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CHANGEMENT STRUCTUREL ET L'EVOLUTION
 
DES RENDEMENTS CEREALIERS EN TUNISIE
 

SOMMAIRE
 

1. La production agricole Tunisienne a suivi des variations historiques
 
consid4rables. L'importance de ces variations est devenue plus prononc4e 
ces 
derni~res ann~es. Cette 4tude analyse ces variations dans, le contexte de la 
production c4r6ali~re du b16 dur, du b16 tendre et de l'orge. Elle utilise 
trois outils d'analyse diff4rents pour essayer de mieux expliquer l'4volution 
de la production de ces trois cultures c4r4ali~res en Tunisie! (a) une analyse 
des taux de croissance permet d'examiner les tendances de production, de ren
dements et de surfaces cultiv4es; (b) une analyse des fonctions de rendement 
permet de mesurer les facteurs qui influencent les rendements (par exemple, la 
pluviom~trie ou l'utilisation des engrais) I et (c) une analyse des fonctions 
de demande permet de mieux comprendre l'influence des prix sur l'utilisation 
des 	engrais.
 

2. 	En contraste avec les autres 4tudes de l'APIP qui 
se sont consacrees
 
a l'4tude des fonctions d'offre et des subventions des intrants, cette 4tude a
 
aussi pour objectif: (a) d'am6liorer les donn6es de base de la Direction G4n4
rale de la Planification du D4veloppement et des Investissements Agricoles
 
(D/GPDIA) pour les 6tudes venir; et (b) d'am6liorer la formation du personnel
 
de la D/GPDIA dans l'utilisation des outils 6conom4triques appliqu4s i l'ana
lyse de la politique agricole. Cette 4tude est un rapport sur l'application
 
de ces outils, la validation des donn4es et lanalyse de plusieurs problemes
 
de la politique agricole.
 

3. Les conclusions de l'analyse des taux de croissance sont les suivan
tes:
 

a. 	La variabilit4 de la production et des rendements de c6r6ales a aug
ment4e ces derni~res ann6es.
 

b. 	Bien que les superficies de b16 tendre aient 4t6 stagnlantes ou en 
diminution, la production a augmenti A un taux rapide. La majorit6 
de cette croissance est due la production des r6gions du Nord-Ouest
 
et du Centre-Ouest.
 

c. 	La production, les superficies et les rendements de bl dur ont 6t6
 
stagnants en g4n~ral. La seule exception est la r4gion du Sud o6 la
 
productio', les superficies et les rendements ont augmenti ces der
nieres ann~es.
 

d. 	Les superficies d'orge ont augment6 r4guli~rement un taux de 5 
6% par an, et la production A un taux de 3 i 4% par an. Les rende
ments ont en g~n~ral diminu6 cause d'une expansion de la culture 
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sur des terres marginales, et du peu d'utilisation d'engrais. L'ex
pansion la plus rapide a 4t6 dans le Centre-Ouest (4%), le Nord-Ouest
 
(6%) et le Sud (14%).
 

e. 	Les regions arides du Centre-Ouest et du Sud ont vu une augmentation
 
rapide des trois cultures cer4alieres. Le manque d'eau, l'augmenta
tion des superficies cultiv6es et la fragilit6 de la terre posent
 
des probl~mes d'environnement. Trois facteurs devraient itre 4tudi4s
 
d'une mani~re plus approfondie: (1) les contraintes fonci~res qui
 
influencent l'acc~s A la terre dans le Nord; (2) les incitations a 
augmenter les superficies cultiv6es dues la politique agricole ou 
aux forces des march4s; et (3) 1'augmentation de la densit6 de popu
lation et les migrations rurales. 

4. Dans l'analyse des fonctions de re.,aement, l'utilisation d'engrais a
 
un effet tr~s significatif sur les rendements des trois cultures de c~r~ales.
 
Pour le b16 dur dans la r4gion Nord, l'41asticit6 des rendements par rapport
 
aux engrais est de 0,24, c'est- -dire qu'une augmentation de 10% en utilisation
 
d'engrais augmente le rendement de b16 dur de 2,4%. La r4ponse des rendements
 
d'orge (0,14) est moins 4lev4e que celle du b16.
 

5. Les engrais azot~s aussi bien que les engrais phosphat4s ont un effet
 
significatif sur les rendements des trois cultures. La r4ponse des rendements
 
aux engrais azot6s est un peu plus 6lev6e qu'aux engrais phosphat4s. Parmi les
 
trois cultures c6r6ali res, la r6ponse du b16 tendre aux engrais est la plus
 
importante, alors que la reponse de l'orge est la moins importante.
 

6. 	La pluviom6trie a aussi une influence significative sur les rende
mends c4r4aliers. L'61asticit6 du rendement par rapport A la pluviom6trie
 
(les pr~cipitations durant la saison agricole) est de 0,32 pour le b16 tendre,
 
0,67 pour le b16 dur et 0,82 pour lorge.
 

7. 	Les r4sultats de l'analyse des rendements sont les suivants:
 

a. 	La forte reponse du rendement de ble tendre aux engrais, et sa faible
 
r~ponse la pluviom4trie indiquent que le b14 tendre est en g6n4ral
 
cultiv6 sur des meilleures terres ayant une bonne capacit6 de riten
tion en eau. En g~n~ral, ces terres sont moins susceptibles la
 
secheresse et donc offrent moins de risque de production. Cependant,
 
la disponibilit4 de ces terres de haute qualit4 est limit6e. Ceci
 
permettrait d'expliquer pourquoi les superficies en b16 tendre ont
 
6t6 stagnantes alors que les rendements de bl tendre ont augment6,
 
en partie i cause de l'auginentation de l'utilisation des engrais.
 

b. 	Les rendements d'orge ont une faible r~ponse aux engrais et une forte 
r~ponse A la pluviomitrie. Aussi, compar6 aux deux autres c6r4ales, 
l'orge a les rendements les plus faibles par hectare. Ceci sugg~re 
que l'orge est plant4 en g4n~ral sur des terres de moindre qualite
qui sont plus susceptibles la s~cheresse. En g~n6ral, l'orge 
risiste mieux a la secheresse que le b16. Donc, en r6ponse a une 
pluviom~trie variable et en diminution, les agriculteurs semblent
 
avoir modifi6 leurs surfaces cultiv4es au detriment du b16 et en
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faveur de V'orge. Cette rdponse est bien apparente dans les regions
 
du Centre-Ouest et du Sud.
 

C. 	La valeur du produit marginal des engrais est beaucoup plus 4lev4e
 
que le prix des engrais. Ceci indique que les agriculteurs sous
utilisent les engrais dans toutes les r4gions. Ce ph6nomne peut

s'expliquer comme suit: (1) la tendance des agriculteurs A sous
estimer la rdponse des rendements aux intrants de march6l (2) les
 
contraintes financi~res du commerce international qui pourraient
 
limiter les importations d'engraisj (3) le rationnement de certains 
intrants en faveur de certaines entreprises (par exemple les fermes 
d'Etat) ou de cortains secteurs de l'4conomie (par exemple la r6gion 
Nord) 1 (4) les contraintes financi~res des agriculteurs et les im
perfections des march6s de cr4dit qui limiteraient les achats d'en
grais par les agriculteurs. 

d. 	La sdcheresse a une influence tr~s importante sur la r6ponse des
 
rendements aux engrais. Pour le b16 dur par exemple, une augmenta
tion de 10% en engrais azot6s aug-mente les rendements de 2,9%. Mais
 
une diminution de 10% de la pluviomdtrie a un effet oppos6 sur les
 
rendements de 5,9%. Ces effets sont m6me plus importants pour l'orges
 
une augmentation de 10% en engrais azots augmente les rendements de
 
1,8%, alors qu'une diminution de 10% de la pluviomdtrie r6duit les
 
rendements de 7,4%. Ces resultats ont des implications importantes:
 
(1) les variations de la pluviom6trie peuvent augmenter beaucoup le
 
risque economique de l'utilisation d'eng. ais; et (2) les effets de
 
la sdcheresse sur l'utilisation des intrants sugg~rent que les b6n6
fices du programme d'ajustement structurel vont d6pendre de la plu
viomdtrie, et que les phases de r6forme de la politique agricole
 
devraient s'y adapter.
 

8. La sous-utilisation des engrais dans les cultures cdr6ali~res malgr6
 
les subventions sur le prix des engrais sugg~re que d'autres facteurs ont jou6
 
un r6le. Par exemple, le rationnement des engrais d5 un systeme de distribu
tion inefficient peut contribuer A cette situation. Dans ce cas, l'61imination
 
des subventions sur le prix des engrais pourrait n'avoir que peu d'effet sur
 
l'utilisation des engrais et sur la production cdr6ali~re.
 

9. Les rdsultats sur la demande d'engrais indiquent que ni les prix ni
 
la pluviom6trie jouent un r~le important dans la demande d'engrais. Dans une
 
situation de rationnement de credit ou de distribution d'engrais, l'on pourrait
 
s'attendre A ce que les prix n'aient que peu d'influence sur l'utilisation des 
engrais. 

10. L'd1imination des subventions sur le prix des engrais va avoir une
 
influence ndgative sur le bien-&tre des agriculteurs. Premikrement, cela va
 
augmenter les costs de production. Deuxi~mement, cela va augmenter les risques
 
financiers des agriculteurs en p~riode de sdcheresse. Une politique agricole
 
de stabilisation des prix et de la production devrait tre prise en consid6ra
tion (par exemple un systeme d'asgurance sur les rendements ou de programmes
 
d'irrigation). Le peu d'effet des prix sur l'utilisation des engrais sugg~re
 
que la politique agricole devrait se concentrer sur d'autres facteurs (autres
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que les prix) qui influencent l'utilisation des engrais. Ces facteurs incluent
 
l'acc~s des agriculteurs au cr~dit, l'efficience du syst~me de distribution
 
des engrais, et l'efficacit6 des programmes de recherche et de vulgarisation
 
en agriculture.
 

11. Il y a de s~rieuses contraintes de donn~es qui limitent l'analyse
 
de l'4volution de la production agricole en Tunisie. Dans le cadre de cette
 
6tude, les trois probl~mes de donn~es les plus serieux sont les suivants: (a)
 
des s6ries chronologiques tr~s courtes, sp4cialement au niveau regional; (b) le
 
manque de donn4es sur utilisation des intrants par culturej et (c) des donnees
 
limit6es sur les intrants autres que les engrais. La qualit6 des analyses
 
6conomiques venir va d4pendre de la r6solution prochaine de ces probl~mes
 
de donn4es. L'4tude pr~sent4e ici d4montre l'utilisation possible des donn4es
 
actuelles. Elle illustre aussi l'application d'outils 4conom6triques l'ana
lyse 6conomique de quelques problmes de la politique agricole Tunisienne.
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STRUCTURAL CHANGE AND YIELD RESPONSE
 
IN TUNISIA'S CEREALS SECTOR
 

EXECUTIVE SUMMARY
 

1. Tinisia has experienced considerable variation in the production of
 
its basic agricultural commodities. The magnitude of these swings has become
 
more extreme in recent years. This study uses three different analytical tech
niques to help explain the changes in production of Tunisia's three principal

cereals (durum wheat, bread wheat and barley) over time: (a) a growth rate
 
analysis to examine trends in production, yields and area planted. Its purpose

is to explore the extent to which past changes in levels of production have
 
occurred through either intensification (greater use of inputs per unit of
 
area) or extensification (increases in area planted)l (b) a yield function
 
analysis to examine the determinants of these changes in yields, particularly
 
the influence of rainfall and fertilizer; and (c) an input demand analysis to
 
examine the relationship between fertilizer use and input prices.
 

2. 	Unlike other studies under APIP that have dealt with output response
 
and input subsidies, this activity had as additional objectives: (1) establish
 
a data base within the General Directorate for Development Planning and Agri
cultural Investments (Direction Gdndrale de la Planification du Ddveloppement
 
et des Investissements Agricoles, D/GPDIA) for future studiesl and (2) provide
 
training to D/GPDIA staff in single equation econometric estimation and some
 
of the modeling techniques used in applied policy analysis. This study reports
 
on the application of these techniques for data validation and to the analysis
 
of several policy issues.
 

3. 	A number of salient conclusions emerged from the growth rate analysis:
 

a. 	Variability of production and yields has been increasing for all ce
reals in recent years.
 

b. 	While the area of bread wheat has been stagnant or declining, produc
tion has been rising at a rapid pace. Much of this growth has been
 
experienced in the northwest and central-west regions.
 

c. 	Production, area and yields of durum wheat appear to be stagnating
 
nationwide. Only in the south has there been a noticeable upward
 
trend in production, area and yields in recent years.
 

d. 	The area of barley has been steadily rising at rates of 5-6 percent
 
per annum, and production at rates of 3-4 percent per annum. Yields
 
have trended downward due to expansion onto marginal lands, and to
 
low levels of fertilization. The most rapid expansion has been oc
curring in the central-west (4 percent), northwest (6 percent) and
 
south (14 percent).
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e. 	The areas of lowest and declining rainfall, the central-west and south
 
regions, have sho-an dynamic growth in production of all three cereal
 
crops. The low rainfall in these southern zones combined with rapid
 
area expansion and the fragility of arid lands raises important envi
ronmental concerns. Three possible factors for this expansion should
 
be studied and monitored: (a) land tenure constraints impeding land
 
access in the north; 
(b) economic policies or market forces increasing
 
incentives for area expansion; and (c) increasing population densities
 
and/or settlement.
 

4. In the yield response analysis, total fertilizer was found to have a
 
strongly significant effect on yields of each of the three cereals. For durum
 
wheat in the north, the estimated elasticity of fertilizer use (nitrogen plus
 
phosphates) is .24, i.e., a 10 percent increase (decrease) in the use of fer
tilizer will bring about a 2.4 percent increase (decrease) in durum wheat
 
yields. Bread wheat shows a slightly higher responsiveness with an elasticity
 
of .27. The responsiveness of barley yields was lower than that of both types
 
of wheat (.14).
 

5. When the two types of fertilizers are analyzed individually, both
 
nitrogen and phosphate fertilizers show a significant influence on yields of
 
all three crops. The yield response to nitrogen fertilizer is slightly higher
 
than to phosphate fertilizer. Bread wheat yields again show the most respon
siveness and barley yields the least responsiveness to individual fertilizers.
 

6. Rainfall was also found to be a significant factor in explaining ce
reals yields. The elasticity of total rainfall (precipitation received over
 
the entire growing season) was .32 for bread wheat, .67 for durum wheat, and
 
.82 for barley.
 

7. A number of important points are raised by the yield function analy
sis:
 

a. 
The relatively high response of bread wheat yields to fertilizer, and
 
its relatively low yield response to rainfall suggest that bread wheat
 
is generally grown on better soils with greater water holding capac
ity. Such soils generally enable lower risk of fertilizer use, and
 
buffer the adverse impacts of drought. The availability of high qual
ity 	land is limited however. This would explain why growth in bread
 
wheat has remained stagnant while production has increased through
 
greater allocation of fertilizer to higher quality land.
 

b. 	The fact that barley has the lowest yield response to fertilizer, the
 
highest yield response to water, and the lowest yields per hectare,
 
suggests that barley is grown primarily on the poorest soils with the
 
greatest vulnerability to drought. Barley is generally more drought
 
resistant than wheat. Thus, in response to declining and more vari
able rainfall, farmers appear to be shifting their crop mix from
 
durum wheat to barley. This shift is particularly apparent in the
 
central-west and south.
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c. 	The value of marginal product of fertilizer in agriculture greatly
 
exceeds the nominal fertilizer price, indicating less than optimal

level of fertilizer use in all regions. There are several possible

explanations for this phenomenon: (a) the tendency of farmers in
 
semi-arid areas to discount the yield response to cash inputsl (b)

rationing of inputs toward certain enterprises (e.g., state farms)

or sectors (north) of the economy; and/or (c) cash flow constraints
 
and capital market imperfections, limiting fertilizer purchases by
 
farmers.
 

d. 	Drought has a swamping effect on the yield response to fertilizer.
 
On durum wheat, for example, increasing Ammonitre by 10 percent would
 
increase yields 2.9 percent. But a 10 percent decline in rainfall.
 
would have an opposite effect on yields of 5.9 percent. The effect
 
on barley is even more dramatic. Increasing Ammonitre 10 percent
 
would increase yields 1.8 percent while a 10 percent decline in rain
fall would reduce yields 7.4 percent. These results have important
 
implications: (a) volatile fluctuations in rainfall can 
sharply in
crease the risk of fertilizer use; and (b) the countervailing effect
 
of drought on input use suggests that the benefits of the structural
 
adjustment program will depend crucially on rainfall patterns.
 

8. The sub-optimal levels of fertilizer use on wheat and barley in spite
 
of fertilizer subsidies suggest that economic rationing effects have been
 
taking place, and that inefficiencies in the fertilizer distribution channel
 
exist. Given that farmers appear to be using less fertilizer than the optimum,
 
the removal of fertilizer subsidies will probably have only minimal effect oi
 
fertilizer use and cereals production.
 

9. The results of the fertilizer demand regressions indicated that nei
ther prices ror rainfall have an important influence on fertilizer demand, al
though firm conclusions are difficult due to the limited number of observations
 
for the analysis. Yet, in situations of credit and/or fertilizer rationing,
 
one would not expect prices to have a significant influence on fertilizer use.
 

10. Removal of fertilizer subsidies will hurt farmers. First, it will
 
increase production costs. Second, in drought years, farmers will be forced
 
to absorb higher levels of financial risk. Policies which help farmers cope

with price and output risk should thus be considered (e.g., crop insurance
 
schemes and irrigation programs). The lack of response of fertilizer demand
 
to prices also suggests that agricultural policy should focus on other 
non
price factors influencing fertilizer use, such as farmers' access to credit,
 
efficiency of fertilizer marketing, and the effectiveness of agricultural
 
research and extension.
 

11. There are serious data constraints to the analysis of input demand
 
response to prices, and to the evaluation of the influence of individual inputs
 
on production. Three of the most serious problems found in this study are: (a)
 
very short time series, particularly at the regional level, (b) lack of input

data by crop, and (c) the limited amount of data for inputs other than fertil
izer. The extent to which these data constraints can be overcome will affect
 
the nature and quality of economic analyses undertaken in the future. However,
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this analysis demonstrates the potential usefulness of existing data. 
 It also
 
demonstrates the application of several 
important analytical techniques that 
can be returned to in several years time, once more extensive time series 
become available. 
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STRUCTURAL CHANGE AND YIELD RESPONSE
 
IN TUNISIA'S CEREALS SECTOR
 

I. INTRODUCTION
 

Cereals in Tunisia have experienced considerable variation in production
 
and yields. These iluctuations have become more extreme in recent years due
 
in part to dramatic changes in rainfall and in output and input prices. Re
moving fertilizer subsidies will increase farm costs and lower farm incomes.
 
But due to lack of data on the marginal value of input use in agriculture and
 
on fertilizer demand response to changes in price, it is difficult to evaluate
 
impacts of policy change on aggregate fertilizer use and production. Rainfall
 
also has an important influence on the outcome of policy change. Drought re
duces yields, lowers food security, and increases the financial risk of fer
tilizer use. It further exacerbates the increased costs and lower net income
 
that result from higher input prices. The magnitude of yield response to
 
changes in rainfall and modern inputs thus has important implications for
 
policy reforms under the Agricultural Policy Implementation Project (APIP).
 

Other studies under APIP have dealt with the subject of input subsidies
 
and output response as well; the reoort of the Subsidy Reduction Study (Redjeb
 
1989) addresses many of the same issues covered here. Unlike that study,
 
however, this actually is the outcome of a number of other efforts that were
 
aimed at strengthening data bases and policy training in the Direction G~n6
rale de la Planification du D6veloppement et des Investissements Agricoles
 
(D/GPDIA). In the course of undertaking its work, this activity: (1) helped
 
establish a regional data base on aggregate area, yield, and crop production
 
and on input use within the D/GPDIA; (2) demonstrated potential uses of these
 
existing data; (3) provided hands-on training to D/GPDIA staff in single equa
tion econometric estimation and some of the modeling techniques used by econo
mists in applied policy analysis; and (4) applied these techniques to test the
 
validity of data and to study current policy issues. 1
 

The work reported in this paper is thus the product of an interactive
 
process focused on improving data bases, providing analytical training, and
 
conducting applied policy analyses. Simple analytical models are developed to
 
help explain structural changes in Tunisia's cereals sector, and changes in
 
yield and input demand response to price policy reforms.
 

1. The data base was published in the document, "Rapport Pr4liminaire sur
 
la Creation d'une Base de Donn6es Agricoles" (April 1989). The course, "Model
ing and Forecasting of Economic Data," was taught in February and March 1989.
 
The three applications presented in this paper (i.e., growth rate, production
 
function, and input demand analysis) were practical applications developed in
 
that course.
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This report is divided into five sections. Section I is introductory.
 
Section II examines trends i..area, production, and yields in Tunisia's cereal
 
sector using growth rate analysi.s. Its purpose is to explore the extent to
 
which past changes in levels of production have occurred through either inten
sification (greater use of inputs per unit of area) or extensification (in
creases in area planted). In section III, a yield response analysis examines
 
how changes in resource use and rainfall have influenced production. Section
 
IV examines the relationship between prices and input demand, and in turn how
 
changes in input use affect yield levels. Implications of this analysis for
 
Tunisian agricultural policy are examined in section V along with a discussion
 
of current data limitations and future information needs.
 

II. GROWTH RATE ANALYSIS
 

Trend lines in area, production and yields of Tunisia's three principal
 
cereals (durum wheat, bread wheat and barley) and trend lines in total annual
 
rainfall for three economic regions (northwest, central-west and south) are
 
illustrated in Figures 1 and 2. The data series begin in 1972, the first year
 
of complete rainfall information at the regional level. These figures illus
trate wide year-to-year variations in area, production and yields, particularly
 
over the period 1984-87. Similar fluctuations are apparent in the rainfall
 
series. Also striking is the rate of decline in rainfall from north to south,
 
and the general downward trend in rainfall in the central-west region over
 
time.
 

Compound growth rates were estimated for individual cereals to examine
 
trends in production, yields, and area cultivated. The motivation for this
 
approach and methodology are explained in Annex A. Growth rates in production,
 
yields, and area cultivated of durum wheat, bread wheat, and barley were esti
mated for two time periods--10,80-87 and 1964-87--exhibiting both short-run and
 
long-run trends. The empirical results are presented in Table 1.
 

Over the last 24 years, production of durum wheat has increased at an an
nual rate of 3.4 percent, virtually all of which is attributable to improve
ments in yields (3.3 percent). For bread wheat, area planted has actually 
declined slightly since 1964 (-2.4 percent) , while the yield has increased at 
an annual rate of 7.2 percent. Barley production has grown 3.8 percent per 
annum, but unlike wheat, this trend has largely been due to area expansion
 
(6.3 percent). Barley yields have tended to decline over time at an annual
 
rate of -2.4 percent, although the estimate is not statistically significant.
 
With the exception of durum wheat area and barley yields, the long term trends
 

are statistically significant at the 90 percent level.
 

These trends appear to have reversed themselves over the past 8 years.
 
Production of durum wheat over the 1980-87 period has decreased slightly,
 
while bread wheat production has grown at a fairly rapid rate of 6.6 percent
 
per annum, mainly due to area expansion (9.5 percent). While yields of durum
 
wheat and bread wheat have grown at a modest pace on a long term basis, yields
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Figure 1 

Trends in Precipitation by Region and Production by Crop Type, 1972-88 
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Figure 2 

Trends in Area Cultivated and Yields by Crop Type, 1972-88 
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TABLE 1 

Growth Rates of Area, Production, and Yields
 
in the Cereals Sector, Tunisia
 

Time Series: 1964-87
 

Durum wheat 


Bread wheat 


Barley 


Time Series: 1980-87
 

Durum wheat 


Bread wheat 


Barley 


PRODUCTION AREA YIELD 

rq ra ry 

.034 .001 .033 

(4.0) (.25) (3.5) 

.046 -.024 .072 
(3.6) (-2.6) (6.6) 

.038 .063 -.024 
(3.1) (2.2) (-.8) 

-.001 .005 -.006 
(-.009) (.26) (-.09) 

.066 .095 -.026 
(.90) (3.4) (-.50) 

.038 .055 -.016 
(.50) (1.4) (.26) 

Figures in parentheses are t-statistics.
 

See Annex A for the methodology used in calculating growth rates.
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have tended to stagnate (for durum wheat) or decline (for bread wheat) in more
 
recent years. As shown in Figure 2, however, these trends primarily reflect
 
the wide fluctuations in yields that have been occurring since 1979, as indi
cated by the low statistical significance of the 1980-87 growth rate estimates
 
in Table 1. Barley has continued to grow steadily in terms of both area and
 
production over time.
 

ixamination of growth rates at the regional level (Table 2) shows wide
 
variability in production within the cereals sector. Bread wheat, for example,
 
was shown in Table 1 to have grown at an annual rate of 6.6 percent per year
 
for the 1980-87 period. However, in the northeast region of the country for
 
the same 1980-87 time period, production of bread wheat actually decreased by
 
9 percent per year, almost all of which was due to a decrease in area planted
 
(6.8 percent). Production of bread wheat in the northwest (8.3 percent) and
 
central-west (118 percent) regions have been growing at an extremely rapid
 
pace, entirely due to area expansion. The high figure for the central-west
 
region reflects a very low starting base. Nevertheless, the data point to a
 
dramatic shift in resources toward bread wheat production in the northwest and
 
central-west regions in recent years.
 

For durum wheat, an expansion in area and production appears to be oc
curring mainly in the south and somewhat in the northeast and central-west
 
regions. In the northwest, normally considered the most productive cereals
growing region, production of durum wheat appears to have been stagnating in
 
recent years. As for barley, production in the northwest has been growing 4.0
 
percent per annum, mainly due to area expansion, while production in the south
 
has been growing rapidly at an annual rate of 7.2 percent per annum with area
 
inoreasing 14.0 percent. Yields of durum wheat, bread wheat and barley have
 
been generally declining at rates of 2-4 percent in all regions.
 

A number of points stand out in this analysis:
 

1. 	Fluctuations in production and yields of all cereals have been in
creasing in recent years.
 

2. 	Production of bread wheat has grown fairly consistently at rates of
 
4.6 	to 6.6 percent based on both long- and short-term estimates. On
 
a long-term basis, most of this rise in production has been due to
 
increasing yields. But in more recent years, production has risen
 
primarily because of area expansion. Much of the growth in production
 
has been experienced in the northwest and central-west regions.
 

3. 	Production, area, and yields of durum whcat appear to be stagnating
 
nationwide. Only in the southern region has there been a noticeable
 
upward trend in production in recent years.
 

4. 	Barley area has been steadily rising at rates of 5-6 percent per an
num, and production at rates of 3-4 percent per annum. Yields have
 
trended downward due to expansion onto marginal lands, and to low
 
levels of fertilization (see production analysis). The most rapid
 
expansion in area has been occurring in the south (14 percent), north
west (6 percent), and central-west (4 percent).
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TABLE 2
 

Growth Rates of Area, Production, and Yields
 
in Tunisia's Cereals Sector, Regional Level
 

Time Series: 1980-87 


Durum wheat: Northwest 


Northeast 


Central-west 


South 


Bread wheat: Northwest 


Northeast 


Central-west 


South 


Barley: Northwest 


Northeast 


Central-west 


South 


PRODUCTION 


rq 


-.02 

(.4) 


.0010 

(.01) 


.014 

(.1) 


.058 

(.23) 


.083 


(.12) 


-.09 

(-1.4) 


1.18 

(1.4) 


-


.04 


(.6) 


-.005 

(-.09) 


.003 


(.02) 


.072 

(.3) 

AREA YIELD 

ra 

-.014 -.006 
(-2.7) (-.3) 

.012 -.01 
(.8) (-.6) 

-.007 .02 
(-.2) (.2) 

.04 .016 
(.27) (.2) 

.118 -.03 

(7.7) (-.53) 

-.068 -.02 
(-1.6) (-.6) 

1.09 .09 
(.89) (1.2) 

- -

.06 -.01 

(3.8) (-.2) 

.009 -.02 
(.5) (-.3) 

.04 -.04 

(1.3) (-.3) 

.14 -.06 
(.7) (-.5) 

Figures in parentheses are t-statistics.
 

See Annex A for the methodology used in calculating growth rates.
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5. 	The areas of lowest and/or declining rainfall, the central-west an(
 
south, have shown dynamic growth in area and production of all threi
 
cereal crops. The low rainfall in these southern zones combined witt
 
rapid area expansion and the fragility of arid lands raises importan

environmental concerns. Three possible factors for this expansion it
 
the south should be highlighted for future study and monitoring: (a:

land tenure constraints impeding land access in the north; (b) eco.
 
nomic policies or market forces increasing incentives for mechaniza
tion in the south; and (c) increasing population densities and/oi
 
settlement.
 

In recent years (1980-87), area expansion has been the most important
 
factor in production growth, especially for barley and bread wheat. As lon
 
as endowments of arable land exceed land use requirements, the dependency of
 
production on crop area expansion to meet food security needs 
is not a crucial
 
issue. However, stagnating yields in recent years raise fundamental concern!
 
about the long-term viability of this strategy. It further emphasizes thE
 
importance of understanding the effects of intensification on output response
 
derived from yield-increasing technologies (chemical fertilizers, herbicides,
 
mechanization, improved management practices, labor, irrigation, bettez
or 

rainfall).
 

III. YIELD RESPONSE ANALYSIS
 

A yield response function in the case of cereals defines the relationshiF
 
between yield and its factors of production, including fertilizers, herbicides,
 
pesticides, amount of labor or effort expended (both human and mechanical),
 
rainfall, soil characteristics, techniques employed, and managerial -kills.
 
Because the list of all possible inputs is large, many being immeasurable or
 
difficult to measure, production function analysis generally includes only the
 
most important factors.2 
 The analysis also requires the choice of functional
 
form for the econometric estimation.
 

A. 	Model
 

A Cobb-Douglas or logarithmic form of the production function was chosen
 
for the analysis. This functional form is common in yield response analyses.
 
It has been found through experience to exhibit good "fit" in estimating yield
 
equations. Unlike the quadratic function, which can require a large number of
 

2. Crop output also depends on the timing of critical inputs, such as
 
rainfall or fertilizer application, which can be captured in a dynamic speci
fication of the production function. Cross-sectional data may be employed to
 
estimate production functions that include more detailed input information
 
such as available soil nutrients and alternative management practices. These
 
formulations, however, require more detailed information on the quantity and
 
on the timing of inputs than are normally available in aggregate data.
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observations to maintain sufficient degrees of freedom 
for interaction terms,
 
it requires minimal information. Because estimated parameters production
are 

elasticities of input use, coefficients are 
relatively easy to use and inter
pret. The general Cobb-Douglas production function used here has the form:
 

(i) log Y = b0 + blog X1 + b2log X2
 

=
where, 	 y cereal yield in metric tons per hectare,
 

X, = 	metric tons per hcctare of fertilizer applied to ce
reals, and
 

X2 = 	total millimeters of rainfall during the growing sea
son (September through April)
 

Coefficients b, and b2 are production elasticities of input use. That
 
is, increasing quantities of inputs X1 and X2 by 1 percent will increase
 
output (Y) by b1 and b2 percent, respectively. Explanatory variables are

limited 	to 
the two most important factors, chemical fertilizers and rainfall,
 
due to missing data and to the short time series available for other inputs.
 

B. Data
 

Yield response equations are estimated for durum wheat, bread wheat, and
 
barley using time-series data at the national aggregate level. 
 The time-series
 
data currently available place a number of limitations on the analysis:
 

First, the time series on input use are extremely short in duration.
 
While the amount of phosphate and nitrogen fertilizers (Ammonitre, Super45,
 
Superl6) applied to cereals is available at the regional level for the 1975-87
 
period, published information from the Enqu~te de Base does not permit detailed
 
disaggregation of the amount of fertilizer applied to 
individual crops. Since
 
crops are unique in their yield response to fertilizer and in their degree of
 
drought tolerance, this problem imposes severe limitations on the quality of

economic studies that can be undertaken. For purposes of this analysis, data
 
on fertilizer use for 13 years 
are summed for the northern (Nord-Ouest and
 
Nord-Est) and southern (Centre-Ouest, Centre-Est, and Sud) parts of the coun
try, giving a total of 26 observations. A dummy variable was originally in
cluded to capture 
regional differences, but was found to be statistically
 
insignificant, indicating that regional differences influencing yields were
 
being captured by the rainfall and fertilizer variables.
 

Second, information on labor and mechanical inputs is available for only

the last 5-6 years from the Enqu~te de Base and for even fewer years in pub
lished form. The amount of herbicides or area on which herbicide is applied
 
is another potentially important explanatory variable, where data are either
 
missing or weak. Once reasonable time series for these variables are estab
lished, pooling time-series (by year) and cross-sectional data (across regions)
 
would permit more detailed analyses of yield response to these inputs (i.e.,

the study of the marginal productivity of labor, mechanization and herbicides).

Including measures for these factors in the analysis would also improve the
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econometric results for fertilizer and rainfall, since at least some of the
 
influence of these missing variables is now being captured by the rainfall and
 
fertilizer variables.
 

Third, better regional data will be needed before studies of yield re
sponse can be undertaken that better capture Tunisia's wide diversity of eco
logical zones and physical endowments (e.g., soil type, vegetation). Detailed
 
regional data currently exist only for the 1980-87 period, and have yet to be
 
verified. Also, current crop statistics fail to account for differences be
tween irrigated and non-irrigated areas, limiting detailed analyses of water
 
control.
 

Reasonably good rainfall data do exist by region, and were used in this
 
analysis to capture regional differences. The rainfall variable is the monthly
 
precipitation received by gouvernorat (statistics are published for three
 
gouvernorats in the northwest, two in the northeast, and two in the central
west), weighted by the share of cereal production in each region. 3 This
 
calculation thus assigns greater weight to monthly precipitation levels in
 
regions producing a greater proportion of cereals (i.e., northwest).
 

Yields of durum wheat, bread wheat, and barley are estimated as a function
 
of total fertilizer use (metric tons per hectare of Ammonitre plus Super45 and
 
Superl6 applied to all cereals) 4 and total rainfall over the entire growing
 
season (September-April). These results are presented in Table 3. Since the
 
nitrogen fertilizer, Ammonitre, has a different influence on yields than the
 
phosphate fertilizers, Super45 and Superl6, separate regressions were also
 
estimated for nitrogen fertilizer (Table 4) and for phosphate fertilizer
 
(Table 5).
 

As nitrogen fertilizer is normally applied after seeding, one would expect
 
the amount of rainfall during the growing season to strongly influence nitrogen
 
fertilizer use and thus cereal yields. Because phosphates are typically ap
plied before seeding, rainfall during the planting season was used instead of
 
total seasonal rainfall as the explanatory variable for yields of durum wheat,
 
bread wheat, and barley.5 Thus, total rainfall foz the entire growing season
 

3. The weights used were the percentage of total cereals production pro
duced in each region (average over the 1975-87 period). Weights are 0.72 per
cent for the northwest, 0.28 percent for the northeast, 0.85 percent for the
 
central-west and central-east regions, and 0.15 percent for the south. Since
 
monthly rainfall data are lacking for the southern region, rainf;-ll in the
 
central-west region was used instead.
 

4. This variable provides a reasonably good proxy of fertilizer use by
 
type of cereal only if the percentage applied to each cereal remains reasonably
 
constant over time (e.g., farmers always apply 50 percent of the fertilizer on
 
cereals to durum wheat). However, if farmers greatly alter fertilizer rations
 
applied to crops from year to year, estimates are more difficult to interpret.
 

5. This was confirmed by regressing the amount of phosphate fertilizer on
 
rainfall (September-December) and area seeded to wheat. Both coefficients were
 
positive and significant, with an R2 of 0.42.
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TABLE 3
 

Dependent Variable: Log Yield (metric tons/hectare)
 

DURUM BREAD
 
WHEAT WHEAT BARLEY
 

Coefficients
 

Independent Variables
 

Constant 
 -3.58 ** -1.04 -4.89 * 

(-1.58) (-.56) (-2.75) 

Log fertilizer .236 * .27 * .137 * 
(2.89) (4.03) (2.14)
 

Log rainfall .671 * .32 * .822 * 
(1.97) (1.14) (3.08)
 

Observations 
 26 26 26
 

.72 .75 .75
 

Durbin Watson statistic 2.56 2.44 2.57
 

F-Value 
 29.33 34.23 33.79
 

Note: Yield and fertilizer use are measured in metric tons/hectare,

and rainfall is measured as total weighted millimeters of precipita
tion received from September through April. Figures in parentheses
 
are t-values.
 

• Significant at the 95 percent level.
 

•* Significant at the 88 percent level.
 

• * Significant at the 74 percent level.
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TABLE 4
 

Dependent Variable: Log Yield (metric tons/hectare)
 

Independent Variables
 

Constant 


Log Ammonitre 


Log rainfall 


Observations 


R 


Durbin Watson statistic 


F-Value 


DURUM BREAD 
WHEAT WHEAT BARLEY 

Coefficients 

-2.69 .44 -4.1 * 
(-.97) (.19) (-1.87) 

.29* .33* .18 * 
(3.06) (4.05) (2.39) 

.59 ** .14 .74 * 

(1.44) -(.41) (2.27) 

24 24 24 

.75 .76 .76 

3.03 2.29 2.96 

32.10 32.88 34.09 

Note: Yield and Ammonitre use are measured in metric tons/hectare, and
 

rainfall is measured as total millimeters from September to April.
 

* Significant at the 95 percent level. 

•* Significant at the 84 percent level. 
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TABLE 5
 

Dependent Variable: Log Yield (metric tons/hectare)
 

DURUM BREAD
 

WHEAT WHEAT BARLEY
 

Coefficients
 

Independent Variables
 

Constant -3.93 .15 -4.73 * 

(-1.22) (.11) (-2.0) 

Log phosphate fertilizers .25* .29* .23*
 
(3.3) (5.1) (3.6)
 

Log area planted .37 .12 .40 ** 

(.76) (.77) (1.3) 

Log rainfall .45 ** .11 .59 
(1.4) (.42) (2.35)
 

Observations 22 22 22
 

R .67 .75 .69
 

Durbin Watson statistic 2.8 2.4 2.1
 

F-Value 12.6 17.7 13.7
 

Note: Yield and phosphate fertilizer (Super45 + Superl6*16/45) are 
measured in metric tons/hectare, area planted in thousands of hectares, 
and rainfall as total millimeters received from September-December. 

* Significant at the 95 percent level. 

•* Significant at the 80 percent level.
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(September-April) was included along with Ammonitre in the nitrogen equations
 
in Table 4, while early season rainfall (September-December) was included with
 

phosphate fertilizer and area planted in Table 5.
6
 

C. Empirical Results
 

As Table 4 illustrates, total fertilizer (nitrogen and phosphates com

bined) is strongly significant in all three yield equations (Table 4). For
 
durum wheat in the north, the estimated elasticity of fertilizer use is .24,
 

i.e., a 10 percent increase (decrease) in the use of fertilizer will bring
 
about a 2.4 percent increase (decrease) in durum wheat yields. Bread wheat
 

shows a slightly higher responsiveness, with an elasticity of .27. The re
sponsiveness of barley yields to the amount of fertilizer applied was lower
 

than that of both types of wheat, with an estimated elasticity of .14.
 

These elasticities are slightly lower than the elasticity of fertilizer
 

use in the range of .3 to .4 estimated in the Subsidy Reduction Study (1989).
 
This is expected, however, since that study used a longer time series
 

(1962-87) , and fertilizer use was extremely low at the beginning of this 
period and grew very quickly in the earlier years. Data on fertilizer use by 

region from 1962 to 1975 were not available for this analysis, and it is not 

apparent where this information came from for the Subsidy Reduction Study.
 

When the two types of fertilizers are analyzed individually (Tables 4 and 

5) , both nitrogen and phosphate fertilizers show a significant influence on 
yields of each of the three crops. The responsiveness of yields to nitrogen
 

fertilizer is slightly higher than to phosphate fertilizer. Bread wheat yields
 

again show the most responsiveness and barley yields the least responsiveness
 
to individual fertilizers.
 

Rainfall is also a significant factor in explaining cereals yields. Yield
 

elasticities for rainfall levels were .32 for bread wheat, .67 for durum wheat,
 
and .82 for barley. This implies that, if rainfall in the north increased by
 
10 percent from its average level of 546 millimeters over the growing season
 
(1975-87), durum wheat yields could be expected to increase by 6.7 percent.
 

Thus, from a durum yield of 1.17 metric tons/ha, durum yields would increase
 

to 1.25 metric tons/hectare. In general, the Subsidy Reduction Study did not
 
find that rainfall had a significant effect on yields in northern Tunisia, al

though rainfall during the crop season was more significant in their national
 

level analysis. In this analysis, the rainfall variable is probably also cap

turing regional differences such as soil type or other climatic differences.
 

When fertilizers were included individually as explanatory variables,
 

rainfall was found to be insignificant for bread wheat. Area planted was
 

found to have a significant effect on yields only in the case of barley.
 

6. The total amount of phosphate fertilizer applied to cereals was calcu

lated as Super45 + (16/45)*Superl6.
 



15
 

D. Optimal Levels of Input Use
 

Production function analysis is also useful for making normative decisions
 
about the "optimal" amount of variable 
input use. If optimal is defined as
 
that amount which allows the producer to maximize financial profits, the fol
lowing condition should hold according to economic theory:
 

(2) d Y/d X1 = Pl/Py 

where: p1 = price of the first input, and
 

Py = price of output
 

Optimal input use occurs at 
the point where the marginal product of the
 
input equals the inverse of the price ratio. This equality implies that the
 
cost of the last kilogram of fertilizer applied should be just equal to the
 
value of the extra kilogram of cereals 
produced by using that last increment
 
of fertilizer.
 

For the Cobb-Douglas functional form, marginal productivity (d/Y/d/Xi)
 
of input Xi is defined as:
 

(3) d Y/d Xi = bi *y/X i
 

where: Xi = amount of input i, 

Y = yield, and 

bi = estimated coefficient for Xi 

The marginal productivity of fertilizer for durum wheat, bread wheat, and
 
barley, evaluated at average input and output 
levels for the northern and
 
southern regions, along with fertilizer/cereal price ratios for 1985, 1986,

and 1987, is presented in Table 6. 
For durum wheat, the marginal productivity

of fertilizer 
was found to be equal to 2.5. In the south, where much lower
 
levels of fertilizer are typically applied, 
the marginal productivity of fer
tilizer is 23.2. Marginal productivities are highest for bread wheat 
and
 
lowest for barley. Using 1987 prices, 
the ratio of the fertilizer price to
 
the price received for durum wheat is .37. 
 In the north, the marginal produc
tivity of fertilizer is therefore 6.7 times greater 
than the marginal cost of
 
fertilizer. This implies that the fertilizer is much less
level of use 
 than
 
optimal. Even if fertilizer prices were doubled, to reflect complete removal
 
of input subsidies, the marginal value of fertilizer would still greatly exceed
 
the price ratio. From Table 6, then, it is apparent that fertilizer use for
 
each of the cereals crops has been sub-optimal over the 1975-87 period.
 

These conclusions are similar to those in the Subsidy Reduction 
Study

which concluded that in 1987-88 prices, the marginal productivity of fertilizer
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TABLE 6
 

Marginal Productivities of Fertilizer and Price Ratios*
 

FERTILIZER PRICE/
 
MP FERTILIZER OUTPUT PRICE RATIO
 

North South 	 1985 1986 1987
 

Durum wheat 	 2.5 23.2 .36 .38 .37
 

Bread wheat 	 3.7 36.3 .37 .38 .4
 

Barley 	 1.23 13.24 .51 .55 .63
 

* Derived from Table 3, where fertilizer use and yields are measured 
in metric tons/hectare and prices are Dinars/metric ton (fertilizer
 
price is an average price of Ammonitre, Super45, and Superl6).
 

was 	4.5 times higher than the financial cost of the fertilizer to the farmer.
 
Not only was the utilization of fertilizer sub-optimal from a strictly commer
cial or individual point of view, but when evaluated at international prices,
 
the social marginal product was also greater than the social marginal cost,
 
indicating sub-optimal fertilizer use from a collective point of view.
 

A number of important points and hypotheses are raised by the yield re
sponse analysis:
 

1. 	The relatively high response of bread wheat yields to fertilizer,
 
and its relatively low yield response to rainfall, along with high
 
t-statistics, suggest that bread wheat is generally grown on better
 
soils with greater water holding capacity. Such soils generally en
able lower risk of fertilizer use, and buffer the adverse impacts of
 
drought. These same findings would apply (i.e., high marginal produc
tivity of fertilizer and low yield response to rainfall) if a greater
 
proportion of bread wheat were cultivated under irrigated conditions
 
relative to other cereals. The availability of high quality land is
 
limited, however. This would explain why growth in bread wheat area
 
has remained stagnant while production has increased through greater
 
allocation of fertilizer to higher quality land. These findings fur
ther suggest that fertilizer use in bread wheat has been increasing
 
over time. Unfortunately, current levels of disaggregation in offi
cial statisticsdo not allow comparison of fertilizer application by
 
crop.
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2. 	The fact that barley has the lowest yield response to fertilizer, the
 
highest yield response to water, and lowest yields per hectare sug
gests that barley is grown primarily on the poorest soils with the
 
greatest vulnerability to drought. Barley is generally 
more drought

resistant than wheat. Thus, 
in response to declining and more vari
able rainfall, farmers appear to be shifting their crop mix from
 
wheats (mainly durum wheat) to barley. 
 This shift is particularly
 
apparent in the central-west and south.
 

3. Drought can have a swamping effect on the yield response to other 
in
puts. Consider durum wheat, for example. Increasing Ammonitre use
 
would increase yields 2.9 percent, but a 10 percent decline in 
rain
fall would have an opposite effect on yields of 5.9 percent. The
 
effect on barley is even more dramatic. Increasing Ammonitre use
 
would increase yields 1.8 percent while a 10 
percent decline in rain
fall would reduce yields 7.4 percent. These results have a number of
 
important implications: (a) volatile fluctuations 
in rainfall can
 
sharply increase the risk of fertilizer usel and (b) the counter
vailing effects of drought on 
input use suggest that the benefits of
 
the structural adjustment program will depend crucially on rainfall
 
patterns.
 

4. 	Because the willingness to pay for fertilizer 
(marginal productivity
 
times output price) so greatly exceeds the fertilizer price, raising
 
fertilizer prices as a result of subsidy removal should have only min
imal impact on aggregate crop output. Farmers' incomes will decline
 
because of the loss of subsidies, however. In situations of tight

cash-flow constraints or the limited supply of capital through credit
 
markets, lower incomes can 
affect the ability of farmers to meet cash
 
requirements for fertilizer.
 

5. 	Input market restrictions are currently resulting in less than the
 
optimal level of fertilizer utilization. There are several possible

explanations: (a) the tendency of farmers 
in semi-arid areas to dis
count greatly the 
yield response to cash inputs; (b) rationing of
 
inputs toward certain enterprises (e.g., state farms) or sectors
 
(northwest) of the economy; 
and/or (c) cash flow constraints and
 
capital market imperfections that limit the ability of farmers to
 
purchase inputs.
 

Respondents to the 1989 survey of the Engu~te Agricole de Base, who stated
 
that they had no intention of using chemical fertilizers during the current
 
crop season, were asked to state their principal reason for not wanting to do
 
so. Of the 874 farmers in the sample, 17.2 percent responded. 7 Of this
 
number, 52.0 percent said "prices are too high," 6.7 percent said that 
"rain
fall is insufficient," and 40.7 percent cited "other reasons." Prices too high
 

7. It cannot be concluded that 82.8 percent of the farmers thus must have
 
used fertilizers, since no response might also mean an inability to answer.
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would seem to suggest that farmers in the aggregate are overly discounting the
 
crop yield response to fertilizer, fail to receive the full output price of
 

cereals, and/or incur very high transport costs in marketing output or pur
chasing fertilizer. Both "rainfall insufficient" and "prices too high" would
 
thus seem to support hypothesis 5.a, above. Conversely, "other reasons" may
 
support any or all hypotheses, 5.a, 5.b, or 5.c. Clearly, more carefully
 
conducted and detailed farm management surveys are needed to explain the di
vergence of fertilizer use frcm optimal levels.
 

IV. INPUT DEMAND ANALYSIS
 

The information available in the data set put together by the University
 
of Wisconsin and the D/GPDIA is not yet sufficient to thoroughly examine the
 
demand for fertilizer or to answer the question, "How price-responsive are
 
farmers when making decisions on how much fertilizer to apply?" Information
 
on fertilizer use by region for the years 1975 to 1987 has been entered into
 
the D/GPDIA data base. Over this period, fertilizer use on cereal crops in
 
Tunisia grew at an annual rate of 3.6 percent. many factors influence the
 
decision of hc.,w much fertilizer to apply to cereal crops in any given year.
 
However, the most important factors influencing fertilizer demand are: the
 
price of fertilizer, the price of cereals, rainfall, area previously fertil
ized, irrigation capabilities, timely availability of fertilizer, and the
 
financial means to purchase it.
 

The following fertilizer demand equation was estimated for the northern
 
region of Tunisia based on available data:
 

(4) Log (FERTt) = c0 + c 1 log(PFERTt/ PCROPt) + 

c2 log(RFt-I )
 

where: FERT = 	use of total tons/hectare Ammonitre plus phosphate
 
fertilizer in time period t,
 

PFERT - price of fertilizer in time period t,
 

PCROP = price of wheat in the previous year, and
 

RF = 	total planting season rainfall (September-December)
 
in the previous year weighted by regional produc
tion.
 

This analysis included only relative prices and rainfall due to lack of
 
information on credit availability. Also, because observations are so few, the
 
number of explanatory variables that can be included in the model is greatly
 
restricted. Prices of wheat and fertilizer are current year prices. Last
 
year's rainfall is used as a proxy for availability of cash to purchase fer
tilizer in the following year (yields in prior years could also be used as
 
explained in Annex A).
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Results of the estimated fertilizer demand regressions indicate that none
 
of the explanatory variables were significant. This suggests that neither
 
prices nor rainfall have an important influence on fertilizer demand, although

firm conclusions are difficult due to the limited number of observations in the
 
analysis. Yet 
in situations of credit and fertilizer rationing or imperfect

information, one would not expect prices to have a significant influence on
 
fertilizer demand. Supply-side factors (including access to credit, input 
ra
tioning, or farmers' habits) appear to be more important in determining input 
use. Improvements in the current data base need to be made before the influ
ence of such factors can be more fully investigated.
 

V. POLICY IMPLICATIONS
 

The results of the growth rate, production function, and input demand
 
analysis have several important policy implications:
 

The sub-optimal levels of fertilizer use on wheat and barley, in spite of
 
fertilizer subsidies, indicate that economic rationing effects have been taking

place and that inefficiencies in the fertilizer distribution channel exist.
 

Rainfall plays an important role in explaining yields and yield variabil
ity. While rainfall cannot be controlled by policymakers, the issue of how 
farmers cope with the risks associated with rainfall is of interest (e.g., in 
devising crop insurance schemes) . The interaction between rainfall and fer
tilizer use and, in general, the riskiness of fertilizer in cereals production 
are important areas for future study. 

Given that farmers appear to be using less fertilizer than optimal, the
 
removal of fertilizer subsidies will probably have minimal effect on fertilizer
 
use and cereals production. This result is reinforced by weak evidence that
 
fertilizer demand does not seem to be responsive to fertilizer prices. In the
 
short run, it must be realized that the removal of fertilizer subsidies will
 
hurt farmers. First, it will increase production costs. Second, in drought
 
years, farmers will be forced to absorb higher levels of financial risk. In
 
this context, policies which help farmers cope with price and output risk
 
should be considered--for example, crop insurance and credit programs. Fi
nally, the lack of price responsiveness of fertilizer demand suggests that
 
agricultural policy should focus on other factors influencing fertilizer use.
 
Such factors likely include farmers' access to credit, the efficiency of fer
tilizer marketing, and the effectiveness of agricultural research and extension
 
services.
 

Crops differ in their responsiveness to fertilizer. Bread wheat shows
 
the highest level of responsiveness, followed by durum wheat and then barley.

Conversely, barley is the most responsive to rainfall, followed by durum wheat
 
and then bread wheat. This substitution among crops should be understood by
 
policymakers who wish to anticipate responses to policy change. The 
under
utilization of fertilizer and limited availability of high quality land, for
 
example, will be important constraints that will need to be overcome to expand
 
bread wheat production.
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There are serious data constraints to a more thorough analysis of price
responsiveness of input use, and 
to a more detailed description of the in
fluence of individual inputs on production. The extent to which these data

constraints can be overcome will affect the nature 
and quality of economic
 
analyses undertaken in the future. However, this 
analysis demonstrates the
 
potential use of existing data for policy analysis. It also demonstrates the
 
application of several important analytical techniques that can be returned to
 
in several years, once more extensive time series become available.
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ANNEX A 

GROWTH RATE AND TREND ANALYSIS:
 
CONCEPTS PAPER No. 4*
 

February 1989
 

Introduction
 

Tunisia has experienced considerable variation in the production and
 
yields of its basic agricultural commodities. The magnitude of these swings

has become stronger in recent years. There are several possible causes of
 
this variability, including rainfall patterns and changing relative input and
 
output prices. An understanding of the relationship between these factors and
 
changes in area, production, and yields will help the Direction G4n~rale de
 
la Planification du Developpement et des Investissements Agricoles (D/GPDIA)
 
assess the impacts of input-price policy change under the Tunisian structural
 
adjustment program.
 

Risk is also an important consideration. Knowledge of the yield response
 
to fertilizers and other inputs is important for assessing the impact of fer
tilizer price policy on input utilization and production. Yet drought may
 
negate the measured yield response, thereby posing a risk to farmers consider

contributions of 


ing fertilizer use. Farmers may, in fact, be more knowledgeable about the 
effects of drought than about the 
former has always been a given in 

effects of modern inputs, given that 
Tunisian agriculture and the use of 

the 
the 

latter is a relatively new phenomenon. Thus the relative magnitude of the 
rainfall and modern inputs to the determination of yields
 

will have important consequences for the success of input subsidy reforms.
 

Other studies under the Agricultural Policy Implementation Project (APIP)
 
deal with the subject of input subsidies and output response as well; the re
port of the Subsidy Reduction Study addresses many of the same issues covered
 
here. Unlike the team responsible for that study, however, the University of

Wisconsin has the additional tasks of integrating its activity with the train
ing of D/GPDIA staff to conduct similar analyses in the future and also of
 
constructing standardized data bases for future studies within and beyond
 
APIP. The work reported here is the result of an interactive process between
 
the authors and the four members of 
the Groupe de Travail assigned to work
 
with the University of Wisconsin under APIP.
 

* This concepts paper was prepared in advance of the study to help guide 
the econometric training, data base construction, and empirical estimation of
 
the growth rate, production function, and input demand models.
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This document is the fourth in a series of Concepts Papers aimed at plan
ning the scope of work for data assembly and analysis, training, and policy
 
studies under the Wisconsin activity. We define a concepts paper as a prelim
inary document outlining ideas, concepts, methodologies, and in some cases pre
liminary results for a more detailed study in the future. This concepts paper
 
refers to the general theme, "Trend Analysis," under Wisconsin's Implementation
 
Plan. This more general study has three main objectives:
 

1. 	Continue the work on constructing standardized data bases for public
 
use within the D/GPDIA. Use of the data for the policy study will
 
identify data strengths and weaknesses as a basis for making informed
 
decisions on revising data collection techniques and reporting in fu
ture activities.
 

2. 	The course, "Modeling and Forecasting of Economic Data," is scheduled
 

for February 1989. This course will emphasize econometric techniques
 
based on single equation estimation and their application for policy
 

analysis. The three applications introduced in this concepts paper-
growth rate, production function, and input demand analysis--use the
 
techniques developed in this course. These approaches are intended
 
to acquaint D/GPDIA staff with some of the analytical tools used by
 
economists to evaluate agricultural policy.
 

3. A study is proposed to estimate the impacts of rainfall and input
 
prices (subsidies) on area, production, and yields. The study con
tains three separate parts. The growth rate analysis is intended to
 
provide a study of structural changes in one or more sub-sectors of
 
the agricultural economy. The production function analysis is aimed
 
at studying the factors determining these changes by examining how
 
changes in resource use, resource mix, and rainfall patterns have in
fluenced production. The input demand analysis looks at the relation
ship between prices and input demand and, in turn, how changes here
 
affect production. The combination of data under (1), training under
 
(2), and the concepts paper is intended to provide members of Wiscon
sin's Groupe de Travail with the resources and direction needed to
 
pursue the objectives of this study.
 

Growth Rate Analysis
 

The fundamental relationship between production (Qk) area cultivated 
(Akg) , and yields (Ykg) for the k-th commodity and g-t% region is repre

sented by the identity: 

(1) Qkg = Akg * Ykg
 

That is, production equals area times yield. Commodity 'k' may refer to indi
vidual crops (durum wheat, bread wheat, olives) or to more aggregated crop
 
types (cereals, vegetables, tree crops). Region 'g' refers either to the na
tional level or to one of five socioeconomic regions (northwest, northeast,
 
central-west. central-east. and southi.
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The term Akg can be defined several ways: as area cultivated or area

harvested. How it is defined has important implications for calculating
 
yields. Suppose, for example, that AEkg represents area cultivated, and
 
that YEk represents yields calculated on the basis of area cultivated
 
(Qkg/AEkgY. Further suppose that ARkg represents area harvested, and
 
YRkg represents yields per unit of area harvested. If in any year some por
tion of cultivated area has no production because of drought, then YEkg would
 
underestimate the yields actually obtained on area harvested, while YRkg
 
would overstate the yields achieved on crop area that received little or n
 
production at all.
 

Since input decisions are generally more highly correlated with area cul
tivated (seed, sometimes fertilizer, is applied early in the season before
 
drought is known with certainty), this is probably the more appropriate meas
urement of area for calculating farm costs, revenue, and losses. But this is
 
by no means always the case. For this analysis, we will use area cultivated,
 
since this is the information currently available on data base (February 15
 
memorandum). Assume, then, that Akg in equation (1) equals AEkg.
 

Relationship between Growth in Production, Area, and Yield
 

Before explaining the relationship between production, area, and yield,
 
in a time-series sense, some further definitions are needed:
 

rq = rate of growth in production
 
ra = rate of growth in area cultivated
 
ry = rate of growth in yield.
 

Two alternative methods for estimating these rates are explained below, one 
based on discrete discounting, the other based on continuous discounting: 

Discrete Time: The compound growth equation based discrete
on measure
ment of time has the form:
 

(2) C ( +r)t
 

where 'C' refers to the variable, 'r' refers to the rate of growth, and 't' 
refers to time. Based on equation (1), and dropping subscripts for commodities
 
and regions, the relationship between the rate of growth in production, area,
 
and yield can be represented as:
 

(2a) (l+rq)t * Q = (l+ra)t A * (l+ry)t Y 

(2b) (l+rq)t * Q = (l+ra)t * (l+ry)t * A Y 

(2c) (l+rq) = **(+ra)t(1+rY) t Since, AQ.Y = 1 

(2d) rq = ra + ry + ra ry Multiplying through by 1 l/t 
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Thus, the growth rate in production is equal to the growth rate in area culti
vated plus the growth rate in yield, plus an interaction term.
 

Continuous Time: The compound growth equation based on continuous time
 
has the general form:
 

C ert
(3) 


where e refers to the exponential. Assume, for sake of presentation, that
 
rq = q, ra = a, and r,, = y. As with equation 2a, the relationship be
tween growth in production, area, and yields can be represented as: 

(3a) Q eqt = A eat * Y eyt 

(3b) eqt eat eyt
 

As in equation (2c), the terms for production, area, and yield disappear since
 
AY/Q = 1. Taking a logarithmic transformation of both sides of equation (3b)

and dividing both sides by 't' gives us the expression:
 

(3c) q = 4-y or equivalently, 

(3d) rq = ra + ry 

Thus, the rate of growth in production equals the rate of growth in area cul
tivated plus the growth rate in yield.
 

Importance
 

The growth rate provides a crude measure of the magnitude and direction
 
of change of any variable under observation. Growth rates are useful for sub
stantiating trends in descriptive economic analyses or as coefficients in
 
growth models. They do not explain the underlying factors determining change,

although a comparative analysis of growth rates among economic variables may 
help identify causal factors or even suggest variables which may be of key
 
importance. The ratio of the growth rate in yield to the growth rate in area
 
cultivated, for example, provides a crude measure of the relative importance
 
of land intensification and land extensification as determinants of production:
 

(4) .ry_ > Growth in production has primarily been determined
 
ra by factors influencing land intensification (fertil

izer, herbicides, pesticides, irrigation, perhaps
 
mechanization, agricultural practices, technology, 
rainfall) , that is, technologies or factors that 

primarily increase yields per unit of land. 
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(5) 	 _._ry_ <1 Growth in production has primarily been determined
 
ra by land extensification (mechanization, popula

tion growth, land reclamation schemes, irrigation
 
schemes, land redistribution schemes) that increase
 
the amount of land in agriculture under the k-th
 
commodity.
 

(6) 	 --. =~y1 Intensification and extensification have had equal 
ra influence in determining production growth. 

If rq is positive and ry/ra is substantially greater than one, sug
gesting that growth in yields has 
been the primary determinant of production,
 
then several important implications can be drawn. First, policies which sig
nificantly alter economic incentives for using land intensifying inputs are
 
potentially effective in altering yields and production. The term potentially

is stressed because input demand may be highly price inelastic, or changes in
 
rainfall (not agricultural inputs) may be the important determinant of produc
tion, and rainfall is beyond the control of policy (although policies designed
 
to improve water management are controllable).
 

A corollary statement is that changes in input subsidy policy may have
 
little or no effect in the short run if extensification is the driving force
 
behind production growth. Yield-increasing technologies may have substantial
 
longer-term returns. But stagnant yields may suggest 
a plateau in technology

development, foreign exchange constraints affecting imports of capital inputs,
 
or institutional constraints on the supply and distribution of inputs that may

inhibit growth of yields in the run.
short Thus, institutional constraints,
 
not price incentives, may be the more important factors inhibiting yield
 
growth.
 

If, on the other hand, rq is positive and ry/ra is substantially

less than one, suggesting that growth in 
area has been the prime determinant
 
of production, then the policy environment is different. Factors such as pop
ulation 	growth, mechanization, land reclamation, and irrigation projects, 
or
 
policies that have led to crop-area substitution, have been the primary deter
minants. Thus policies which inhibit these factors will have a more immediate
 
effect on production growth. Also, dependence on extensification raises issues
 
of marginal land problems, natural resource management, scarce land base, and
 
uneconomic size of farm holding. A positive qrowth rate in area and a negative
 
growth rate in yields may be suggestive of these phenomena.
 

Growth rate analysis in itself is not very satisfactory for explaining

changes in production, area, 
or yields. However, it can be a powerful tool
 
for measuring the magnitude and direction of structural change in the economy.
 

Empirical Estimation
 

For estimation purposes, equation (2) is the more practical since 
time
series data are given for discrete time periods. Assuming that Qo is pro
duction in the initial time period, then production in time period 't', that
 
is, Qt, can be estimated by the equation:
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Qt = Qo (l+rq)t or, 

(7a) in Qt = in Qo + ln(l+rq) t 

Assume further for sake of presentation that A = In Qo and b = ln(l+rq) 
Equation 7a can then be rewritten as: 

(7b) in Qt = A + bt 

where A is the intercept and b is the beta-coefficient. Parameters (A and b)
 
can be statistically estimated via ordinary least squares regression given any

time series for production. The growth rate in production from 7b can be es
timated from the beta-coefficient (b) as:
 

(7c) 	 eb = eln(l+rq) = (l+iq) 

(7d) 	 rq = eb _ 1
 

Growth rates for area and yield can be estimated in a similar manner from the
 
equations:
 

(8) 	 In At = A + bt
 

(9) 	 in Yt = A + bt
 

Production Function Analysis
 

The following definitions apply to the specification of production and
 
input demand equations:
 

Qk = Production of k = l,...,s commodities;
 

Pk = Price of commodity k;
 

X. 	 = Quantity of j = l,...,m inputs (land, labor, fertilizer, 
pesticides and herbicides, mechanization, managerial skills 
(education of farm population), other capital); 

wj = Price of input j; 

I = Household cash plus credit; and
 

RF = Rainfall.
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The production function expresses a direct relationship between production
 
(Qk) of the k-th commodity and factors of production, including agricultural
inputs (Xj), and rainfall (RF):
 

(10) Xk = f(Xl... Xm, RF)
 

The specification of the production function will largely depend on 
data
 
availability. As explained in the document, "Partial Budgeting Models and the
Enquite de Base and Enquite Conjoncture" (December 1988), estimating a produc
tion function for cereals may be the finest level of disaggregation possible

due to limited data.
 

Inputs for this analysis might include land, labor, fertilizer, pesti
cides, mechanized services, and rainfall. 
Even though rainfall is not subject

to the control of policymakers, it is a primary determinant of production.
 
Failing to include it in the specification of the production function would
 
likely result in biased parameters.
 

Input Demand Analysis
 

While equation (10) expresses a relation between inputs and production,
 
equation (11) expresses a relation between prices and input demand:
 

(11) Xj = f(pk, wj..., Wm, I) 

As the price of the k-th commodity increases or as 
the price of the j-th
 
input declines, one would expect higher utilization of input Xj per unit of
 
area However, as Hammer (personal conversation) points out, input utiliza
tion depends heavily on cash reserves of farmers. Without cash or credit for
 
input purchases, farmers lack financial resources to buy inputs. Cash flow

constraints are particularly severe in years following droughts. Although the
 
level of cash constraint is difficult to measure, measures
three proxy might
 
suffice: level of yields in the prior year (Yt-l), previous year rainfall
 
kRFtI), or previous year farm income.
 

Scope of Work
 

An empirical study which estimates rates and determinants of growth of
 
principal agricultural commodities in Tunisia should be undertaken as 
part of
 
the course, "Modeling and Forecasting of Economic Datan" now under way in the
 
D/GPDIA (January 18 memorandum). Th6 study is intended as both a policy and a
 
training tool to strengthen the technical skills of D/GPDIA staff in the areas
 
of single equation econometric estimation, data base construction (15 January

1989), and analysis. Three separate applications are proposed to expose staff
 
to different types of economic analyses:
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A. Growth Rate 

This analysis should at least encompass the cereals sub-sector at the
 
national level. Growth rates for area and yields obviously apply only to
 
cereals, vegeLables, and tree crops. However, growth rates in production and
 
herd size can be estimated for livestock. Extension of the analysis to other
 
commodities and regions will depend on data availability. The document, "Cod
ing Specifications: Nationai and Regional Data Bases" (February 14 memorandum)
 
describes data seLies currently available at the national level:
 

k' commodities 'g' regions 

BD = Ble Dur NT = Nationale 
BT = Ble Tendre NO m Nord Ouest 
OG = Orge NE = Nord Est 
MS = Mais 
 CO = Centre Ouest
 
TC = Totaje Cereales CE = Centre Est 

SD = Sud 

BV = Bovine 
OV = Ovine 

CP = Caprine
 
VL = Volailles
 
AV = Autres Viandes
 

VT = Viandes Totale
 

LB = Lait Bovin
 
LO = Lait Ovin
 
LC = Lait Caprin
 

LT = Lait Totale 

OF = Oeufs
 
AP = Autres Produits de l'Elevage
 

AB = Abricots
 
AG = Agrumes
 
AM = Amandes
 
DT = Dates
 
FG = Figues
 
GN = Grenades
 
OL = Olives
 
PC = Peches et Nectarines
 
PO = Poires
 

PR = Prunes
 
RS = Raisins
 

PM = Piments
 
ML = Melons et Pasteques
 
TM = Tomates
 
PT = Pommes de Terre
 
MD = Produits Maraichers Divers
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B. Production Function Analysis
 

Estimate an aggregate production function for cereals at the national
 
level.
 

C. Input Demand Equation
 

Estimate an aggregate input demand function for fertilizer at the national
 
level.
 

The growth rate analysis in A is intended to provide a study of struc
tural changes in one or more sub-sectors of the agricultural economy. The
 
production function analysis in B is designed to 
begin studying the factors
 
underlying these changes by examining how adjustments in resource use and mix
 
and changing rainfall patterns have influenced production. The input demand
 
analysis aims to study the direct relationship between prices and input demand
 
through C, and, in turn, how these adjustments in input demand affect pro
duction through A.
 


