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Common AgriculturaI of theAlquevaProJectoImgatlOnISapotentlalsolutlOnto mcreaseproductlv- rOJect , 15a Tegt.?n-
P r (CAP) h ity andretumsto agriculturalresources.In general,economicresultsfor irri- aI developmem pro1ect

o lCY. ' over t e gatedcropsarehigherthanfor rainfedcrops,evenwithoutCAPsupport.This that is supposed Ia irrÍ-
Iast SlX years the Por- paperanticipatesthemaintrendsand perspectivesof iITigatedagriculturein gate 110 mousand
tuguese Government has the Alentejo region with respect to production options, faITnincome and re- h t f h besr i1sincluded in the nationaI a- source use and retums. The study is based on typical faITnsofthe infrastruc- ,ec A
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Abstract

* Management Department of Évora University
1 A region in the South of Portugal .

2 A regional multi-objective enterprise dealing with irrigation, produc.
tion of hydro electricenergy and supplying water for urban con.
summation,
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Alentejo zone of Ferreira of Alentejo. It is the second
phase of Odivelas3irrigation project . Its study is of great
importance in anticipating direct economic effects of irri-
gated agriculture development in the Alentejo because it
is the first infrastructure of Alqueva Irrigation Project
which is expected to operate in the next future (2006-
2007).

The agricultural area of Infrastructure 12 of the Alque-
va Irrigation Project is tharacterized by a Mediterranean
dimate, day and calcareous soils with high production
potential, but scarce water resources; In the zone, the
road infrastructure is good and links the main urban cen-
ters of the region to Lisbon and Spain. Some processing
and trading units of agricultural products are installed in
the zone. Major farmers' associations respect a water man-
agement. Most farmers are older than 45 years, with some
experience in irrigated crops and show some dynamism
which is well reflected by the high financial demand for a-
gricultural investment in the last years (Coelho et aI.,
1998).Farm types vary, with three sub-zones of small and
medium family-run farms a well as large farms (Fragoso,
2001).

This paper is structured into three parts. The next chap-
ter refers to the methodology. In the following section
some major results are presented and examined, followed
by the condusions in the last_part.

J It's an irrigation project initiated in the sevemies.

2. Methodotogy
When the objective is to evaluate and

anticipate the effects and impacts of new
policies at farm level, mathematical pro-
gramming models have proven to be a
particularly useful tool (Marques, 1988).
Mathematical programming models re-
spond to public investment in new irri-
gation projects. These models assume
that decisions are economically rational
and subject to restrictions that represent
scarcity and changes in the resource
availability, such as irrigated land due to
new water endowments.

Stochastic mathematical programming
models incorporate elements of risk of
uncertainty in resource availability and
adjustment of input-output coefficients,
which are function of svsrem states
(Hardaker et aI., 1997). TÍtese features
are particularly useful in the Mediter-
ranean conditions where variability of
water availability and porentiallosses in
crop productions are more important be-
tween years than within me year. In re-
gions subject to such conditions, the ma-
jor source of uncerraimy is irrigation
water use conditions due to a succession

of dry years, that can occur with relaÜ'rel; high frequen-
cy.

Mathematical programming with probabilistic restric-
tions has been used in the analysis of economic and man-
agement problems of irrigated land. ~raii and Heady
(1978)analyzed alternative managemem wa~erpolicies for
agricultural use under uncertainry condirions. Through
the dynamic modeling with probabilistic restrictions,
Eisel (1972) also analyzed irrigation inf:r.as[rucrureman-
agement. Taylor and Young (1995),using discrere sequen-
tial stochastic programming model, sho"Wedcitat farmers'
benefits increase along with the guaranree ::;f~arer avail-
ability.

Programming with probabilistic resuicrions daes not
indicate the patp to follow when the probabilir; is nolat-
ed (Cocks, 1968).This type of model hatid:es ilie problem
in a static way because it does not simuLlie ~~ntial de-
cisions that are taken in reality. Di.scrcres:::oc1!--~Licpro-
gramming suggested by Cocks and d~dopeê :.uer by Rae
(1971) handles jointly diverse sources ::;; r-=.sk.:::r repro-
duces the farmer's decision-making process ;~n::; uncer-
tainty of resource availability. Techilld mef5cie:1ts of
production activities can be adjusted as ~ ::;fneeds
and available resources, such as warer fcr ~~D~ in d-
ifferent decision states.

Public investment in new irrigation proa::u io1LheA-
lentejo region allows for a new range af agn...~~a: pro-
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Table 1. Returns to selected Dry and Irrigared Crops

Profits/ Value of
Crops Value of Value of Production/ Pro fits/

Production Production Production Costs Costs
(Tlha) (Eurlhá) (Eur/Eur) (Eur/Eur) (Eur/Eur)

Dry traditional Crops
50ft Wheat 2.2 78.9 1.79 0.69 1.23

Durum Wheat 2.0 92.9 2.09 0.81 1.69

Barley 1.9 65.5 1.73 0.66 1.13

Oats 1.6 59.3 1.50 0.66 0.99

Sunflower 0.6 26.3 2.95 0.38 1.12

Irrigated tradi tional Cro ps
50ft Wheat 3.8 129.5 1.81 0.63 1.13
Durum Whe at 3.8 167.5 1.72 0.81 1.39

Com 8.6 234.8 1.63 0.78 1.27

Sunflower 2.2 96.6 2.12 0.55 1.18

Irrigated Industrial Crops
Sugar beet 45.0 441.0 1.05 1.81 1.91

Tomato 75.0 825.0 1.69 1.34 2.27

Pepper 30.0 1050.0 1.00 1.24 1.24

Irrigated Fruits and Vegetables
Melon 22.0 1100.0 1.00 1.91 1.91

Potato 27.0 594.0 1.00 1.92 1.92
Onion 19.8 792.0 1.00 1.13 1.13
Lettuc:e 22.0 1320.0 1.00 1.23 1.23

- -
Source:Fragoso,2001.
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Fig. 1.DecisionTree
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duction options. Farmers can choose traditional rainfed
crops (cereaIs,sunflower, pastures and fodder plants) and
/ or irrigated crops (cereaIs,sunflower, pastures and fod-
der plants, industrial crops and fruits and vegetables).
Choices are conditioned by available resources, such as to-
tal and irrigated land, capital, availability and use of wa-
ter.

The problem with farmer's decision can be represented
in a simplified form by the decision tree presemed in Fig-
ure 1.

In the beginning of each agricultural year, farmers make
production plan decisions, such as the area allocated to
each crop based on the expected water use conditions and
market price levels. Decisions are taken in an uncertain-
ty environment. Later, as the farmer knows the effective
available water for irrigation and crop needs, they adjust
their decisions also taking imo accoum probable sale price
levels.

To model this decision problem, a discrete stochastic
programming model was set to maximize the producer's
expected utility. This model is based on Fragoso (1996),
Jacquet and Pluvinage (1997) Keplinger et aI. (1998), and
Blanco (1999). Its simplified mathematical formula is as
follows:

s.a. Zs,m =

= Lj [Pi,mjjjkj,Sla j.J - ckkj,s - caaj,s- cx) Xj,s) tis e m

4Xj,s~S tis

Lj aj,s xj,s ~ qs tis

xj,s~O; kj,s~O; aj,s~ O; e F ~o

where: Ps and Pm are oc-
currence probabilities for
each state of water use con-
ditions s and market m;
U(ZsmJ is the expected util-
ity as a function of farm in-
come Z in the states of na-

tUre s and m; Pj m is the
price of product'J in state
m; fj s' is the unit surface
procfúction function of
product i in the state s; ki s
is a vector of variable irÍ-
puts applied to crop i and
state s per surface unit; ai s
is the amount of water ar-
plied to crop i and state s in
volume per surface unit; cle
is the unitary cost of van-
able inputs applied without

. water; ca is the unitary cost
of water per volume; c is

the irrigation tax cost per surface unit; Sare the avail.a,le
resources on the farm; q" is the volume of available water

in the state s; and Xj,sis the area of the crop i in the states.
Following Hardaker et alo (1997), the following utility

function was used:
. U(Z) = - 0.157 + O.2571n(Z+ Wo + 1.769)

where Z is the farm income and Wo represems the initial
wealth. The logarithmic function is appropriate to repre-
sent risk adverse individual behavior in a normal degree,
with relative risk aversion coefficient rr(W) = 1.

The modeI represems an average year of farm econom-
ic activity. Its solution describes adjustments of farm
structure in the long- and short-run decisions for agricul-
tural market expected prices and water use conditions.
The utility attribute function is the farm income that rep-
resents return to own factors.

The modeI includes investmems in irrigation equip-
ment for different technologies, grouped activities of
pIam production in irrigated and dry land, beef and sheep
production and purchase of goods and services. Agricul-
tural activities are broken down per crop, irrigation tech-
nology and state of water use conditions.

Restrictions of the modeI are land, capital, labor, irriga-
tion water, pastures and fodder production. Land is di-
vided in total and irrigated available land. Water used in
irrigated land is determined per state of nature in accor-
dance with the availability and with the level of losses in
the crops. Labor is divided in family and wage labor, and
constraims are implemented through restrictions per pe-
riod in accordance to the agricultural calendar and state
of water use. A similar procedure was adopted for finan-
cial restrictions in the short run. In the long run, financial

Z211

m

Z213

m

23

I



NEWMEDIT N. 112003

constraints and investments in fixed capital were included
in annual average terms.

Resource availability of land and irrigation water is ex-
ogenous. Remaining resources can be acquired at market
prices according to their value of marginal productivity
levels.

3. Resutts
The modeI was implemented for three farm types of in-

frastructure 12 of Alqueva Irrigation Project: i) Farms
with an average area of 7 hectares, only with plant pro-
duction. They represent the small family-run farms with
less than 20 hectares; ii) Farms with an average area of 45
hectares, where sheep is usually reared. These are medium
family-run farms between 20 and 100 hectares; and iii)
Farms with an average of 310 hectares, where cattle breed-
ing is also one of the main activities. These are the large
farms or agricultural holdings with more than 100
hectares.

Three scenarios were considered:

i) Scenario 1 - without project, considering prices and
compensatory payments and subsidies of CAP 2006;

ii) Scenario 2 -with project, considering prices and com-
pensatory payments and subsidies of CAP 2006;

iii) Scenario 3 -with project, considering trade liberaliza-
tion (no compensatory payments and subsidies were con-
sidered).

In scenarios with project, farmers are expected to pay
Qublic investment relatively to secondary network of wa-

ter distribution, management, maintenance of water
pumping costs from primary network. Considering 50
years as useful life and an average water availability of
7400 m3/ha, an annual cost of water is estimated at 712.7
Euros/ha (0.10 Euros/m3).

Optimal production plan, farm income, resources use
and resources returns are presented in Table 2. Returns to
resources were calculated following land average returns
and global factor returns (Barros and Estácio, 1972),labor
average returns (Avillez, 1988)and water additional aver-
age benefits (Young, 1996; Blanco, 1999; and Fragoso,
2001). This last indicator measures the average upgrade of
farm income from water use with project situation.

As for the results of scenario 1without project, most of
the area (more than 80%) is cultivated with rainfed crops.
With the Alqueva Irrigation Project (scenario 2), irrigated
land represents 66% in small family-run farms, 90% in
medium family-run farms and 75% in the large farms of
the overall area. In the first case, industrial crops (30%),
fruits and vegetables (30%)are the most important crops.
In the other two farm types, these crops represent 27 and
24% of the total area and the traditional irrigated crops
represent 33 and 23%, respectively.

Substitution of dry land crop for irrigated areas leads to
increases in income and resource returns.

For small family farms, income rises from 435 Euros/ha
without project (scenario 1) up to 1213 Euros/ha with
project (scenario 2). Global factor returns, land average re-
turns and labor average returns increase from 0.91, -55
and 5195 to 1,03 Euros/Euro, 230 Euros/ha and 7190 Eu-
ros/UTA~ resQectively.

24
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Table 2. Main Mode/s Resu/ts by FarmTypeand Scenario

SmallFamily Farms Medium Family Farms LargeFarm
Land= 7 ha Land= 45 ha Land= 310ha

Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
1 2 3 1 2 3 1 2 3

Dry Surface(%) 88.9 34.0 0.0 84.8 10.4 21.6 83.4 24.9 32.3

IrrigatedSurface(%) 11.2 66.0 60.0 15.2 89.6 78.4 16.3 75.1 67.7

IrrigatedTraditional Crops(%) 2.6 6.0 0.0 3.9 33.1 23.8 4.4 23.8 19.6

IrrigatedIndustrial Crops(%) 4.3 30.0 30.0 5.3 27.3 27.3 5.s 24.0 24.0

IrrigatedFruit andVegetables 4.3 30.0 30.0 5.3 27.3 27.3 5.s 24.0 24.0

Irrig.Past.andFodderPlants(%) 0.0 0.0 0.0 0.6 1.8 0.0 0.8 3.4 0.14

FarmIncorne(Eur!ha) 435 1213 1833 418 850 720 384 734 573

Labor (ha/UT A) 14.0 5.6 3.4 37.2 14.9 11.4 49 17.8 13.9

Wat er (m3/ha) 6641 7374 7155 5858 6454 7371 5600 6066 7351

Capital (Eur!ha) 555 2170 3240 460 2033 2306 534 1892 2090

Global Factor Retums(Eur!ha) 0.91 1.03 1.00 1.35 1.25 1.16 1.49 1.3 1.20

Land Average Retu rns (Eur!ha) -55 230 125 270 660 485 345 685 510

LaborA\e Returns(EurfUTA) 5195 7190 6675 15060 15185 11345 21370 17415 12815

Water Adtt. Av. Benef.(Eur/m3) - 0.22 0.28 - 0.18 0.15 - 0.18 0.14

Source:Mathematical programming models results.
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In medium family-run farm, the income for scenario 1
is estimated at 418 Euros/ha. With the project (scenario
2), that income doubles (850 Euros/ha). Land average re-
turns increase three times, from 270 to 660 Euros/ha in s-
cenario 2. Global factor returns drop by 10% almost and
the labor average returns remain at the same leveI.

Large farms also experience increases in income and in
returns to land from 384 and 345 Euros/ha (scenario 1) to
734 and Euros/ha (scenario 2). On these farms, global fac-
tor returns and labor average returns are lower with the
project than without project because of the high increases
in the resources use.

Full trade liberalization results (scenario 3) lead to pro-
duction plans with the same trends as scenario 2, with in-
come and land average returns increases lower than in s-
cenario 2. However, they are still higher than the respec-
tive values without projecto In this scenario for small fam-
ily-run farms rainfed crops are abandoned; these farms are
specialized in industrial crops, fruits and vegetables.

Global factor and labor returns do not increase in medi-
um family-run farms and in large farms, because there are
substantial increases in investment and labor use. In the
first case, investments rise from 460 up to 2000 Euros/ha
and in the second from 534 to 1892or 2090 Euros/ha. La-
bor use increases from 37.9 to 14.9 or 11.4 ha/UTA and
from 49 to 17.8 or 13.9 ha/UTA, respectively.

Water availability with the project implementation in-
creases consumption levels. Additional benefits from wa-
ter promoted for Alqueva Irrigation Project are estimated
to vary according to different scenarios and farm types be-
tween 0.14 and 0.28 Euros/m3. These values are higher
than the average water costs supported by farmers.

4. Conclusion
This paper analyzes the evolution perspectives of irri-

gated agriculture in the Alentejo region. It is based on the
case study of typical farms of infrastructure 12 of Alque-
va Irrigation Projecto A stochastic programming model
with an utility function that maximizes the producers'
expected utility was developed to simulate the decision
process and represents major structural characteristics and
constraints of different farm types.

Results show that irrigated agricultural development in
the Alentejo region will be based on industrial crops,
fruits and vegetables. Traditional irrigated crops still con-
tribute to positive economic results particularly in medi-
um and large farm types. However, an agricultural pro-
duction model oriented towards industrial crops and fruit
and vegetable production can increase significantly land
and labor productivity. Farm incomes are expected to in-
crease in irrigated areas.

Additional average water benefits are higher than aver-
age water costs supported by farms. Irrigated agricultural
development in Alentejo is an investment option to pro-
mote farm incomes, resource returns and agricultural
competitiveness of the region.
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