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Abstract 
During the last decades, the development of decision support system for irrigation scheduling 
to save water and energy has been widely suggested.  Within SUPROMED project, we have 
installed various sensors, water pressure and weather stations at the level of farms in Sidi 
Bouzid region (Center of Tunisia) in order to calibrate models (MOPECO, IREY) and 
schedule the amount and the frequency of irrigation for various crops (wheat, onion, oat, 
pistachios, olive and almond). The objective of this study is twofold. In first place, the effects 
of SUPROMED innovative management on water value and resilience face to increase in 
energy cost are carried out. The residual imputation method (RIM) is used for the calculation 
of irrigation water values for different crops, using data from on-farm demonstration trials as 
well as from farmers’ practices in Sidi Bouzid region during the growing season 2020-2021. 
Secondly, farmers’ willingness to pay for smart irrigation scheduling and its determinants are 
estimated using contingent valuation approach based on a questionnaire survey on 68 farmers 
in 2022. The obtained results show that SUPROMED recommended management generates 
higher water values than the farmers’ conventional practices and more resilient of cropping 
systems to increase in energy cost for all monitored crops. Empirical results indicate that 
average willingness to pay for smart irrigation scheduling is estimated to around 269 Tunisian 
National Dinars (TND) per farm per year. The willingness to pay is mainly affected by 
farmers’ participation in SUPROMED project (on-farm trials or/and training), irrigated area, 
well depth, and experience in irrigation. These results suggest that strengthening extension 
services and technical assistance of smart irrigation technologies to farmers are highly 
recommended for better utilization of irrigation water. National Institute of Field Crops 
(INGC) can be used as platform for training farmers about smart irrigation scheduling. 
Dissemination of information knowledge on irrigation scheduling is needed to enhance water 
conservation through wider adoption. 
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1. Introduction  
Tunisia is facing deep and growing water shortage. This real problem of water scarcity is 
linked to the country’s shrinking water supply due to extended droughts, and to the 
exceedingly high and growing water demand, mainly in the agricultural sector 
(representing 80% of total water use). Groundwater resources are now being heavily 
overexploited which led to serious aquifer depletion and degradation of water quality in 
many regions of the country (Chebil et al., 2022). These circumstances call for the 
development of smart irrigation technologies to save water and energy that can support the 
sustainable use of these resources.  Within SUPROMED project, we have installed various 
sensors, water pressure and weather stations at the level of farms in Sidi Bouzid region 
(Center of Tunisia) in order to calibrate models (MOPECO, IREY) and schedule the 
amount and the frequency of irrigation for various crops (wheat, onion, oat, pistachios, 
olive and almond). 
The main objectives of this paper are: 



- To assess the effects of SUPROMED innovative management on water value for 
various crops (wheat, onion, oat, pistachios, olive and almond) 

- To compare the water values with variable water costs of irrigation 
- To study the resilience of cropping systems faces to the increase in energy cost.  
- To estimate the farmers’ willingness to pay (WTP) for smart irrigation scheduling 

and its determinants 
 

2 Materials and Methods 
2.1. Study area and data collection 
This study was conducted in five demo-sites in Sidi Bouzid, which is located in the Center 
of Tunisia. This semi-arid region receives an average of 250 mm of rainfall with important 
irregularity. The data collection were done during the growing season 2020-2021 from 
two groups of farmers (experimental versus conventional).  In the frame of SUPROMED 
project (Sustainable Production in water limited environments of Mediterranean Agro-
Ecosystem), two categories of farms located in the same areas with similar environmental 
conditions were selected (farmers using SUPROMED project recommendations and others 
using conventional practices). The monitored crops were: wheat, onion and oat, for annual 
crops and pistachios, olive and almond for fruit trees.  
The farmers have been monitored in order to record the information on the crop budgets of 
various crops. The data included the costs of all inputs, price of output, yields, and water 
applications for different cultivated crops. The collected data were used to calculate the 
economic performance indicators such as total output value (TVP/ha), Variable cost (VC/ha), 
gross margin (GM)/ha, water value /m3, net economic return from water, and irrigation cost 
per unit of water.  
 
2.2. Methods 
 
2.2.1 Residual imputation method 
The residual imputation method (RIM) is used to assess irrigation water values for 
different crops and farmers. According to this method, the average value of water (WV) 
can be calculated as the difference (residual) between total output value (TVP) and the 
costs of all non-water inputs production, divided by the quantity of water used in the 
processes of production (Young, 2005). This value can be interpreted as the maximum 
amount the farmer would pay for water and still cover the cost of production (Agudelo, 
2001). The estimated WV is given by the following expression: 
 

WV = (PiYi − ∑Xi ∗ Pj) Qw⁄     (1)  
 
Where: 
TVP= PiYi 
Yi= Gross output per ha for the crop i 
Pi: Unit price of crop i 
Xj= Quantity of variable inputs (no water) used per ha of each crop i 
Pj= Price per unit of variable input j 
Qw= Volume of applied water 
 
2.2.2 Contingent valuation Method 
 
Contingent Valuation (CV) is accepted as a methodology for valuing goods and services 
which are not traded in a market. CV is based on the theory of economic welfare, which 



assumes that the behaviour of rational individuals towards a change in their environment can 
be assessed through observed changes to their individual utilities. It allows the creation of a 
hypothetical market environment to simulate transactions for a given non-market good or 
service. WTP is directly obtained from the respondents.  
Principal techniques used to design questions concerning WTP include: the open ended 
format; dichotomous choice; and payment card forms. It has been argued that dichotomous 
choice question formats used in this study are superior to other techniques (Carson, 1997).  
Hanemann (1994) demonstrates that it is possible to obtain social welfare measures (mean and 
median WTP) from a dichotomous choice elicitation format. Either a logit or a probit model 
can then be constructed in which the dependent variable is the answer given by the individual 
and the explanatory variables are a constant and the proposed bid.  
The logit model assumes that the probability function F(.) is logistic. This function can be 
presented as following by equation (2): 
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Assuming linearity for the utility function, Hanemann (1994) demonstrates that the expected 
WTP value can be expressed as: 
 

βα /)( −=WTPE               (3) 

Where α  and β  are the coefficients estimated in the logit model corresponding respectively 

to the constant term and the explanatory variable containing the proposed bid.  

3 Results and discussion 
Table 1 summarizes the water values for different crops under farmers’ practices and 
SUPROMED recommendations. It shows that water values are variable according to the 
management method and crops. Under farmers’ practices, the highest value of water was 
found for pistachios and onion the while lowest for wheat and oat. Results also show that the 
SUPROMED recommended management has a positive impact on water value for all 
monitored crops. Hence, the SUPROMED recommended management generates higher water 
values than the farmers’ conventional practices. This impact is higher for pistachio and onion 
than the other crops.  
 
Table1: Impact of SUPROMED management on water value (TND/m3*) 
 Wheat Oat Onion Almond Pistachios Olive 
SUPROMED 1.42 1.26 2.81 1.20 6.01 2.28 
Farmers’ 
practices 

0.54 0.82 1.62 0.82 4.13 1.59 

Difference 0.87 0.44 1.18 0.38 1.88 0.69 
*1 Euro=3.19 TND  

   
Figure 1 presents the GAP between the value of water and its variable costs. This indicator 

gives us an idea about the resilience of cropping systems face to the increase in energy cost. 
Results show that this GAP under SUPROMED recommendations is higher than those 
obtained using conventional farmers’ practices for all monitored crops.  

The obtained results also confirm that the SUPROMED recommended management 
implies a considerable increasing resilience of cropping systems to increase in energy cost. 



The highest difference between the water value and its costs, under SUPROMED 
recommendations, is for pistachios while the lowest is for oat and wheat. Therefore, any 
increase in energy cost would affect more oat and wheat than the other crops (Figure 1) 

 
 

Figure 1: GAP between water value and its variable costs under different scenarios (SUPROMED    and 
farmers’s practices    ) (TND/m3) 
 

  
 a) Status quo      b) + 50% of energy costs 

 
 

  
c) + 100% of energy costs   d) + 150% of energy costs 

 
With reference to the estimation of the Hanneman model, table 2 shows the results of the logit 
model estimation with only the bid price as independent variable. As we can see, this variable 
has the expected sign (negative) and is statistically significant at 5% level.  The average WTP 
for smart irrigation scheduling using SUPROMED platform information is estimated to 
around 269 Tunisian National Dinars (TND) per farm per year. 
 
Table 2. Estimation results of the logit model with only the bid price as independent variable 
 Coefficient t-statistic 
Constant 
Bid price 

1.2120 
-0.0045 

1.912* 
-2.070** 

Number of observations 
Log-likelihood 
Likelihood ratio (LR) test 

68 
-44.861 
4.541** 

*, **, *** coefficients statistically significant at 10%, 5%, and 1% level respectively 
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Finally, the estimated extended logit model is well explained as reflected by the LR test of 
joint nullity. Hence, the null hypothesis of the restricted model (coefficients of independent 
variables are zero) is rejected at 5% level. The percent of correct predictions is 0.76 which 
means that  76% of the Yi values are correctly predicted using this estimated model. 
Regression results reveals that the WTP for smart irrigation scheduling is mainly affected by 
farmers’ participation in SUPROMED project (on-farm trials or/and training), irrigated area, 
well depth, and experience in irrigation (Table 3). 
 
 
Table 3. Results of the estimated extended logit model with explanatory variables 
 Coefficient t-statistic 

Bid price 
Participants 
Irrigated area 
Age 
Off-farm income 
Depth 
Experience 
Drip area 
Crop diversification 
Constant 

-0.006 
1.901 
0.065 
-0.056 
-0.232 
0.134 
0.117 
0.015 
0.868 
-2.326 

-1.842* 
2.840*** 
1.671* 
-1.592 
-0.351 
1.690* 
2.132** 
1.430 
0.880 
-0.881 

Number of observations 
Log-likelihood 
LR 
Percentage of correct predictions 

68 
-33.228 

27.813** 
76,470 

*, **, *** coefficients statistically significant at 10%, 5%, and 1% level respectively 
 
4 Conclusions 
This paper aimed to assess the effects of SUPROMED innovative management on water 
values for various crops (wheat, onion, oat, pistachios, olive and almond), to compare the 
water values with variable water costs, to study the resilience of cropping systems faces to the 
increase in energy cost, and to estimate the farmers’ willingness to pay (WTP) for smart 
irrigation scheduling and its determinants. The obtained results from residual method show 
that SUPROMED management can lead higher water values and more resilient of cropping 
systems to increase in energy cost for all monitored crops. Overall, empirical results of logit 
model estimation indicate that average willingness to pay for smart irrigation scheduling is 
estimated to around 269 Tunisian National Dinars (TND) per farm per year. The willingness 
to pay is mainly affected by farmers’ participation in SUPROMED project, irrigated area, 
well depth, and experience in irrigation. Therefore, measurement of soil moisture is highly 
recommended to farmers for better utilization of irrigation water. These results could help 
farmers for better allocation of water in order to reduce the groundwater degradation, which is 
the source of irrigation in the study region. Strengthening extension services and technical 
assistance of smart irrigation technologies to farmers would certainly increase the value of 
information on field conditions. National Institute of Field Crops (INGC) can be used as 
platform for training farmers about smart irrigation scheduling. Dissemination of information 
knowledge on irrigation scheduling is needed to enhance water conservation through wider 
adoption. 
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