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Irrigation water use efficiency in central Tunisian’s wheat production systems:
A stochastic data envelopment approach

Abstract

This study employs stochastic DEA approach for measuring irrigation water efficiency of
wheat farms in irrigated areas of Chbika (Central Tunisia). Data was collected from 170 wheat
farms during 2010-2011cropping season. The empirical results show that the average water
use efficiency calculated by this approach was only around 41% under CRS while it was 44%
under VRS. This suggests that there is substantial scope for improving irrigation water use
efficiency in the study region using the existing technology on wheat farms. A Tobit
regression was used to identify the determinants of the irrigation water use efficiency in the
studied sample. Results of the Tobit analysis show the positive effect on water use efficiency
of variety choices, irrigation sources, membership in water users associations, irrigation
management and experience. These results are valuable for policy makers since they can be
easily integrated in the general guidelines of water valorisation policies.

Keywords: Irrigation water efficiency, Stochastic Data Envelopment Analysis, Tobit model,
Wheat farms, Tunisia

1. Introduction

Tunisian agricultural production is nowadays faced to an increased water scarcity due to the
growing demand of water and to the climate change. Tunisia is characterized by low rainfall
and limited renewable water resources. It is influenced by the arid and semi-arid climate that
covers more than ¥ of its area. Agricultural sector, which accounts for less than 12% of the
GDRP, is highly dependent on water resources since it consumes more than 80% of total water
use in the country. Irrigated area in Tunisia occupies 8% of total agricultural surface but it
contributes with 35% of agricultural production, 22% of exports, and 26% of agricultural 27 %
of agricultural employment (Al Atiri R., 2007). This performance is mainly due to the
significant expansion of irrigated areas (Al-Atiri, 2009), which passed from 250,000 ha
in 1990 to 450,470 hain 2010 (MA, 2011). However, the limited water resources in the near
future and the limited supply of cultivable land preclude the potential for further expansion of
irrigated areas in Tunisia. In fact, fresh water mobilization has reached its limits and any
further investments for water mobilization will be highly costly.

In spite of its evident scarcity, the present use of water in agriculture indicates that irrigation as
practices in Tunisia is still inefficient and much of the used water for irrigation can be saved.
In fact, several farm level studies showed that irrigation water use efficiency is very low and
ranges between 40% and 60% (Dhehibi et al. 2007; Albouchi et al., 2007;Frija et al. 2009;
Naceur et al, 2010;Chemak, 2010; Chebil et al., 2012).

The importance of water use efficiency takes on a new dimension when scarcity is considered.
Water scarcity problem in Tunisia will become more severe as the government seeks to



overcome food supply problems through the expansion of agricultural production to new land.
Additionally, industrial, domestic, touristic and environmental uses compete with agriculture
for a relatively fixed volume of available water supply. Improvements in water use efficiency
are an essential element in attempting to mitigate water scarcity and ensure optimal irrigation
water use in the agricultural sector (Frija et al., 2009). Given the large amount of water
consumed by the irrigation sector in Tunisia, improving on-farm water use efficiency can
contribute directly to increased supply of water for other agricultural and non-agricultural
uses. Therefore, studies on water use efficiency differentials among farmers samples are
needed in order to improve water conservation by identification of the main factors at the
origin of the inefficient use.

Stochastic frontier production (SFP) function and deterministic Data Envelopment Analysis
(DEA) are the most used approaches in literature to measure the irrigation water use efficiency
(IWUE). From methodological point of view, each of these methods has some advantages and
disadvantages. The main advantage of SFA approach is that the frontier is stochastic and
allows the effects of noise to be separated from the effects of inefficiency. However, it needs a
prior specification of functional form of the production function and of the distribution of the
one sided error term. The deterministic DEA approach avoids these limitations but attributing
all the deviations from the frontier to inefficiencies and becomes then likely to be sensitive to
outliers (Coelli, 2005).

In many important situations inputs or outputs of the decision making unit (DMU) are often
considered to be random, so technical efficiency conclusions based upon a deterministic DEA
analysis can be misleading because of the high sensitivity of the efficiency scores to the levels
of inputs or outputs. Stochastic DEA (SDEA) methods have therefore been suggested to deal
with these uncertainty problems.

In this study, our objective is to calculate the water use efficiency of the durum wheat systems
of central Tunisia, using SDEA. In fact, wheat is a major cereal in Tunisia in terms of its
output and cultivated land area. It occupies about 50% of all cereals area (800,000 Ha on
average) and represents almost 55% of the total cereals production (average wheat production
is around 1.8 million tons) (MA, 2010). Irrigated wheat area is around 80,000ha (MA, 2011).
Considering the social and economic importance of the wheat sub-sector in Tunisia, the
potential increase of IWUE should be a major concern for policy makers.

The rest of this paper is presented as follows. In section 2 the methodology used will be
detailed. Empirical results are presented in section 3. Finally, in section 4 concluding remarks
are drawn.

2. METHODOLOGICAL FRAMEWORK

Efficiency can be defined as producing a maximum amount of output, given a fixed amount of
inputs (Output oriented); or producing a given level of output using a minimum level of inputs
(input oriented); or a mixture of both. Efficient farms either use less input than others to



produce a given quantity of output, or for a given set of inputs they generate a greater output.
Hence, the production function describes a frontier. If the production frontier is known, the
technical inefficiency of any particular firm can be assessed easily by simply comparing the
position of the firm relative to the frontier.

The two main approaches used for the efficiency measurement are DAE deterministic and
stochastic frontier Analysis (SFA). This later model appends an error term, assuming two
components: one is symmetric, capturing statistical noise and random shocks, and the other is
one-sided, representing technical inefficiency effects. By far the most serious impediment to a
wider acceptance of DEA as a valid analytical method in economic is that it is seen not
distinguishing inefficiency from random shock. One has to specify the appropriate DEA model
in order to obtain a proper measurement of the efficiency of a farm (Land et al, 1993; Olesen
and Petersen, 1995; Seiford, 1996). Following Land et al. (1993), we assume that input values
are deterministic, so that only the outputs are to be represented as random variables.

Recently, some advances in sub-vector efficiency calculation from the DEA models and from
the stochastic frontier production are achieved. The sub-vector efficiency measure looks at the
possible reduction in a selected subset of inputs holding all other inputs and outputs constant
(Fare et al., 1994; Oude Lansink et al., 2002; Oude Lansink and Silva, 2004; Speelman et al.,
2008). The main features of the conventional and SDEA to analyse the subvector efficiencies
of inputs are described below. In this study we also opt for this assumption because in
agricultural production increasing the inputs does not usually result in a proportional increase
in output (Speelman et al., 2008)

2.1. Stochastic DEA approach of water use efficiency calculation
2.2.1. Deterministic DEA model

Mathematically, the input-oriented DEA model can be written as follows (See Fare et al.,
1994, Oude Lansink and Silva, 2004; Lilienfeld and Asmild (2007), Speelman and al., 2008,
and Frija, 2009 for more details about standard DEA subvector efficiency models):

Min, ,6°

K
s.t. Z/lk ym,k 2 ym,o

k=1

K
Zﬂ'kxs,k < es'xs,o
k=1

Zﬂkxn—s,k < Xn,o (1)



A, >0

The 6° in the resulting subvector model is the IWUE score of each farm. 4, is a vector of k

elements representing the contribution of each farm in determining the technical efficiency of
the farm under consideration (farmo); X0 and ymo are, respectively, the input and the output
vectors of farmg. For more information about the use of a subvector-DEA model for the
calculation of IWUE see e.qg. Lilienfeld and Asmild (2007), Speelman et al. (2008) and Frija et
al. (2009). The IWUE score can be calculated for a given farm by looking at the possible
reduction in the water use holding all other inputs and outputs constant.

2.2.2. Stochastic model

Following Land et al (1993), we assume that input values are deterministic, so that only the
outputs are to be represented as random variables with a normal distribution. This allows the
constraints to hold with the probability level (1-a). Hence, the SDEA for model (1) can be
formulated as:
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Where Pr means “probability” and o is a predetermined scalar between 0 and 1.We set a at the

conventional level of 0.05.
At this point, assume that each output yy is normally distributed with mean i and variance .

N

Further assume that Cov (y;,yk)= 0. Now, define the random variable
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The random variable representing the output shortfall is normally distributed because the y-s
have the normal distribution:
S u-y,

0,

Hence
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But, because of symmetry property of the normal distribution
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Where @ represent the cumulative distribution function of the standard normal variable.
Consequently, the probability statement for the typical output constraint can be replaced by the

equivalent restriction CD(i) >(l-a) (8)
O,

u

2.2. Tobit model

The present study use the Tobit model to analyse the role of farm attributes in explaining
IWUE This approach has been used widely in efficiency literature (Speelman and al., 2008,
Naceur et al, 2010; Chebil et al., 2012). In fact, the values of the dependent variable (IWUE
scores) lie in the interval (0,1). The censored Tobit model can be then used to get consistent
estimation. Tobit model used in our study is specified as follows:

IWUEif 0< IWUE" <1
IWUE, =40 if INUE <0 )
1 if IWUE">1

Where IWEi the observed dependent variable (IWUE) for the ith farm; IWUEI* is a
unobserved latent (hidden) variable for the ith IWUE farm that is observed for values greater
than 0 and censored for values less than or equal to 1.

IWUE =X ,B+¢, (10)

Where X; is a vector of independent variables supposed to influence efficiency. The B’s are
parameters associated with the independent variables to be estimated. The & is the
independently distributed error term assumed to be normally distributed with a mean of zero
and a constant variance N (0, 5°) . Since the dependent variable of IWUE varies between 0 and
1, Least Ordinary Square (LOS) would produce biased and inconsistent estimates (Maddala,
1983). Therefore, the maximum likelihood estimation is recommended for Tobit analysis.



3. Data and variables definitions

The data employed in this study consists of information about the production structure of 170
Tunisian wheat farms. In order to ensure homogeneity in land and weather conditions, the
farms in the sample have been chosen from Chbika region situated in Kairouan province,
which is located in the centre of Tunisia. Chbika is facing growing problems of water scarcity.
It is located in the semi-arid bioclimatic lower floor and characterised by moderate winter.
Groundwater represents the main water source. The data used in the study was collected in
2011 with the collaboration of the extension service in the region, through a questionnaire to
cereal-growing farmers.

Wheat production value per ha is used as output of the subvector efficiency model described in
the previous section. In addition, three inputs (labour, water and fertilisers) are also included in
the estimation of the SDEA model. Table 1 presents a summary statistics of output and inputs
data used for our case study. As it can be seen, the average annual production value of wheat
in the study area is around 2226.26 Tunisian National Dinar (TND) per ha farm ranging from a
minimum of 1016 to a high of 4370 TND/ha. The standard deviation of the water input vector
indicates a large variability of the irrigation volume among the farms.

Table 1. Summary statistics of the sample variables

Variable Mean Standard Min Max
Deviation

Output Production value | 2226.26 636.46 1016 4370
(TND/ha)

Inputs Water (m3/ha) 2696.24 1110.80 500 4500
Labor expenses | 66.46 22.30 31.50 178.75
(TND/ha)
Fertilizer  expenses | 142.23 60.02 33 338
(TND/ha)

1TND~0.70$

The empirical Tobit regression model takes the following form:

IWE™ = o, + o, AGE + o, EL + o, EXP + ¢, SIZE + ¢ IS + o GDA+ o, IRR + VAR + o, PES + ¢,
where:

IWUE (Dependent variable): Irrigation water use efficiency scores

The independent variables are :

AGE = age (in years);

EL(Education level)= 1 if farmer has more or equal than secondary level, 0 otherwise
EXP = farming experience (in years);

SIZE = Farm size (in ha);

WS (water source)= 1 if the farmer uses 2 sources, 0 if one source



GDA (membership in a water users association) = 1 if farmer is member of a water user
association, O if not

IRR (Irrigation management) = 1 if farmer respect the critical period of irrigation, O if not
VAR (wheat variety cultivated) = 1 if farmer use Maali variety, 0 if not (Maali variety is
known to be among the most productive varieties in Tunisia and is highly promoted by policy
makers)

PES (pesticide) =1 if farmer use pesticide during the crop cycle, 0 if not

4. Empirical results

4.1. Efficiency scores

SDEA model is estimated using the program GAMS (General Algebraic Modelling System).
Table 2 presents the frequency distributions of overall technical efficiency and irrigation water
use efficiency scores of the 170 farms considered in our study.

The mean farms technical efficiencies estimated under CRS and VRS assumptions are
respectively 0.70 and 0.62. This implies that the current level of output can be produced using

30% less inputs on average. The difference between the VRS and CRS measures indicate that

CRS

k
VRS

gk

many farmers are not operating at an efficient scale (SE). The SE, = is equal to 0.89.

The SDEA results however reveal a wide variation in individual efficiency scores across
farms. These scores are ranging from 35.6% % to 100% under VRS and from 27% to 100%
under CRS.

The average IWUE of our farm sample is about 0.44 under VRS and 0.41 under CRS. Farmers
are then less efficient in the use of water compared to the use of other inputs indicating that an
increase in the efficiency of water use will results in a better overall efficiency. A large range
of water efficiencies are observed across 170 farms. As showed in the table 2 below, there are
129 farms with IWUE scores below 50%, 25 farms between 50-75%, and 16 farms with scores
more than 75% under VRS. This result suggests that wheat farms may reduce their water use
level while maintaining the same level of production.

Table 2: Frequency distribution of efficiency ratings of wheat farms in Chbika

Technical efficiency IWUE

CRS VRS CRS VRS

E. Scores | Number % of | Number % of | Number % of | Number % of
of farms farms of farms farms of farms farms of farms farms

<0.25 35 0.21 38 0.22
0.25-0.50 38 22.40 11 6.50 81 0.48 91 0.54
0.5-0.75 105 61.80 109 64.10 35 0.21 25 0.15
>0.75 27 15.90 50 29.40 19 0.11 16 0.09
Average 0.62 0.70 0.41 0.44
Min 0.27 0.36 0.12 0.11
Max 1 1 1 1




4.2. Factors eexplaining efficiencies of water use

Tobit regression explaining efficiency, as defined in equation 10 is estimated using Eview
(econometric views) package. The results of the Tobit model estimation by Likelihood is listed
in Table 3.

Tableau 3. Tobit estimation results of factors affecting IWUE

VRS CRS
Variables Coefficient Z-Statistic Coefficient Z-Statistic

AGE -0,001 -0,947 -0,002 -1,555
EL -0,027 -0,698 -0,033 -0,920
EXP 0,004 2,742* 0,003 2,438*
SIZE 0,002 1,214 0,001 1,213
WS 0,357 4,175 0,356 4,646
GDA 0,103 2,755 0,094 2,747
IRR 0,162 4,094 0,162 4,430
VAR 0,169 4,337 0,152 4,204
PES -0,012 -0.326 -0,013 -0.365
C 0,221 2,937 0,263 3,769
LR 66,80* 70.22*

" Signifiant at the 5% level.

Regarding to the Tobit model results, the likelihood test rejects a null hypothesis that all slope
parameters are simultaneously null. This confirms that Tobit model is statistically significant.
The majority of the estimated coefficients are significant at 5%. Furthermore, the estimated
tobit model indicate the positive effect on water use efficiency of variety choice, irrigation
sources, membership in water users association, irrigation management and experience.
Finally, based on the empirical results, some suggestions are drawn in order to increase water
use efficiency.

5. Conclusions

This study aims to measure the irrigation water use efficiency of a sample of wheat farms,
located in central semi-arid Tunisia, and to identify its determinants. The Stochastic Data
Envelopment Analysis SDEA was estimated based on data collected from 170 randomly
selected farms for the 2010-2011 production season. The survey was conducted in Chbika
region situated in the governorate of Kairouan.

The average technical efficiencies estimated under the CRS and VRS hypothesis of the farms
in the sample are 0.70 and 0.62. This implies that the current level of output can be produced
using 30% less inputs, on average. The average IWUE is about 0.44 under VRS and 0.41 under

' LR=-2(log L, —log L,) where LogL, is the log-likelihood for the unrestricted model and LogL, is the log-

likelihood for the model with p parameters restrictions imposed. The likelihood ratio statistic follows a chi-square
distribution with p degrees of freedom.



CRS. In light of these research results, it seems that substantial decreases in water use could be
attained by using the existing irrigation technology on wheat farms. This result is consistent
with previous studies in Tunisia (Dhehibi et al. 2007; Albouchi et al., 2007, Frija et al. 2009;
Chemak et al., 2010; Naceur et al., 2010; Chebil et al., 2012). Empirical studies listed above,
have also used deterministic approach to measure water use efficiency. However, in the
present study, SDEA was used in order to assess these IWUE scores.

Finally IWUE was found by many studies in Tunisia to be very low compared to the important
efforts made by the government in order to save water. Even though, we tried to use a more
comprehensive methodology in this paper, which is unique application in the Tunisian
context, results about IWUE scores were still found to be very low. Thus, different
methodologies are confirming the same results about inefficiency of irrigation water use.
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