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_ Abstract— In this paper, the prescriptive capacity of ~Programming (PMP) made up a feasible alternative
different types of positive mathematical programmig  that allows to automatically calibrating the models
models applied to the Alentejo agricultural sectoris  wjthout additional constraints [5]. The resultingde!l
analysed. Model results are compared for 2000 and24 s gple to respond more smoothly to changes in
agricultural price and subsidies scenarios, regaraig parameters, so that it is more consistent with gaan
optimal combination of activities. Thus, it is testd, on on observéd behaviour This technigue can be
one hand, models capacity to reproduce Alentejo derstood C bet 4 i
agricultural sector behaviour, and by the other haa, UNOErstood as a compromise between econometric
their response and adjustment capacities to changas  models and MP models, because parameterization Is
prices and in agricultural policy. done based on observed behaviour, as for

N _ _ econometrics, and primal solution exhibits an expli
Keywords — Positive mathematical programming,  specification of technology, as done in any MP nhode

agricultural supply, Alentejo. Recently, the PMP methodology has been often used
in the study of economic, social and environmental
I. INTRODUCTION problems, like those of modelling the Common

Agricultural Policy.

Mathematical programming (MP) models have The objective of this paper is to evaluate the
been largely utilized in the area of agriculturalcalibration and prescription capacity of a supply
economics, because their structure can easilytsuit response PMP model for the Alentejo region. The
the economic production theory. Based on amodel will be calibrated for prices and agricultura
optimisation criterion, these models allow repréiggn subsidies of the base year (2000 scenario), using
agricultural production conditions and the analysfis different specification rules of the cost functidinen,
the adjustments from technical, economic anthe model is utilized for the prescription of thesults
institutional changes [1]. for the scenario of prices and subsidies of 2004.

Early applications of MP to agricultural economics The paper is organised in more four sections
aimed to solve and to analyse problems dealing wittegarding the PMP and cost function specification
farm planning [2 and 3]. These models are simple teles, the development of an agricultural modepsup
formulate and very useful for understanding realityresponse for the Alentejo, results and finally
but have some limitations in supporting decisiod anconclusions.
evaluation of agricultural policy and rural

development measures. These limitations A bOSITIVE MATHEMATICAL PROGRAMMING

principally due to the need of detailed information
obtain suitable coefficients describing the produrct AND COST FUNCTION SPECIFICATION RULES

technologies, and to the deviations in optimal from gyen pefore its formal presentation [5], PMP had

observed values [4]. been employed in modelling economic problems
In order to approximate the results of the MPynyied to the agricultural sector [6, 7, 8, 9]tekfthe

models to the observed behaviour, it is usual © adyyicle of Howitt [5], it was clear the interesttiits

arbitrary constraints which limit their analysisuse, and new developments have intensified itsdste
potential. In this context, Positive Mathematical[lo 11, 12, 13, 14, 15, 186].
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PMP uses the information contained in dual In phase I, the dual values of the calibration
variables of the constraints of a profit maximieati constraints, p°, are used to specify a non-linear
LP problem, which bound activities to observed Ieve objective function, such that the marginal costhef
These dual variables are used to specify a nomaslinepreferable activities are equal to the respectiieemt
objective function such that the optimal solutioill w the base year observed activity level§,Given these
reproduce the observed activity levels. The emaliric conditions, the model should reproduce exactly the
procedures of the PMP problem consist of two phasegector, X.
comprising the estimation of the calibration The quadratic cost function is often utilized for
parameters (phase [), and the specification of i@ nocomputational simplicity and because it fits wellthe
linear objective function (phase II). hypothesis of decreasing returns in agricultural

In phase | the calibration constraints are used iproduction:

order to force the LP model solution to the obsérve 1

activity levels: c'=d'x+5x"'Qx ()
max Z=p’'x-c'x Where d = (nx1) vector of parameters associated
St with the linear term; and Q = (nxn) symmetric,
Ax <b[A] 1) positive definite matrix of parameters associateith w
X < (XO +£)[p] the quadratic term.
X =0 The linear marginal variable cost function is the

Where: Z = objective function value representing™ ©f Ilnearvcogts, ¢, and marginal costs,
the farm profit; p = (nx1) vector of product prices= oC ({g )
(nx1) vector of variable costs per unit of actiyiky= Cm = x U +Qx% =c+p 6)

(nx1) vector of production activity levels; A =(mxn  Given d and Q, the non-linear programming
matrix of coefficients in resource constraints; b =problem that reproduces the observed activity &evel
(mx1) vector of available resources; A = (mx1) is:
vector of dual variables associated with the res®ur R
constraints; % = (nx1) vector of observed activity TG Z=p'x-d'x-5x'Qx
levels;e = (nx1) vector of a small positive numbers to Ax é b [A] @)
avoid a degenerate solutioqp = dual variables
associated with calibration constraints.

The level of at least one of the activities in tte

x =0
The condition Cm = ¢ $ implies an undetermined
model is not bounded by its calibration constrain, system associated to an infinite response patterns.

for one of the fixed resources constraint. In thiy, Trying_ to avoid arbitraries simulation_s_ on response
the vector x can be divided into a vector of praiie behaviour, several methods for specification of the

activities () bounded by the calibration constraintsParameters d and Q of the variable cost functiore ha
and a vector of marginal activities™x which are been developed [4]. A short overview of some oféhe

constrained by the resource constraints. The Kuhfi€thodsisgiven. o
Tucker conditions are: In the early utilizations of PMP, the specification

problem of the quadratic cost function was solvgd b

pP =pP - cP-APA 2) doing d=c and setting equal to zero all off-diagona
m _ 3 elements of Q matrix. In this approach cakshdard
p =[0] 3) s ,
1 specification the diagonal elements of Q, were
A= (Om - cm)(AmT (4) calculated as:
Dual value of the calibration constrains for Pj

preferable activities, for marginal activities afmt

resource constraints area given by the equatiops (2
(3) e (4), respectively. Sincep™=0, thestandard specification rule leads to

a cost function which is linear in marginal actvit

i =—¢o j=12,..,n (8)
X
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This implies that a price change of a preferable po
activity only leads to a substitution of the masdin qii = 15 i=12,.
activity. The advantages of this method are bdgical 3 i x9 (11)
on the simplicity of the specification and on ease :
computational, mainly, when available informatien i dj =cj +pj qjjx? i=12,...,n
shortened.

Paris [17] used an alternative specification rule

(Paris standard) where the parameter d of the cost I1Il. REGIONAL MODEL OF AGRICULTURE

function is equal to zero and the elements of the Q SUPPLY FOR ALENTEJO REGION
matrix are calculated as a function of the observed
explicit costs in the base year, ¢, and of the dahles In order to analyse the prescription capacity &f th
of the calibration constraint, considered specification rules for the cost functia
d=0 PMP model adapted to the regional characteristics o
Py the Alentejo region was developed.
aj = M i=12,. 9) The simplified formulation of this model is
XJ MaxZ=ijXj+Zanj+ZpiYi+ZaiYi

Diagonal elements of Q for marginal activities are J J !
all positive. So, a change of a preferable activity Zc X Z Zc Yi - Z 2 12
done not at the expense of the marginal activibes, 170 2 % H i 12)
of the other preferable activities.

Other specification of the cost function, named by 'phT P E
average cost, assumes that the observed vector of the Subject To
accounting cost per activity unit in the base yeais
equal to ?he avgrage cog of quadratic var)i/able cos 2t YisXjf (13)
function: :
%, 2 Xjs *0,15Xset (14)
9 =—o i=12,..n Is
X (10) 2 Xjs bs (15)
dj=cj pj 1=12.. :
In this approach, the dlagonal elements of Q are Zh X] +Zh iYisby +T (16)
larger than those obtained from the standard mule i !
(8), what implies smaller implicit elasticities, tbilne 2CjX; +ZciYis be +E (17)
problem of the marginal activities with constant j [
returns remains. Where: X and Y are the decision variables

Another approach that allows the incorporation otoncerning the area of crop activities j in hectdten)
prior information is theex?genous SU_pply elast_|c_|t|ei and the size of livestock activities i in livestogkits;
Being ox/op equal to g, then price elasticity for T and E are the overtime working units and the

activity j is Calculated by: additional operation capital units; p, a, ¢, andrh,
p respectively, the output value, subsidies, variabkgs

1 | . e . R
gj=———g i=12.. and work needs per unit of activity j end i; ph gnd
ajj Xj are the hour cost of T and the annual loan intaetet

of E; g are the livestock stocking rates; and bs, bt and
bc are the fixed resources land, work and capital
availability.

The objective function (12) maximizes the gross
margin in euros and it is calculated by the diffee
between revenue and total variable costs. The teven

The parameters;oand ¢ of the cost function are
determined as:
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includes agricultural output value and the direct In both scenarios, results are compared to
subsidies. The variable costs comprehend short tinavailable data for the Alentejo region, concerringp
linear input costs (cj and ci), costs with overtimeareas and the number of livestock units.
working (ph) and operating capital (pi) and also For the base year the model reproduces exactly the
marginal costs coefficients of activities (qjj aqid. observed level of the activities, whatever the
Decision variables in the model include eighteerspecification rule of the cost function used. The
agricultural activities of the Alentejo Region beewn different specification approach of the cost fumcti
crops and livestock activities. Crop activities goise  give the same results, because the condition Cm=c¢
cereals and oil seeds, horticulture and fruit g¢eltu p constitutes an undetermined system. So, therarare
fruit trees, vineyards, olive tree, permanent pastu infinite number of values for the parametejseqq
forage, compulsory set-aside, fallow and an agtivitsatisfying the conditions of the PMP problem.
regarding land occupied by forests. Livestock Table 1 presents the absolute deviation to aigtivit
activities comprehend beef cattle, sheep and eix&ns observed levels in 2004. This table also presdmgs t
swine. total weighted absolute deviation, which have in
Permanent pastures and forages are intermediatecount the relative weight of each crop on thaltot
activities because they are not sold but are amifqp  land and of each animal activity on the total lieek
livestock activities. So, these activities only &av unit.
costs, being their profits indirectly obtained from
animal activitiesl The profr[ transfer between \HUBS Table 1 Absolute deviation on the activity levads 2004 (%)

is done essentially by equation (13), which defities Crop activities Standard Paris  Average Exogen.
balance between forage areasy)(Xand the total P Standard Cost  Elasticit.
number of animals. Common Wheat -26.6  109.9 81.8 -7.3
Equation (14) models the set-asidesfXimposed Durum Wheat -126 -112 -10.5 -11.5
by CAP. This equation states that 10% of the crepa Maize -11.4 -8.3 9.1 9.9
(Xjs) has to be retired from production and put in setRice 652 -195  -36.6 -23.5
aside. Horticulture 184 11.0 114 104
Equations (15) to (17) stay for the use of land Sunflower 519 637 62.5 76.4
labour and capital. These equations state that thglive trees 1000 08  -334 111
resource demand is less than or equal to theiyineyard 362 -353  -332 486
availability. Fruits -7.3 -8.7 0.0 -5.5
In spite of the objective function represent thePermanent pastures 443 2.0 23.9 -3.4
return to land, labour and capital, model solutisn Forage 44.3 2.0 23.9 -3.4
limited only by land availability in (15). Laboud)  Fallow 799 107 497 6.3
and capital (17) demand can exceed their avaifisili Forests 4.1 4.1 4.1 4.1
by purchasing additional hours of labour at an houPet-aside -54 105 8.1 0.6
cost of €3.5 and additional units of capital aganual ~ Beef cattle 887 209 381 4.2
loan interest rate of 7%. Sheep 55 47 70 113
Swine 2718 126 2585 15.8

WADC 39.2 8.3 26.2 7.3

IV. RESULTS WADA 88.0 14.4 63.4 7.8

) Source: Results of PMP models
The results of PMP model of agriculture supply of

the Alentejo is obtained for each one of the The results obtained for the 2004 scenario show tha
specification rules of the cost function. Firsie tAMP  the rule of exogenous elasticities is superior to the
model is calibrated for the base year (2000). Themthers. The weighted absolute deviations are smalle
prices and subsidies vectors are changed and tba crop activities (7.3%)WADC), and on animal
model is used for prescription of results for 2004activities (7.8%) WADA). For Paris Sandard rule the
scenario. deviations are 8.3% on crop activities and 14.4% on
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animal activities. Sandard and average cost rules Table 2 - Supply elasticity of agricultural actiei
have weighted absolute deviations respectively of — Standard Paris  Average Exogen.
39.2% and 26.2% on crop activities, and 88% and Crop activities Standard Cost  Elasticit.
63.4% on animal activities. These results show th&ommon wheat 468 177 1.33 4.05
poor prescription capacity of these two methods. Durum wheat 11.22  3.71 7.42 7.42
When theexogenous elasticities approach is used Maize 0.11 0.00 0.00 0.00
only three activities present an absolute deviatiorRice 6.04 2.26 0.00 0.00

above the 15% indicated by Hazell & Norton [18], asHorticulture  and ~ 4.08 5.10 0.00 0.00
the maximum value for a desirable calibration. Bhes Fruit culture

activities are rice (-23.5%), sunflower (76.4%) andSunflower 833 532 266 000
vine (-48.6%). The observed values, in terms ofare ©live tree 5100 1419 115 181
for 2000 and 2004, of those activities do not cleang Ve 000 000 000 850
only the area of vineyard had a light increase. Fruit culture 1447 1a4r 1447 1447

Set-aside 1.79 1.51 151 1.51
ﬁorests 0.00 0.00 0.00 0.00
Beef cattle 2.63 1.66 0.99 0.37
Sheep 1.11 0.77 1.27 0.16

o0 o0 0 o0

For Paris standard rule there are six activities
presenting absolute deviations above the 15%, fo
crop activities and two livestock activities. Pautarly
big are the absolute deviation registered on tha af _
common wheat (109.9%) and of sunflower (63.7%).3Wn¢
Concerning livestock activities, the absolute déefa ~ S°Urce: PMP model results
of 20.9% on beef cattle determines an increasaisf t
activity bigger than that have actually happenethen

beef cattle sector. V. CONCLUSION
Regardingstandard and average cost specification _ _
rules, ten activities present absolute deviatidmsve Mathematical programming (MP) models have

the 15%, being particularly big on animal actidtie Peen largely utilized in the area of agricultural
For instance, extensive swine production registared €conomics, because their structure can easilytsuit
absolute deviation of more than 200%. Along withithe economic production theory.
these deviations, there are also big absolute ienéa N general, MP models area aimed to evaluate
on intermediate of pasture and forage. The vaifgbil €conomic, technical and institutional scenarios,
of the obtained results with the different speaifion  implying changes in prices, technologies and abkla
rules of the cost function can be explained by th&puts. Their quality is checked by the sensitiatyd
implicit supply elasticities in each one of theror ~ POst-optimal analysis to changes in their coeffitie
animal activity (Table 2). In this context, this paper evaluates the calibrati
In general, the results obtained from theand prescription capacites of a PMP model,
specification rule ofexogenous elasticities and of developed for the agriculture supply conditionstef
Paris standard present smaller values, in average, ifflentejo region. The considered cost function
implicit supply elasticity, such that these are thies specification rules werestandard, Paris standard,
that exhibit the best prescription capacity of tgults ~ average cost andexogenous elasticities.
on 2004 scenario. The results showed that the PMP model reproduces
The specification rulestandard andaverage cost ~ €xactly the observed activity levels on the basar,ye
presenting the biggest’ in average, |mp||C|t Supphyvhatever the rule used to SpECify the cost function
elasticities on activities, and showing resultsffam  This property is due to the condition Cm = @-and
observed reality, have the poorest prescriptiofP the functional form of the cost function. Thene
capacity. an infinite number of parameters satisfying the
conditions of a non-linear PMP problem.
Regarding the prescription capacity of future
results, PMP revealed being a feasible methodadbgic
option, mainly if exogenous elasticities or Paris
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standard approaches were used to specify the co& Bauer

function. Specification rules of cost function basm
standard method oraverage cost method showed a
smaller prescription capacity of future resultse3é

methods present, in average, big implicit supply

elasticities on agricultural activities.

We can conclude that the properties of PMP do nqty

only exhaust just in the exact calibration of the
agriculture supply models. Those properties also

respect the prescription capacity of future resuhs
this case, the&xogenous elasticities approach showed
being superior to the others, even thouBhris
Sandard method be also a good alternative
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