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Evaluating productive and economic impacts of climate change

variability on the farm sector of an irrigated M editerranean area

Gabriele Dono, Raffaele Cortignani, Luca Giraldacé Doro, Luigi Ledda, Massimiliano Pasqui,
PierPaolo Roggero

Abstract
Climate changes in agriculture act on various clim&ariables (precipitation, temperature, etc..) at
different times of crop cycles. Many physical amchhical relationships have to be represented even
when analyzing a limited aspect of farm manageniis work employs the net evapotranspiration
(ETn) estimated with the EPIC model, as a synthetiex of the physical factors that the farmer
considers in decisions on irrigation. The probaildistribution of ETn is inserted into a territafi
model of DSP that represents farm choices in canditof uncertainty about water availability and
irrigation requirements of crops. Recent trend€®h suggest that the probability distribution oisth
variable may appreciably change in the near futufdso, water availability may become more
variable due to changed rainfall. These modificasioamplify uncertainty of management and,
consequently, costs incurred by the farm typologfethe study area, which in many cases suffer an
appreciable drop in income.

Keywords: Discrete Stochastic Programming modellERlimate change, Net Evapotranspiration,
water availability, irrigation needs.

JEL Q54 - Climate; Global Warming.

1. INTRODUCTION

The effectiveness of the implementation of CC aatégmt policies in agriculture depends on
their capacity to raise the interest of farmersddinance the investments sought by the policidsés
interest is more likely to be captured if the RDBasures are defined against perceived changes by
because they are already happening and threatdamging profitability. Moreover, requires
consideration of the agricultural effects of CQlat local scale that is relevant for farms andtifer
design of the PSR. Examining the effects of theat@ time scale short-term and a regional scale is
complex because it must consider the changes ntiorespheric variables, at different times of the
crop cycles or of the management of farms. Thisn®dhat, eventually, even for assessing limited
aspects of farm management, many physical, tedhaigheconomic aspects have to be considered,
with several problems of integration between thedet® and approaches of the climatological
research, agronomical and economic.

The analysis described in this paper addresses fhreblems. On the one hand, it uses the net
evapotranspiration (ETN= Reference evapotranspirdfiTo - rainfall) as a synthetic indicator of the
many physical factors influencing the farmer's cheion irrigation. Then, it checks the existence of
an ongoing change in the ETn conditions and estisndte possible effect on irrigation over a near
future period, when farmers will be deciding whetttejoin the measures of the RDP. The production
and economic effects of changes in ETn conditiomssimulated with a regional model of Discrete
Stochastic Programming (DSP), which reproducescti@ces of farmers under uncertainty about
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water availability and irrigation requirements ofogs in an area that represents the classic
Mediterranean irrigation conditions.

The impact of climate variables on cropping systemd the links between ETn and irrigation
requirements of crops are assessed by the proessstimodel Environmental Policy Integrated
Climate model (EPIC) (Williams et al., 1989). EFi@s been successfully implemented to assess the
impact of CC on agro-ecosystems at the nationalwBrand Rosenberg, 1999; Priya and Shibasaki,
2001), regional (e.g. Easterling et al., 1993; Divek et al., 1997; Niu et al., 2009; Chavas et al.,
2009) and global (Tan and Shibasaki, 2003; Liu let 2007) scales. The Discrete Stochastic
Programming (DSP) model (McCarl and Spreen, 199&ckel 2008; Connor et al., 2009) is able to
represent the economic impacts of various uncéigsginelated to agriculture, like irrigation water
availability (Calatrava and Garrido, 2005), prodeetresults of technologies (Coulibaly et al., 2011
weather risk (Mosnier et al 2011), changes in mamant variables as driven by changes in climate
variability (Dono and Mazzapicchio, 2010).

This study is characterized by adopting the shantperspective of CCV instead of the long run
side of climate change, and integrates the agran@md economic analyses, by combining EPIC
outputs with DSP simulations. It focuses on thebphility distribution of ETn and of water
accumulation in a dam used for irrigation, as respely driven by short run modification of
temperature, atmospheric CO2 concentration, améathregime.

Our aim was to make an integrated assessment amipeect of CCV on farming systems at a
high spatial resolution in the context of a Med#@eean irrigated district, able to represent thgaich
of short-term variations of biophysical and managemvariables, in order to support the
implementation of adaptation policies. Despite tachment case study scale of analysis, the
implications of the results of our analysis cargbaeralized to support regional policy schemes lwhic
would benefit of a sound assessment of key vasalnheertainty at various times during the crop year
The results are discussed to identify the elemehtailnerability of the most diffuse farm types to
CCV, an issue which is becoming a priority of th@@pean research agenda on adaptation measures
to CC for the next RDP (Orlandini et al., 2008; d&ena et al., 2010).

2. MATERIALSAND METHODS

2.1. Case study area

The study area is located in NW Sardinia, in an ¢tgeneous climatic zone of the central
Mediterranean basin (Brunetti et al., 2002, Brurgdttal., 2004) which during the 1950-2002 period
experienced a remarkable negative precipitationdtrand a temperature and evapotranspiration
increase; future climate scenarios show that sistds will be further exacerbated in the 2040-2070
time frame (Garcia-Ruiz et al., 2011).

The study focuses on the Cuga hydrographical weater£40.61°N; 8.45°E; 350 km2). In a
portion of this area the Nurra Water User AssoorajWWUA - Consorzio di Bonifica e Irrigazione
della Nurra) supplies irrigation water from the 848l of the Cuga lake. Over the past 15 years,
irrigation water was provided to some 2,900 farecettered in an area of about 40 km2. Since 2001
the WUA charged water costs on the basis of theahetater consumption. Most of the farms have
also access to additional groundwater from privag#ts. The Cuga dam water system also serves the
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local municipalities with drinking water (~40% dfée total supply). In years of water scarcity, sash
it happened in 1995, 2000 and 2002, priority wasemito domestic consumption and agricultural
water was restricted.

2.2. Farm management and climate uncertainty in the casteidy area

The predominantly autumn-winter rain is unreliataled this has a major effect on the quantity
of irrigation water stored in reservoirs managedi®/WUA. The seasonal amount of irrigation water
required is closely related to the evapotranspinaii demand. The autumnal planning of farm
activities is constrained by the uncertainty cdndg on the amount of water in the reservoir, and o
the summer crops' yields and irrigation water resfaents. This latter aspect is still uncertain priA
when, instead, the condition of water accumulatiorthe reservoir has occurred and is known by
farmers. The change in variability of autumn-wintainfall and of summer temperatures modifies the
uncertainty on irrigation requirement of crops amdwater availability in the reservoir. An incredse
uncertainty makes the planning of the cultivatiativities more complex and increases the cost of
possible mistakes.

2.3. Model input datasets

The uncertainty and its modifications were estimatgth EPIC, @Risk and DSP model
simulations, using four datasets: (i) the weathataskt including daily rainfall, min and max
temperature, that were used as descriptors of theajing climatic conditions; (i) the dataset
provided by the Nurra WUA on the accumulation Ilsviel the reservoir for the single months of a
selected period; (iii) the dataset reporting theicstire of agricultural farms, prices of productsl a
inputs and cropping technigues adopted in theiar2@04; (iv) the cropping systems dataset, that wa
built from local farmers’ structured interviews ditdrature data (Dono et al., 2008).

The weather dataset was composed of a continuoies &¢ daily observations covering 1951-
2009, recorded at the weather station of Algherpoai (40°38N 8°17E, 23m a.s.l.). This dataset,
integrated by the corresponding values of atmo$pl@D2 concentration as obtained from NOAA
(2010), was used to simulate the annual and molglagls of ETn, and of irrigation requirements, and
yield for major irrigate crops in the area. Thesautations were conducted for the same years of
which were available meteorological data and indlmatic scenario of the near future. The same
weather dataset was also used to estimate the aatemulation levels in the reservoir, based oa dat
provided by the Nurra WUA.

The regional DSP model is based on blocks of differepresentative farms whose structural
aspects (size, specialization and availability afugdwater) were built from data provided by the
Farm Accountancy Data Network, the WUA, the 200h<ies on Agriculture, and by field surveys
conducted for the MONIDRI/RIADE research projecto(@d et al., 2008). Field surveys were also
used made to get information on the agriculturatpces in the area (Dono and Mazzapicchio, 2010).

The soil dataset was built from representative gafiles of irrigated fields of the study area
(Madrau et al., 1981) and evapotranspiration wimated using the Hargreaves equation on the basis
of daily rainfall and temperature data (Hargresaed Samani, 1982).
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2.4. The estimate of ETN with the EPIC model

Many irrigated crops are practiced in the studyaaredequate assessments on the effects of
climatic conditions on their irrigation were avéle only for maize and alfalfa, while for the vast
majority of those crops no similar estimate wasilakke. This prevented from estimating the
probability distributions of their water requiremigras done in analogous studies that focused on
modifications of those functions as sign of CCV (et al., 2011). These limitations were overcome
by using the net evapotranspiration (ETN) as almtitt index of physical factors considered by
farmers in managing irrigation, and by detecting ¢hanges of the probability distribution of theNET
as result of the CCV.

The monthly ETN was estimated with the Environmeifalicy Integrated Climate (EPIC)
model by valuing the potential evapotranspiratiBi ) and subtracting the volume of rainfall in the
area. These estimates were obtained with EPIC @bdhis of the following two weather datasets: (i)
baseline, obtained from the observed daily maximamd minimum temperature and rainfall and
actual atmospheric CO2 concentration in 1951-2Qif)0near future, obtained from a 60-years daily
weather dataset generated by WXGEN (Hayhoe, 1968) the 2001-2010 subset of observations.

The following parameters were used to generatendlae future climate dataset with WXGEN:
relative frequency of wet and dry days; rainfalbfithly mean, standard deviation and skewness); air
temperature (monthly means and standard deviatiasiaily maximum and minimum values) and
solar radiation. The CO2 concentration for the rigture scenario was set as the observed average in
the 2000-2009 decade (NOAA, 2010).

The same dataset and approach was used to estirtatEPIC monthly water requirements,
crop yield and WUE of grain and silage maize, ahdlfalfa cultivated with low and high water. In
this regard the EPIC automatic irrigation optionsvet to minimize water stress during the growing
season. Irrigation was automatically triggered whiem soil water content was lower than 50% of
available water in the root zone. Irrigation eventye limited to no more than one every four days.
The EPIC crop parameters DLAP11, HMX2 and PPLP28&vealibrated on the basis of the crop
yield dataset obtained from the farmers’ intervigawsheck if the simulations were accurate enough
for reliably representing the actual results foizearain and silage (table 1).

Table 1 — EPIC parameters that were calibrated thith
observed yield dataset.

Parameter Default value Calibrated value
DLAP1 15.05 10.10
HMX - 3.1
PPLP2 7.77 6.77

1. First of two points on a non-stressed plang$ &ea development curve, where the digits precetlie decimal point represent the
fraction (%) of the growing season, and those ¥aithg it the fraction of the maximum potential lea&a index.

2. Maximum crop height in metres.

3. Second of two points on plant population curve, rehtbe number before the decimal point represératsiumber of plants per?nmand
the one after the decimal point the proportion akimum leaf area achieved for that plants density.
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2.5.  Probability distributions of ETn

Given the EPIC output of ETn in April-October, whaost of irrigation takes place in the area,
probability distributions were estimated under liase and near future climate. This was
accomplished by means of the @Risk software thes aximum Likelihood Estimator (MLE) for
estimating the function parameters ang2atest to identify the function that best fittec tHataset
(www.palisade.com). Thirty probability distributisnwvere estimated based on subsets of baseline 30-
years data (progressing year by year from 1951-188(081-2010), assuming that a 30-years’ time
frame is the one farmers consider to construct tisgderience and hence their expectations on ETn
and, hence, on general requirements irrigation nwalbe goodness of fit of each probability
distribution vs. observed data was tested usirtg-aquare test.

Also the CCV was tested by comparing those prothpliistributions between them withra2
test.

The probability distribution of the ETn based og three decades preceding 2004 (1974-2003)
was used as a control for the validation of thesldas version of the DSP model4.

The entire 60-year EPIC output for ETn, correspogdo the near future climate, was used to
estimate the probability distribution representifig expectation of farmers given the impact of
current CCV. The assumption was that, if the prdivaldistributions are shifting because of CCV,
the estimate of the near future probability disttibn would be best generated relying on the oleskrv
weather data from the most recent ten year pefibtk generates a probability distribution which is
close to what the farmers will experience in tharrfature. This near future probability functionsva
compared with the baseline using & test, to check for significant differencesb.

Finally, the range of the probability distributioh ETn based on 1984-2003 weather data was
divided into two states: (i) normal (P=0.75), whimtrresponds to the business as usual behavior and
(ii) high (P=0.25), corresponding to ETn levelsngiigantly higher than normal. Based on the EPIC
outputs of ETn, each of the twenty years 1974-2088 assigned to one of the two states and the
mean values of the years falling in each state wensidered as the representative values in the DSP
model.

Likewise, the range of ETn values from the prohgbdistribution of the near future state was
divided into normal (P=0.75) and high (P=0.25)estafThe ETn levels of the each of the sixty near
future outcomes were assigned to the two statesaesichged to obtain their representative values in
the DSP model. These values represent the maicaitols that we assumed farmers would have
considered to choose whether to join or not theptd@®n measure subsidies under near future
conditions.

2.5.1. The relationship between ETN and irrigation requimgents in the DSP model

After defining the two states of ETn and their eg@antative values, the relationship between
this parameter and the irrigation requirementsropg grown in the area was established. For this
purpose crops were divided into two groups.

4 The choice of year 2004 was made because a conggletd the aerial photographs of the area inybat was available to validate the
DSP model ability to reproduce the agriculturadarse in the catchment.

5 A chi-square test was performed to check the infleeof the type of weather data input on the pridibabdistribution of maize irrigation
requirements based on EPIC simulations. The nydothesis was accepted when comparing the probabiitributions using actual
observed weather data (1984-2003) or the weathergdmerated by WXGEN on the basis of the samesafsyof 1984-2003 observation.
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The first includes the cultivation of corn and HHefor which weather data can be inserted into
EPIC to simulate the entire production processestuinate yields, irrigation requirements and WUE.
The mean values of these parameters for the ysaignad to the two states of normal and high ETn,
were included in the DSP model as representativieeofesults of those crops in these conditions.

The second group includes crops (vegetables anit) fnhose production cycle is not
reproduced in EPIC. Irrigation volumes of thesepcio the two states of ETn were estimated by
considering that farmers always carry the soilieétdfcapacity and fully make up the loss of moistur
due to the ETN. The mean irrigation volume, as aeteby interviewing farmers and technicians in
the area, was hence multiplied to the percentaffereinces between the mean of ETN, and its value
in the two states. Impacts on yield were neglettechuse the fruit products are less influenced by
atmospheric concentration of CO2, such as C3 ancr@pk of the other group.

2.6.  States of water availability in the dam

Dono and Mazzapicchio (2010) examined the changdbe probability distribution of water
accumulation in the Cuga reservoir. The probabilityction parameters were estimated on a 20-years
dataset using MLE, by means of @Risk. The estimaie reiterated by progressively shifting the 20-
years dataset from 1965-1984 to 1984-2003 andiffezehces between the corresponding probability
distributions were analysed on the basis of theveeice assumed by three states of water
accumulation derived by the management policigh@basin by the WUA: (i) low state, scarce water
availability for agricultural use, water in the eegir mainly allocated for drinking water; (ii)
intermediate state, irrigation volumes limited hg WUA, (iii) abundant state, unrestricted volunfie o
water available for irrigation. The levels and mabllities of those states of accumulation, as extih
in the 1984-2003 period, represented the 2004 ¢xipeas in the DSP model. The expectations under
the near future state were obtained by projectiegriends of probabilities of the three statesredtd
since the sixties.

2.7.  Agricultural production and climate uncertainty

Discrete Stochastic Programming (DSP) models daserisequence of choices made in stages,
under conditions of uncertainty related to byopfasor management variables (McCarl and Spreen,
1997; Preckel 2008). Calatrava and Garrido (2088pWDSP to model farmer’s behaviour and water
markets exchanges equilibrium under uncertain watgply. Coulibaly et al (2011) used DSP to
represent the uncertainty related to the adoptfamew cereal technology in the Malian cotton zone
and the subsequent conditional strategies of farmich allow future decisions to be influenced by
past decisions. Mosnier et al. (2011) used a seguehrecursive DSP models to simulate successive
stochastic weather events over a long period tonaeraged in a suckler cow herd, combined with
grassland crop production. DSP models have repexsdhe effects of change in a single climatic
component (Dono and Mazzapicchio, 2010); Connoalgt(2009) applied a two-stage model to
evaluate the variation of two climatic components.

The three-stage DSP model of this study represbetsequence of decision making under
uncertainties at three moments during the year. fitst stage represents decisions taken in
September-October, on cropland allocated to thanamtwinter crop and that reserved for spring-
summer crops: uncertainty is highest and includesrtigation water requirements of crops (technica
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coefficients) and water availability in the damdguctive resource). The second stage occurs around
April and coincides with the sowing of the springyemer crop and the beginning of the irrigation
season. Water availability in the dam is known Iére is uncertainty about the irrigation
requirements that will depend on actual spring-semavapotranspiration. The final stage occurs in
summer, when July-August temperatures determingahatigation water requirement and yields of
crops. According to this approach, farmers are awlzat their decisions under uncertainty may lead t
sub-optimal results, hence adopt defensive behes/iagainst the consequence of non-optimal
outcomes. In particular, calculate the expectedrime of optimal and sub-optimal results for each
state of nature, and choose the one with the highgsected income. The inclusion of sub-optimal
results generates an additional cost because tlghted income is lower than the optimal solution
under condition of certainty. This cost may inceedCCV alters the states of nature or their redat
probabilities (Dono and Mazzapicchio, 2010).

2.8. DSP model’s mathematical structure

The DSP model of this study is formalized as foBow
(1) maxZ=Gl*x, +B*P.*Gl, *x

X, B
subject to

(2) A*x +A*Xx, <b, Ok

) A*X+A X <b, Ok, r
(4) X _ =X Ojspk,r

jsp.k.r jspk.r

Z is total gross income; x1, X2 and x3 are vectdreropping activities (expressed in hectares)
influenced by the conditions obtained during, resipely, the first, second and third stages; Pkthee
probabilities associated with the availability eServoir water, and Pr those with the various atran
requirements and vyields; Gl is the gross incomeeath activity; A is a matrix of technical
coefficients; and b is the quantity of availableaerces. Constraint (2) refers to choices madbeat t
first and second stages, and constraint (3) tocelsanade at third stage. These constraints inthele
probabilities of the possible states of nature éimerefore, results. Constraint (4) maintains ttea af
spring-summer crops (jsp) when moving from the sdc the third stage. It affects the option to
change the farm cropping systems when the expstagel of nature used as reference their setup does
not occur. If a farmer predicts a lack of watethe reservoir and extends the area of rain-fedawint
crops, irrigated spring crops can be cultivated amlthe remaining area, even if a state of abuhdan
water availability occurs. The model considers dlstates of water availability and two states ohET
and, henceforth, of irrigation requirements, eas$peaiated to a probability value. This generates si
combinations of events, each of them giving onenmgdt and five sub-optimal results: farmer is
assumed to select the combination associated gthighest expected income.

The baseline of the model is built in two stepsstFa version is developed that reflects the
experience of farmers on biophysical and manageraigbles and reproduces their choices in 2004.
The results of this version is validated by compgnivith the similarity index of Finger-Kreinin, its
land use vs. the actual cultivation pattern obwibg the aerial photographs of the area in 2004nTh
the baseline version of the model is obtained lojutting the effects of the Fischler reform. Themea
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future version embeds the effect of recent tremd<CCV on the corresponding variables. The
outcomes of the baseline and near future versimsa@mpared for assessing the impact of the CCV
induced changes in the use of resources and gitififaunder the near future condition, when farmer
will have to choose among the adaptation measureS3Q. Two other future scenarios were also
considered: change in water accumulation includdy alterations in the availability of water dam;
change in ETn only modifies ETn and, hencefortligation requirement of crops and yields of maize
and alfalfa. Comparisons of these future scenawitis the baseline shows how the variations in the
use of resources and income were attributable therespecific or combinations of CCV induced
changes. These results were assumed to represesddptation options of the farming systems in the
area, given that specific production techniques stndctures, and without the support of specific
adaptation measures.

The versions of the model are solved using the Gérdgebraic Modelling System (Brooke et
al., 1996).

3. RESULTS

3.1. CCV and irrigation requirements

The estimated probability distribution of ETn fdretperiod April-October showed structural
changes in the recent decades. The impact of CQrfgad by comparing the graph of the probability
distributions from 1953-1982 to the subsequent seges of 20 years up to 2010 (Figure 1).

Figure 1:probability levels for normal and high ETn states, selected periods, p-values for goodness of fit
Probability of normal ETn state Probability of high ETn state

Period | P-Value
25,0% 1982 - 1953| 0.977
325% 1 1985 - 1956| 0.995

36,5% 1988 - 1959
39,7% 1991 - 1962
40,3% 1993 - 1964
44,2% 1995 - 1966
46,8% 1997 - 1968
62,8% 2003 - 1974

0.977
0.995
0.905
0.995
0.901
0.945
0.901
0.945

80,1% +{ 2009 - 1980
81,6% 2010 - 1981

0,0043

i
.....

The threshold which defined a high ETn with probigbbf 0.25 was set on the basis of the
probability function built from 1953-1982 period,high corresponded to the period in which we
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observed the shift in CCV. The probability levetsresponding to this threshold were assessed using
the probability distribution functions of the follang 3-decade series. Moving from 1964-1993 to
1981-2010, the probability of high ETn progressnahd significantly increased up to 0.403 in 1991-
2010 0.816.

The shift of the distributions of ETn between thaseline period 1974-2003 and the near
future, is highlighted by the increase in the piility of high state from 0.25 to 0.34 (Figure 2).

Figure 2:probability levels for normal and high ETn states, baseline and near future , p-values for goodness of fit

Probability of normal ETn state Probability of high ETn state
@ 1,076 P-Value
B Baseline 093
% Near future 094

0,006

0,005

0,004

0,003

0,002

0,001

0,000
o

The p-values of thg? associated to the goodness of fit of the estimptetiability functions
indicated an appreciable fitting (0.94).

Those changes corresponded to changed values afiahand high states of irrigation
requirements under near future vs. baseline, datkckyields input on the DSP model (Table 2).

Under baseline conditions, the total irrigation uiegments for the high state of nature were
substantially larger than under normal state reaspdyg for both maize and alfalfa crops (Table 3).
Yield slightly increased for grain and silage maized decreased for alfalfa crops, enough to génera
a reduction of WUE when moving from normal to hajhtes of water requirement, for both the maize
and alfalfa crops (Table 2).

Under the near future scenario, total water requinrgs in the high state were also higher than
in the normal state (Table 2). Yield changes undr future slightly increased for all considered
crops, except for alfalfa dry that exhibited a mtthn. However, those changes did not modify the
reduction of WUE, when moving from normal to hightss of irrigation requirements (Table 2).
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In conclusion, even if with a different impact onU® the generalized increase of irrigation
requirements appeared to be the main effect of C@Nile the higher yield was substantially
associated to the changes in CO2 atmospheric coaten.

Table 2: representative values and percentage ebdogstates of nature in irrigation
requirements of maize and alfalfa

) Baseline Near future
Scenarios - -
Normal High Normal  High
yield (ton/ha d.m.) 17.8 18.5 19.3 195
Sm'!;g: total irrigation need (tha) 5,122 5,444 5,659 5,800
WUE (kg d.m./mm) 34.7 34.0 34.1 335
yield (ton/ha d.m.) 12.0 121 12.8 131
Grain total irrigation need (fiha) 6,811 7,163 7,602 7,776
maize
WUE (kg d.m./mm) 176 169 16.8 16.8
yield (ton/ha d.m.) 6.6 6.2 8.1 8.7
AllfRaga total irrigation need (ﬁﬂha) 5,704 6,541 5,769 6,630
WUE (kg d.m./mm) 11.6 9.4 14.1 13.1
yield (ton/ha d.m.) 6.1 4.9 5.2 4.6
Aéfgl\f(a total irrigation need (tha) 1,987 2,063 1,768 1,970
WUE (kg d.m./mm) 30.9 24.0 29.4 23.2

According to Dono and Mazzapicchio (2010), the ptulity distribution of water accumulation
in the reservoir based on 1984-2003 was best fityea triangular function with a2 value of 0.4 and
a P-value of 0.94. Moving from the baseline to tlear future scenario there was an increase in the
probabilities of the low and abundant states ofewatcumulated in the reservoir at expenses of the
intermediate state: this represented an increasedartainty about this variable moving towards the
future (Table 3).

Table 3: water accumulation in the dam (009 amd relative probabilities (%) in the
study scenarios

States of WaterBaseIine - WaterNear future ~
Nature Accumulation Probability Accumulation Probability
Low 9.153 27.3 4.968 38.8
Medium 28.691 40.7 29.276 13.7
High 36.787 32.0 42.053 47.5

Source: Dono and Mazzapicchio, 2010b

3.2.  Outputs of the DSP model

The water availability data under the two statesiatiure, the corresponding EPIC outputs on
irrigation requirement per decade and yields, alweitly the respective probabilities, were incorpedat
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in the DSP model to generate the baseline scenahich was validated against actual land use data
for 2004. The resulting Finger-Kreinin similaritpdex of 94.2% was higher than that (91.1%)
obtained by Dono and Mazzapicchio (2010), whereQi6® model only considered the variability of
water accumulation in the dam, and also higher thanh (90.3%) observed from the LP model by
Dono et al. (2008). This result confirms that thedel was a good predictor of land use.

Shadow prices for irrigation water proved that @snikely to be a constraint particularly in
April and June. The availability of external labovas never a limiting factor. The elimination of
direct payments associated to the Fischler refomsslted in a reduction of the area cultivated with
cereals (primarily affecting durum wheat). Nevelgs, irrigation water continued to be a limiting
factor not only in April, June and September, Hsban May, July and August. Major constrains were
expected in April and June, with shadow prices dpéiimee times higher than price of water applied by
the WUA, while in May, July, August and Septembleadow prices were on average less than 5%.
External labour was non-limiting throughout mostté year (the only exception being a ten day
period in August), also considering the eliminatidrdirect payments.

3.3.  Changes in land use

The impact of Total CCV on the land use was a sulbstlly stable total cropland area, which

corresponded, however, to a relevant reductiohefrtigated cropland (Table 4).

Table 4: land use in tHmselineandnearfuture scenarios: hectares and percentage
changes.

Baseline Near future: % changes over baseline

Scenarios
Hectares Total CCV water . . .Etn.
accumulation irrigation

Cereal 1,718 24.3 24.2 9.5
Grain maize 1,258 -9.2 -4.6 -2.6
Silage maize 382 -45.4 -39.9 -20.9
Hay crops 79 895.4 792.3 349.8
Horticultural 1,175 -45.9 -27.9 1.2
Artichoke 552 -83.6 -44.4 1.9
Other vegetable: 602 -12.8 -13.7 0.5
Other Forage crops 13,434 -1.0 -2.0 -2.0
irrigated 723 -38.0 -33.0 -29.2
Grasslands 2,998 0.2 0.1 0.2
Tree crops 2,677 0.0 0.0 0.0
Total Irrigated crops 5,391 -20.5 -14.4 -5.8
Total 22,003 -1.1 -0.8 -0.4

The largest relative negative impact was observedilage maize; noticeable was also the
reduction of some horticultural crops and of theaadestined for irrigated forage (alfalfa and
grassland). The two components of the change, veat@rmulation and ETn irrigation, had different

impacts. In particular, in the ETn irrigation scaoathe reduction of cereals is smaller then ia th
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other scenario and there is an even if slight eeeeof horticultural crops. The result of thosentjes

is a smaller reduction of the irrigated crops witempared to the decrease generated by the other
CCV driven modification.

3.4. Change ininput use

Those changes modified the use of the most impomgpats (Table 5). Under Total CCV the
use of water provided by the WUA markedly decreased

This was only due to the increased instability @tev accumulation in the reservoir while the
impact of the larger water requirements associetede increase in ETn, augmented the use of water.
In particular, the increase in ETn mainly raised thse of groundwater, which coupled with the

increased instability of WUA supply generating anexgiic effect of increase in the use of this
resource.

Table 5: use of major inputs in thaselineandfuture scenarios. Absolute values and
percentage changesriearfuturescenario againstaseline

Baseline Near future: % changes over baseline

Scenarios
Absolute values  Total CCV water Etn

accumulation irrigation

Total water (000 i) 21,942 -10.8 -11.7 2.0
From Consortium (000 mZ 19,004 -13.4 -13.6 1.7

From private wells (000 mz 2,938 5.9 0.2 4.1

Total labour (000 hours) 2,020 -4.2 -3.0 0.1
Farm Labour (000 hours 1,710 -5.0 -3.5 0.2

Non-farm Labour (000 hours 311 0.2 0.0 -0.2
Nitrogen (tons) 1,031 -9.2 -5.6 -1.4
Phosphorus (tons) 2,129 -1.2 2.1 -0.3
Potassium (tons) 2,003 2.3 0.8 0.5
Herbicides (tons) 4 -18.2 -11.8 -4.6
Insecticides (tons) 46 -1.6 -1.3 0.1
Animal feed (kg) 1,261 193.7 195.2 457

The total labour use was reduced because of theatin the use of farm labor. The use of
chemicals was also reduced because of the changater accumulation (P and K fertilizers and
insecticides) and in irrigation requirements of reaand alfalfa (N fertilizers and herbicides). Hina
the purchase of external inputs such as feeds diaiha increased as a consequence of the higher

unpredictability of reservoir water volume, whigduced the farm fodder production (Table 4).
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3.5. Economic results

The economic analysis revealed that the Total C€Anario would result in a small negative
impact as percentage drop of agricultural grosgmar(Table 6).

However, the negative impact increased when cordpatenet income calculated according to
the fixed costs of the representative farms inaugtethe model. The decrease was interpreted as
caused by the increased variability in water acdatran in the reservoir, while the effect due te th
change in water requirements due to increase inviEEpositive, even if negligible.

The reduction of gross income generated by thel &€&/ was largely due to a decrease in
crop sales, mainly of horticultural products andgodin maize (data not reported), which was not
balanced by the general decrease of the variakls.cbhere was also an appreciable rise in spending
for feed and for lifting of groundwater; this resatcurred in both the simulation components, éf/en
it was mainly due to the higher variability of watecumulation in the reservoir. Those changes also
had implications on the net income, which variedewhmeasured with or without payments of
Common Agricultural Policy (CAP) which accounted foore than 26% of total net income and was

stable and crucial in notably reducing the impdd¢he two CCV driven changes.

Table 6: economic results for thaselineandnearfuture scenarios - absolute values (000 €) and
percentage changes.

Near future: % changes over

Baseline baseline
Scenarios 000 € '(I;cgs/l accnvgtlflgtion irrigltri]on
Total revenue 65,214 -1.7 -1.4 0.2
Crop sales 57,020 -1.9 -1.6 0.2
Variable costsof which: 18,566 -2.6 -0.9 0.3
technical means, of which: 13,405 -5.3 -4.2 0.1
herbicides/insecticide 895 -8.2 -5.3 -0.1
animal feed 321 193.7 195.2 457
extra-farm labor 2,096 0.2 0.0 -0.2
payments to the WUA 510 -15.6 -16.1 25
water pumping from farm wells 87 7.6 0.6 5.0
other 2,147 -15.6 -7.1 -5.2
Gross margin 46,649 -1.3 -1.5 0.2
Fixed costs 23,125 0.0 0.0 0.0
Net Income 23,524 -2.6 -3.0 0.3
Net Income + CAP 32,058 -1.9 -2.2 0.2
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The described impacts were different among theesifagm typologies included in the model to
represent the productive heterogeneity of thatifipeerritory (Table 7%. This can be noticed by
examining the percentage changes of net incomesdivel of CAP payments (NI+CAP) in the near
future scenarios over the baseline. It is also lwtartconsider the impact on the single farm typasg
and on the groups of small, medium and large ofd@hfarms, clustered according to their NI+CAP
values, with thresholds of € 24.000 and € 50.000.

Table 7: gross margin (GM), net income (NI) andmdtlusive of CAP payments per farm typology: absekalues (000
€) and percentage changes of NI + CAP payments.

. number of hectares baseline (000 €) Total CCV
Farm Typologies rep;resented per farm GM NI NI + CAP A% over
arms payments baseline
large dairy cattle 2 534.4 1,277 359 625 -28.8
small - medium dairy cattle 5 37.6 97 39 57 -20.1
large mixed crops 139 66.1 27 16 25 3.0
medium mixed crops 280 10.2 26 17 21 -1.0
small mixed crops 1509 0.7 4 3 3 0.7
medium - large olive groves 33 12.3 13 -9 40 -1.7
small olive groves 543 0.8 1 -1 4 -0.4
medium - large horticultural 41 14.8 27 20 25 -111
small horticultural 49 2.8 5 3 3 -49.0
medium - large sheep 34 64.1 49 24 30 -2.8
small sheep 94 26.1 20 10 13 -1.2
large vineyards 1 693 14,448 5,779 5,779 0.0
small - medium vineyards 136 2.7 44 26 26 -0.3
Large farms 8 243.7 2,186 837 914 -5.7
Medium farms 383 33.3 34 19 27 -0.7
Small farms 2475 2.8 7 4 6 -0.8

3.6.  Adaptation strategies

The simulated impact of CCV on the case study fagmsystems revealed three types of
adaptation scenarios: (i) crop reallocation; @dnfi extensification; (iii) changes in the use dieenal
inputs. These results were the consequence ofelitf@djustment paths followed by farms when not
subsidised, with respect to the change in proligholi biophysical and management variables. The
major elements that characterize these various pdthpontaneous adjustment in the three groups of

farms are reported in Table 8.

1. % In this regard, note how different were some regnéed farms, with large vineyards and dairy fawhese cultivated land and income
levels were much higher than other types. In cantthe economic size of small farms, on averageneally tiny. Also note that the
CAP payments had a significant economic importdocemall and medium-sized farms and in the casdieé groves generated an
appreciable value of NI+CAP reversing the negatalee of NI.

Page 15 of 20



Capri — 128" EAAE Seminar
New challenges for EU agricultural sector and rusatas.
Which role for public policy?

A reallocation behaviour emerged of crops/cropystems among the types, with only mixed
crops that increased their production of other tedges (mainly melon and watermelon) primarily
recurring to increased extractions of groundwalbose changes in production patterns modified the
value of sales and only mixed crops farms were ldap@ minimize the drop because of the increase
of sales of vegetables. To this change of prodectiix, an adjustment in resource use and associated
costs was coupled. A general extensification trenmgbrged for small and medium farms, with the
general reduction in the use of technical means @ntarm labor. A significant exception was
observed for water pumping from wells, and userofugdwater, that grew in both groups of farms
because of the larger variability of the water jaed by the WUA. Also related to this change was
the rise of costs due to increase of purchased feelich was central in increasing production costs

and worsening the economic balance in dairy farinmedium and large size, and in large sheep
farms.

Table 8: percentage changes of land use (hecemds)udget components (000€) per group of farmldgies

Group of typologies Dairy '\él:,)é;g ;gxzs Horticultural Sheep Vineyards Large Medium Small
Artichoke -100.0 -78.7 - -86.9 - - -100.0 -86.9 -80.2
Other Vegetables -100.0 1.3 -100.0 -97.8 -27.3 -17.5 -100.0 -31.0 -7.5
Grain maize -100.0 -0.3 -5.9 -41.8 - -99.0 -99.5 -7.6 -10.6
Silage maize -45.4 - - - - - -45.4 - -
NI + CAP payments -27.2 0.6 -0.9 -15.9 -1.9 -0.1 -5.7 -0.7 -0.8
Crop sales -22.8 -0.6 -4.1 -26.1 -7.9 -0.1 -0.2 -2.6 -2.7
technical means -8.5 -2.8 -5.9 -31.8 -2.0 -0.6 -1.8 -4.7 -7.2
animal feed 386.7 - - - 28.8 - 386.7 25.0 -
extra-farm labor 7.8 0.8 0.0 4.0 -6.3 0.0 1.3 0.0 2.2
water pumping from well: - 9.3 14.3 5.4 1.8 -0.7 -0.7 8.9 5.2
Farm Labour (000 hours] -27.2 0.6 -0.9 -15.9 -1.9 -0.1 -1.2 -6.4 -4.5

4. DISCUSSION

The change in the biophysical and management ‘asativen by CCV was rooted in the end
of the seventies and was strengthened in the ksidd. Hence, in the near future scenario, when
farmers will be choosing among RDP measures foptatian to CC, they may face a greater
likelihood of major irrigation requirements andtaisility of the availability of irrigation water.drger
irrigation requirements were related to maximum gerature increases, while rises of atmospheric
CO2 concentration may boost yield. This mixturecbéinges reduced WUE of maize and alfalfa in
both states of normal and high irrigation requiratagwhich contributed to reducing the cultivated

area of those crops, since the farm sector oftthaiesl catchment was already operating in condstion
of binding water availability.
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The increased variability in the production of faedreased its purchases. This is consistent
with findings of other studies on the responseigdstock farms to changing climatic conditions
(Mosnier et al., 2009, 2011). The greater varigbil water availability provided by the WUA will
also increase the use of underground source thahtilel assumed stable. This response is consistent
with findings of Dono and Mazzapicchio (2010) anthes studies that examined the irrigation
decisions in contexts with different levels of uriaity (Calatrava and Garrido, 2005).

The greater use of groundwater increases the emagntal pressure of the farm sector. This
increased pressure has also other components keetauseduction in the use of chemical inputs, due
to the decrease in the cultivation of maize, hag arlocal effect. Actually, the increase in pursbs
of feed rises the environmental pressure in ardeserhose products are cultivated.

The reallocation of crops/cropping systems amorgy diiferent farm typologies does not
indicate a process of specialization given theease in cultivation of vegetables was observed only
in mixed crop farms.

Among other things, the small farms loose theirdpidion of other horticultural crops, which
reduces their sales, their net income, and thei@igamily labor. This will be generated on farthat

already have a limited economic size.

5. CONCLUSIONS

The changed climate variability which is being aled under Mediterranean conditions can
have relevant impacts on irrigated farming systeiiis®e expected changes in rainfall, maximum
temperature and atmospheric CO2 concentration farelevance for the development of adaptation
strategies also over a near future time frame. fitaig have profound implications for the formulation
of agricultural policy aiming to support adaptationCC.

This study identified the farm typologies to begtted for supporting their adaptation to CCV
in a near future time frame and relying on obserekchatic data. This is crucial for designing
effective responses at the policy level. In thiateat, water availability is strategic for Medit@nean
agricultural districts because of its value in r@dg the CCV vulnerability of cropping systems e t
context of temperature rise. In particular, it iraplthat more effective and efficient surface water
management would increase the adaptive capacityeofarm sector of the Mediterranean area under
CCV. It also suggests that more emphasis shouldjiben to improve the functionality of the
collective infrastructures of water storage andritlistion, and above all, the management of water
resources by the WUA at the catchment scale. Thieagrmental impacts of this investment can help
to reduce the pressure on groundwater extractibnsesquality is significantly deteriorating in ctas
areas. It may be therefore useful, among other mnegsto set the RDP of EU programs to assist the

WUAs in enabling management mechanisms of the veserthat, even beyond the catchment scale,
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allow compensating for the possible major alteoregi of meteoric influx and, therefore, of water
availability. However, it is evident that the limit resources of the RDP cannot be sufficient to
support the modernization of the collective struesuof water delivery, and a plan is needed for
modernizing these structures with specific funding.

It should not be neglected to support the reductiothe use of water resources that can be
included as part of the cross compliance rulesiltdrPL. This intervention must relate to fruit and
vegetable crops that are more typical of Meditezaan agriculture with programs based on Good
Agricultural and Environmental conditions that pataa reduction in water demand for horticultural
crops. However, this requires a reform of Pillawhjch amends the audience of farmers interested in
it, in fact, many fruit and vegetable farms are rgivangers to such payments and, therefore, also to
the constraints.

Specific attention should also be paid to the daaitle industry if this has to continue to be
maintained productive under Mediterranean conditiodndeed, the notable water requirement of
maize cultivations exposes this sector to instgbdf the water sources, and to increase in iragat
requirements of most intensive forage crops. liteisce important to sustain the research of altemat
solutions which may relate to alternative foragepesr which are more drought resistant, and/or
requiring less water, which may result in lessristee and external input dependent dairy farming
systems for Mediterranean areas. The implicatiamsstich changes are worth of further research
efforts.

Further research effort must also be devoted toaugthe capability of such cross-disciplinary
analysis, seeking for agricultural responses to inmderm changes in climate variability. For
instance, the modelling exercise presented ingaper ignored any possible effects of CCV on pest
and pathogen that, if increased due to CCV, woutthér increase costs for control measures. The
impact of CCV on other aspects of agricultural piitbn, such as the workability of the soil and the

living conditions of livestock, may also be worthdonsider.

ACKNOWLEDGMENT

This study was funded by the AGROSCENARI ReseandjeBt http://www.agroscenari.it) financed by the

Italian Ministry of Agriculture.

REFERENCES

Brown, R.A. and N.J. Rosenberg., 1999: Climate @beampacts on the Potential Productivity of Corml an
Winter Wheat in their Primary United States Growieggions. Climatic Change 41(1): 73-107.

Brunetti, M., Maugeri, M., Navarra, A., Nanni, 2002. Droughts and extreme events in regional dtlan
precipitation series. International Journal of Gltology 22, 543-558.

Page 18 of 20



Capri — 128" EAAE Seminar

New challenges for EU agricultural sector and rusatas.
Which role for public policy?

Brunetti, M., Maugeri, M., Monti, F., Nanni, T., @8. Changes in daily precipitation frequency argiriiution

in Italy over the last 120 years. Journal of Gewitgl Research 109

Calatrava J., Garrido A. (2005). Modelling waterrkeds under uncertain water supply. European Redéw
Agricultural Economics (June 2005) 32 (2): 119-1d@: 10.1093/eurrag/jbi006

Chavas D.R., Izaurralde R.C., Thompson A.M. Gac2R(9. Long-term climate change impacts on aguicalt
productivity in eastern China. Agricultural and &strMeteorology, Volume 149, Issues 6—7, Pages-1128.
Connor J., Schwabe K., King D., Kaczan D., Kirby, M009: Impacts of climate change on lower Murray
irrigation. The Australian Journal of Agriculturahd Resource Economics, 53, pp 437-456.

Coulibaly J., Sanders J., Preckel P., Baker T. 120Cotton Price Policy and New Cereal Technolagyhe
Malian Cotton Zone. Selected Paper prepared foseptation at the American Agricultural Economics
Association Annual Meeting, Pittsburgh, Pennsylaaduly 24-26, 2011.

Dhakhwa, G. B., Campbell, C. L., LeDuc, S. K. amabr, E.J. 1997. Maize growth: assessing the tsffet
global warming and CO2 fertilization with crop mdsléAgric. For. Meteorol. 87: 253-272.

Dono G., Mazzapicchio G., 2009:; Effetti della Rifa Fischler e influenze dei Cambiamenti Climatici
sull'attivita di irrigazione in un’area del Meditaneo, paper presented to XLVI Convegno SIDEA
“Cambiamenti nel sistema alimentare: nuovi probjestiategie, politiche”, Piacenza, 16-19 setten2@9.

Dono G., Mazzapicchio G., 2010 Uncertain water $uppan irrigated Mediterranean area: an analisythe
possible economic impact of Climate Change on & fsector, Agricultural Systems, Vol. 103, Issue 6

Dono, G., Marongiu, S., Severini, S., Sistu, Grta&tera, E., 2008: Studio sulla gestione sostend#lle risorse
idriche: analisi dei modelli di consumo per usigui e civili, ENEA, Collana Desertificazione - Ryetto
RIADE.

Easterling, W. E., Crosson, P. R., Rosenberg, NMdKenney, M. S., Katz, L. A. and Lemon, K. M. 109
Agricultural impacts of and responses to climatenge in the Missouri-lowa-Nebraska-Kansas (MINK)ioa.
Clim. Change 24: 23-61.

Garcia-Ruiz J.M., Lopez-Moreno J. |., Vicente-Seor&.M., Lasanta—Martinez T., Begueria S., Meditezan
water resources in a global change scenario, Baignce Reviews, Volume 105, Issues 3-4, April 20dges
121-139, ISSN 0012-8252

Hargreaves, G.L., Samani, Z.A., 1982. Estimatingepiial evapotranspiration. J. Irrig. Drain. En§SCE 108
(3), 225-230.

Hayhoe H.N., 1998, Relationship between weatheialbes in observed and WXGEN generated data series,
Agricultural and Forest Meteorology 90 1998.203-214

Liu, J., Wiliams, J.R., Zehnder, A.J.B., Yang, 007. GEPIC—modelling wheat yield and crop water
productivity with high resolution on a global scafgyric. Syst. 94, 478-493.

Madrau S. et al., 1981. Rilievo integrale dell’ackd ottubella (Sardegna nord-occidentale), Atti’'tiituto di
Mineralogia e geologia, vol. 2. University of Sassa

McCarl B.A., Spreen T.H., 1997: Applied mathemdtiPaogramming using algebraic systems, available at
http://agecon2.tamu.edu/people/faculty/mccarl-bimeespr/thebook. pdf.

Mosnier C., Agabriel J., Lherm M., Reynaud A. (2D0A dynamic bio-economic model to simulate optimal

adjustment of suckler cow farm management and natacks in France, Agricultural Systems 102: 77-88

Page 19 of 20



Capri — 128" EAAE Seminar

New challenges for EU agricultural sector and rusatas.
Which role for public policy?

Mosnier C., Agabriel J., Lherm M., Reynaud A. (2D1On-farm weather risk management in suckler cow
farms: A recursive discrete stochastic programnaimgroach. Paper prepared for presentation at tHeEE2011
Congress Change and Uncertainty Challenges forcAljure, Food and Natural Resources, August 30 to
September 2, 2011, ETH Zurich, Zurich, Switzerland

Niu X., Easterling W., Hays C.J., Jacobs A., Medrn2009. Reliability and input-data induced unagty of
EPIC model to estimate climate change impact omglaon yields in the U.S. Great Plains, Agriculture,
Ecosystem and Environment, Vol. 129, n.1-3: 268-276

NOAA (National Oceanic and Atmospheric Administoai, 2010: Mauna Loa CO2 annual mean data, Earth
System Research Laboratory (ESRL), available gi:/hww.esrl.noaa.gov/gmd/ccgg/trends/.

Priya, S., Shibasaki, R., 2001. National spatiabcyield simulation using GIS-based crop productioodel.
Ecol. Modell. 136, 113-129.

Tan, G., and R. Shibasaki, 2003: Global Estimatib@rop Productivity and the Impacts of Global Wargby
GIS and EPIC Integration, Ecol. Model. 168: 357-70.

Williams J.R., Jones C.A., Kiniry J.R., Spanel D.2989: The EPIC crop growth model, Trans ASAE 92Z:4
511.

Page 20 of 20



