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1. Introduction

Abstract
Water resources in dry areas in Tunisia are under strong pressure, which seriously threatens their sustainability. This situation may get worse over the years, especially with the climate change and the intensification of agricultural practices, if
the concretes measures are not taken into account. Water pricing has been a key of
the water policy in Tunisia for the last two decades to saving water. It depended on
the characteristics of the irrigated farming in these dry areas. The objective of this
paper is to assess the impact of water-policy on water demand for the farming in
three different public irrigated systems. Bio-economic model, such as Farming System SIMulator (FSSIM), has been applied for this impact analysis. The main results from the analysis of the demand curve show that the flexibility of the crop plan
and competition between irrigated crops are linked to the land constraint, in particular irrigable land. These results show also that the determination of an incentive price for the use of new irrigation technologies is located on the segment where
the function of the demand is elastic. In this segment, the farmer‘s behavior becomes more rational to save water in arid zones like in the south of Tunisia where
the water is a limiting factor for the irrigated agriculture.

intensification and competitive sectors have led
to the overuse of the majority of groundwater in
Tunisia. Taking into account the limited water
resources and the frequent
disparity between supply
and demand during dry
seasons, Tunisia has engaged in the recent years
on a program of sustainability management of
water resources. The objective of this program is
to save water potential in
all economic sectors particular in the agricultural
sector. The next paragraph presents a brief
overview of water policies in Tunisia.

In Tunisia, irrigated agriculture represents 35% of
the output value derived
from the agricultural sector, 20% of exports and
27% of agricultural employment. Irrigated areas
contribute 95% of the
plant production, 70% of
the fruit and 30% of the
dairy (Ministry of Agriculture and Water Resources,
2003). For these reasons,
Keywords: irrigated land; water pricing, bio-economic model, impact analysis,
policy makers are interest- water demand.
ed to develop the irrigated
agriculture on the majority
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turned to the management and regulation of demand while
continuing the effort of water mobilization (Bachta et al.,
2004).
The main objective for this new policy is to conserve water resources and encourage demand management in the irrigation sector; a national water saving strategy was implemented. As part of the strategy, a number of reforms were
introduced in the past few years, including the promotion of
water users’ associations known as the “Grouping of Agricultural Development”, called locally ‘GDA’, an increase in
the price of irrigation water, and the use of incentives to
adopt water technologies at field level. This strategy has
sought to rationalize the pricing of irrigation water in terms
of (i) costs, (ii) variations among systems, and (iii) national priorities, notably food security.
Since 1990, policy makers have adopted a strategy based
on the gradual increase of prices of irrigation water at a rate
between 9% and 15% in real terms and by region. This increase aims to recover the total cost of water mobilization
(Al Atiri, 2005). But assessing the impact of this policy option was subject only to ex-post evaluation in several regions of the country. However, the objective of ex-ante impact of the water pricing is still very underdeveloped in the
research and evaluation projects conducted by the Ministry
of Agriculture and Water Resources.
Water pricing remains the most economic instrument
used to reinforce users’ participation in cost management
and to provide incentives for the adoption of water saving
techniques; however, the evaluation of their impacts on the
sustainability of irrigated agriculture has several discussions on the degree of viability of this instrument to find a
compromise between the sustainability of irrigated farming
system and preservation of water resources in areas where
scarcity of water resources is a key challenge for agricultural and sustainable development. Therefore the objective
of this paper is to assess the impact of water-policy on the
water demand of the farm and the determination of an incentive price for the use of new irrigation technologies. Our
methodology based on the bio-economic modelling approach has been mobilized for this impact analysis.

ifferent farm types in different regions. It is an optimization
model which maximizes a farm’s total gross margin subject
to a set of resource and policy constraints. Total gross margin is defined as total revenues including sales from agricultural products and minus total variable costs from crop
production (Louhichi et al., 2010). Total variable costs include costs of fertilizers, costs of irrigation water, costs of
crop protection, costs of seeds and plant material and costs
of hired labour. A quadratic objective function is used to account for increasing variable costs per unit of production
because of inadequate machinery and management capacity and decreasing yields due to land heterogeneity (Howitt,
1995). The general mathematical formulation of FSSIM is
presented below:
Maximise: Z = w′x – x′Qx
Subject to: Ax ≤ b; x ≥ 0

(1)

Where Z is the total gross margin, w is the n x 1 vector of
the parameters of the linear part of the activities’ gross margin, Q is the n x n matrix of parameters of the quadratic part
of the activities’ gross margin, x is the n x 1 vector simulated levels of the agricultural activities, A is a the m x n matrix of the technical coefficient, and b is the m x1 vector of
available resources and upper bounds to the policy constraints.
The agricultural activities (i) are defined in FSSIM model as a combination of crop rotation (r), soil type (s), period
(p), production technique (t) and production orientation
(sys) (i.e. i=r,s,t,sys). That is, an agricultural activity is a
way of growing a rotation taking into account the management type. However, if data on crop rotations are missing,
the agricultural activities can be defined using individual
crops (i.e. mono-crop rotations).
The principal technical and socio-economic constraints
that are implemented in FSSIM-MP are: arable land per soil
type (or agri-environmental zone), irrigable land per soil
type, labour and water constraints. The same rule was applied
for all of these constraints: the sum of the requirements for
each resource cannot exceed resource availability.

3.2. Adaptation of FSSIM for implemented water policy

3. Methodology and area of study
Our methodology is based on the FSSIM model (Farming
System SIMulator model), it has been developed as part of
the integrated modelling framework of the System for Environmental and Agricultural Modelling; Linking European
Science and Society (SEAMLESS) (Van Ittersum et al.,
2008), wish to target integrated assessment of agricultural
systems in the European Union.This implies that FSSIM
can be and has been linked to other models for multi-scales
analyses (Pérez Domínguez et al., 2009).

FSSIM is able to simulate many agricultural and environmental instruments, some of which have already been implemented in practice while others might be of interest to
policy makers in the future. These policies are modeled as
additional constraints and variables in a generic way to account easily for various products or region-specific policy
implementation.
The policy instrument that we intend to simulate is the
pricing of water irrigation. This instrument has been modeled in FSSIM through the disintegration of the variable
costs and including irrigation water costs in the expected income (Jeder et al., 2011). The analytical formulation of the
irrigation water cost is presented below (Equation 2):

3.1. FSSIM model
FSSIM is a generic bio-economic farm model which can
be applied in the combination with the higher level models
to assess farm level impact of future policy scenarios for d-
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WC =  [cwf + (cwpw wi xi )]

current water price of water in this zone is 0.080 Tunisian Dinar (TD)/m3, which covers operating and maintenance costs.
Finally, GDA of Amra was created in 1999. It covers an
area of 50 ha. This is an example of intensive agriculture
which consumes a lot of irrigation water. This unit is located downstream of Oum Zessar watershed. The current water price of water in this zone is 0.100 Tunisian Dinar
(TD)/m3, which covers operating and maintenance costs.

(2)
Where WC is the irrigation water cost, cwf is the fixed water tariff based on the subscription to the public network
connection for irrigation (Dinars/farmer), wi is the amount
of the water consumed (m3), cwpw means the price of water
if the farm is connected to an irrigation public network and
xi is the level of the agricultural activities i.The inclusion of
irrigation costs in the expected income is presented as follows (Equation 3):
i

Z =  pc yc -  vci xi - [cw f + (cwpw wi xi )]- PMPterm - cwage .Tlabour
c

i

i

4. Data acquisition
This research took particular care to gather high-quality
data on the technical and economic systems employed by
the individual farms. Information concerning the quantities
of input used per crop and crop yields were gathered
through a survey that target in the watershed. Prices for input and outputs are 2008 prices and were obtained from
secondary sources (ODS, 2008). This information was
complemented by direct questioning and cost accounting of
farm belonging to the GDA.

(3)

Where pc is the price of crop products (Dinars/tons), yc is
the average yield for each crop product, vci are the variable
costs per crop with agricultural activity i (Dinars/ha),
PMPterm is the Positive Mathematical Programming term
(included to calibrate the FSSIM model), cwage is the hired
labour costs by hours(Dinars/hours), and Tlabour the number
of hours of hired labour.

4.1. Farm data

3.3. Policy scenario

The farm data is obtained through the “average” farm. It
is a virtual farm derived by averaging data from farms that
were grouped in the same type. The farm groups were selected in each irrigation unit taking into account the heterogeneity in farming and biophysical endowment based on
farm structure coming from the data survey and from publications and interviews with local agricultural extension
services.
In Oum Zesaar watershed, three of the farm types have
been selected as representative of the main arable farming
system. The main characteristics and specification of these
farm types are described in Table 1. From this table it could
be possible to extract the data on resource endowment of
each farm type, such as available land per soil type (%) and
water irrigation availability measured in m3, water-pricing
(DT/m3), area crops (%) and family labour availability
(hours /year). These data are used to define constraints value RHS (Right Hand Side) as well as the observed crop pattern used for the calibration.

In this research, we seek to assess the impact of water policy on the irrigated farming system from three different
Groups of Agricultural Development called locally by the
(GDA) through an analysis of the water demand function
derived from simulation of ex-ante impact assessment of
Water pricing scenario (Simulated price of water: to be parameterized from 0.40 to 0.340 DT/m3)

3.4. Area of study
We applied the FSSIM model to three different GDAs in
southern Tunisia. We selected this GDA on the basis of
availability of data and information:
1. Groups of Agricultural Development of Wadi Moussa
called locally “GDA Oeud Moussa”.
2. Groups of Agricultural Development of Oum Zessar
called locally “GDA Oued Zessar”.
3. Groups of Agricultural Development of Hezma called
locally “GDA Amra”.
The first GDA is located in the northern watershed of
Oum Zessar. This area has been irrigated since 1990. It covers an area of 76 ha. Water salinity is approximately3g/l.
Most irrigation is based on a gravity infrastructure. Water is
distributed to the plots by plastic tubes. This irrigated area
of Oued Moussa is an example of traditional mixed farming
system based on rainfed and some irrigated crops. The irrigation is limited by the size of the farm and the ability of
farmers to pay the cost of irrigation water. The current water price of water in this zone is 0.060 Tunisian Dinar
(TD)/m3, which covers operating and maintenance costs.
The second GDAis located in the middle of Oued Zessar
watershed. This area has been irrigated since 1990. It covers an area of 28ha. Water salinity is approximately2.5g/l.
During 2004, this unit has been expanded to incorporate
several farmers (32 farmers) due to the increased availability of water through the creation of new drilling water.The

4.2. Crops
The irrigated crops in the Oum Zessar watershed that
were considered in this study include potatoes, tomatoes,
pepper and cucumber. The irrigated forage crop is based on
alfalfa and oats. Rain-fed crops are durum wheat and barley. For tree crops, the olive is the most common in this
area. Not all the crops are planted on the same farm

4.3. Inputs coefficients
A survey has been carried out in order to collect data on
the current crop activities in the Oum Zessar watershed.
Some local farmers, part of the regional agriculture advisory services, have been interviewed. These data have been
collected for the most frequent cropping system in the region. They take into account cropping techniques, rotation
and climate conditions.
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Table 1 - Main characteristics of the three farming systems in the different GDA.

Source: survey data.

Table 2 - Results of model calibration.

* The area of vegetables is the sum of these crops (tomatoes, Cucumber and Pepper).
Source: Model results.

5. Results

The current rotation include tomatoes-cucumber, barleypepper and durum wheat-barley. Combined to management
types, soil types and production system, these rotations define the current activities. For each crop within agricultural
activities a set of data were collected.
Additionally, for each crop a set of economic data has
been specified including producer prices, water pricing, and
variable costs. The average price and variability are collected from regional data based on 2005-2008. Variable
costs are calculated by adding input costs without irrigation
costs (fertilizers, seeds and biocides).The data of livestock
activity is not included in this analysis because in this research we are interested in the farming system and the role
of policy instruments for water saving. We used all this data to feed FSSIM for each farm type.
1

5.1. Model calibration
Model calibration was tested by comparing the results
of the crop allocation simulated by the model (simulated
value) and the crop allocation observed in the base year
situation in 2007 (observed value). The difference between both values is assessed statistically by using the
percent absolute deviation (PAD)1. The results of the calibration without Positive Mathematical Programming
(PMP) for the three farm type are presented in Table 2.
As shown in this table, the PAD obtained in the first
step for the three farm types is not much higher than the
fixed 15% threshold, which implies that firstly, the model quality in terms of specification of activities, constraints and the objective function is good and secondly,
the terms of the PMP will not influence so much the results of the model in the simulation phase. After the
model has been calibrated for the three farm types (i.e.
PAD equal to zero). The model can be used for simulation.

Percent Absolute Deviation «PAD» (%);
n

PAD =

i =1

xˆ i  xi
n

i =1

xˆ i

.100 ; Where x̂ i is the observed value of the variablei
and xi is the simulated value. The best calibration is reached while PAD is close to 0.
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5.2. Impacts analysis of water pricing scenario
at farm level

This change in water consumption behaviour may be explained by changes in the crop, as an adaptation to the rising cost of water (Berbel and Gomez-Limon, 2000). The
adaptation pattern may be seen in Table 4. When the price
of water increases, the crops with high water consumption
like alfalfa, oats and vegetables are replaced progressively
by winter crops (wheat and barley). In the segments “B”,
the area for these crops which consume lots of water is reduced. In the segments “C”, the disappearance of alfalfa
and the use of water almost exclusively for vegetables (pepper) and arboriculture (olives), the rest of the land is occupied by non- irrigated crops (dry cereals and olives).

5.2.1. Water consumption
The impact of water pricing scenarios at farm levels (parameterized from 0.40 to 0.340 DT/m3) helped construct
the water demand for each farm types for different types of
GDA. The results of these impacts are shown in Figure1.
Figure 1- Irrigation water demand curve.

5.2.2. Economic and social impacts
Water price leads to a serious reduction in farm income.
Water price leads to a serious reduction in farm income, due
to the increased cost of production in particular the cost of
irrigation water. The farmer responds to price increases by
reducing his water consumption through changes in crop
plans, keeping less profitable crops as substitutes for more
valuable water-demanding crops. This change significantly
decreases farmers’ incomes. If we analyse the effects on
farm income by describing it in terms of the three demand
segments, we can observe the same differences in Table 5.
The fall in income is more severe in segment “A”, with a reduction ranging from 4 % GDA of Oued Moussa and Oued
Zessar) to 13 % (GDA of Amra). This result can be explained
by the characteristics of the production system. Indeed, we note
that the decline in farm income for the intensive system in the
GDA of Amra is more important than the mixed and semi-intensive system respectively characterizing the GDA of Oued
Moussa and Oued Zessar. This proves that the agricultural systems (mixed and semi-intensive) are capable of resisting the
price increase better than the intensive system. Since the production plan in this system is based on intensive irrigation with
areas larger than the area allocated to rainfed crops. The resistance of the agricultural system is described by the inelastic segment “A” which shows that water demand does not respond to
price increases until it reaches a level that exceeds 140DT/m3
for mixed farming system to 160DT/m3 for the semi-intensive
system (GDA of Oued Zessar) and 180DT/m3 for the intensification system (GDA of Amra). This result shows that the implementation of water pricing policy depends on the characteristics of GDA and orientation of the production system practiced by farmers according to climatic and economic conditions that surround them (type of soil, rainfall, and market).

This shows a classic demand curve that reflects farmers’ adaptation to rising costs of production inputs. We see three different
demand curves, which depend on specification farming system,
climate conditions, soil and technical, environmental aspects.
We can also discern same similarities that are relevant for policy making and which we want to emphasize. This finding was
equally shown in other empirical studies (Berbel and GomezLimon, 2000; de Fraiture and Perry, 2002; Riesgo and GomezLimon, 2006; El Chami et al., 2011) (Table 3).
The segments are limited by water price values that differ
for each GDA as shown in Table 7 below. We can divide the
demand curve into three segments according to economic
and technical characteristics defined below:
 Segment A (inelastic): the farmer makes a very small or
zero response to price increases. He thus maintains this
existing crop distribution and demand for water.
 Segment B (elastic): the farmer responds to price by reducing water consumption. He changes crops plan by
growing crops that consume less water and the same not
irrigated crops.
 Segment C (non efficient): demand is once again inelastic, and there is no or very small response to price
increase.
Table 3 - Demand segments (DT/m3).

Source: Model results.
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Table 4 - Crop plan by demand segments (DT/m3).

Source: Model results.
For the social impact, the pricing of water causes a serious reduction in farm labor since farmers respond to price
increases by reducing water consumption through change
in crop plans. The orientation of agricultural production
system to crops that consume less water and are less labor
intensive which are based on mechanization, such as cereal
crops (durum wheat and barley) and rain-fed tree crops ( olive) and some vegetable crops have higher values such as
pepper and tomatoes. Table 5 summarizes this reduction in
farm labor for each system, analyzing them in terms of the
three demand-curve segments.
In segment “A”, which is characterized by stability in
crop planning and water consumption, there is no decrease
in labor inputs for all the agricultural production systems in
the three of GDA. While, the reduction of labor inputs was
important in the elastic segments “B” for the mixed system
because of changes in crop plans to cereal crops with large

areas. This reduction is around 18% for this system but it
does not exceed 9% for other systems.
In segment ‘C’, the decline is almost small; it is logical
that this segment is inelastic characterizing by stability of
water consumption and crop plan. This maximum reduction
of labor inputs is about 4 % for the semi-intensive system
when the substitution crop is possible between rain-fed and
irrigated crops.
The implications of this finding are relevant to policymaking since, if water pricing is the only instrument to reduce water consumption, the existence of the primary inelastic segment does not respond to increased price until it
reaches a certain level of water price for each agricultural
production system on each GDA. This means that the pricing policy should be a decentralized policy. Determining
the price of water depends on the availability of water resources and their cost of extraction at each GDA.The price

Table 5 - Economic and social impacts by demand segments.

* values inside parentheses are percentage reduction from initial point of each segments demand.
Source: Model results.
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the same and, therefore, the water demand does not increase as prices drop further . In effect, water demand has upper limit imposed by other constraints (here: irrigable land).
(ii) In many cases, like the GDA of “Amra”, the ODC becomes vertical at the left-hand side (as in Figure 2). This reflects the fact that at the higher end of the price used, irrigated crops become unprofitable except for very high-value
crops like “pepper”, usually of limited area, that stay in the
optimal basis over the range of prices examined (Table 4).
This analysis of ODC can not only see the shape of the
curve but also to spot the inflection point which corresponds to the price level from which water consumption begins to decrease. In order to push farmers to save water we
will try, in the next paragraph, to calculate the water demand elasticity at this point “at price noted PG*”.

difference of water between the GDA is logical to maintain
profitability and ensure financial autonomy for the administrative and technical operation of GDA for the distribution
of water. But the problem is: what is the price of water
which does not affect the economic viability of farmers and
at the same time allows us to preserve our water resources?
The demand curve for water shows that the optimal price
can be found on the elastic segment ‘B’ and allows the reduction of water consumption by farmers since the segment
‘C’ is inefficient because no response to price increases. If
we analyse the impact of water pricing policy on farm level though the economic and water use indicators. Table 5
shows that the presence of elastic segments B allows us to
interpret the political perspective that the water pricing policy is an instrument to control but it is not the only instrument that can be applied for decreasing water consumption.
Indeed, the existence of the first segment inelastic ‘A’
shows that farm income will fall significantly before it affects water consumption. So, the choice of a price in this
segment can be interpreted economically as inefficient, since the income will decrease without a reduction in water
consumption. From a political perspective, the local decision-maker has no interest to apply such a price in this segment. Even if the segment ‘C’, if you want to keep the economic profitability of agricultural production system, it is
not efficient to apply such a price in this segment.

Figure 2 - Optimal water demand curve.

5.3. Obtaining demand curves for water
The water price and the total demand of water presented in
Figure 1, creating the optimal demand curve (ODC) for each
GDA. In this case, it was assumed that the best-fit curve of
the water demand is a linear form. But, other equations
forms, for example log-linear, may sometimes give the best
fitting curve, but application of other types is beyond the scope of the present discussion and will be dealt in later work.
In this case the linear form curve is presented by:
PG = a.Q + β

5.4. Elasticity of water demand
The water demand elasticity coefficients (WEC) are calculated by:
WEC = Q Q

(4)

PG* PG*

(5)

Where Q and PG* are respectively water quantities used and
the prices in GDA (PG*is the price when the water consumption started to decrease in each GDA). WEC coefficients at
PG* for the various GDA, calculated using equation (5), are
presented in Table 6. It should be noted that these elasticity estimates above reflect the effects of water prices on competition among crops for limited irrigable land.This competition
becomes important between irrigated crops forcing the model to choose the most profitable crops and consume less water. But when the numbers are limited, the flexibility of crop
pattern is very limited for the case of limited irrigable land,
the elasticity becomes high and the discontinuity of the demand curve for water shows large jumps between the snow
points as the case of the curve GDA “Amra”. In terms of value, the elasticity shows that if policy makers increase the
price of water by 10% compared pg, demand will fall by
3% and 3.9% respectively for the GDA “Oued Moussa”and
“Amra”, but it is 1.7% for the GDA “Oued Zessar”. This
means that the semi-intensive system is the most stable for

Where Q and PG are respectively water quantities used
and the prices; α and β are constants. The estimated coefficients for example of GDA “Oued Moussa” are α = 0.0004;
β = 0.7799; and R2= 0.8722. As expected, different GDA
have different demand curves, as in Figure 2. The regression coefficients for demand curves (Eq. (5)) for all the GDA are presented in Table 6. The examination of the ODC
for the various GDA shows the following points; (i) generally, the demand curves have a reasonably regular appearance, the exceptions are for the intensification systems, as
can be seen the discontinuities (jumps) in the curve for the
GDA of “Amra” explained by the presence of large areas
with crops are highly water-consuming but low value in
terms of profitability; in several cases (as in figure.2 ), the
demand curves becomes vertical at the right-hand side
(RHS). This reflects the fact that, in those GDA, at low enough prices all the available land area is being used, the
optimal mix of the activities (irrigated and rainfed) remains
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Table 6 - Regression coefficients of optimum water demand curves and water demand elasticity.
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external shocks while keeping the socio-economic profitability with a slight decrease of income and labor (Table
5). This system also restricts the immigration of farm labor
to their economic sectors and prevents the failure of regional agricultural market.

6. Conclusion
This paper analyzed the impact of water pricing policy on
the demand function of water in public irrigation system
“GDA” in Tunisia. The analysis of the response function of
the demand for irrigation water has shown the sensitivity
degree of each production system due to the change in water prices. The elasticity of prices showed that the water demand curve is divided into three segments which explains
the behavior of farmers towards pricing water through flexible plan crops and competition between irrigated crops for
limited irrigable land. The analysis of these segments
shows that the price incentive for farmers to adopt water
saving technology may be on segment B. Therefore, the determination of water prices for irrigation should not be a financial action of the GDA, but it must consider more than
the techniques characteristics of the GDA and the availability of water, the importance of the information about the agricultural activities practiced by the farmers in each GDA.
The price is an instrument to control and to induce the
farmers to adopt water-saving technologies without affecting their selection of crops. From a methodological point of
view, it would be interesting to complement short-term
analyses of response with long-term dynamic adaptation
models, including analyses of technical change (adoption of
water-saving techniques, etc.). Furthermore, in order to
construct more realistic models, multicriteria techniques
and regional model should be adopted in further research on
irrigated agriculture.
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