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1. Intr oduction Abstract production to semi-aban
Cotton is the most im An analysis is made of the impact of the latest reform of the EU Cotton rdgnment cotton produc
Lo ulation of 29thApril 2004, which will come into force in the 2006/07 seasoilON, which would involve
portar_1t |rr|gat¢d arable on the cotton production sectorAridalusia. Using an initial characterizatiora drastic reduction in in
crop in Anda|US_Ia (97.4% of producers based on a survey carried out in 2004, the impact of two pgligy usage (fertilizers, pes
of total Spamsh cotton scenarios is assessed: (a) the implementation of the reform without any Hes and irrigation wa
production), with an aver tional measures, and (b) the addition of a complementary environmentallys d h t Obvi
age of 92410 hectared?@sed area payment plus the modulation of the decoupled subsidy acco r)%an no harvest. Ubvi
9 Lo . “to the raw cotton qualityn the first scenario, the producers would reduee iQUSIY,  this  possibility

(Consejeria d@‘g”CUItur‘? puts to a minimum and leave the raw cotton in the fields. In the second sgeuld have a very nega

Pesca, 2004 -periodnario, the production of cotton would shift from conventional to Integratgge impact, jeopardizing
1999-2003-) being grown Production with a 30% reduction with respect to the current hectareage. |\ | devélopment in

by 9,200 farms. In addition Résumeé these irrigated areas as a
to its extent, cotton cuhi Cette étude analyse l'impact de la deraiégforme du réglement sur le cotorresult of an increase in un

Vatl_On in this Objective 1 du 29 avril 2004, qui sera appliqué en 2006/07, sur ladpction de coton en employment and a drop in
region has an undoubtecAndalousie (Espagnep partir de la caractérisation des pducteurs, on é ut provider (agro
relevance from a socialvalue l'impact de deux scénarios politiques: (a) 'application de la réfor ical hi
point of view employing Sans meses additionnelles, et (b) l'raduction d'un paiement sur base envichemical, macninery
e YING " onnementale en plus du désaccouplement des aides selon la qualité du &&&fs, etc.) and ginning
1.47  million men-days Dans le pemier scénario, les agriculteurs réduiraient les intrants au min"ndustry incomes.
(Farm Accountancy Data mum et abandonneraient le coton. Dans le deuxiéme scénariodaction Within this framework
Network, 2000) and two- de coton serait réalisée dans le cadfe la gestion intégrée, avec une rédu<fhe first objective of th’e

i tion de la surface cultivée égale a 30%. .
thirds of the total farm U u ultivee eg 0 paper is to analyse the

labour generated from iri _ foreseeable impacts of the
gated extensive arable crops (Arriaza et al,, 2000, Rgnjementation of subsidy decoupling and check the above
driguez and Ruiz-#lés, 1996). Furthermore, the cotton,ynothesis regarding the breakdown of the Spanish cotton
Iprodu'ctlon |nvoI\_/es a complgex economic sector of iNpWecior

supplier companies and 27 ginning firms. In order to prevent crop abandonment, two additional pol

This study analyses the economic viability of the cottqpy, measures might be considered under the new rules:
cultivation in Spain after the implementation of the Goun ;" p supplementary crop-specific environmental area pay

cil Regulation (EC) No 864/2004 of 2%pril 2004 in the  ment to encourage a shift from conventional production
season 2006/07. Following the dgcoupllng of the subs_ld_lestO integrated productiofthis new payment could be jus
of this reform, the producer receives 65% of the subsidiesiifieq due to current environmental problems, especially
obtained during the reference period (2000-2002) as a fixethon-point source pollution, related to the current inten
payment of 1,509 €/ha, for an eligible area of 70,000 ha,gjye yse of fertilizers and pesticides in this crop.

and 35% as area payment (up to 1,039 €/ha). In ordef 10 re The modulation of the cotton area payment to a maxi

ceive this area payment, the produger does_not need-to hag,um of 50%, according to the quality of the raw cotton
vest the raw cotton; the only requirement is to reach they,5¢ producers sell to the ginning companies.

open capsule stag&his requirement would make it more The second objective of the paper is to evaluate the con

profitable for most producers to shift from conventionalgnience of both measures and consider thigcisfon the

cotton sector
* This research has been cofinanced by Instituto Nacional de InvestigaThe paper is structured as follows. Section 2 analyses the

cion y TecnologigAgraria y Alimentaria (INIA/ RTA04-086) and by il L
the Spanish Ministry of Science afidchnology through the project current and future profitability of raw cotton production in

MULTIAGRO (CICyT / AGL2003-07446-C03-01). Corresponding Spain. Section 3 introduces the theoretical model employed
author: manuel.arriaza.ext@juntadeandalucia.es to simulate the behaviour of cotton growers who face the

* Centro de Investigacion y FormaciggrariaAlameda del Obispd\- : : : : :
rea de Economia y Sociologhgraria, Cordoba. various policy scenarios proposed. Section 4 describes the
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S!mU|at|0n results. Finallysome conchu Figure 1.Relationship between variable costs and yields in cotton cultivation
sions are drawn.

Raw cotton price with coupled

/ subsidy (average 2001-2004)

2. Economic analysis of cotton 10 .
cultivation in Spain 105 4 \

The first step to define the market beha
iour is the analysis of the most importar
variables and of their interrelatiori® bet
ter understand the model, the four equatio
and their variables will be illustrated seps
rately.

2.1. Souce of data

The database of an accounting compa
containing data on 125 farms for the se
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to input dosage (water and fertilizer) we Vield of raw cotton (kg/ha)
estimated from thé&ndalusiamgricultural
Experlmente_ll Network (RAEA) t”als- Fi Source: Data on variable costs and yields of 73 farms during the period 2000/01-2002/03
nally, a mail survey carried out in 200
through the EAGGF regional boarddet _ costs therefore does not consider either farm size or any
ed the census of cotton producerdimdalusia, which had other structural characteristic, but exclusively cotton yields,
a response rate close to 10% (835 valid questionnairegy,the following figure shows (Fig. 1).
made it possible to build a typology of farmers to distin The average cotton price that producers received with the
guish among dferent responses to agricultural policy-sceyrevious coupled subsidgnd the inverse nonlinear rela
narios according to individual utility functions. tionship between variable costs and yields shown in Figure

2.2. Cotton variable costs per yields 1, mean that for most cotton producers, the_opt|m_um strat
e%/ has been the maximization of production (yields in
a

Statistical analysis of the data revealed ;hat vari_able co se). Howevefollowing the reform undertaken April
per kg of raw cotton depend on cotton yield, which |tse§004’ the price of raw cotton for EU producers in the

depends on the farm irrigation system (grawsigrinkler or  5446/07 season would not be able to cover their variable
drip) and the type of sowing (with or without plastic PrOcosts. Even assuming the maximum world price in the

tection). The following table summarizes the results of then1_>004 period, only producers with yields above 5,600
statistical analysis @b ;)' . ka/ha would do it. In the survewhich returned 835 valid
Furthermore, according to these results, the size of 'fi' estionnaires, only 2% of producers match thigetafhe
cotton plot has no &ict on either variable costs per unit Ofyiiia| conclusion becomes straightforward: unless some
output or yield.The analysis of the production variables corrective measures are introduced, Spanish
cotton cultivation, or at least its harvest, will
Table 1. Statistical relationship samong econonic, structural and production variables come to an end @b 2).

Yield Areaof alltivated Sowingwith Type ofrrigation As the data suggest, pes_t|C|des and peS“C'de
(kgofraw cdton plati cproted on sygem management are the most important costs, rep
cattorvha) (ha) (ye¢no) (G.S,D) resenting approximately one fourth of total
Correlation analysis Analysis of variance Varlable COS_tS:, fO_”OWGd by ploughing, har
Varidle coss vesting and irrigation costs, each of them rang
(€/kg of raw r=-0.803 r=-0.111 F=1.98 F=1.97 ing between 15 and 17% of the totéhe use
cdton) p-vale-0.00*  pvalues0291 | pvale0.162  pvalue=0.106  of plastic for the protection of the plants at the
vield (kg of = 0.073 - 647 F= 30.60 initial stages represents soniA of the costs.
ra,vcdto?ma) pvalue=0.077 | p-valie=0.012* p*/alue;gggoe* _ If the price of raw cotton falls to a level sim
(menD>S=G) jir to that of the world price, a significantre
lgggravity:S?SRffink'?: D_:dripd,ﬁ o duction in use of plastic, fertilization, pesti
- SionCant A 0.0 larel g EmERS: cides and irrigation can be expected. Even so,
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Table 2. Structur e of catton variab | e cods by sowing technique and irrigation s ystem (€/ha)

such a reduction would not

- _ : bring variable costs below the
Group Concep Gfa"ty ?p””k'er '_3”’3 product price, so the rational
No plastic ~ Plast. No plastic Past. No plastic  Plast. decision would be to sow cot
oods Too ton with a drastic reduction of
all inputs and not to harvest it
Purchese Fetili z&s 203 in order to optimize the area
ofinputs | pegic des 430 payment of 1,039 €/ha, for
Matrials 16 136 16 136 16 136 which the only requirement is
Sowing 57 110 =7 110 = o O bring the crop to the open
capsule stage but not to har
Fatili ztion % vest it.This new activity is de
Crop Sowing; plastichanding 0 122 0 122 | 0 122 scribed in our”study as “semi-
ks | Plougting 328 abandonment”.
Irigation 228 228 383 33 | 202 22 2.4, Crop profitability
Pedid demanagemen 96 Taking into account the vari
Havesing 278 319 263 288 | 352 388 able costs of cotton and the
Misc  Insurancefinarcial coss... 65 average raw COt'[OF.l pnc.e that
farmers have received in the
Total variable cost$€/ha) 1,838 2,174 1,978 2,298 1,976 2,307 preViOUS three years, it turns
Yield (kg of raw cotton/ha) 3,018 3,469 2,860 3,129 3,831 4217 out that cotton cultivation has
Source: Datafrom 125 farmsduring the period 1999/00 © 2002/03. been a relatively prOﬁtabIe ac
*Rows with only one data imply equal costs for all type of farms. tivity in Comparison with oth
er irrigated extensive arable
crops in Southern Spain
Table 3. Catton profitabi lity in Spain in 2002 -2004 with coupl ed subsidy (mainly maize and sugar beet), as
Graity Sprinkler Drip Table 3 shows.
_ _ _ This higher profitability in com
No plastic Plast. No plastic Plast. No plastic Plast. parison with maize and sugar beet
Raw cattonyield (kg/ha) 3,018 3,469 2,860 3,129 3,831 4217 has compensated producers for
Total varidlecoss (€ha) 1,838 2,174 1,978 2,298 1,976 2,307 the higher level of risk associated
Sakeof raw cdton (1.01€/kgy* 3,048 3,504 2,889 3,160 3,869 4,259  with cotton production due to the
Grossmaugin (€ha) 1,210 1,330 011 862 1,893 1952 fluctuations in world fibre prices
_ _ _ . . . and crop yields. In order to esti
* Averageprice received by Spanish farmersin 2002-2004 (Dir ectorate-General for Agriculture). . . .
Source: Yields from suvey in 2004 and total variable costsfrom accainting data firm. mate the prOfltablllty of this crop
in the future, we calculate the
o _ o _ o gross mayin for the minimum,
Table 4. Cotton profitabi lity of conventional cultivation after decoupling of subsidies maximum and average prices for
Graity Sprinkler Drip the past four seasons, as shown in
No plastic ~ Plast. | Noplastic No plastic | Plast.  No plastic Table 4.
: The above tables enable us to
Raw cottonyield (kg/ha) 3,018 3,469 2,860 3,129 3,831 4217 4raw some conclusions about the
Cottonfibreyidd (kg/ha) 966 1,110 915 1,001 1,226 1,349 continuation of cotton production
Famer’s total varisblecoss (€/ha) 1,838 2,174 1,978 2,298 1,976 2,307 in Spain:
Ginring coss (€/ha) 363 417 344 376 460 507 e For most producerS, a cotton
Saleof cdatonseed@€/ha) 261 300 247 270 331 364 area payment of 1,039 €/ha and
Saleof cdton fibre -min pr- (€/haj 744 855 705 771 944 1,039 average world prices do not cover
Saleof cdton fibre—ave pr- (Ehaf 985 1,132 934 1,021 1,250 1,376 their total variable costs.
Sakeof cdtonfibre—max pr- (€haf | 1,255 1,443 1,190 1,302 1,594 1,754  * Even for high world prices, only
Areapaymert (€ha) 1,039 1,039 | 1,039 1039 | 1039 1039 farms with drip systems would
Gross marginmin pr- (€/ha) -157 -397 331 594 -123 371 achieve a gross ngin similar to
Gross margin-awer pr- (€/ha) 84 -120 -102 343 184 34 that of maize. For prOdUCtion Sys
Gross margin-max pr (€/ha) 354 101 154 63 527 344  tems, the gross m@in is close to

* Ginning costsprovided by twoginneries.
% World minimum price of 0.77 €/kg, average of 1.02 €/kg and maximum of 1.30 €/kgfor tie period 2001- 2004.

those of wheat and sunflower
both of which crops have much
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Table 5. Economic r eiltsfor the semi-abandonment sytemof cotton production ~ f€sources among the production units, allowing
combinations of resources that are not possible in

Group of %ofcos Sowing without plasti ¢ the real world.The final result of these models is
s Type of cds redictiorn* ; ; ; ; ;
o Gravity  Sprinkler Drip  that the value obtained for the objective function is
Seeds 63 38 38 38 always_u_pwardly biased and the values_ obtaine_:d
Input —f e 88 | 25 25 25 for decision variables tend to be unachievable in
urchase ;
PEay | Pesiddes 88 | 54 54 54 real life (Hazell and Norton, 1986).
Materials 75 4 4 4 This aggregation bias can only be avoided if the
_ > 1 i 1 farms included in the models fulfil strict criteria re
Sowing X garding homogeneity (Dayl963): technological
Fatili ztion 50 18 18 8 h . ibiliti ; ducti
50 0 0 0 omogeneity (same possibilities of production,
Croptasks | SOV % Plasichanding N o1 o1 same type of resources, same technological level
(€/ha) | Ploughing and same management capacity), pecuniary pro
Irrigation 58 95 159 122 portionality (proportional profit expectations for
Pesi ddemanagemen 8 |12 12 12 each crop) and institutional proportionality (avail
Hawvesing 100 10 0 0 ability of resources to the individual farm propor
Misc 67 33 33 33 tional to average availability).

As noted above, cotton production in Spain is

i 411 47 4 . . . L.
Total variable costs 6 38 concentrated irAndalusia, more precisely in ifri
Gross margin@reapayment-total variable costs) 628 563 601 gated areas of the Guadalquivir river valréhis is
* Average reduction from a panel of experts. a relatively wide territory (approximately 250,000

ha) which can be divided into two sub-areas: High
lower production costs and more stable world prices. Guadalquivirincluding farms in the provinces of Jaen and
Under these circumstances, current cotton production addrdoba, and Low Guadalquiyvin the provinces of Seville
all related social externalities favouring rural developmenind Cadiz. Each sub-area can be regarded as fairly-homo
seem to be at risk, since any C(gBreals, oilseeds and pro geneous in terms of soil quality and climate, and in each
tein crops) alternative is more attractive from an economgtib-area the same range of crops (including cotton) can be
and management point of vieWlowever the continuation cultivated and have similar yields. Furthermore, all the
of cotton in Spanish fields as a semi-abandonment proddigrms within these sub-areas operate the same technology
tion system does seem to be possible. Under this assurapa similar level of mechanization. Given these conditions,
tion, cotton would be sown and managed with minimuna can be assumed that the requirements regarding techno
use of inputs, as shown Trable 5. logical homogeneity and pecuniary proportionality are ba
Given the gross mgins inTable 5, rational economicbe sically fulfilled.
haviour would be to sow cotton and leave the crop in then view of the existence of fafient capital and labour
field. This semi-abandonment of the cotton cultivation-is snarkets, the constraints included in modelling this system
lightly more profitable than sowing CQfPops. have been limited to the agronomic requirements (crop ro
Now that we have established the impact of the @AP tations) and the restrictions imposed by the ComAupit
form on cotton production profitabilityand thus how this cultural Policy (set-aside land, sugset quotas, etc.) that
new Regulation actually jeopardizes the future of this seare similar for all farmsThe requirement of institutional
tor, we attempt to simulate the productive behaviour of cqsroportionality may thus also be regarded as having been
ton growers in order to quantify the foreseeable impact omet.
areas sown to cotton and other related indicators. We can thus see that agricultural systems of this kind can
be modelled by means of a unique linear program with rel
3. Methodology atively small problems of aggregation bias. Howegiteis
. . . essential to note that the requirements discussed above have
3.1. Key elements of simulation modelling been outlined from the point of view of neo-classical eco
Before the proposed methodology can be discussedndmic theory which assumes that the sole criterion on
brief presentation of the elements on which it is based is (ghich decisions are based is profit maximization. If amul
quired: i.e. the classification (aggregation) of farmers int@.criteria perspective is being considered, an additional ho
homogeneous groups and the scenarios proposed for cofifdyeneity requirement enges in order to avoid aggrega
sector regulation. tion bias; viz., homogeneity related to choice critéftas
Aggegation bias and cluster analysis kind of similarity has been implicitly assumed in studies

Modelling agricultural systems at any level other thaf@sed on a unique multi-criteria model for the whole set of
that of the individual farm involves problems of aggregdarmers in the area being analyzed (e.g. Gomez-Limén and
tion bias. In fact, the introduction of a set of farms in-a y\rfiaza, 2000). _
nique programming model overestimates the mobility of Nevertheless, the experience that has been accumulated
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Table 6. Comparison of previous cotton situation and poli cy scenaios in thesimulation

Single Additional area
In force Coup_led producer's Area payment payment for
subsidy integrated
payment ’
production
Befaerefom End 106,3€/100 0 0 0
of April 2004 | 31/Dec05 kg
Afterrefom From
of April 2004 01/Ja06 0 1,509€/ha 1,039€/ha 0
(Scenario A)
Alt ernative 1,558~ 550
scearp Unde 0 1,509¢ha  ¥hademndng 5550,
. dsasson on raw catton
(ScenarioB) quality

in this field leads us to suspect that the decision criteria
farmer homogeneity do not reflect the normal situation i

real agricultural systemsThis suspicion, as will
cussed belowhas been confirmed by a

be dis

survey of the area analyzed. In fact, tt Figure 2.0utline of methodology

tained in this way in each sub-area can be
regarded as “fixed” in the medium and long
run. As noted above, the decision criteria
are based on psychological features of the
decision-makers, which is why they may be
regarded as producers' structural character
istics. In fact, these psychological features,
and thus the criteria, are unlikely to change
in the near futureThis means that the -se
lection variables chosen allow farmers to be
grouped into clusters irrespective of any
change in the policy framework. In other
words, once the homogeneous groups of
producers have been defined for actual data

rop mix), we can assume that all elements inside each
oup will behave in a particular way when the policy-vari

decision criteria are primarily based op=——
psychological characteristics of the dec| .
sion-makers, which diér significantly | 2
from farmer to farmerAccording to this
perspective, the dérences in decision-|
making (crop mix) among farmers in th|* .3
same production area must be primarif
due to diferences in their objective func |
tions (in which the weightings given te d
ifferent criteria are condensed), rath|
than to other dferences related to the
profits of economic activities or dispari
ties in resources requirements or endo'
ments.
In order to avoid aggregation bias re| =
sulting from lumping together farmers|
with significantly diferent objective
functions, a classification of all farmer
into homogeneous groups with similar d
cision-making behaviour (objective func
tions) is required. For this issue, we hay _
taken the work of Berbel and Rodrigue|
(1998) as a starting poinAs pointed out
by these authors, we can assume that i/ -
homogeneous agricultural area anyetif |
ences in the crop mix among farmers wi| %
mainly be due to their diérent manage |
ment criteria (utility functions) rather thar | !
to other constraints such as land qualit |
capital, labour or water availabilityhus,
the surface (in percentage) devoted to t .
different crops (proxies of the real crite |
ria) can be used as classification variabl |
to group farmers using the cluster tecl|
nique, as required for our purposes. ;
In this respect, it is also important t
note that the homogeneous groups ¢l

Cotton growers'
socio-economic
variables

Cotton farms'
structural
variables

Real (observed)
decision-making

v

Cluster
analysis

v

Cotton farm

typology
(farm type 'k')

v

Synthesis of private criteria:
MAUF definition
(farm type k')

v

Decision
model
(farm type k')

Decision-making
(farm type k')
Crop

decision
(farm type 'k')

v

Policy-makers' attributes
(public criteria)

Cotton regulation
policy scenarios

Aggregation of all cotton farm types

Aggregated
economic impacts

v

Aggregated
environmental impacts

Aggregated
social impacts
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ables change; that is, crop-mix decisions will be modifiestant in the medium and long ruiifis assumption is a key

in a similar fashion by all farmers within a clustaithough point of the methodologysince the estimated utility func
such modifications would d#r among the individual tions are assumed to be those that the farmers in eaeh clus
groups defined. ter will attempt to maximize in the future, under any-sce

Scenario poposals for cotton sectoegulation nario that they will need to face. . .

The forthg}%ﬂng CAPscenario, wh?ch envisages theTThe thlrd_sta_ge of the study pe_rforms the simulations.
price of raw cotton falling to the world price level and a ful 1 NUS: considering from the regulation for the cotton sector
ly decoupled area payment of 1,039 €/ha (Scerids scenarios already explained, the decisions taken, i.e. crop

compared with a scenario (Scenario B) with an addition ixes, by the clusters of farmers were obtained in the dif
rent cases.

“environmental” area payment of 352 €/ha for producin th : btained in th del simulati
cotton under an integrated production regime and with thd "™ the crop mixes obtained in the model simulations

maximum modulation (50 per cent) of the area paymeWte.an"’.‘lyze certain attributes_ to measure the impacts_of the
(1,039 €/ha), according to the Council Regulation (EC) I\R)ollcy instrumentThese are |nd|cat(l)_rs relevant to policy-
864/2004 This modulation would mean an area payment §fKers from an economic (farmers' income and the budget
1,559 €/ha for producers whose cotton produces the b gfden), social (direct employment generated in the agri

quality cotton fibre and 520 €/ha for those that do not hatU tural sector) and environmental (fertilizer and water con

vest the raw cotton in the fiel@he table 6 compares bothSUMPtions) point of viewrhe calculation of these attributes

scenarios with the situation before the latest reform. At aggregated (national) level and the analysis of the ef
ciency of the economic instrument proposed will be the

3.2. Outline of methodology core of the fourth stage of our methodology

On the basis of the key elements identified above, the3. Multi-criteria pr ogramming approach
methodology adopted by this study can be graphically dis :
27 . . As opposed to the neo-classical approach, we have as
played as in Figure According to this plan, the proposed med that not only profit determines the level of farmer's

methodology can be divided into four principal stages, %%Iity, but that other attributes such as risk, leisure time,

outlined below - : : '
management complexjtgtc. are also involved in farmers

The first stage diérentiates among the tlifent groups . : : . : .
- ecision-making. For discussions of MCDM techniques in
of cotton growers to be analyzéthese groups, as has beerggriculture sednderson et al. (1977), Hazell and Norton

observed, should be didiently homogeneous in their de
o . . L o 1986) and Romero and Rehman (1989).
cision-making behaviour (weighting of the ObJeCt'VeS'COA aking into account the evidence about how farmers take

o e e eraoe 4 M decisons whie tyng to simtaneously optmize
. range of conflicting objectives, we have proposed Multi-
farmers was performed by the cluster analysis referred'&rﬂoute Utility Thgory J(MAUT) as the thegregcal frame

above. . . .
. wark for the MCDM programming modelling technique to
Once homogeneous groups of farmers have been defined, implemented. MAUT particularly as developed by

the second stage builds the mathematical models. For e %ney and Raf (1976), has often been claimed to have

cluster a diferent multi-criteria model was developed, ”}ﬁwe soundest theoretical structure of all multi-criteria-tech

order to allow independent simulations based on the degj .
sion-making behaviF:)ur of the various groups of farmers dques (Ball_estero_and Romero, '199&).the same time,
om a practical point of vievthe elicitation of utility fune

be run. ons has presented manyfuiflties. In this papemwe have
I

oot e s n e hster s tlowea & metnodology that s 1 ovecore tese.im
groy ions, assuming some reasonable simplifications.

are homogeneous in the way in which they consider the o

jectives thaf[ _they W'S.h to achl_eve. I'n_other w_ords, a ur"q\’lr(?’ultiple criteria to a cardinal function that ranks alterna
objective utility function in their decision-making can c-hartives according to a single criteriofhus, the utilities of n

thﬁ;’;ﬁeﬁ? f}igolzt];ﬁl{ m?urﬁ Ctt?g:] T;kgz Cuhp Sﬁg?eflgvﬁ?rb eattributes from dferent alternatives are captured in a guan
Y itative way via a utility function, mathematically =

. A . . . . |
nmei?eseucst:gg the multi-criteria procedure described in ﬂI'L%(xl, C, ..., ¥, whereU is the Multi-Attribute Utility

Estimates of the respective utility functions were obFunCt'On (MAUF) andx are the attributes regarded by the

. . cision-maker as relevant in the decision-making process.
talned_ by 'models fe_d'w'lth data gathered for the curre ?f the attributes are mutually utility-independent, the for
CAP situation. Here it is important to note that we assu

that the utility functions obtained at this point can be r ulation becomes separablel = f{u,(x), U(xy), ...

L(X1)}. In modelling the agricultural sectoamong the
_gar(_jed as a s_tructural feature of each cIuABerthe|se 0b family of separable utility functions, additive functions
jective weightings are the result of the farmers' own at(%l]

iy : . ve often been adoptethis study has also opted to ol
tudes, itis reasonable to assume that they will remain ¢ Qaw this approach, and it bases its analysis on mathematical

he aim of MAUTIs to reduce a decision problem with
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models using an additive MAUF as the objective functiomethodology described abovehis analysis enables us to
These MAUFs take the following mathematical form: assess the importance of each objective in the decision-
N making process for each homogeneous group of cotton
=Swulr) oi=1.m- (1 growers. In this wayTGM andTVC will be the attributes
Y, :21 U J)’ Lo @ that would be included asgaments in the MAUFs of the

individual clusters of farmers.

where Uj is the utility value of alternative j, wi is the weigh T .
of attribute i and ui(rj) is the value of the additive utility dueL)"A" MAUF elicitation technique
to attribute i for the alternative j. Once we have agreed to use additive linear utility func

In an additive MAUF alternatives are ranked by addingions, the ability to simulate real decision-makers' prefer
contributions from each attribute. Since attributes are me&ices is based on estimating relative weightiiés have
ured in terms of dfrent units, normalization is required toselected a methodology that avoids the necessity of a
enable them to be addefihe weighting of each attribute process of interaction with farmers, and in which the utility
expresses its relative importance. function is elicited on the basis of the revealed preferences

Although the additive utility function represents a simpliimplicit in the real values of decision variables (i.e. the ac
fication of the true utility function, the mathematical formtual crop mix). The methodology adopted for the estimation
Edwards (1977), Farmer (1987), Huirne and Hardakéf the additive MAUFs is based on the technique proposed
(1998) anddmador et al. (1998) have all shown that the adn Sumpsi et al. (1997) and extended Ayador et al.
ditive function yields extremely close approximations t61998). It is based upon weighted goal programming and
the hypothetical true function even when the conditions RS previously been used Ayriaza et al. (2002), Gomez-
utility independence are not satisfied (Fishburn, 198Rimon et al. (2002 and 2004) and Gémez-Lim6n and-Ries
Hardaker et al., 1997). go (2004).

Having justified the use of the additive utility function, In order to avoid unnecessary repetition, we refer to the
we take the further step of assuming that the individual d&apers mentioned above for details of all aspects of this
tribute utility functions are lineaHence, the expression (1) multi-criteria technique. Here, we wish only to point out

becomes its simplest mathematical form: that the results obtained by this technique are the determi
n nation of the weighting of objectives (wi) that imply utility

U = Zwiri. - j=1...m- (2) functions that are capable of reproducing farmers' behav
=2 iour as actually observeds Dyer (1977) demonstrated,

the weights obtained are consistent with the following sep

where rij is the value of attribute i for alternative |. arable and additive utility functions:

This formulation implies linear utility-indi€érent curves,

a rather strong assumption that can be regarded as a-close J W,

nough approximation if the attributes vary within a narrow U= z—fi(x) --03

range (Edwards, 1977; Hardaker et al., 1997, p.16%). =1

therefore adopt this simplification in the elicitation of thavhere ki is a normalizing factor

additive utility function. .. .

Finally, from a theoretical point of vieit is worth mea  3-9. Models for scenario simulations

tioning that in addition to the theoretical advantages of thisn order to simulate the various cotton regulations- con

approach explained above, the additive-linear utility spedidered, we have decided to estimate optimal crop-mixes in

fication used in this paper has been chosen on the basigath case (groups of cotton growers and policy scenarios)

a comparison with other specifications, as explaingstin through the individual mathematical models developed.

riaza and GOmez-Limén (2003). These models include a set of decision variables represent
After a survey of the study area, we concluded that cottorg the surface devoted to each crbipus, the cotton grow

growers choose a crop distribution that takes the followiregs' production adjustments as they factediht policy s

objectives into account: cenarios are based on substitution of crops, depending on

» Maximization of total gross magin (TGM), as a proxy of their contribution to the farmers' MAUFs.
profit. TGM is obtained from the average crop gross-mar At this point it is necessary to point out that it is possible
gins from a time series of seven years (1993/1994 tmsow cotton with minimum use of inputs and to leave it in
1999/2000) in constant 2000 euros. the field.We have called this new activity “cotton in semi-

» Minimization of variable cost (TVC)lhis objective im  abandonmentTwo further cotton production possibilities
plies not only a reduction of costs but also a decreaseexist: the conventional system (“conventional cotton”),
risk assumed by farmers and a reduction of managerial without the 352 €/ha environmental area payment iR Sce
volvement (variable costs-intensive crops are most riskwario B, and the integrated system (“Pl cotton”), which in
and require more technical supervision). cludes that area paymemthe modulation considered iR s
These objectives, which are selected a priori, were arm@nario B applies to all three cotton production possibili

lyzed for the diferent clusters in accordance with thdies.

10



NEW MEDIT N. 4/2005

Table 7. Charaderisti csof th e farm clusters

High Guaklquivir Low Guadaloivir
Cluster H1 Cluster H2 Cluster H3 Cluster L1 Cluster L2 Cluster L3
. Caton (47%) Cotton (39%) Cotton (45%) Cotton (44%)

Main aops Maize(36%)  Wheat(23%)  COMON(99%) | \ijize(30%)  Sugarb. (27%) — COton (98%)
Aveagefamsize(a) 43.1 49.2 4.4 30.2 45.2 6.9

% of produce’'sincomdromfaming 83% 80% 2% 88% 87% 76%

% offamers thathireworke's 76% 64% 35% 76% 66% 48%

% ofirrigation sysems(gravit y-sprirkl @-drip) |52%29%-19%  39%39%22%  33%120655% | 13%5%82%  32%21%47% 28%10%62%
Numbe of amers 49 36 101 87 128 215
Aggeaital aea 2,112 1,771 444 2,627 5,784 1,492

Source: Survey of cotton producersAindalusia (2004)

For each group of cotton growers a utility function wamethod of validating models (Qureshi et al., 1999). Imple
elicited in order to simulate their response to the policy menting this technigue demonstrated that the deviations in
cenarios.These MAUFs, as explained above, are the ontd®e objectives and the decision variable spaces weiie suf

to be considered as objective functions. ciently small to permit us to regard the model as a good ap
In order to model building we identify the following con proximation to the actual decision-making process in all
straints applied to each group of farmers: clusters.

 Land constraintThe sum of all crops must be equal to th?l
total surface available to the farm type of each cluster 4- ResUItS
» CAP constraints: e .

- The level of the area payment is proportionately reducéyl- Classification of cotton famers
as eligible cotton area exceeds the maximum aredn order to simulate the behaviour of farmers who face a
(70,000 ha for Spain). gricultural policy changes, first, due to clear agro-climate

« It is forbidden to substitute either C@Pops or cotton differences, we have classified the survey sample into two
for vegetablesThe maximum increase of vegetables isub-samples as follows: High Guadalquivir (186 cases) and
limited to 10% more than the observed area. Low Guadalquivir (430 cases).

« Sugar beet is limited because of the quota. In each cluslhe classification variables used to group cotton growers
ter this crop is limited to the maximum area sown-duwithin each group have been the area percentage of each
ing the period studied (1999-2004). crop on their farms. Since a total df grops exceed the

« Rotational constrainthese were taken into account acmaximum suitable for cluster analysis, we carried out fac
cording to the criteria revealed for the farmers in the suor analysis (Gorsuch, 1983; Bryant ararnold, 1995) to

vey. reduce the number of classifying variables. In both groups,

« Market constraintsWe decided to limit the area of per the number of cases was more than 10 times the number of
ishable crops (vegetables) to the maximum in the perigdriables, as a necessary sample size for factor analysis

1999-04 because of the inelasticity of demand for the@dunnally, 1978; Kass andiinsley 1979).

crops. Using SAD 5.0, two factors with eigenvalues greater

Finally, it is also worth noting that the implementation ofhan 1 and a cumulative explained variance of 55% were re

CAP Reform developed through the Miagim Review tained following Stevens' rule of sample size and impor
(MTR) has been considere@hus, area payment of COPtance of factor loadings (Stevens, 199%hile the first fae
crops is reduced to 25% of the current leTéke rest is paid tor explains the farm's cotton specialization, the second
as single payment to the producers, following a recently ajefers to irrigation water requirements.
proved national regulationVe also assume the implemen Once the number of decision variables was reduced, the
tation of the Commission's proposal for the reform of theluster analysis used the two factors as classifying vari
sugar CMO, with a sugar beet price of €32.8/t for 2005/08bles. Based on the Euclidean distance among cases and the
. minimum variance method @kl method) to aggregate
3.6. Models validation them (Hair et al., 1998), three clusters in each sub-sample
Validation of the models built for each group of farmengere obtainedThe table 7 summarizes the characteristics
is a key aspect to testing the quality of the restite.pre  of each cluster
cedure employed was to compare the real situation (o

served) with the data simulated by the models for the cu‘?'z' Weights of the farrne.rs'. objectives
rent scenariol his type of comparison is the most common From the observed crop distribution of each group of

11
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Table 8. Current and thearetical extreme valuesof farm total gross margin (TGM) and total
variable cats (TVC). Weight of eachobjective of the utility function

High Gualalquivir Low Guaalquivir
H1 H2 H3 L1 L2 L3
Curerivalues TGM 1,207 1,169 1,572 1,374 1,218 1,548
(€hm) Tve | 1538 1646 2297 | 1,859 1,682 2,238
Maximiz of TGM TGM 1,365 1,487 1,583 1,468 1,468 1,612
(€/re) TVC 1,789 2,232 2,320 2,034 2,088 2,354
Minimiz of TVC TGM 390 390 390 390 390 390
€/ha
( ) TVC 243 243 243 243 243 243
Weightof themaximization 84% 71% 99% 90% 76% 95%
of TGM (w;)
We'ghtgff}r:fg}'vr\‘é'r)"'za“o” 16% 2% 1% 10% 22% 5%

tional policy measures, most of conven
tional cotton (93%) is substituted by a
cultivation system of semi-abandon
ment. The remaining 7% is substituted
by other cropsThus, the aggregatedim
pact shows increases in maize (57%
higher than the current level), sunflower
(42%) and wheat (34%RAccording to
these results, no cotton farmer would
harvest the raw cottomhis radical fore
cast might be less severe during the first
season for psycho-sociological reasons,
such as the farmer's tendency to contin
ue with the production, even when not
economically rational, attempting to
justify accepting the subsidies, etc.

In Scenario B, with the additional-en

farmers, six MAUFs were elicitedThe following table vironmental area payment and the modulation of the area

shows the current total gross miar (TGM) and total vari

able costs (TVC) of the farm de
rived from the observed crop dis

subsidy 69% of the current hectareage of cotton would

tribution, the theoretical maxi Teble9. Comparison of current op distribution and simulatedchangesin both scearios (perentages)
mum TGM and its associated Current crop distribution H1 H2 H3 L1 L2 L3 Average
TVC, the theoretlcal_ minimum Coton 431 28.9 974 122 399 936 7.0
TVC subject to the achievement o 00 0.0 0.0 11 70 0.0 37
a minimum TGM (forcing the Sunfiover o o oo | oo 18 os o
model to sow the whole farm) anc Proteincrops 04 " 10 62 04 01 20
its associatedTGM, and finally =~ Vegetables ' ‘ ' ' ' : '
the weight attached to each obje( Maize 340 14.3 13 [ 411 6r 36 17.8
tive in the utility function using Potatoes 28 0.0 0.0 40 18 05 2.0
the multicriteria technique e Sugarbeet 05 8.0 0.0 87 260 10 12.3
scribed above. Wheat 8.6 33.1 0.3 17 16.1 0.1 12.1
Data in Table 8 suggest thalscenapa 2006/070mwards) | H1 H2 H3 L1 L2 3 | Aveme
farms in the H3, L1 and L3 group:
could be named as true seekers Conventimal cotton 0.0 0.0 0.0 00 00 00 0.0
profit maximization. On the other Cotton: semiabardonment 39.2 243 886 | 384 391 845 43.6
hand, farms in groups H2 and L: Sunflaver 12 0.6 0.0 07 118 05 5.2
seem to opt for a more conserve Protein crops 6.9 0.3 0.0 0.0 15 0.2 18
tive crop distribution, i.e. a higher vegetables 0.5 15.9 11 6.8 0.4 0.1 3.4
proportion of CORrops, resulting  maize 48.0 36.8 5.1 480 134 141 27.9
in a greater weighting being giver pgiatoes 3.1 0.0 0.0 4.4 1.7 0.6 2.0
to minimization of TVC. Sugarbeet 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.3. Simulated ChangeS in Wheat 12 22.2 51 17 32.2 0.0 16.2
crop distribution Scenaio B (alternative) H1 H2 H3 1 L L3 | Average
Optimization of the six utility |egrated cotn production 30.2 0.0 77.9 338 279 749 32.6
functions in both policy scenarios cyon: semiabardonment 0.0 0.0 0.0 0.0 00 0.0 0.0
through the farm type simulatior ¢ 4. 1.2 0.6 0.0 07 261 05 11.0
model led to important changes il Proteincrops 6.9 03 00 00 15 02 18
crop distribution of the area of s 05 159 11 68 04 o1 3.4
. Vegetables . . . . . . .
tudy. The following table com " 48.0 37.1 125 | 480 101 169 27.1
pares the current crop distributiol
in each group of farmers with the ~°ta®es 2'(1) g'g g'g 3'2 (1)'3 g'g (2)'(1)
expected changes in both sceng Sugarbeet ' : ' ' : ' :
i0s. Wheat 10.2 46.2 8.5 64 322 69 22.1

In Scenarid\, without any addi

Source: Ownsimulationsfrom thesix elcited MAUFs.
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continue under integrated production, finishing the cropcenario B.
season with the harvest of all the raw cotton. Most of theFrom a consumer point of viewhe reform will not have
cotton growers who would abandon this crop (31% of treny impact, since the Spanish production canrfettathe
world price of fibre.
Table 10. Aggregate crop distribution changes in both policy On the social side, the reform (Scen#&jdcas a marked
scenarios (ha) ly negative impact, since farm labour will be reduced by
Crop/ Policysceario Curren scembA scemop  half of the current level due to the substitution of cotton by
COPcrops and the changeover of the remaining cotton cul

ggﬁg; e abendonmen 5’9790 ] 542 4'147; tivation from conventional to semi-abandonment (80%

’ labour reduction). In Scenario B the reduction in farm
Sinfowe 466 661 1,399 labour is less marked, at 24%, since cotton cultivation shifts
Proté n aops 283 226 226 from conventional to integrated production. In both secenar
Vegebles 388 a2t a2t ios the negative impact has been strengthened by the disap
Maize 2,262 3,547 3444 pearance of sugar beet from the optimum solutions due to
Potatoes 252 258 267 the probable implementation of the EU Commission's pro
Swarbee 1,564 0 0 posal for sugar CMO reform. Furthermore, the overall im
Wheat 1,535 2,063 2,819 pact of the semi-abandonment option will be even greater
*Conventiond cotton given the loss of jobs in the 27 ginneries (251 full-time and
" Integrated production of catton 950 part-time) and other input supplier companies.

From an environmental point of view the reform is clear
current level) would change to maize and wheat, as lisbeneficial since the semi-abandonment option drastical
shown inTable 10. ly reduces the use of inputs. Howev&ecenario B also pro

. . . . duces this positive &fct with an overall reduction in pesti
4.4. S:g['o'economlc and emonmental im- cide use of 48% compared to the current level.

There are socioeconomic and environmental implicatio®s Conclusions
to be derived from the simulated changes in crop distribu According to the economic analysis carried out in this s
tions in the 2005/06 season due to the recent policy refotady, the reform of the cotton market regulationAgfril
(ScenaricA) and the alternative scenario (Scenario B). 2004 could mean the complete end of cotton production in

First, considering the economic impact, Scenarion- Spain. Due to the situation of low world prices far below
plies a slightly lower EAGGF expenditure for cotton (93%he variable costs of production, the decoupling of subsidies
of the current level) due to the moderate reduction of cott@rould probably lead to farmers sowing the current cotton
area. On the other hand, Scenario B increases this expeadéa (some 90,000 ha) but in a semi-abandonment system
ture by €12 million as consequence of the additional-enwf cultivation, that is, minimizing the use of inputs and
ronmental area payment. Howey&king into account the leaving the raw cotton in the field.
reduction in the cotton hectareage, from some 92,000 tdhe alternative scenario proposed in this study includes
59,000 ha, there is a saving of €9 million, resulting in a nah additional area payment of approximately 350 €/ha of
increase of EAGGF expenditure of 3 millions. environmental nature for shifting from conventional cotton

With respect to the cotton gross giar ScenaridA im-  production to integrated productiofihe approved area
plies a reduction from an average grossgimof €1,579 to payment of 1,039 €/ha is also modulated according to the
approximately 600 €/ha for the semi-abandonment optiogquality of the raw cotton to a maximum of 50% of that
The single producer's payment based on 65% of the-sul@shount.The simulation of this alternative scenario suggest
dies received during the reference period is not includedtbat the current cotton area of Spain, some 90,000 ha, could
ince entitlement to it does not depend on the cotton cultiviae reduced up to approximately 59,000 ha, a figure that
tion. In Scenario B the cotton gross giarwould be ap would mean the continued existence of the cotton sector in
proximately half of the current level. Nevertheless, in spitgpain.
of the reduction in the gross ngam in both scenarios, the In general, the net increase in EAGGF expenditure of €3
total gross magin of the farm, including all the subsidies (smillion resulting from the implementation of these addi
ingle payment plus area payment), would benefit from thimnal measures, the environmental payment plus the mod
reform, with an increase of 14% and 22% of profits in-Scelation of the subsidywould be ofset by the continuation
nariosA and B, respectivelydue mainly to a cotton areaof cotton production under more stringent environmental
payment of 1,039 €/ha instead of the initial figure of 81Bgulations for more than two thirds of cotton producers
€/ha (35% of the payment in the reference period) in Sdsome 9,000 at presenthis level of production would en
nario A, and the additional environmental area payment Bure the continuation of much of the ancillary industrial
sector and would justify subsidies from a social point of
view.

2 On average, cotton | abour costs total 350 €/ ha, mai ze 120 €/ha, wheat 10
€/ha, sunflower 11 €/ha and potatoes 1,010 €ha.
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