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Abstract

This paper presents a regional model, based orivRoMathematical Programming,
which aims to evaluate the consequences of Fiscaélerm on the agricultural sector of the
Lombardy irrigated lowland (Northern Italy). The de main focus is to quantify the
agricultural land use changes due to the farmexstion to the CAP reform main issues, such
as single payment, and to simulate possible saendor the future. The model takes into
account also the Water Frame Directive principle®rder to combine the assessment of both
CAP issues and the potential irrigation water siggpteduction, which could deeply affect
the area. The model input are obtained by meanthefintegration between FADN and
SIARL (Agricultural Information System of Lombardyegion) information, in order to fit
the territorial dimension. The simulation resultd t different scenarios are discussed.

Key words: CAP modelling, Fischler Reform, Positive Mathematierogramming, Regional
model, Water Frame Directive
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I ntroduction

This paper expounds the application of a mathemagcogramming model to
evaluate the implementation of adjustment measairéise agricultural sector in the irrigated
Lombardy plains in the presence of economic andr@mmental events. Economic situations
are a direct consequence of the strong re-oriemtati the market determined by the Fischler
reform. The elimination of direct payments is irctféinked to the serious upheaval in the
European agricultural products market during regeats.

The vast availability of water has always been annfieature of this area and this
environmental characteristic has, over the cergutex to a flourishing agriculture based on
dairy cattle breeding, forage and rice crops.

In recent years, and especially since 2003, watses have often taken place. This
reflects on the availability of water for irrigatip especially during the summer. On these
occasions, farms in Lombardy have been forced abwith conditions of water shortage that
in some cases have caused decline in productias rdpetition of periods of water shortage
has moved regional authorities to take politicaliatives in the management of the water
resources in order to contain consumption.

The planned and implemented actions include anduwgmment in the efficiency of the
distribution network, the conversion of the irrigat systems to spray irrigation, the
adjustment of the water concession fees that alsalves the introduction of a “price by use”
and the reduction of water concessions to irrigationsortia.

The latter provision in particular is closely limkeéo the recent tendency of water
management regional policy to safeguard the integii the waterways, as demonstrated by
the will to maintain the so-calledow Flow Limitto preserve the aquatic ecosystems. The
possibility that the availability of agriculturalater supplied by the irrigation consortia could
be reduced makes it necessary to study what chamgeske in the production sector.

The objective of this paper is to relate the dyrenof agricultural prices with the
possible restrictions of the availability of agitcmal water. It is within this framework that
this analysis shall verify whether the productidrusture of the Lombardy irrigated plain
derived from the Fischler reform is compatible withe scenarios of water availability
reduction for agriculture.

Theoretical Framework

Positive Mathematical Programming (PMP) has shownsitlerable versatility in
recent years, being used in both sectorial andnegianalyses to evaluate the effects of both
the agricultural policies and those of the appiaraibf environmental policies to agriculture
(Rhom and Dabbert, 2003, Schmidt and Sinabell, 20@52006).

The reason of PMP diffusion are the advantagestalits positiveapproach. First of
all, the main contribution that PMP brings to thaigy modelling and, more in general, to
agricultural economics problems, is the capability maximizing the information of



agricultural data banks, available at Europeanl|esueh as FADN, REGIO, etc (Arfini et al.,
2003, Paris and Howitt, 1998). As a matter of f&¥]P methodology requires a lower bulk
of information in respect to other mathematicalgpeanming techniques and provides useful
results to policy makers even in presence of atdithiset of information, as it generally
happens when European agricultural databases agead Furthermore, using PMP it is
possible to exactly represent the situation obsertree total variable cost estimation makes
possible the reproduction of the observed farmcation plan and the decision variables
(total specific variable costs) that drive farmamsselecting such production plan (Paris,
2001). Another important advantage is the PMP testdntinuous change (depending on
farmers’ reaction), as a consequence of changinggemous variables (Buysse, Van
Huylenbroeck, and Lauwers, 2006). Hence, PMP caporeds with flexibility to a large
spectrum of policy issues, typically concerning thed use change, production dynamics,
variation in gross margin and in the other mainmecoic variables (costs, subsidies, etc.).

A large variety of literature and EU research prtgecan be mentioned in order to
prove the wide use of PMP in developing models abkssess the CAP reforms effects.

Many of them are based on “classical” three-phas# FBbrocedure, consisting in
(Howitt 1995a): (i) differential cost recoveringi) (non-linear cost function estimation, (iii)
setting of a non constrained production model, witim-linear (mainly quadratic) objective
function (alibration phase). In other words, the method assumes at prakimizing
equilibrium in thebaselinesituationand uses the observed production level as a basibd
appraisal of the third step non-linear objectivection coefficients.

Among all the PMP models developed to forecast fdmeners’ behaviour as a
consequence of Common Agricultural Policy refornag, regional level, it is worth
mentioning: (i) AGRISP (Arfini et al., 2005); (iCAPRI (Heckelei, 1997; Heckhelei and
Britz, 2000); (iii) FARMIS (Offermann et al., 20Q5)v) Madrid University model (Judez et
al. 1998, 1999, 2000)All of them share the assessment of the CAP impgaciugh the
forecast of the changes in the productive systam,td the new conditions imposed by the
policy. Arfini et al., 2005, in particular, invegtte the effects of CAP first pillar strategies on
Italian farms, taking into account their own teral context, with an approach which is
similar to the one explained in this paper.

At the same time, in recent years, especially dafterapproval of the so-call&ilater
Frame Directive(2000/60/CE), many PMP models have also been mmgahed, particularly
at regional level, in order to assess the impacte®f principles introduced by the normative,
on irrigated agriculture. (e.g. Bartolini et alQ(Z, Bazzani et al., 2005 and 2008; Cortigiani
and Severini, 2008). Main WFD novelties refer te #ull Cost Recovery, the Polluter Pays
Principle (PPP) and the use of pricing of watenc8iall of them aim to reduce water use and
water pollution, it is reasonable to think thatdbenstruments will deeply influence the
irrigated agriculture, one of the main water-conswnsectors.



The final goal of this paper is to combine in aqua PMP model the assessment of
both CAP issues and the potential irrigation watgyplies reduction, due to the WFD policy,
by linking the latter with the agricultural pricdgnamics.

Materialsand Methods
The Model
The model is based on the traditional phases dfip@snathematical programming:

1. Definition of a linear programming model where thed allocated to each production
process is the only constraint adopted. The margmst values of the soil factor in each
activated production process are obtained frondttaé structure.

2. Use of marginal costs of the soil factor, returnethe first phase, for the estimate of
the marginal cost curve of the entire system. Thuis/e is hypothesised as a quadratic
function with respect to the quantities produced adis integral expresses the total
variable cost of production.

3. The construction of a non-linear model (in thisafie case it is a quadratic function)
that has as its optimal solution the same appongprof land among the various
production processes set in the first phase.

4. Use of a non-linear model, accordingly constrainadhe basis of the availability of
the resources and the characteristics of the systepnefigure scenarios of production
choices and consequent land use.

This model is based on experience gained on a sagnpup of farm holdings, with a
number of innovative factors summarized as follows:

- The production units assumed includes agrariaronsgiather than farms. This choice
was based on several considerations. Firstly, thectaral conditions that influence
production costs depend to a great extent on theitons of the farmland: the pedo-
climatic conditions, the quality of the soil, theater availability and methods of
distribution, services, etc. This fact leads toenthat in agriculture, the contextual
conditions are important at least as much as thditons of the organization of the farm.
Furthermore, taking into account that in the modelsed on optimisation systems, such
as the one in this paper (linear programming, cateaddprogramming), only the variable
costs are considered, and the fixed costs thamastly due to structure are ignored, the
contextual conditions become the prevailing onesco8dly, the assumption of a
homogeneous land that includes all the relativen faolding factors considerably reduces
the distortions of the model due to the specifiafythe analysed farm samples and the
choices made by the farmers. In fact, a territcazdlysis, like this one, carries a strong
risk that the sample farm holdings are not suffitlie representative of the production
trends prevalent in the area of study, especiallihe case where the sample (FADN) is
already set. On the contrary, the assumption afah use of agricultural land highlights



exactly which crops are more suitable or simplysgae on that land on the basis of the
contextual conditions.

Finally, it should be remembered that in assumimg agrarian region, the rigidity of
determining the production alternatives in eachmfas greatly diminished. The main
rigidities are due on one hand to the needs fatimt that impose certain sequences in
the choice of crops, and on the other hand thergeteeds of the livestock, that restrict
the allocation of part of the farm land. In botlses, the assumption of the agricultural
region considerably reduces the rigidity.

- The FADN sample farms located in the agrarian megiare fundamental for the
acquisition of a number of economic quantities.sTikitrue for production costs and for
sales prices. The former are calculated by crop amdpared with the cultivated area
within the agrarian region. The latter are caledaas the average prices taken at the farm
level.

- Production unit N+1 is also present in the model agpresents the entire area of
study.

With reference to phase 4, given the non-lineaction f(x), the problem consists in
the search for the unknown values of vectan order to optimisd(x) given the constraints
assigned to the system. In this case, the fundbomaximise is the gross income of each
agrarian region, expressed as follows

(1) 1‘(x):i(pj —%ij} —sjjxj

=1

s.t.AX>Db
x>0
wherep; is the price of the product relative to thegrop gross of single paymemn,is the
productions vector®; is the coefficient matrix, ang the distance from the border solution.
Ax<bis a set of linear inequalities representing ttpgagions of the constraints, ar@ 0 is
the non-negative constraints of the variables.

In this model, a number of constraints have bed¢roduced on vectok to make
allowances for both the structural and land chargtics of the production system and the
analysis of the effects of a possible reductioragficultural water availability should the
regional sector authorities introduce concessistricdions to the irrigation consortia.

The constraints introduced in the model are desdri®low:

- The area of study is specialised in dairy productidhe diet is strictly based on
locally produced forage and this must be guaraniesh in the case of economic
instability that may affect other plant productiofsirthermore, the breeding of livestock
shows a strong stability even when there are stfargguations in the milk and meat
prices. On the one hand, the current system of quitlktas does not allow adjustments for



increasing the number of livestock. On the otherdhan the presence of possible drops in
prices, reduction in the number of livestock isyopbssible in the long term, after an
examination of the structural and not economic etspéthe price trends. For this very
reason, a constraint has been introduced that affoithe production quota (QL), present
in every agrarian region n and of the forage regments necessary to feed the present
livestock. The restriction for forage corn is akdas:

QL, (mv+mr)
y

wheremvandmr are the average annual feeding requirements of emd other livestock
respectively,y is the average annual milk production per cowy, is the current

(2)
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production of ground corn andis the percentage that indicates the allowed idedic
surplus level of production activated with resptexithe feeding requirements. In this
paperr=0.20.

- Similarly to corn, medicinal herbs represent feleat tis usually used in the feeding
rations of milk cows. For this reason, the produtionstraint is as follows:

QLev_
14
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whereevis the average annual requirement of alfa alfaheed in productionx,, is the
production of alfa alfa activated by the model grieultural regionn and q,_ is the
current production of alfa alfa.= 0.20 for this constraint too.

- With regard to grassland, we need to consider Hagacteristics of the agricultural
land of many areas of the Lombardy lowland. Hdre,fertile layer is extremely fine and

the gravel subsoil does not allow the cultivatioh asable land. Hence permanent
grassland is the only possible land destination tiie reason, a destination constraint has

been introduced for grasslands where the surfesigreesl to this cultivation,h”ip , IS not
lower than quota r of surfacBUP. , currently used:

nj, !

) SUR r<h,

In this case=0.80.
- Finally, a restriction relative to the water resmurhas been introduced for each
agrarian region n, and a reduction of 20% of theeru availability of agricultural water
as follows:
D F,0, <G, T

(4) i
where Fis the water requirement of thggrop of G and the current availability of water
in the ny agrarian region.



Data sources and model input

The input data for the territorial economic modeirked out for this paper are drawn
from two different data banks. They are therm Accountancy Data Netwof(kADN) and
the Agricultural Information System of Lombardy Reg{&ARL), which includes the land
use statements presented by farmers to obtain dsebsi The model requires farm
accountancy variables (FADN) as input and retunisrimation about the area allocated to
each type of agricultural land use, aggregatetiesub-regionallevel. This is made possible
by the main innovations of this methodology, itee two data sources integration, in different
steps of the model.

First of all, it is necessary to highlight that tidel runs on a territorial unit, called
agrarian region which represents the unit of tiseib regionalpartition made by the National
Institute of Statistics, to split out the Italiaand into homogeneous areas, according to
territorial and agricultural features. Hence, &k tinput data set have to be referred to this
unit.

The elaboration starts from the SIARL databasedll(municipality) level. The land
use information is aggregated at agrarian regivel land the results consist in a list of all the
agricultural land uses (Ha) of each agrarian region

At the same time, the FADN sample farms are agde€lga order to obtain a sort of
macro farmfor each agrarian regiomhich type of farming is obtained by the sum of the
agricultural activities of all the farms includeahile the accountancy results are drawn from
the average of the correspondent variables of faohincorporated.

The integration of the two sources is performedibking each SIARL agricultural
land use with the corresponding FADN agriculturatiaties, in order to attribute the
territorial features characterizing each agraregian.

Since the territorial connotation plays a key rioléhe agricultural policy analysis and
considering that the agrarian region representsnimemum homogeneous unit, from the
territorial viewpoint, the need of reproducing tteal agricultural land allocation among the
different production processes (and the associééetino-economic parameters) clearly
appears. The use of the SIARL information aboutatparian region land use allows both to
attribute the territorial dimension to the farmalaiggregate and to enhance the significance
of the FADN sample which, at sub-regional levelyrasher poor, due to excessive sample
fragmentation.

Table 1 shows the complete list of the model infautables and the respective source.



Table1- Mode input variables

Input variables Y ear Unit Source
Land uses 2008 ha/AR SIARL
Sold and re-employed production 2007 t/AR FADN
Variable costs for sold and re-employed
goods 2007 €/AR FADN
Sold goods prices 2007 €/AR FADN
Milk quotas 2007 t/AR SIARL
Subsidies and payments 2007 €/AR FADN
Water requirements 1993-2005 mmYAR  Gandolfi et al.
2007

Source: personal analysis.

Study area and FADN sample

The CAP analysis was carried out in a territorgghion using the watered low land of
a regiof situated in the North of Italy, Lombardy, as thaimfocus. This part of the watered
lowland (belonging to the Adda river basin) is 8@83 ha area and represents one of the
prominent agricultural districts in Italy. It howsa large part of the Italian farms (46,650
according to ISTAT, 2000), while the Utilized Aguitural Area (UAA) covers
approximately the 87% of the surface.

According to the SIARL database, the agricultuaid use in 2008 is ordered, as
follows: 283,938 ha oGrain Corn 93,255 ha oRice 76,831ha ofoft Wheat61,303 ha of
Forage Corn55,244 ha ofsrassland 46,800 ha oAlfa Alfa, 27,259 ha oBarley, 21,386 ha
of Hard Wheat 11,473 ha oSoya 6,995 ha oSet Aside§,657 ha ofSugar Beeaind 5,692 ha
of Tomato.

Furthermore, here are located several of the maxdugtive farms of the country
mainly devoted to cereal farming and milk cow bragd

The study area is bordered by administrative regdidimits on the East and West,
while the northern and southern boundaries folltveslimits of Irrigation districts which are
the territorial base unit of the irrigation wateamagement system of the region. The study
area contains 814 Lombardy municipalities whiclobglto the 4%&grarian regions Each of
them includes 10-20 municipalities and the regida®aA rounds 15,000 ha on average.

Due to the difficulties in founding data, the wanas carried out on sample of farms,
extracted from the EU-FADN database and referretheéostudy area. It includes 413 farms

! These inputs are calculated on1993-2005 periotheaaverage of all period irrigation seasons ay&ra
2 According with NUTS 2.



fairly distributed in the 45 agrarian regions oé tarea. The sample is representative of the
area as characterized by its main features desichidlew.

The most diffused Type of Farmihgre TF41Specialist dairyingind TF13Specialist
cereals, oilseed and protein crofdie former counts 144 farms of the sample (34.8%ikv
cover 40% of the sampled UAA, while the latter ud#s 119 farms (28.8%) and occupies the
25% of UAA. Also TF14, TF50 and TF 81 play an immoit role in the area and, together

with the previously mentioned Types of Farming, @omore then 95% of the UAA of the
sample.

Table 2 - Distribution of FADN sample far ms accor ding to Physical Size and Types of Farming
Physical Physical Farms(n)
Szeclass szeclass “Tpg TF13 TFS0 TF14 TF8L  Other  Total

(cod) (ha) TEL

1 <5 3 4 9 -- 20 37
2 5-10 14 20 9 5 4 14 66
3 10 -20 39 29 5 10 5 11 99
4 20 - 50 42 33 5 10 5 11 106
5 > 50 46 29 7 5 5 13 105
Total 144 115 35 31 19 69 413

Note: It includes TF 31,32, 34, 42, 43, 44, 60,82,

Source: personal analysis on FADN data.

As far as the Physical Size of the farms is coresrthey are fairly distributed in the
medium — upper classes, with 105 farms belonginthéoone which is larger than 50 ha.
Analyzing the farm size together with the type afing, the sample results distributed as
shown in table 1.

Results and Discussion
Hypothesised scenarios and analysis of results

Considering, on the one hand, possible increasdsaeases in the price of milk and
cereals, and, on the other, the possible reductidhe water availability for agricultural, 11

3 TF 14 grouping classes (Reg. (CE) 2003/3@%)cording to it, TF41 = Specialist dairying; TF13Specialist cereals,
oilseed and protein crops; TF50 = Specialist grarais; TF81 = Field crops-gazing livestock combin€814 = General
field cropping; TF71 = Mixed livestock, mainly giag livestock; TF82 = Various crops and livestocdmbined, TF31 =
Specialist vineyards; TF32 = Specialist fruit arnitus fruit; TF34 = Various specialist crops conuin TF42 = Specialist
cattle-rearing and fattening; TF44 = Sheep, goat$ ather grazing livestock; TF60 = Mixed cropping=72 = Mixed
livestock, mainly granivores.
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scenarios have been hypothesised The scheme ekdéimeined scenarios is given in Table 3,

while the results of the simulations are given ables 4.

In the absence of irrigation constraints, the asialpf price variation of agricultural
products shows different effects.

Table 3 - Scheme of examined scenarios

Scenario Price hypothesis Reduction of agricultural water
availability
SIM_01 20% milk increase no
SIM_02 20% milk increase yes
SIM_03 20% milk decrease no
SIM_04 20% cereals increase no
SIM_05 20% cereals increase yes
SIM_06 20% cereals decrease no
SIM_07 20% cereals decrease yes
SIM_08 20% milk and cereals increase no
SIM_09 20% milk and cereals increase yes
SIM_10 20% milk and cereals decrease no
SIM_11 20% milk and cereals decrease yes

Source: personal analysis.

Table4 - Land allocated to crop (current situation = 100)

CROPS SIM 01 SIM_02 SIM_03 SIM_04 SIM_05 SIM 06 SIM_07 SIM_08 SIM_09 SIM_10 SIM_11
Beet 100.2 99.9 104.6 8.8 1176 2137 - - 1306 1971
Alfa alfa 108.8 108.8 799 720 805 1254 1088 83.1 805 887 114.4
Durum 96.0 1050 1100 1189 1326 91.8 1819 789 1326 1367 163.7
Softwheat 93.8 104.8 109.2 80.3 1741 96.0 1314 1385 1741 1287 129.0
Corngrain 958 940 1034 1209 1068 97.8 726 121.8 1068 910 52.4
Forage 107.9 107.9 107.9 979 107.9 1044 107.9 981 1079 97.9 103.0
Barley 93.0 1053 1100 981 1132 79.4 189.4 452 1132 1394 171.9
Tomatoes 99.4 99.6 1015 41.6 29.0 169.0 1850 296 290 1211 170.4
Grassland 1352 1233 80.0 80.0 80.0 89.1 1187 800 800 80.0 1359
Set-aside - - 2.9 - - 157.4 - - - 2838 639.4
Rice 984 967 999 1058 542 865 441 751 542 729 649
Soya 951 931 104.4 - - 1611 4446 - - 2033 4158

Source: personal analysis.
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The variations in the price of milk produce an effeon the value of forage
transformation (corn grain, dried alfa alfa and np@nent grassland), without however
strongly influencing final production. This depernals the stability of the animal husbandry
production sector which is characterised by heaxgdf investments and therefore hard to
change in the short-medium term (SIM_01). In patéic with a decrease in the price of milk
(SIM_03), the effects are mainly evident in thosgrasan regions where the forage
production exceeds local requirements and consdguiie production destined for sale is
reduced (alfa alfa and grassland). In general enstindy area the production of forage corn
covers almost entirely the feeding requirementdaoins, therefore even with the loss of
competitiveness of the zootechnical products thiease necessary to guarantee supply self-
sufficiency is maintained.

The variations in the price of cereals (wheat, éarcorn grain, rice) seem able to
cause greatest changes in the production objeatigeable land surfaces. In the case of price
increase (SIM_04), corn (+21%) was the item mo$tcséd, followed by durum wheat
(+19%) which has undergone an increase in the Lomyialain since the introduction of the
new aid regime based on the single payment. THaciused for rice also increased. Other
cereals became relatively less competitive, dua limwver increase in gross income with the
increase in price: this is the case for barley softlwheat.

On the other hand, with the decrease in the priceeeals (SIM_01), we can see a
diversified withdrawal of the cereal surfaces, tgedor barley and durum wheat, less for
corn and soft wheat. It should be noted that legkespread crops such as beet, soya and
tomatoes are becoming more popular, despite threrudifficulties following the change in
the aid programme (this is the case for beet), we tb the fierce competition on the
international market (soya and tomatoes).

Finally, the allocation to set-aside, which in neicgears has undergone a drastic
decrease following the crisis of agricultural pgadiat hit the international markets. In the
case of the joint increase of the price of milk amdeals (SIM_08), it can be observed a
concentration of the production destination on cana soft wheat while a corresponding
decrease (SIM_10) shows an expansion of wheat anléyp characterised by a modest
contribution of capital and work, besides industti@ps and set-aside.

Figure2 - SIM_10variation in Grain Corn and Winter Cereals area
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The case of the introduction of the constraint gfialtural water availability
highlights the trend to shift towards crops withvér water requirements. So, comparing the
scenarios with the water constraint with respecthimse without constraints (SIM_02 vs
SIM_01, SIM_05 vs SIM_04, SIM_07 vs SIM_06, SIM_@3 SIM_08 e SIM_11 vs
SIM_10), the corn grain and rice crops show gredémrease, to the advantage of autumn-
winter cereals and grassland (Fig.1 and Fig.2).

Figure2 - SIM_11 variation in Grain Corn and Winter Cereals area

SIM_11 Grain Corn Variation SIM_11 Winter Cereals Variation
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In some cases, the agricultural water constragiirags a significance for the purpose
of sowing, equal to or greater than the price ¢ffEhis means, for example, that the increase
in the surface allocated to corn grain in casermepncrease (SIM_03) tends to cancel out if
introduced to the water constraint (SIM_04). Simyathe modest decrease in surface due to
the reduction in price (-2.2% in SIM_06), becomesasiderably greater if we introduce the
water constraint (-27.4% in SIM_Q07).

Both rice and corn lose approximately 50% of swgfazspecially in the presence of
both price decrease and water constraint. Sincke baips are widely distributed over the
study area, a loss of approximately 170,000 han@ied. Such loss can deeply change the
production profile of the Lombardy watered lowland.

In fact, scenarios SIM_07 and SIM_11 show a pradacsituation that if realized,
would risk creating a significant impact on the momic balance of the farm holdings. The
strong increase of the set-aside in the last tweoatos is also significant. Here, the set-aside
land exceeds the surface it covered during the -2200% period when the guarantee of EU
aid and the stickiness of the market re-orientafioocess had triggered the resort to the set-
aside.

Conclusions and Recommendations

The predictable scenarios due to price variatitvesvsa certain stability with regard to
the zootechnical matrix of the production structdree presence of animal husbandry makes
farmers less willing to make sudden changes tokiheé of crops they cultivate, especially

13



those crops used for forage. Cereal and indusiraggs are more sensitive: the transfer from
direct payments to a single payment makes the wefjkEU aid on the choice production
non-influential and the price variations may dete@ersignificant shifts in production choices.

It has to be underlined that the process of adjeistrto price variations foreseen by the model
has in reality certain forces that limit it and @ its occurrence. The price variations need to
assume the characteristic of structural variati@mg] not simply seasonal or economic, at
least as perceived by the operators of the sethertime periods between the selection of the
seeds and the sale of the product often exceegleargehence even significant price dynamics
not perceived as structural, such as those recdrdegeen 2007 and 2008, did not cause
equally significant variations in the distributioharable land in the area of study.

On the contrary, the results of the model relatovéne adjustments caused by a lower
agricultural water availability are to be considkeraore reliable. In this case, the supply of
water from irrigation consortia is quantified witlertainty and will be available in the same
quantities in the years to come. It would be neargsa long period in the future with few
margins of uncertainty where the availability ofterawould be reduced with respect to the
present time.

From the simulation results the possibility of avéw profitability in the agricultural
areas, under examination due to greater recoursenti@r cereals, grasslands and the re-
emergence of the set-aside, emerges. In short,wer lavater availability causes an
enlargement of agricultural production.

From the methodological point of view, the PMP nledie the one adopted in this
paper allow to give support not only for the segiolicies, but also for the environmental
policies that interact with the agricultural protian systems

References

Arfini F. Donati M. and Paris Q. (2003), A natior@MP model for policy evaluation in
agriculture using micro data and administrative oinfation, contribute paper to
international conference: Agricultural policy reforand the WTO: Where are we
heading?, Capri, June 2003.

Arfini F., Donati M., Zuppiroli M. (2005), Agrispun modello di simulazione regionale per
valutare gli effetti per I'ltalia di modifiche dellpolitiche agricoli, in Anania G. (Edla
riforma delle politiche agricoli del’'UE ed il negtato WTQ Franco Angeli Editore,
Milano.

Bartolini, F., Bazzani, G.M., Gallerani, V., Ragdil., Viaggi, D., (2007), The impact of
water and agriculture policy scenarios on irrigatagning systems in Italy: An analysis
based on farm level multi-attribute linear prograimgnmodels,Agricultural Systemsn.
93, pp. 90-114.

Bazzani, G., Scardigno, A., (2008), Un modello dnwdazione territoriale per I'analisi
economica dell’'uso dellacqua e della riforma ddHAC: una proposta metodologica e

14



prime applicazioni all’agricoltura pugliese, XLV @wegno di Studio SIDEA, Portici

(Italy).

Buysse A.,Van Huylenbroeck, G., Lauwers, L. (2006rmative, positive and econometric
mathematical programming as tools for incorporatdbmultifunctionality in agricultural
policy modeling Agriculture, Ecosystems and Environment, 120 (2007) pp. 70-81.

Cortigiani, R., Severini, S., (2008), Direttiva guwa n°60/2000 ed aumento del costo
dell’acqua in agricoltura: una valutazione d’impathediante modelli di PMP, XLV
Convegno di Studio SIDEA, Portici (ltaly).

Gandolfi et al., (2007), Governo dell'acqua in Lamtia verso gli standard europei.
Definizione e validazione tecnico-scientifica dedieioni prioritarie previste dal piano di
bacino idrografico. Parte B — Valutazione dei fablgni irrigui colturali e comprensoriali
su scala regionale. Fase 1 — Rapporto finale. IR&Rno.

Heckelei T., Britz W. (2000), Positive mathematipedgramming with multiple data points: a
cross-sectional estimation procedufghiers d’économie et sociologie rurales. 57,
2000, pp. 27-50.

Heckelei T., Britz W. (2005), Model based on pesitmathematical programming: state of
the art and further estension, in Arfini F. (Ed4pdelling agricultural policies: state of the
art and new challenges, MUP, Parma, pp. 48-74.

Heckelei T., Wolff H. (2003), Estimation of coratred optimization models for agricultural
supply analysis based on generalized maximum entiyropean review of agricultural
economicsVol. 30, pp. 27-50.

Heckelei, T., (1997), Positive Mathematical Progmang: review of the standard approach,
CAPRI Working paper, University of Bonn.

Heckelei, T., Britz, W. (1999), Maximum Entropy $geation of PMP in CAPRI. CAPRI
Working Paper. University of Bonn.

Howitt, R.E., (1995), Positive mathematical prognaimg. American Journal of Agricultural
EconomicsVol. 77, pp. 329-342.

Judez L., Gonzalez A., Ibanez M., De Andres R.,athqui E., Chaya C., Fuentes-Pila J.
(2001), Application of a model of PMP to analyse #ffects of the measures of Agenda
2000 in Spain, EAAE Seminar on Agricultural Sedwwodelling, Bonn.

Judez, L., De Miguel, J.M., Mas, J., Bru, R., (200dodelling crop regional production
using positive mathematical programmihgathematical and computer modeling35 (1-
2), pp. 77-86.

Offermann, F., Kleinhanss, W., Bertelsmeier, MQQ2), Impacts of the decisions of the mid-
term review of the common agricultural policy onr@an agriculture, Landbauforschung
Volkenrode, n. 53 (4), pp. 279-288.

15



Paris Q. (2001), Symmetric positive equilibrium lpem: a framework for rationalizing the
economic behaviour with limited informationAmerican journal of agricultural
economicsVol. 83(4), pp.1049-1061.

Paris Q., Arfini F. (2000), Frontier Cost Functipr&elf-Selection, Price Risk, PMP and
Agenda 2000, Programme CT97-3403 "Eurotools”, Waylapers Series, n.20.

Paris Q., Howitt R.E. (1998), An Analysis of Ill-8ed Production Problems Using Maximum
Entropy,American Journal of Agricultural Economias.80, pp. 124-138.

R6éhm, O., Dabbert, S., (2003). Integrating agrilanmental programs into regional
production models: an extension of positive matheralbprogrammingAmerican Journal
of Agricultural Economics). 85, pp. 254-265.

Schmid, E., Sinabell, F., (2005), Using the PositMathematical Programming Method to
Calibrate Linear Programming Models. DiscussiondPaplr.. DP-10-2005. Institute for
Sustainable Economic Development, University ofuxat Resources and Applied Life
Sciences, Vienna.

Schmid, E., Sinabell, F., Hofreither, M.F. (200@hasing out of environmental harmful
subsidies: consequences of the 2003 CAP ref&uen]ogical Economigsn.60, pp. 596-
604. Working Paper, University of Bonn.

16



