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Abstract

Good management of water resources requires a good allocation of their availability, especially in public
irrigated schemes in Tunisia. This paper contributes to a better reallocation of available water resources
at the farm and regional levels. A case study was discussed in the Kalda Kebira region, in the center-
east of Tunisia. Regional models based on aggregation and the possibility of water transfer between two
irrigated schemes was tested. The results show that a good seasonal allocation is possible with a total
regional exchange of 9.60% m?* of water available between these two schemes. This reallocation is ben-
eficial at the regional level, recording an increase of 2.12% in agricultural income and less beneficial,
except for farms that are less competitive, in terms of use of water resources. This reallocation also allows
for cultural diversity and specification of agricultural farms. Competitiveness in the water use, diversi-
fication and specification of agricultural production systems help to preserve natural resources but they
also help to satisfy demand of the regional market.

Keywords: Water resources, Agriculture, Reallocation, Aggregated, Regional model, Kalda Kebira, Cen-
tral East Tunisia.

made to achieve adequate strategies for sustain-
able management of irrigation water, such as
demand management, water conservation and
pricing policy. The evaluation of these strategies
has always been criticized by local actors during

1. Introduction

In Tunisia, water sector, characterized by
spatial and temporal scarcity and irregularity,
is currently facing major challenges such as an

increasing demand. Agriculture still remains the
most important sector of macro-economy. The
sector accounts for only around 8.7% of Gross
Domestic Product (GDP) but employs around
16.2% of the total employment in the country
(World Bank, 2016). However, this sector con-
sumes 75% of the mobilized water resources and
it impacts negatively on water resources through
the intensification and extension of irrigated land
(Al Atiri, 2009). Considerable efforts have been

the drought years. Indeed, the sustainability of
irrigated agricultural activity requires not only a
water saving policy (Jeder et al., 2019), but also
a strategy for a better allocation of these availa-
ble resources during unfavorable climatic years.

In Tunisia, the responsibility of irrigation wa-
ter distribution is assigned to the Agricultural
Development Group (GDA). These (GDA) are
local institutions of collective agricultural devel-
opment which are also responsible for the man-
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agement of irrigation water. Unlike other coun-
tries in the world which have created a market
for water, the government of Tunisia has adopt-
ed a potential monopoly on water to manage a
common resource instead of the privatization
of this resource. This potential monopolization
is considered to be a privileged mechanism in
Tunisia for the management of water resourc-
es. It is justified by the importance of the so-
cial dimension of the irrigation water needs in
a country characterized by a modest economy
based on household farming (Livingston, 1993;
Young, 1986; Colby, 1990), and also social eq-
uity, which imposes a water pricing policy is
always lower than the real cost of production
(Howe et al., 1986; Brookshire et al., 2004).
These arguments make the idea of privatizing
common resources through the creation of a wa-
ter market almost difficult in Tunisia. However,
transferring water between regions or between
available sources of water in a single region is
relatively possible for optimal management of
irrigation water resources. Good management
of water resources requires a good allocation
of their availability, especially in the public ir-
rigated schemes in Tunisia. This paper contrib-
utes to a better reallocation of available water
resources at the farm and regional level. Several
works in Tunisia have tackled about the problem
of allocation of water resources through a nor-
mative approach aimed at saving water through
economic regulation instruments such as pricing
policy (Sghaier, 1995; Thabet, 2003; Bachta et
al., 2004; Frija et al., 2015). Other works on the
management of water resources in Tunisia have
adopted a bioeconomic approach by coupling
the mathematical programming model to a bio-
physical model such as CropSyst, Epic, Apsim,
and CropWat... etc. This bioeconomic modeling
aims to integrate the physical and environmen-
tal assessment of certain problems like erosion
and soil salinity for adaptation to climate change
(Louhichi, 2001; Jeder et al., 2011). Another re-
search work was carried out by Azizi (2018) on
farmers’ behavior towards the demand for irri-
gation water and the possibility of improving the
pumping cost via the increase in the cost of elec-
tricity and the improvement collective distribu-
tion services. These bioeconomic models of pos-

itive mathematical programming, integrating
also the notion of risk in agricultural activity,
have succeeded in showing the effectiveness of
certain possible strategies or scenarios on agri-
cultural production systems. Although the bio-
economic modeling used meets the designated
objective, the constraint of water availability
has remained static and the resolution of these
models, or the simulation of scenarios, have
been tested while respecting this constraint. So
the idea in this paper is to make this constraint
flexible through a proposal for a reallocation
of available water resources via the transfer
of water between sources available to irrigate
public schemes.

This paper will therefore illustrate a case study
for a reallocation of irrigation water resources
through a regional agricultural model based on
aggregation between farm-types, using mathe-
matical programming inspired from the theory
of microeconomics (Hazell and Norton, 1986).
The rest of the article will be structured in two
parts: one part is devoted to the representation
of the modeling methodology approach adopted,
and then the presentation of the study area and
the data collected, the last part is devoted to the
analysis and discussion of the results and finally
the conclusion.

2. Methodology, case study and data
sources

2.1. Mathematical programming as an
analysis tools in agriculture

Mathematical programming (MP) has become
an important analytical tool and widely used in
agricultural economics. The basic motivation for
using programming models in agricultural eco-
nomic analysis is straightforward, because the
fundamental economic problem is making the
best use of limited resources (Mills, 1984). The
use of optimisation models is therefore a perfect
combination with the neoclassical economic
theory, which perceives economic agents as op-
timisers. Following linear programming model
in its primal form illustrates the use of mathe-
matical programming in agricultural economics
(Equations a & b).
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maXZ=Zj Cij (a)
Subject to:
2. ;%= b
J Xj = 0 (b)

Where: ¢; is the forecasted gross margin of
farm activity j, x; is the level of farm activity j,
a;; is the quantity of resource i required to pro-
duce one unit of activity j, bi is the amount of
available resource i and i is the index of resource
and j is the index of activities.

Mathematical programming (MP) has
evolved considerably, losing the features of a
pure farm management instrument. Presently,
it is an important instrument of policy analysis
at farming, regional and national levels, with
the objective of analysing the impact of agri-
cultural policies on the socio-economic and
environmental of farming production systems
(Salvatici et al., 2000). An extension to mul-
ti-objective and goal programming techniques
even allows finding the best compromise in the
case of conflicting objectives (Romero and Re-
hman, 1989). For example economic objective
is maximizing total agricultural income and an
environmental objective minimizes agricultural
pollution from nitrates leaching and percolation
(Fragoso et al., 2010). Mathematical program-
ming can be normative mathematical program-
ming (NMP) (as in our case) or positive math-
ematical programming (PMP). The difference
between them is that in programming (NMP),
the parameters of the objective function and the
constraints are not calibrated. This means that
to build an NMP model, basic system knowl-
edge is sufficient. On the other hand, in posi-
tive mathematical programming (PMP), certain
parameters are adjusted to be able to reproduce
exactly a given baseline; the method is called
positive (Howitt, 1995). Another alternative to
calibrating the model with econometric math-
ematical programming (EMP) is based on the
estimation of optimality conditions. The pa-
rameters of the model were estimated using
the entropy approach and previous information
(Fragoso and Marques, 2015).

2.2. Arguments for using normative
mathematical programming model

Normative mathematical programming model
(NMP) has been used in agricultural economics
for a long time. This normative model deter-
mines the levels of different variables in order
to optimize the objective set by the decision
maker (Hazell and Norton, 1986). Usually this
concerns, for example, the maximization of the
farmer’s income or gross margin. Targets and
decision variables can include economic, eco-
logical or social aspects of the system, which
again highlights the possibility of a multidisci-
plinary approach in programming models.

In our case, the justification for the use of nor-
mative mathematical programming is mainly
linked to our research objective. Therefore, the
objective is to have better management of the
water resources available in the study region to
counter the challenges of climate change. The
originality of this paper is not to make an im-
pact study of such a scenario or a policy, which
requires a calibration of the model by positive
mathematical programming, but to propose a
better reallocation of resources in inter-tempo-
ral and inter-perimeter. The genesis of the idea
of reallocation of water resources is not only
theoretical but pragmatic and feasible since the
transfer of water between these two irrigation
schemes is possible because these schemes share
the same irrigation networks. So, the objective
of using normative mathematical program-
ming is to know how this reallocation could be
achieved between these two perimeters during
the agricultural season. At the same time, the ob-
jective is to assess the economic, agronomic and
social impacts of this new reallocation at farms
and regional levels in terms of agricultural in-
come, water consumption and also the need for
salaried labor by period (summer, winter).

2.3. Overview of the model

To respond to the problems and challenges of
optimal water management to face to climate
change, we propose a regional modeling frame-
work. The regional model developed integrates
agronomic, hydraulic and socio-economic data.
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It can simulate the behavior of farmers taking
into account competition for availability re-
sources and the possibility of transferring irri-
gation water between the two main resources of
the region during the agricultural season. Using
the aggregation technique, the adopted regional
model simulates the interactions between agri-
cultural farms such as the transfer of common
resources (Louhichi ef al., 2014). It also makes
possible to aggregate the results of farms at the
regional level. With this technique, the objective
function of the regional agricultural model be-
comes the regional gross margin maximization
based on the weighted gross margin sum of each
representative farm (equationl) under a set of
constraints (Abbes, 2005).
Max U=3%,w,Z, (1
Where h denotes the farm type and wj, is the
weight of each representative farm-type h within
the region. U is the regional gross margin and Z,,
is the gross marginal at the farm type level. This
gross marginal farm Z, is defined as total gross
marginal including sales from agricultural prod-
ucts minus total variable costs from crop pro-
duction. Total variable costs include accounted
linear costs for fertilizers, irrigation water, crop
protection, seeds and plant material and cost of
hired labour. Using mathematical notation, the
linear gross marginal farm function Z, can be
presented as follow:

Max Z, = ¥ (RDT*Pc - CV, )X,

i=c,t 2)
- Z (beauc,t,p*Pw*)(c,t) - Z (TLp*Pl)
aLp P
P is the producer price of crop c, t is pro-
duction technique (irrigated and rainfed), p is
the period or season (The winter period “P1”
is from September to February and the summer
period “P2” is from March to August). RDT, is
the yield expressed by crop c. CV,, is the aver-
age cost of crop production per techniques and
period excluding water and labor costs. P, is
the irrigation water price and P, is the wages of
labor. beau,,, is the water requirement of each
crop cultivated. 7L, is the amount of tempory
labour used per period P. Finally, X, , is the var-
iable of the production activity, defined as be-

ing the crops area in different farm-type. This
modeling approach consists of maximizing an
objective function of gross margin with a set
of constraints. The constraints at the farm level
are as follows:

Yt Xer < LAND 3)
YeiiXeii = LAND IRRG 4
Yotivi Xotivi = Xotivi (5)
> certr Xeertr < %* ng, i Xog i (6)
Yeip blep* X< DL, + TLp N
Dedi hp bwater,.,; p* Xy < avwatery, ), ®)
Y bwater. i ,* X, < av_watery, , —

am_water vegjjocated hp 9

Constraint (3) is a land constraint, indicating
that the total cultivated areas in each farm-type
should not exceed the currently observed agri-
cultural areas. Constraint (4) indicates that the
sum of crops irrigated areas should not exceed
the total irrigable areas available in each farm-
type. The constraint (5) is the area constraint
of the arboriculture, in particular the olive tree,
which must be constant and equal to the area
observed. Constraint (6) is the constraint of
crop rotation, indicating that the area of cereals
crops (barley and wheat) must not exceed 1/4
of the areas of vegetables crops (annual crops).
Constraint (7) is the labour constraint, indicat-
ing that the sum of labour required for each
crop, expressed in hour per period, should
be less than the amount of labour available
in the farm, additional to plus the amount of
temporary labour (salaried) if needed. The
temporary labour is an endogenous variable
calculated by the model itself. The farmer has
an economic interest in employing salaried la-
bor when the opportunity cost of one hour is
higher than the real cost (15 Dinars / 8 hours).
Constraint (8) indicates that the sum of wa-
ter requirement of all crops cultivated should
not exceed the water availability at farm-type
level minus the amount of water allocated to
other farms when possible.
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The constraints at the regional level are as fol-
lows:

Yhp av_water, , * wy =

Zh»P am_watert veaiiocated,hp * Wh (10)
Z/‘l,p av_watery, , * wy, =
av—waterpubl[c boreholes (1 1)
Zh,p av_watery , * wy =
av_water gy Nenhana (12)
Yop TL = TLy, * w, (13)

The regional constraints (10), (11) and (12)
are used in the aggregate model to calculate the
total quantity of water reallocated at the regional
level which must not have access to water avail-
ability in the agricultural area “Baléum” and
“Chiyab” (Figure 1). The constraint (13) is used
to calculate the total amount of time work em-
ployed in the region.

2.4 Case study

The agricultural perimeter of Kalda Kebira is
located in the governorate of Sousse in the Center-
East of Tunisia (Figure 2). It was created in 2003,
and formed by two public perimeters according
to the agricultural zone: public perimeter, called
“Baloum”, irrigated by public boreholes, and the
other public perimeter, called “Chiyab” irrigated
by dam of “Nebhana”. The agricultural region
of Kalda Kebira is occupied by the potato crop
on large surfaces in rotation with other vegetable
crops such as pepper, tomato and cereals crops.
All these crops are intercropped with olive trees.
This perimeter occupies an area of 540 ha and is
managed by the Agricultural Development Group
(GDA). The price is approximately 0.240TD1/
m?, this volumetric water pricing is applied in the
perimeter of Kalaa Kebira (Ben Hamza, 2017).

2.5. Source and data collection

The data used to feed the regional agricultural
model was of different types and thus collected
from various sources. Specific crops inputs and
outputs levels for different agricultural zones
were collected through farmer’s surveys which

Figure 1 - Methodological modeling framework (in-
spired by Hazell and Norton, 1986).

Farm-type « Baléum », FT1

Farm-type « Chiyah », FT2

Resource

contraints
Water Transfer

Agregate regional objective function

Figure 2 - Case study: Kalda Kebira region, Sousse
governorate, Center-East of Tunisia.

Méditerranée

Kairouan

were conducted during season 2018-2019. These
data were collected from 45 farmers in the re-
gion. A simple classification according to the ag-
ricultural zone and the sources of irrigation wa-
ter makes it possible to obtain two farms-types.
The first typical farm (FT1) is representative of
the agricultural zone “Baléum”, whose main
source of irrigation is the public water boreholes
and the second farm-type (FT2) represented the
“Chiyab” agricultural zone, of which the main
source of irrigation is the “Nabhana” dam.
These two farms-types are almost similar;
they have the same agricultural crops practiced
and even structural variables except for the ir-
rigable land and crops areas. In the case of the
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Table 1 - Representative and characteristic of farm type in “Kalda Kebira”.

Farm-Type characteristics Farm-type “Baloum” | Farm-type “Chiyab”
FTI F12
Agricultural crops (ha)
Seasonal potato (PTS) 2.81 1.79
Potato back season (PTAS) 3.10 2.21
Primary potato (PTP) 1.40 0.53
Tomato (TOM) 0.38 0.11
Pepper (PEPER) 0.50 0.84
Barley (BL) 0.77 0.55
Wheat (WH) 1.50 0.26
Fallow (FALL) 0.04 3.12
Olives (OLIV) 1.21 1.06
Total agricultural area (ha) 11.71 10.47
Irrigable area (ha) 9.12 (77%) 8.25 (78%)
Family labor in winter (P1) ( (hours) 256.15 241.58
Family labor in summer (P2) (hours) 277,79 297.24
Total water availability at farm level
Available water in winter (P1) (m?) 12791.99 14322.67
Availability of water in summer (P2) (m?) 13502.65 6740.08
Availability of total water at the scale of agricultural zone
Source of water dam “Nabhana” (m?) 842510
Source of water from public boreholes (m?) 710666
Regional representation (weight) (%)
Total number of farmers in the public perimeter irrigated 101
The weight of the representativeness of Farm-type 25% 20%

Source: survey data, 2019.

farm-type (FT1), the irrigable land represents
77% of the total agricultural area whereas for the
case of the farm-type (FT2) it represents 78% of
the total agricultural area (Table 1). This differ-
ence explains that irrigation water could a limit-
ing factor for agriculture in the absence of good
management of irrigation water.

3. Results and discussion

3.1. Farm income

At the farm level, the results of the region-
al model with transfer show a significant im-
provement in FT1 agricultural farm income of

19.02% to obtain an annual income of about DT
98827.71 against a decline in farm income FT2
of 23.13% with an annual income that does not
exceed 53993.2 DT (Table 2). This contradiction
expressed by the regional model with water trans-
fer shows a high competitiveness at the farm level
FT1 for use of available resources especially irri-
gation water. Today, the competitiveness of water
use is a good criterion for valuing water by farm-
ers not only in economic terms but also in terms
of the sustainability of this resource.

At regional level, the results of the regional
model with transfer of water between the two ag-
ricultural zones shows a regional income improve-
ment of 2.12% approximately 3573943.48 TD per
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Table 2 - Impact water transfer on farm income.

Farm income (DT)
At Farm level Regional model without | Regional model with Variation of farm
transfer of water transfer of water income %
Farm-type “Baloum” FT1 83037.17 98827.71 +19.02
Farm-type “Chiyab” FT2 696402.82 53393.26 -23.13
At regional level 3499837.7 3573943.48 +2.12

year against the regional model without transfer of
water who does not exceed 3499837.7 TD. This
transfer of water between these two perimeters is
possible in reality since they have the same irriga-
tion network as well as the positive contribution of
the community to improve the regional agricultural
economy and the competitiveness on the valoriza-
tion of water resources in this region (Table 2).

3.2. Temporal labor use

The results in Table 3 have shown that the en-
dogenous variable in the use of temporal labor use
by period is calculated by the model according
to the characteristics of the farm and their water
consumption. Indeed in the case of the regional
model without transfer of water, we note that the
agricultural farm (FT1) uses 230 hours of tempo-
ral labor during the winter period (P1) whereas in
the case of the regional model with transfer of wa-
ter, this same farm uses only 17.03 hours of time
work during the winter period (P1). Whereas, the
agricultural farm (FT2) does not use temporal
labor and only uses family labor. The weighting
(the type of farm in the region) shows the same
trend in the use of temporal labor on a regional
level with 5826.42 hours during the winter peri-

od (P1) while 433.32 hours during the summer
period (p2) (Table 3). It can be said that the sub-
stitutability between the quantities of the factors
of production (labor and water) depends on the
opportunity cost of these factors. The use of tem-
poral labor distinguishes between household farm
which is based on family labor and commercial
farm which is based on temporal labor. This re-
gional model shows that the water factor plays a
more important role in the dynamics and varia-
bility of temporal labor use on commercial farms
which always seeks to maximize their economic
gains. Indeed, the commercial farms always re-
quire temporal labor to increase both their pro-
duction and their income, while the agricultural
household programs its activities according to
the available family labor. Today in Tunisia and
especially in the Mediterranean countries, the ag-
ricultural policy must encourage farm households
towards modernization to increase national pro-
duction and employ more agricultural labor in the
rural environment.

3.3. Land use

The objective of using the normative modeling
approach in agricultural economics is to propose
an optimal production plan which shows that

Table 3 - Impact of water transfer on the temporal labor used.

Temporal labor used (Hours)
At Farm level Regional model without Regional model with
transfer of water transfer of water
Farm-type “Baloum” FTI at period P1 17.07
Farm-type “Baloum” FTI at period P2 230.75
Regional level 5826.42 431.12
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preserving the use of available resources makes
it possible to guarantee maximum agricultural
income. So, the result of modeling at the region-
al level shows that the preservation of the land
resource is possible with an optimal allocation.
Thus, the regional modeling with water transfer
shows that the land occupancy rate has increased
by 14% for farm FT1 (Baloum) against a de-
crease of 18% for farm FT2 (Chiyab) (Figure 3).
This increase in the agricultural land use rate is
accompanied by an increase in the gross margin
at the regional scale and at the scale of the most
competitive farms, such as farms FT1 (Baléum).
These results show that regional agricultural de-

velopment requires economic optimality in the
use of available natural resources and competi-
tiveness between agricultural farms. In Tunisia,
land degradation is also due to the lack of instru-
ments of land use policies such as the obligation
to fallow, agricultural rotation and the categories
of land owners. The criteria for using scarce re-
sources such as land or water must be based on
two fundamental concepts; resource efficiency
and competitiveness. The conflict of interest be-
tween individualism and collectivism must not
be resolved by the unreasoned intensification of
scarce natural resources.

3.4. Crops areas

The increase in land use is explained firstly
by the increase in the availability of water by
transfer secondly by the area of the cultivated
crops. The results of this model also show the
diversification of crops and the specification of
the agricultural production system. At the farm
level, like the FT1 farm, the integration of the
seasonal potato crop (PTS) over an area of 2.76
ha and the increase in the area of barley (BL) at
1.81 ha and also the area of late season potato
(PTAS) at 4.07 against the decrease in the area
of pepper to 0.41 ha (Figure 4). But, on the farm
FT2 (Chiyab), an increase in the area of pepper
(PEPR) to 1.32 ha in favor of the late-season po-

Figure 4 - Impact of water transfer on crop areas at farm level.

12 +
10.26 PTS
10 A 8.71 B PEPR
_ 7.65 2,76 ® BL
£ 81 234 : PTAS
2 > 1,03 54
: oLy
5 6 - 1,32 1,81
5 1,5
< 1,32
e
g 44 0,94
3,66 4,24 4,07
2 4 2,42
0 1.21 1.06 1.21 1.06
FT1 FT2 FT1 FT2 ‘
Regional Model without transfer of water Regional Model with transfer of water
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tato crop (PTAS) and barley (BL). For the area
of the olive tree as an arboriculture, the area is
considered a static variable that does not enter
into the optimal choice of land use (Figure 4).
These results show that water transfer increases
not only the competitiveness in the use of water
resources, but it also contributes to the diversifi-
cation of crops and agricultural production sys-
tems practiced. In the case of “Kalaa Kebira”,
the farms (Baléum) have a tendency to cultivate
the most profitable crops for them such as sea-
sonal and late season potatoes (PTS and PTAS),
while the farms (Chiyab) have a tendency to cul-
tivate the cultivation of pepper (PEPR) to main-
tain their agricultural income. At the regional
level, diversification is important for the optimal
use of available resources, especially water and
land. It is also advantageous for the balance be-
tween supply and demand on the local market
for certain strategic crops for the Tunisian con-
sumer, such as potatoes.

3.5. Water reallocation

The water consumption constraint is saturated
for the two periods according to the results ob-
tained by the regional model without water trans-

fer, and the farmers use all the water availability.
On the other hand, the regional model with the
possibility of transfer proposes a new reallocation
with a high regional income according to a crite-
rion of competitive use of water resources. Thus,
an increase in water consumption at the farm lev-
el FT1 (Baloum) is observed for the period (P1)
following a transfer of a quantity of water (e2 =
5477.01 m?) from the farm FT2 (Chiyab) to meet
the water requirement for the cultivated crops. The
period (P1) is the winter period, when the availa-
bility of water in the “Nabhana” dam is important,
especially during the rainy years. Consequently,
the water consumption for the period (P1) at farm
level FT1 (Baloum) becomes the sum of the water
availability (a) and the transferred quantity (e2)
from the farm FT2 (Chiyab), this consumption
is equal to 18268.99 m* (12791.99 (a) + 5477.01
(e2) = 18268.99 m?) (Table 4). For the farm FT2
(Chiyab), consumption increases for the period
(P2) which corresponds to the summer period
when the availability of water at the “Nabhana”
dam is low. Thus the consumption during the
period (P2) for the farm FT2 (Chiyab) becomes
the sum of the water availability (d) and the trans-
ferred quantity (e1) which is equal to 8197.99 m?
((d) + (e1) = 8197.99 m?). Conversely, following

Table 4 - Impact of water reallocation at farm and regional levels.

Regional model without transfer water

Water availability = Water use

Farm FTI (Baloum) Farm FT 2 (Chiyab)

Period P1 (m?)

12791.99 (a) 14322.67 (c)

Period P2 (m?)

13502.65 (b) 6740.08 (d)

Regional model

with transfer water

Reallocation of water at farm level

Farm FTI (Baloum) Farm FT 2 (Chiyab)

Transfer of water in P1 (m?®)

5477.01 (e2)

Transfer of water in P2 (m?)

1457.91 (el)

Total reallocation of water at farm level

Farm FTI (Baloum) Farm FT 2 (Chiyab)

Water use in period P1 (m?)

(a) + (e2) = 18268.99 (c) - (€2) = 8845.66

Water use in period P2 (m?)

(b) - (el) = 12044.74 (d) + (e1) = 8197.99

Reallocation of water at regional level

Total of transfer of water in P1 (m?); (%)

110635.63; (7.20%)

Total of transfer of water in P2 (m?); (%)

36812.22; (2.39%)

Total regional reallocation of water (m?); (%)

147447.82;5 (9.60%)

Source: models results.
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this water transfer, a decrease in water availabil-
ity will be recorded for the period (P1) on the
scale of the farm FT2 (Chiyab), the constraint is
unsaturated and the consumption is 8845.66 m?
(14322.67 (c) — 5477.01 (e2) = 8845.66 m?) (Ta-
ble 4). Similarly, a decrease in water availability
will be recorded for the period (P2) on the scale
of farm FT1 “Baloum”. At the regional level, this
new reallocation shows a seasonal transfer of
water between these two sources of irrigation in
the order of 110635.63 m?® (7.20%) for the peri-
od (P1) and 36812.22 m? (2.39%) for the period
(P2), with a total of exchange about 147447.82
m?® representing 9.60% of total water availability
(Table 4).

This new reallocation of water resources
makes it possible to increase regional agricultur-
al income through competition and high compet-
itiveness on the use of this resource. This com-
petitiveness privileges the commercial farms
like the farm FT1 (Baloum) for the benefit of the
household farms like farm FT2 (Chiyab). This
reallocation of water resources through a region-
al model of water transfer confirms the concept
of Pareto for optimality and competitiveness
which privileges the increase in the utility of an
agent without decreasing that of the other agent
on the use of this resource (Samuelson, 1947).

The results obtained from the regional mod-
el applied with a seasonal water transfer show
that the reallocation of water is possible for the
agricultural development of the region and the
preservation of the resource. Better allocation
requires efficient inter-user and inter-temporal
management of the available resource. Today,
water management requires a reallocation ap-
proach based on the competitiveness and effi-
ciency of use between the different actors. This
study also confirms the rise of the opinion of
several political decision-makers of the need
to transfer water between different regions and
different water storage dams as an alternative
strategy to overcome the hydraulic imbalances
caused by rainfall irregularity.

4. Conclusion

This study made it possible to propose a
new reallocation of available water resources

through a periodic (seasonal) transfer of water
to irrigate the two irrigated areas in the Kalaa
Kebira region, in center-eastern Tunisia. The
transfer of water and the optimality criterion
imposed by the regional model have shown a
high competitiveness in the use of water re-
sources for commercial farms (FT1, Baloum)
versus household farms (FT2, Chiyab). This
competitiveness can play an important role in
balancing supply and demand in the local mar-
ket for agricultural products.

The regional model of reallocation of irriga-
tion water resources in this research could be
seen as a good example of optimal and eco-
nomical allocation that could be applied in
other regions. These recommendations could
also be used in water policy in Tunisia to think
about water transfer as an alternative strategy,
despite the expensive cost of this transfer. But
these repercussions and these economic oppor-
tunities could be promising to climate change
accentuated in the Mediterranean regions, in
particular Tunisia.

From a methodological point of view, the ap-
proach adopted for regional modeling through
normative linear programming has succeeded in
meeting the objective of this research for a better
reallocation of available water resources, but it
is also marked by the presence of certain limits.
Among these limits, the absence of integration
of crop rotation which can play an important role
in saving seasonal water availability (per period)
and the importance of taking into account envi-
ronmental externalities in an intensive agricultur-
al production system. The improvement of this
methodological approach in a future work is pos-
sible through a regional bioeconomic model of
ex-ante evaluation for a set of economic, environ-
mental and climatic political instruments to de-
velop strategies for adapting Tunisian agriculture
to the challenge of water scarcity in the future.
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