% na 1% 89%
Netherlands | Tomatoes [EUR/ton] 776,57 616,8 663,81 na 759,99 843,05
[%0diff. b1] 8% na 23% 37%
Netherlands Other [EUR/ton] 381,24 302,84 420,65 na 464,02 527,
Vegetables [%0diff. b1] 39% na 53% 74%
. [EUR/ton] 1257,47 | 1029,42  1214,77 na 1558,89 198606
Netherlands [Other fruits [%diff. bi] 18% na 51% 93%
Netherlands |Beef [EUR/ton]] 3305,85| 3198,24 532344 na 8043,58 11374,28
[%0diff. b1] 66% na 152% 256%
Netherlands |Pork meat [EUR/ton] 1321,93| 1333,07 2264,21 na 3715,76 533993
[%diff. b1] 70% na 179% 301%
Netherlands |Poultry meat [EUR/ton] 911,47 1337,25  2024,75 na 2864,96  3696|04
[%0diff. b1] 51% na 114% 176%
Netherlands Cow and [EUR/ton] 324,68 211,88 248,28 na 323,12 378,49
buffalo milk [%diff. b1] 17% na 53% 79%

Table 13. Producer Prices in the Netherlands — for the Al8irlate change scenario vs. the baseline
for different assumptions about changes in GDP.
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bl Alb.3  Alb3 Alb 3 Alb 3
Base year (baseline) No Change in 25% of GDP 50% of GDP GDP Shock
GDP Shock (A1) Shock ( A1) Al)
[EUR/ton] 103,42 140,67 149,48 na 213,44 301,35
Netherlands Soft Wheat [ecif, b1] 6% na 5204 114%
Netherlands Barley [EUR/ton] 85,9 89,33 96,64 na 141,07 202,3
[%diff. b1] 8% na 58% 126%
Netherlands Grain maize [EUR/ton] 122 111,73 128,05 na 181,29 261,44
[%diff. b1] 15% na 62% 134%
EUR/ton] 101,11 106,75 115,68 na 164,24 227,29
Netherlands Other cereal%%diﬁ. b1] 8% na 54% 113%
Netherlands Rape seed [EUR/ton] 166,49 285,97 292,27 na 375,97 493,39
[%diff. b1] 2% na 31% 73%
Netherlands Pulses [EUR/ton] 1524,78 | 1343,18 1433,06 na 2178,16  2954|36
[%diff. bl] 7% na 62% 120%
Netrererds Bkl [EUR/ton] 117,49 110,58 115,85 na 128,99 144,16
[%diff. b1] 5% na 17% 30%
[EUR/ton] 42,76 32,58 23,55 na 25,1 30,972
Netherlands Sugar Beet s, b1] 28% na 239 5o
Netherlands Tomatoes [EUR/ton]| 776,57 616,8 609,65 na 687,8 692,92
[Y%diff. b1] -1% na 12% 12%
Netherlands Other Vegeta [EUR/ton] | 381,24 302,84 314,5 na 351,34 392,14
[Y%diff. b1] 4% na 16% 29%
Netherlands Other fruits [EUR/ton]| 1257,47 1029,42 815,67 na 1077,01344]116
[%diff. b1] -21% na 5% 31%
Netherlands Beef [EUR/Mon]| 3305,85[ 3198,24 2970,96 na 5293,69 8284,62
[%diff. b1] -7% na 66% 159%
Netherlands Pork meat [EUR/ton] 1321,93 1333,07 1444,69 na 2682,06 1460
[%diff. b1] 8% na 101% 200%
Netherlands Poultry meat [EUR/ton 911,47 1337,25 1440,84 na 2144,7190906
[%diff. b1] 8% na 60% 118%
Netherlands Cow and buffi[EUR/ton] | 324,68 211,88 191,88 na 249,4 312,44
[%diff. b1] -9% na 18% 47%

Table 14. Producer Prices in the Netherlands — for the AdlBlimate change scenario vs. the
baseline for different assumptions about chang&PR.
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b2 b2 b2 b2
Base year (baseline) No Change it 25% of GDP 50% of GDP GDP Shock
GDP Shock (B2) Shock ( B2) B2)
[EUR/ton] 103,42 140,67 186,12 163,03 147,84 124,79
Netherlands | Soft Wheat — 3204 16% 506 11%
Netherlands | Barley [EUR/ton] 85,9 89,33 122,33 107 97,17 82,71
[%diff. b1] 37% 20% 9% -71%
Netherlands | Grain maize [EUR/ton] 122 111,73 153,83 135,75 124,78 108,17
[%diff. b1] 38% 21% 12% -3%
Netherlands | Other cereals [EUR/ton] 101,11 106,75 145,05 119,1 104,64 83,9p
[%diff. b1] 36% 12% -2% -21%
Netherlands | Rape seed [EUR/ton] 166,49 285,97 358,94 337,07 322,69 295,47
[%diff. b1] 26% 18% 13% 3%
Netherlands | Pulses [EUR/ton] 1524,78 | 1343,18 1908,04 1677,32 1532,62 125941
[%diff. b1] 42% 25% 14% -6%
Netherlands | Potatoes [EUR/ton] 117,49 110,58 133,9 126,85 125,13 115,f
[%diff. b1] 21% 15% 13% 5%
[EUR/ton] 42,76 32,58 31,7 31,5 29,88 22,83
Netherlands | Sugar Beet —— 30 3% 8% -30%
Netherlands | Tomatoes [EUR/ton])| 776,57 616,8 641,3 610,27 598,06 574,13
[Yodiff. b1] 4% -1% -3% -7%
Netherlands Other [EUR/ton]| 381,24 302,84 358,61 313,03 312,83 265,43
Vegetables [Y%diff. b1] 18% 3% 3% -12%
Netherlands |Other fruits [EUR/ton]| 1257,47| 1029,42 1243,02 1068,69 1019,28 766|39
[Y%diff. b1] 21% 4% -1% -26%
Netherlands |Beef [EUR/ton]| 3305,85| 3198,24 4203,83 3487,48 3126,06 2221,37
[Ydiff. b1] 31% 9% -2% -31%
Netherlands |Pork meat [EUR/ton]| 1321,93| 1333,07 1773,44 1602,43 1517,72 12734,28
[Ydiff. b1] 33% 20% 14% -5%
Netherlands |Poultry meat [EUR/ton]| 911,47 1337,25 1688,92 1491,55 1365,81 995)35
[Ydiff. b1] 26% 12% 2% -26%
Netherlands CQW and buffalo[EUR/ton]| 324,68 211,88 236,48 204,58 191,41 144,68
milk [Ydiff. b1] 12% -3% -10% -32%

Table 15. Producer Prices in the Netherlands — for the IBate change scenario vs. the baseline for
different assumptions about changes in GDP.

Difficulties might arise from using the sugar beeices reported in the tables. The CAPRI
model mimics the current administrative regulatiaighe sugar market. Actually the EU
applies a quota system with a fixed in quota pri@eantities within this quota receive lower
prices. The reported prices are weighted averafj@s quota and out of quota price, i.e.
changing aggregation weights influence the pricg. &hen world market prices increase the
out of quota price might increase as well. Heneeé&as might tend to produce more sugar
beet. Following the out of quota price gets a higheight in aggregation what might reduce
the average price for sugar beet (and is henceteontuitive to increasing production). It is
guestionable if the common market organizationsiagar will be in place in 2050, but a full
liberalisation of the sugar market (no quotas, fireele) is impossible to simulate within
actual design of the CAPRI model. We suggest degigugar beet prices from sugar prices of
major exporting regions. (See table 16). In sevecanarios the sugar price is above the
actual (administrative) European price of 404€/ton.
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Alb 1 Alb 1 Alb 1 Alb 1
Baseline  No Change in 25% of GDP 50% of GDP GDP Shock (
GDP Shock ( A1) Shock (A1) Al)
Mercosur Sugar [EUR/'[OH] 231,47 192,38 279,06 366,66 552,6
countries [%ediff. b1] -17% 21% 58% 139%
ACP Sugar [EUR/'[OH] 238,07 200,52 272,58 348,78 514,08
countries [%ediff. b1] -16% 14% 47% 116%
Alb 2 Alb 2 Alb 2 Alb 2
Baseline  No Change in 25% of GDP 50% of GDP GDP Shock (
GDP Shock ( A1) Shock (A1) Al)
Mercosur Sugar [EUR/'[OH] 231,47 469,15 607,22 713,33 961,7
countries [%diff. b1] 103% 162% 208% 315%
ACP Sugar [EUR/'[OH] 238,07 427,07 550,66 658,74 901,19
countries [%diff. b1] 79% 131% 177% 279%
Alb 3 Alb 3 Alb 3 Alb 3
Baseline  No Change in 25% of GDP 50% of GDP GDP Shock (
GDP Shock ( A1) Shock (A1) Al)
Mercosur Sugar [EUR/'[OH] 231,47 255,11 353,8 45451 657,89
countries [%diff. b1] 10% 53% 96% 184%
ACP Sugar [EUR/'[OH] 238,07 253,25 341,9 4259 630,72
countries [%diff. b1] 6% 44% 79% 165%
b2 b2 b2 b2
Baseline  No Change in 25% of GDP 50% of GDP GDP Shock (
GDP Shock ( B2) Shock ( B2) B2)
Mercosur Sugar [EUR/'[OH] 231,47 340,09 268,55 205,29 92,1
countries [%ediff. b1] 47% 16% -11% -60%
ACP Sugar [EUR/'[OH] 238,07 328,68 258,21 189,65 76,33
countries [%diff. b1] 38% 8% -20% -68%

Table 16. Development of sugar price in major exporting oagi
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4. Discussion
4.1.Impacts of climate change, [G[Oncrease and technology development

Simulated climate change impacts ranged from moelgrato severely negative, to
moderately positive effects on yields, dependingwdrether merely climatic factors were
taken into account, or climate change was analysedombination with increasing
atmospheric [C¢} and advances in technology were considered. Avomant finding of this
modelling study is that considering regional diéfieces of model parameters related to crop
growth in addition to crop phenology can considbraimprove yield simulations at
continental scale (EU25).

Our results also suggest that for EU25 climatengbawithout considering increasing
atmospheric [Cg) and advances in technology resulted in negatifexts on crop yields in
the range of 11.7% and 34.4% depending on the anopregion. Negative climate change
effects are less pronounced for winter cerealddpand wheat) as compared to tuber crops
(potatoes and sugar beet) or other spring cropezéndne possible explanation, still subject
of further investigation, is the longer vegetatpagiod for winter crops which may allow the
winter crops to better recover from extreme evesutsh as drought spells in spring. Also,
changes in growing season length due to temperatarease will be relatively smaller in
winter as compared to spring crops.

GISS A1B is the scenario with the strongest negaitifluence on yields even when
taking the [CQ] fertilization effect (Rotter and van de Geijn, 989 Tubielloet al, 2007) into
account. This is most likely related to the dry ditions projected in this scenario which were
more pronounced in this than in other scenarios. dverall range in simulated yield changes
among scenarios is large with clear differences rgmerops. Again, the range was less
pronounced for winter-sown as compared to sprivgasorops. For the latter, on average for
EU25 the differences among scenarios were largar the climate change effect within one
scenario or the simulated temporal yield variahilit

The changes that we simulated are more pronoumegdthose projected by Ewett
al, (2005) who applied a statistical approach to wdate a climate change effect by 2050
which was on average over 15 EU member countrgsstlean 3%. This points at the tendency
of crop simulation models to project higher effedf climate changes than statistical
approaches. One explanation for this is that clopate models primarily consider the effects
of climate factors on crop growth and developmé&iftects of other factors such as weeds,
pests and diseases are mostly not consideredse irecess-based models but are inherently
part of statistical models. More comprehensive erpental data will be required to better
evaluate such results (Rotter et al., 2011).

Positive effects of elevated atmospheric fCéhhanced yields mainly for C3 crops to
an extent which is consistent with data from FAGReziments (Ainsworth and Long, 2004;
Long, 2006; Manderscheid and Weigel, 2007). Inanga$CQO;,] concentration stimulated
yields in wheat, barley, sugar beet and potatoesl®#y%; 11.1%, 14.4% and 7.4%
respectively, with small differences between yeargl regions. This is generally less
pronounced than effects simulated in some eatiiglies (e.g. Rotter & van Diepen, 1994).

However, most substantial positive yield changesevpeojected when considering the
effect of technology development. This is consisteith earlier results (Ewest al, 2005)
but partly conflicting with analyses on winter whgeelds in Europe by Brisson et al (2010).
The latter suggest that increased high temperatodedrought stress may level off positive
effects by technology development, especially igiaes with currently highest potential
yields and inputs. It is important to note that sidering a technology effect not only
increased the crop yields but also increased tffiereinces between the scenarios. Projected
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yields were highest for the scenarios CCC A2 ardd/® A1B and smallest for the scenario
15GCM B2, following the different assumptions maegarding technologies associated with
these contrasting socio-economic and emission gosndn scenario family A (IPCC, 2001)
it is assumed that agriculture undergoes highéshsification associated with more advanced
technology development (e.g. breeding for higheldg and more efficient resource use) than
in scenario family B. And for the latter, in B2akt progress in technology is assumed..

Clearly, considering the effects of climate charagospheric [Cg) elevation and
technology development separately had two mainigapbns for our yield projections. On
the one hand, the yield decreasing effect of chengenere climatic factors was compensated
and partially superseded when atmospheric jJJC&evation and technology development
were taken into account. On the other hand, thiel yigferences between scenarios became
greater when considering atmospheric jC€evation and technology development.

Finally, our results show some changes in varigbiinder climate change (Fig. 11).
However, these changes were mainly observed fareraaid differed considerably depending
on the region from decreasing to increasing vdrtghinder climate change. Other studies
have reported increased yield variability as anaotf climate change in Europe (Joms
al., 2003; Porter and Semenov, 2005; Iglestasl, 2010). However, in the present study we
have not considered an approach to model the pessilects of extreme temperature stress
or drought stress as increasingly referred to @Pa&t Gawith, 1999, Porter and Semenov,
2005; Brisson et al., 2010; Asseegal, 2011; Trnka et al., 2011). Modelling such effeist
likely to result in a more pronounced yield varlapiunder climate change as recently shown
in a global assessment for four crops (Teixetral, this Issues; Rotter et al., in the Press).

4.2.Impacts on prices

Traditionally, assessments of climate change od fwoduction and supply have been carried
out by using process-based crop models, as we d@ve in the present study. When such
crop model based yield estimates are availablddi@er regions or a continent, they are
“usually combined with projections of future popidas, trade and commodity prices to help
us to estimate the future of the overall systenctl{sas how much food we can grow in a
warmer world)” (Rétter et al., 2011, p. 175). ThgriAdapt approach used relative yield
changes under climate change to calculate effectsoomodity prices. The analysis of price
effects resulting from the implemented scenarios ba summarized by the following

observations:

(1) Price impacts resulting from a reduced yield poétrds a consequence of climate
change are considerable strong but the impact efntlacro-economic assumption
(GDP/population) is even stronger.

(2) Price impacts on animal products are even morefsignt than those for crops, given
that feed prices rise as well.

(3) Given this, the price impacts of the political eoviment, as simulated with WTO-
liberalization assumptions, are quite modest.

Naturally, these results are subject to a numbemodlel assumptions and simplifications.
Firstly, the link of yields between the crop mo@deld CAPRI was established in a quite
explorative manner. There is plenty of room to iayer this link, e.g. by aligning the
management assumptions of the two models. Secahgyscenario set up can be enhanced.
For example the GDP in developing countries is thase the agricultural sector to a large
extend. Increasing the GDP without assuming gamnghé agricultural sector is therefore
inconsistent. This is why the 25% and 50% GDP slsoekarios where also analyzed, since it
may be more realistic to assume smaller GDP chakgeslly, CAPRI is very detailed on the
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EU level, but the price reaction is very much dejser on how the rest of the world responds
to the applied shocks. Since capacities do not @leyte in the currents specification, e.g. the
supply response potential of Brazil may be undeneded and consequently the price effects
overestimated. Currently the representation ofrésé¢ of the world in CAPRI is changing in
an ongoing project introducing the land use vadabid a land market.

5. Summary and conclusion

We demonstrate the importance of crop model cdidrafor the assessment of climate
change impacts on crops at regional scale. Wethat considering regional differences of
model parameters related to crop growth in additiorcrop phenology can considerably
improve yield simulations at continental scale (BYZalibration also effects simulations of
climate change impacts on yields suggesting thajeptions with crop models can be
improved if they are well calibrated.

Our results also show the importance of considenwigonly the effects of changes in
weather variables, but also increased atmosph@@][and technology development for
future yield estimations. Particularly, considevatiof technology development can have
substantial impacts on yield projections which nigther investigation to reduce uncertainty
in the assumptions about technology developmerg. cimsidered crops respond differently
to climate change which also poses the need tmeslienate change studies to a larger range
of crops.

The considered ensemble of climate change scenegmdts in a range of yield
responses which again is more pronounced when aémiy development is considered. As
some of this technology development refers to yiehghrovements, future research on
improving model calibration for large scale climateange studies will also need to address
temporal changes in model parameters.

Such proposed extensions of our work may be furdeeeloped in the framework of
the global AgMIP Initiative fww.agmip.org that was launched in October 2010 and aims to
establish a modelling framework “to provide mordust estimates of climate impacts on
crop yields and agricultural trade, including esties of associated uncertainties.” (Rotter et
al., 2011).

Impacts of projected yield changes on prices catm@oneglected when analyzing
climate change scenarios. It was shown that intiodu yield shocks simulated by the
calibrated crop models in an agricultural marketdeideads to significant price impacts and
thus stimulation of management adjustments. Therla not yet reflected in our analysis, but
should be in future research, because a permareatien of high prices would definitively
accelerate technical progress in the agricultuzatos und thus reducing the simulated yield
loss induced by climate change. An iterative predestween crop and market models would
be in line with these considerations.
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