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Abstract

The paper deals with the elaboration of an agricultural supply model that aims at assisting
policy makers to monitor the sector.

The choice of the model has been determined by three main factors: 1) the scarcity of infor-
mation, 2) the need to take into account the variety of farm systems and strategies, and 3) the
high instability of the sector. It is, thus, the farmers' rationale resulting in the crop combina-
tion, which is modelled through the linear programming techniques.

Given the research context the elaboration of an adequate methodology is crucial. Two main
points can be outlined: 1) the building of a conceptual model of the Caribbean farm household
leading to the development of a mathematical programming, 2) the setting up of a system of
information collection mainly involving a multidisciplinary and multi-institutional network.
The first part of the paper deals with the conceptual model. The second part presents the
whole methodology. Finally, the first results of the mathematical modelling are exposed.

Introduction

Most of the policy-makers dealing with agricultural development in the Caribbean region re-
alise the need for monitoring tools which will enable them to assess better the changing trends
in the region. Generally, the agricultural economies of the region have become diversified
leading to instability in farming systems.

Furthermore the environment of the farms is changing. On the one hand domestic and inter-
national demands are becoming more and more unstable and segmented. On the other hand
the working rules of the institutional context are also changing dramatically, particularly the
market protection and the subsidies system.

Therefore the policy makers have to strengthen the efficiency of the use of the decreasing
resources devoted to the agricultural sector.

Because of the multiplicity of the factors to be considered in decision-making, models appear
to be relevant for the analysis and policy formulation. But these sector models have to deal
with three kinds of obstacles. 1) The complexity of the situation: variety of the types and tra-
jectories of Caribbean farm households in a non-stabilised agriculture; lack of classical crop-
ping patterns; frequency of short cycle crops; occurrence of multiple activity. 2) The rapid
changes in underlying economic structure. 3) The scarcity of information, which is particu-
larly the case in Guadeloupe (French West Indies): lack of reliable data on farming systems,
on prices and on agricultural supply and demand.

Because of these difficulties a simple production model has been chosen, the socio-economic
and biophysical environment taken as exogenous.

A programming model is also more relevant than an econometric one. On the one hand there
is the scarcity of data. On the other hand we think with various authors (Boussard et al. 1997,
Carles et al. 1998; Hazell and Norton 1986; Lefer and Blaskovic 1994) that the changes in
economic structure especially in technologies of production, market opportunities and prices,
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can make it unwise to base policy analyses on extrapolations from historically estimated pa-
rameters.

Given this research context, the elaboration of an adequate methodology is crucial. Two main
points can be outlined: 1) the building of a conceptual model of the Caribbean farm household
prior to the mathematical programming, 2) the setting of a system of information collection
mainly involving a multidisciplinary and multi-institutional network.

The first part of the paper deals with the conceptual model. The methodology is presented in
the second part. Finally, the first results of the mathematical modelling are discussed.

1. The conceptual model

Conceptual models and mathematical models: a double gap

The core of any modelling approach rests in the "rationality”" granted by themodel-maker to
the system to be modelled. When the phenomenon is simple, e.g. a simple cause-effect situa-
tion, a mathematical function that describes as precisely as possible the behaviour of the sys-
tem can be found and a mathematical model can be developed. This is the case of a prey-
predator model. When dealing with more complex systems, as ecosystems or social systems,
multiple causalities of various natures referring to a hierarchy of organisation levels are con-
cerned. Here, mathematical modelling remains difficult, sometimes out of reach.

The farm-household is one of these complex systems. The farming system research (FSR) has
produced an abundant literature which testifies this complexity (Bory and Paul 1991; Har-
rington and Winklemann 1982). One of the most obvious manifestations of it is the necessary
call for interdisciplinarity required in FSR (Sebillotte 1996). Thus, the farm-household,
though fundamentally a socio-economic unit, functions as a result from a wide range
of production processes the understanding of which understanding is the concemn of agron-
omy, animal sciences, soil sciences, etc (Bourgeois 1983). Therefore agronomists have long
recognised the need to distinguish different levels of organisation within the farm-household,
to assign each of them different subsystems with their own "sub-rationality", controlled by the
socio-economic rationality of the farm-household but of a different kind. Nevertheless, how-
ever various and sophisticated are the conceptual models proposed by the FSR, they remain
qualitative and no mathematical formalisation has been proposed yet.

However, agro-economists have developed mathematical models of farmers' decision-making
process for long. They are based on linear programming (LP) (Bonneviale, Jussiau, and Mar-
shall 1989). Step by step, these models have reached a high degree of sophistication, using the
up-to-date mathematical advances in microeconomics (CGPRT Centre and CIRAD 1997;
Collectif 1997; Hazell and Norton 1986, Howitt 1995). But one might be surprised by
the double gap on the one hand between the complexity and the variety of the FS concep-
tual models and the poor microeconomic conceptual models, on the other hand between these
poor micro-economic conceptual models and the highly sophisticated mathematical tools used
to feed them. These models are generally based on economic theory describing the rationality
of the farm-household by an exogenous utility cardinal function often reflecting an objec-
tive of income or profit maximisation. Although risk aversion is nowadays often taken
into account, these conceptual models remain very sketchy when compared to the reality
of tropical farm-households and hardly explain their behaviour. Furthermore, not only are the
conceptual premises weak, they are rarely explicit. But one must acknowledge that though
amuch more complex set of rationalities is embedded in the farming system concep-
tual models, it unfortunately has not given birth to any mathematical model.
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Our team has been working on farming systems in different parts of the Caribbean (French
West Indies, Haiti, Cuba, Windward Islands, French Guyana) and in Brazil. Many models of
farm-household of good heuristic value have been proposed (Bory and Paul 1991; Fabri et al.
1989; Paul et al. 1994) but as many conceptual models, their use by the decision-makers has
been limited. Our hypothesis is that a more formal model would ease the transfer of our re-
search results to the agricultural development decision-makers. We have therefore started
with the use of linear programming as a basis for building an appropriate FS model.

The conceptual model

It is not useful in such a short presentation to recall all the main features of the farming sys-
tem approach. We will therefore focus on the more original points of our model. The key
words are "hierarchical structuring" and "structure of objectives".

The farm-household is considered as a system whose projects are chosen by the family (Fig-
ure 1). In order to reach these objectives, the family will mobilise its labour, the assets it
owns (land, equipment, buildings, capital...) and possibly buy or rent complementary factors
of production. The family will then set a system of activities within which the farming system
is included. It is important to outline that in the Caribbean, as in many tropical countries,
farming is rarely the only economic activity of the family. Crafts, fishing, wage labour, etc.,
are often as important as farming. Since there is competition for the factors of production (in-
cluding family labour) between the different activities (farming and transport or crafts
for example) these secondary activities must be taken into account even if we remain primar-
ily interested in the farming system study. Naturally, relationships with the socio-economic
environment must be considered both in the decision-making process and in its implementa-
tion. The influence of the history of the farming system from which the present situation re-
sults should not be forgotten.

Figure 1: The system of activities
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At the level of the system of activities, the objectives belong to the socio-economic
sphere: income, work schedule, social recognition, etc. The idea is to classify all the subsys-
tems included in the system of activities of objectives and sub-objectives, starting from a pure
socio-economic standpoint to a pure bio-technical one (Table 1).

Table 1: Simplified structure of objectives associated to the different systems and sub-
systems of the system of activities

Systems and subsystems Nature of the associated objectives
e System of activities e socio-economic
¢ Farming system e sOCio-economic
e Cropping and livestock systems e technico-economic
e Technical itineraries e technico-economic
o Technical operations e bio-technical

The farming system includes all the agricultural activities, from production to marketing'.
Within the farming system, when a crop or a livestock is chosen, the associated decision-
making and production processes constitute a given cropping or livestock system. There are
as many such sub-systems as crops or livestock under a unified decision process and a homo-
geneous production process. One may observe, for example, arainy season tomato cropping
system, a dry season one, a maize-bean (multiple) cropping system, etc. Each of these sub-
system is associated with particular objectives which, although of an economic nature again,
are more precise and more technical than those of the farming system. For example, if a given
cropping system should produce a given part of the income, this is now directly linked to a
yield level. In short, the general objectives of the farming system are reached through a pro-
gramme. This programme is a combination of sub-objectives referring to a combination of
cropping and livestock systems.

In the same way, there is a programme associated with, say, a given cropping system.
This programme is a logical sequence of technical operations starting from the
land preparation to the harvest. It is called "technical itinerary"” (Sebillotte 1977). Objectives
of this programme are of a technico-economic nature, for example: maintaining a low level of
weed development with a minimum use of labour. Each technical operation can be also re-
garded as associated with a particular objective and a given programme. In this
case objectives are purely technical: land preparation is a technical operation, it is made
of several manual and/or mechanical interventions with the aim of obtaining a given
soil structure and a given level of weed control. Figure 2 shows the conceptual model.

One of the most important advantages of the model is that once the objectives and deci-
sion process of a given level of organisation are identified, the objectives and decision proc-
esses of its sub-systems can be ascertained in a relatively autonomous way. The rationality
each level of organisation belongs to, is different.

! In our conceptual model, marketing systems are of the same hierarchical level as cropping andlivestock systems. In such a
short presentation we cannot detail this aspect and we will focus only the production processes: cropping and livestock sys-
tems.
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Figure 2: Simplified farming system conceptual model
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2. The methodology

The different stages of the methodology are shown in detail in Table 2.

The main principle underlying this modelling process is to build a model as simple as possi-
ble, to compare its results with the reality and to identify the reason for any gap: e.g. an m-
adequate objective function, a missing constraint, etc. The cycle begins again with the new
version of the model and so on. This trial and error process appears to be the best way to deal
with the trade-off between the accuracy of the model and the availability of data.

As shown in Table 3 there is a continuous to and fro process between the different axes that
are often synchronous.

The authors of this paper, specialised in agronomy (crop and farming systems) and in agn-
cultural economics (farming systems and marketing chains) were not formerly familiar with
mathematical modelling. They had to build a team able to deal with the complexity of the
farming systems, to make up for the lack of quantitative data, to be aware of the social de-
mand and to make up for the lacking skills in modelling.

The bibliography on supply modelling and the inventory of the available data helped to define
the type and the objective of the model. Then we began to build a prototype of generic model
even before getting a database mainly to get accustomed to the process of modelling.
Extension officers provided information on 10% of the farms that they visit. This sample has
been classified in types representative of the variety of farming systems. The ultimate step
will consist in aggregating these micro-models in a regional supply model.

The difficulties in modelling the representative farming systems led to another consultation of
the bibliography, particularly about the farmer's risk behaviour. Meanwhile the objective and
structure of the model were reshaped according to the quality of the collected data.

In order to be more efficient it was decided to develop a model based on actual farms situa-
tions representing the different identified types. That is the only way to have the maximum of
information about the decision-making process and to evaluate our hypotheses about the ob-
jective(s), constraints and strategies of the farmers. It is thus a good way to improve the mod-
elling of the representative farming systems. It will help select the extra data needed to com-
plete the database. Direct inquiries of farmers are made to obtain the required data.

This "actual farm" model will be presented as first results of the entire project both to policy-
makers and to extension officers.

3. First results

The first model

The programming model only keeps the decision-making levels of socio-economic nature. So
far more technical levels are taken into account through the set of constraints and the charac-
terisation of activities. In the future, they could be more precisely designed by use of a crop
growth model.

Underlying hypotheses must remain realistic despite the simplicity requirement of the first
model. Although Caribbean farmers aim at a complex set of objectives, the high integration to
the market economy makes the income objectives dominant. Within the framework of linear
programming the other objectives are included in the set of constraints. We have thus chosen
the global farm income as objective function. This is the most frequent case in Guadeloupe.
Nonetheless, we do not forget that in the case of dominant off-farm activity, farmers often
seek maximisation of per hour income.

With regard to production factors, we restrict the model to labour hiring. This choice is con-
sistent with the static nature of the model. Furthermore the Guadeloupean land market is par-
ticularly narrow.






SI901JJO
UOISU9IXa posieroads 1o wea) 3y} woly sistferoads Aq aseq
-gjep OIWIOUOD9-00MI 03] paysijqnd e JO UOHEN[BAd [N

XLIJBW [BIIUY9) o) SWALR(J "T'T

ejep 9y} JO AI0JUSAU] “[°T

uonoa||oo eyeq g

sSuneaw UIea ],

[9pOu a1y} JO $9A1193[qo Ay} Suruygag

pe[[epour oq
0] WI2ISAS 91} JO uonejuasaidor payIun

[epow ayy Jo saAnalqo oy Suuged "¢'l

SWIA1SAS UIULE] UO SAIps snoiadld Jo SIsaUuAS

opowr en3doduod 9y) JO JusuystqeIsy ‘'l

Aydeigorqrg

Sun[epow Jo aImmd & JuLImboy '1°]

SIIDIS [EONA[EUE pUB [ed)}2iodyl |

I901]JO UOISUIIXS IOMUAS [ o
(suroysks Suruwrgy pue doxo) jsnmouoiSe 1 “(Jul]

-[opow) jstwrouoiSe | ‘uononpoid [eUWIIUE UL SISYDIEISAL T o

:a1)nonge ay) SuisAreuy

(IPUTISS [eNUUE PUE SOULISISSE 90UB)SIP-3UO]) SUI9)SAS
Sururey jo Surmureiord [eonpwRyRW JO 1sIRIoRds [ @

:3uI][oPON

jSTwiouoIse swn-ed oanl | e
(sureyo
Sunesprew pue swio)sAs Suruiiey) ISTIOUCDS [BIMOLIGE |
(swoysAs Sururrey pue do1o) JSTWIOUOITE [ ©
:wes) oY) JO 9100 Y],

(Surk1ddns eyep
‘puBlIap [B100S) ANEUONMISUL-TNN o
Ayueur[diosIpnnNL e

wes) e jo bujwiod 0

(sjusuodwod ‘Juawaaalyoe Jo sueaw) uonduosaqg

sjuaswalinbay/wiy

saul| ulepy

AZo[opoyjoul paydope o) JO SAXE JURIYI( T d[qe.L

08vqoy pup popiuii] ‘uipds fo 110d ‘6661 pul 17 01,0 UL

Ammuary jxau aiyy up saSuajipyy) juswdopaaaq [0y, VAPV, Jo aouaaafuo)) [pUONDUINIL IXIS




IRUTWIDS [BOUUE U
synsa1 1811 oy} pue j02fo1d a3 Juasaid 03 reurwas suQ

s1ap1Aa0Id puny

[enuajod yym digsuone(ar oy) Sutaoxdwy e
(s19sn 21nyny 2y} 10]) [pow

oy3 jo ssousjendordde oy Suisearou] e

s1ayew-Ao1jod yym diysuone[ay ‘¢'v

s1aupted 9537 YIIM JI0M QATIO[[0D
Jo eseyd yoeo 1oye synsal aqeorjdde jo uonejuesald

[opow 913
Jo uopeiqied oy jo Ayenb Suraoidurg
ejep parddns oy} Jo Ayjenb Suraorduy

s1apraoxd uony
-BULIOJUI JO JIOM)2U 91} JO UONRUWIUY ‘7'

Ioyenb ® s8urjeaw 7 3589 1Y
s1oded Sunjiom pue s3UNLIW JO SINUIW JO AIDAIIP

2IN)[NO UOUILLOD & JO uonismboy
SMaIA Jo sjutod odnnu jo a3ueyoxyg

wes) 2} JO UOHRWIUY "['f

uolsuawWip [euone|oy

uon
-eIqQI[E0 10] SIDOINJJO UOISUIX? JO smararoul dn-mofjog
[epout oy} Jo uoneldepy

swa)sAs Juruire] Jo sadA) JUSIJIP oYL '€

UONBIQI[BO 10] SMITAIIUI dN-MO[[0]
[epour-ojoid 2y} Jo uonjeydepy
s1ouLe] ay Jo Annbur yydop-ug

SJUTRISUOD O} JO UOHBOJIIUIP] o

od4) £q weysAs Suruwre] @21 9uQ ¢'¢

UOTIRIQI[EO J0J SMITAIUI dn-MO[[0]
[epow-0j01d 2y jo uoneydepy
s1ouLre] a3 Jo Anmnbur yidop-ug

SJUTeI}SUOD 2U] JO UONBOTIUSP] e
Lnqises e

uLre] [eal 9uQ ‘7€

s)s1[e10ads FuIf[opow YIIM STUNRIA

[opow 9y} SUDRIA]  ® sanbruyoa; Surjjepow 03 uonoONpONU] [opow OL1dUSS ¥ [
s|apow Auejuswald ay} buipjing
SUIR)SAS Burunie]
pardures a3 jo A3ojodKy oy Suipyng ‘¢
saumb

-Ul SIdULIR] 1021Ip AqQ 9seqeiep SIY) JO UOpesIuaSowoy
(sour[opIn3 pajrelap) swoIsAS JuruLre] , UMouwy
-159q 119U}, JO SI9OIJO UOISUIXd aYl Aq uonduosa(g

su)sAs Furuwej jo Sundwes "¢z

(syusuodwiod Juawanaiyse jo sueaw) uonduosaqg

sjuswalinbayjwry

saul| ulepy

(o)) 7o[qeL

03vgo ], puv popiutl] ‘utndg fo 1od ‘6661 ,,Z AN 01,06 auny ', Linua) 1xau ayi w saSuajioy) wawdojaaa( [vamy, ‘YD TY Jo 2ouaiafio) puonpuat] yixig




Eﬁaﬁ-huﬁ_oa gpan drjsuong[ay €'t

Em%m@.& aoﬂmgomamo Foamau ahIo WREWRY 2

urea) uﬁmo uoﬁ.&&%. :u |
UOISUBUIP [EUOTR[AY b

=m,.mmmo sad£y Juatagp L b m‘
‘ wgb ma UkRe] 1908 AUQ ¢'E
UM [BNYOE AUQ 7L

[apow ouauAs ¥ ¢

[epowt Atejuawia[a aify mﬁwﬂ:m mm

M 1530 ST iy w.m

mEEEﬂm SUTILRE] Jo 2SEQEIEP A1) JO SURTERA] mm

| KUjEUI [BORRII3] 3T Smanaq 77
o E.mv au} Jo Arojuaau] ‘17

‘®1ep a1 Supasyio)) - ﬂ
_”m_b,nuﬁbm ‘saanoalqo) apowr a1 Sumga €1 N

[apous reradasnoa a0 JUAUNSTQesy 7]

e e e
L | - B SIS [eanA[eue pue [eanaioay] ‘T
T 6~ -9(G [¥ [E |C |} [Zh|VH|0L6 |8 [Z 9 |G |V zZl| : o saul| ulely
syuoly

Jo9To1d o1} JO UOIEIUIWIA[AUIT oY) SUIAMOYS J[BIdUIL], :¢ I[(BL

08pqoy pup poprutd] uibds f0 110d 6661, SN[ 01,08 ung ', LinjuaD) jxou 2y ul saSuajimif) Juawdojaaaq joany,, ‘YIIY TV JO 2ouaiafuo)) jpuoypuidiu] yixis






Sixth International Conference of ALACEA, "Rural Development Challenges in the next Century”, June 30" to July 21999,
Port of Spain, Trinidad and Tobago

Finally short cycle crops characterise the Caribbean agriculture. Therein intra-annual recur-
sivity has to be included in the model very soon.

Therefore the first model can be written as follows:

maximise: E(x) = c'x-f
subject to:
Ax<b
and x20
where E is expected profit;

c is an n by 1 vector of activity expected revenues;
x is an n by 1 vector of activity levels;

fis fixed costs;

A is an m by n matrix of technical coefficients;

b is an m by 1 vector of resource stocks.

Table 4 portrays this simple LP model.

Table 4: A Linear Programming Model (Hazell and Norton 1986, 11)
Activities

X, X, — X, RHS
Expected income c C .. ¢, Maximise
Resource constraints:
1 a, an ce a, <b
2 dy  dx .. a, <b,
m aml amZ s v amu S bm
with X;>0,allj=1ton
The first results

This simple LP program leads to this solution: the farmer chooses the most profitable activity,
more often an off-soil one, using all the surface and buying thousands of hours of work. This
solution is naturally unrealistic. The way to the complexity of the conceptual model is still
long. At this stage the model can be improved by adding constraints on access to market
(manpower, credit, products), idem est lines in matrix b. It results in the diversification of the
model but still among the high-income activities while in most of the actual farming systems
there is a balance between low-income and high-income activities.

One can remark than income level is generally positively correlated with risk level. It is then
clear that the model has to take into account other variables among which the variability of
the income associated with each activity and the risk aversion of the decision-maker.

With regard to introducing risk factors in the model, the probabilistic approaches have been
rejected so far because of the need to assume the normally distributed risks and because of the
scarcity of data. Then the Focus-Loss model developed by Boussard and Petit (Boussard
1970; Boussard and Petit 1967) was chosen. This method takes into account the significant
role of patrimony in the risk-averse behaviour. Furthermore one doesn't need more gross mar-
gins data than what is known by the farmer. Hazell made a particularly clear presentation of
the method (Hazell and Norton 1986, 103).
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Tlie focal loss (f}) is the difference between the expected gross margin (c;) and the worst one
(C j): p

fi= ci-callj.

The maximum permitted loss (call it LOSS) is defined as the difference between expected
total gross margin and the minimum income (MINI) required to cover farm fixed costs. That
18,

LOSS =Y ¢; X ;—MINI
J

In order to emphasise diversification Boussard and Petit impose the requirement that no single
activity has a total focal loss greater than 1/k of the maximum permitted loss for the farm
plan. That is,

f.< 1/k (LOSS), all ;.

The whole program is portrayed in Table 5. As expected it increases significantly the diversi-
fication of the set of activities. We are now attempting to improve the model by introducing
other secondary objectives, credit and cash flow constraints, pest and disease problems, sea-
sonality, etc.

Table 5: A Focus-Loss Model (Hazell and Norton 1986, 103)

Activities

X, X, o X, LOSS RHS
Expected income c: e - Gy Maximise
Minimum income constraint ¢, ¢, - c, -1 = MINI
Activity constraints:
X, fi -1/k <0
X f. -1/k <0
Xu f;r = l/k S O
Conclusion

We are still at the beginning of the development of the model using a to and fro approach.
We, as leaders of the project, have to be involved simultaneously in various activities (Ta-
ble 3). Although it makes the project very attractive, there is a risk of dispersal.

As expected, the multidisciplinary and multi-institutional nature of the team helps to counter-
balance the small number of researchers fully devoted to the project. Furthermore it guaran-
tees one of the main requirements of the modelling process, integration of disciplinary knowl-
edge and requirements through their pooling and hierarchical structuring.
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