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Abstract. In this study, an integrated system dynamics model was developed for sce-
nario analysis in sub-sectors of the Kheirabad River Basin in southwestern Iran where 
managing water resources is seriously challenging due to population growth and peri-
odic drought. Afterward, the variability of water demand and supply under baseline 
scenario and different water demand management policies, including water conserva-
tion and water pricing, was evaluated. Findings illustrated that with increasing popula-
tion and cropland area if no further demand management policies were implement-
ed, the total water demand and withdrawal of water resources increase by more than 
0.75% annually. The annual surface water availability during 2018-2030 is expected to 
decrease by around -1.23%. Under these circumstances, the sustainability index of the 
water resources system is equal to 0.703, indicating that the water system would not be 
able to meet the total water demand in the near future. However, the water resource 
sustainability index increases significantly by improving irrigation efficiency and 
changing crop patterns at the basin. Also, the reduction in per capita water demand 
and domestic water pricing under the competition structure would help to improve the 
sustainability index to 0.963 and 0.749, respectively. 

Keywords: Sustainability Index, water system, system dynamics, agriculture, food 
security, Kheirabad River Basin.

JEL codes: Q2, Q25.

1. INTRODUCTION

Water is essential for people’s daily life, agricultural irrigation, fish farm-
ing, and manufacturing (UNIDO, 2003). However, this vital resource is faced 
with several stresses in quantity and quality (Speelman & Veettil, 2013). 
Among the others, climate variability and increasing population growth have 
resulted in water scarcity in many countries especially in the arid regions 
(Hashemi et al., 2019; Mulwa et al., 2021). The water scarcity problem threat-
ens nearly 80% of the world’s population (Vallino et al., 2020). Increasing 

http://creativecommons.org/licenses/by/4.0/legalcode
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water demand in various economic and social sectors 
exacerbates the problem of water scarcity (Donati et al., 
2013) and can make the water system more vulnerable 
(Cai et al., 2018). Therefore, the most challenging issue 
in water resources system in the world is to achieve a 
balance between supply and demand (Kotir et al., 2016; 
Xiong et al., 2020).

The complexity of water systems is familiar to all 
those studying in the field because of fundamentally 
their large number of agents and interdependent sub-
systems (Madani and Mariño, 2009; Balali and Viaggi, 
2015). In a water system, there are dynamic feedback 
relationships among different factors on the supply 
and demand sides (Kotir et al., 2016). Furthermore, the 
changes in water resource have a dynamics behavior as 
it is affected by many socio-economic and climatic fac-
tors over time (Sterman, 2001). In other words, popula-
tion growth, climate change, agricultural development, 
changes in harvesting rate from ground and surface 
water are factors that affect the water system of a region 
over time with interaction (Brown et al., 2015). The use 
of water in one sector also affects other sectors, and the 
agents in the water system are contiguous. These inter-
actions between different water users such as irrigation, 
drinking water, industrial production, and environmen-
tal facilities lead to complexity in the water resources 
system (Berger et al., 2007). These complexities in the 
water resources system cause policymakers to face policy 
resistance in managing water resources. Policy resistance 
occurs when policy actions trigger feedback from the 
environment that undermines the policy and at times 
even exacerbates the original problem. Policy resistance 
is common in complex systems characterized by many 
feedback loops with long delays between policy action 
and result (Sterman, 2001). Besides, implementing dif-
ferent policies to manage water resources, depending on 
the conflict of interest, may have different effects on dif-
ferent stakeholder groups (Darbandsari et al., 2020). 

Addressing the complexities of water resources sys-
tem, a holistic approach such as system dynamics (SD) 
can provide a sufficient water management framework 
based on conflict resolution approaches. System dynam-
ics consider the interactions among different elements 
of different stockholders for simulating the behavior 
of the system and policy analysis (Frank, 2000). This 
helps decision-makers assess different management poli-
cies considering various aspects (e.g., economic, social, 
environmental, etc.) for simultaneously reducing con-
flicts and improving water resources conditions (Mirchi, 
2013; Darbandsari et al., 2020). There are a large volume 
of published studies that have applied SD modeling to 
evaluate the effect of changes in some variables such 

as water demand, population control, water transfer as 
well as climate change on water availability (Gohari et 
al., 2017; Sun et al., 2017; Pluchinotta et al., 2018; Mah-
davinia and Mokhtar, 2019; Keyhanpour et al., 2020). A 
great deal of previous research into water management 
has focused on mathematical programing, but they do 
not pay attention to the feedback processes in the water 
resources system (Donati et al., 2013; Archibald & Mar-
shall, 2018; Zeng et al., 2019; Saif et al., 2020). Given the 
significant water consumption in the agricultural sector, 
these studies emphasize that local water management 
authorities, in addition to being aware of farmers’ pos-
sible decisions to allocate farms, should also be able to 
provide an optimal cultivation pattern commensurate 
with the potential of each region (Donati et al., 2013).

Although good progress has been made in the SD 
modeling of water resources system in different stud-
ies, there are still limitations. Some important limita-
tions of these studies are briefly as follows: (i) in gen-
eral, less attention has been paid to theoretical foun-
dations in modeling in the agricultural subsystem 
(Madani and Mariño, 2009; Gohari et al., 2017; Mah-
davinia and Mokhtar, 2019); (ii) some studies (Kotir et 
al., 2016) considered the crop yields as a stock variable, 
which contradicts the definitions of the stock variable; 
(iii) in the population subsystem, few studies (Clifford 
Holmes et al., 2014; Goldani et al., 2011) have consid-
ered the behavior of consumers to change in water 
prices; (iv) although most of the above-mentioned 
studies have focused on the interaction between ele-
ments and feedback loops in the water system, a few of 
them (Madani and Mariño, 2009; Gohari et al., 2017) 
have been designed to analyze various water indica-
tors, for instance, sustainability index that is defined 
as the ratio of water supply and demand and sum-
marizes the performance of alternative scenarios and 
policies (Loucks, 1997). It should be noted that the 
above points are important in studying the behavior 
of the water system at the basin. Compared to previ-
ous studies, to achieve a better result, we used a Ner-
love (1956) partial adjustment framework to model 
the agricultural subsector and simulate cropland area 
and agricultural water demand. In more detail, farm-
ers’ decisions to develop the cropland area were con-
sidered in response to changes in crop prices in mod-
eling. It can be an effective effort to more accurately 
simulate the agricultural water demand. Also in the 
population sub sector, consumers’ responses to water 
price changes were taken into account. Policies such 
as taxes  and  subsidies can  change the price of goods 
and correspondingly the quantity consumed. Thus, 
various indicators including sustainability (Loucks, 
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1997), reliability (McMahon et al., 2006), vulnerability 
(Hashimoto et al., 1982) and max deficit (Moy et al., 
1986) indices, were considered to evaluate the effects 
of water resources management policies and to rank 
different policies base on their effects on water system 
behaviour. 

Because of increasing complexity and integration 
of environmental, social, and economic functions, the 
early water resource models still need to be developed 
and appropriate policies should be adopted based on 
the socio-economic and environmental characteristics 
of basin. Accordingly, this paper develops an integrated 
SD simulation model for exploring the water resource 
sustainable index in the Kheirabad river basin in south-
western Iran where managing water resources is seri-
ously challenging due to population growth and periodic 
drought. Put it simply, the present study aims to explore 
the water supply and demand dilemmas and calculate 
the water resource sustainability index at the basin. 

This paper is organized as follows. The case study 
and SD model features are presented in the next section. 
Then, the applied data are described. The simulation 
results of the model are presented in Section 4 and the 
conclusions are provided in Section 5. 

2. THE STUDY CONTEXT AND SCOPE

Iran is located in the mid-latitude belt of arid and 
semi-arid regions of the Earth. The arid and semi-arid 
regions cover more the 60% of the country Iran. The 
main source of water in Iran is precipitation in the form 
of 70% rainfall and 30% snow, which is estimated to 
be about 413 BCM (billion cubic meters). About 71.6% 
of the total rainfall (295 BCM) is directly evaporated. 
Considering 13 BCM of water entering from the bor-
ders (joint border rivers), the total amount of the coun-
try’s renewable water resources (long-term averages for 
1977 to 2018) is annually estimated to be 124 BCM, of 
which about 73 BCM go to surface runoff. Groundwa-
ter recharge is annually estimated to be about 51 BCM. 
Currently, total water consumption is approximately 
88.5 BCM (Abbasi et al., 2015). Agricultural water con-
sumption accounts for about 85% of total water resourc-
es in Iran and 90% of them may be allocated in surface 
irrigation systems with low efficiency and full water 
supply (Lalehzari et al., 2020). According to the latest 
figures, the average population growth rate in Iran dur-
ing 1999-2000 was 1.755 percent and lowered to 1.246 
percent in 2010-2017. However, in all these periods, 
Iran’s population growth rate is above the global average 
(UNDATA, 2017). The annual water consumption in the 

urban areas of the country is about 5.4 BCM, of which 
4.3 BCM is related to household consumption that 
implies to the per capita water consumption of 224 liters 
per person a day. As far as population growth is consid-
ered, the increasing demand is not limited to fresh water 
use for drinking purposes. The growing population is 
results in increasing demand for agricultural products 
as well, especially for some strategic food stuffs such as 
wheat that are provided at subsidized prices and the Ira-
nian government insists on their domestic supply (The 
Statistical Center of Iran, 2018). Considering the driving 
factors of water crisis, the water resources management 
issue is a national priority and the most important issues 
among policymakers in Iran (Madani, 2014). 

Kheirabad river basin is a part of the Zohre river 
basin in the Kogiluyeh and Boyerahmad province, south-
western Iran (Fig. 1). The average annual rainfall of the 
basin, where the rainfall regime is Mediterranean (with 
dry and wet season), varies from less than 200 mm to 
more than 800 mm The average annual temperature also 
varies from 12°c to 25°c. The water consumption of the 
Kheirabad river basin in the drinking, industrial and 
agricultural sectors is provided of surface and ground-
water resources. This basin is rich in surface water, but 
the un-normalized utilization of soil and water resources 
and also the increasing water resources withdrawal have 
reduced the basin’s water potential to meet increas-
ing demands. Most of the surface water resource in 
the basin is provided by Kowsar reservoir dam located 
in Zohre river basin in the west of Gachsaran Coun-
ty. Rainfall is extremely seasonal; about 50% of which 
occurs in winter (concurrently with the smallest water 
demand), 23% in spring, 23% in autumn, and 4% in 
summer (concurrently with the greatest water demand). 
Kheirabad river basin’s average annual precipitation is 
estimated to be 331 mm during 2012-2020 while evapo-
ration amount is more than three times that. Not only 
the climate variability but also the population as an 
important factor affecting water demand, is continually 
increasing. While according to the report presented by 
the Regional Water Organization of Kogiluyeh and Boy-
erahmad province (2017), the average per capita domes-
tic water consumption of this province is more than 220 
liters per day, which is about 20 percent higher than 
the national average. The combination of these factors 
led to the water stored in Kowsar dam has declined in 
recent years. Because one of the most important goals of 
the Kowsar dam construction is the supply of drinking 
water in the southern provinces of Iran and agricultural 
development in these areas, meeting the growing water 
demand in this basin is becoming a concern among pol-
icymakers. 
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3. SYSTEM DYNAMICS METHODOLOGY

SD modeling is an iterative and feedback process 
to reach new understanding of how the problem arises 
and then design high leverage policies for improvement 
(Davies and Simonovic, 2011). A four-step SD modeling 
process introduced by Sterman (2001) and Ford and 
Ford (1999) is used in this study: (1) Problem articula-
tion; (2) Model formulation; (3) Model testing; (4) Sce-
nario design and simulation. The first step in SD mod-
eling is to be specific about the dynamic problem and 
problem articulation (Ford and Ford, 1999).  This step 
includes defining the problem, identifying the key vari-
ables related to the problem, such as stocks, exogenous 
and endogenous variables, identifying the temporal and 
spatial scales to be considered (Zhuang, 2014).  

The aim of model formulation is representing the 
structure of the problem and formulating a SD simula-
tion model of the causal theory (Sterman, 2001; Zhuang, 
2014). There are several diagram tools to capture the 
structure of the system, including causal loop diagram 
(CLD) and stock and flow diagram. CLDs consist of var-
iables connected by arrows for representing the feedback 
structure of the system (Sterman, 2001). In spite of the 
fact that stock and flow and feedback are the two central 
concepts of system dynamic theory, CLDs are not able to 
capture the stock and flow structure of a system (Ford 

and Ford, 1999; Sterman, 2001). This is an important 
reason for using stock and flow diagram to represent the 
structure of a system with more detailed information 
that is shown in a CLD. In general, the stock variable is 
an accumulator variable (Zhuang, 2014). A stock with a 
single inflow and single outflow can be mathematically 
formulated as:

 (1)

Where s is any time between t0 and t. The stocks 
are the key variables in the model. They represent where 
accumulation or storage takes place in the system. 
Stocks tend to change less rapidly than other variables in 
the system, so they are responsible for the momentum or 
sluggishness in the system (Ford and Ford, 1999). 

 Model testing begins as the first equation is writ-
ten and it is a critical step in SD modeling (Sterman, 
2001). Tests to rely on SD model can be divided into 
two groups, structure tests and behavior tests (Forrest-
er, 1997). Structure tests compare the structure of the 
SD model with the available knowledge about the real 
system presented in historical data. Behavior test is to 
run the model and compare the results to the reference 

Figure 1. Kheirabad River Basin and Kowsar Dam.
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mode1 (Historical or observed data). When the simula-
tion results match the reference mode, you have reached 
a major milestone in the modeling process (Ford and 
Ford, 1999). Following Kotir et al. (2016), mean relative 
errors (MRE) and coefficient of determination (R2) were 
applied to evaluate the performance of the model. MRE 
indicates the mean possible divergence between the 
observed and simulated data (Qin et al., 2011), the low-
er values of MRE indicates that the model satisfactory 
fits the historical values. R2 describes the proportion of 
the variance in measured data explained by the model2 
(Kotir et al., 2016).

 (2)

 (3)

Where  and  are the observed and simulated val-
ues of tested or variable and  is the average of observed 
values of variable. After the validation of the model, we 
can use this model to evaluate the impact of different 
scenarios designed to solve the problem (Zhuang, 2014).

3.1. SD Modeling of Kheirabad River Basin

3.1.1. Water Supply Subsystem

The water supply subsystem includes feedback rela-
tionships between climate variables and water resources. 
This subsystem is constructed based on the surface and 
groundwater resources balance equation by taking in to 
consideration all inflows and outflows at the study area. 
This subsystem represents the measure of water resourc-
es available at the basin (Hjorth and Bagheri, 2006). 
Surface water resources available are controlled by vari-
ous factors such as measure of precipitation, runoff, 
water inflow and outflow of surface water, evaporation, 
transpiration and infrastructural conditions (Hjorth 
and Bagheri, 2006; Gohari et al., 2017). As shown in 
fig. 2, the water supply subsystem includes surface and 
groundwater resources. It is also worth mentioning that 
the surface and subsurface water inflows, return flow 
and precipitation are incoming inflows, and the surface 
and subsurface water outflows, evaporation, transpira-
tion, water withdraw for kind of uses are outflows. Tem-
perature and precipitation as climate variables affect 

1. A reference mode is a pattern of behavior over time
2. The values of R2 range from 0 to 1, with values closer to 1 indicating 
that the model well simulates the system.

the measure of available water. As a matter of fact, the 
increased precipitation can increase water availability. 
Strictly speaking, part of the precipitation is entered in 
to the water system as runoff (Eq. 4), taking into con-
sideration of the runoff coefficient reported in the water 
balance studies of the study areas (Hjorth and Bagheri, 
2006). Another part of the precipitation, joins to the 
groundwater resources considering the average perco-
lation coefficient (Eq. 5). Also evaporation and transpi-
ration was considered as a function of temperature in 
this study. Therefore, an increase of temperature in the 
future may affect the behavior of water resources system. 
Annual evaporation in water supply subsystem is meas-
ured into available surface water multiplier in evapora-
tion rate (Eq. 6). At each time step, the evaporation rate 
is taken from temperature at the basin which is repre-
sented as a LOOKUP table3.

Runoff=Runoff rate × Precipitation (4)

Percolation=Percolation rate × Precipitation (5)

Evaporation=Evaporation rate × Available surface 
water 

(6)

Also, the return flow in water system, according to 
Eq. 7, is as a percentage of the water consumption in dif-
ferent sectors that is added to the surface and ground-
water resources. Total water withdrawal from the basin 
is measured into the sum of agricultural, domestic, envi-
ronmental and industrial water demands. Following 
Davies and Simonovic (2011), domestic water demand 
is expressed as a function of population and per cap-
ita water demand in the Kheirabad river basin model. 
Agricultural water demand is expressed as a function 
of cropland area and water requirement for each crop. 
Environmental water demand is assumed to be as an 
exogenous variable. For calculating industrial water 
demand, per capita industry water use is applied (Bala-
li and Viaggi, 2015), in which industrial water demand 
equals population multiplier per capita industry water 
use. The amount of surface water withdraw is equal to 
the part of total water demand that is supplied from sur-
face water sources. According to the report presented 
by the Regional Water Organization of Kogiluyeh and 
Boyerahmad province (2017), 49% of agricultural water 
demand, 66% of urban water demand and 51% of indus-

3. Lookup Tables are typically used in SD modeling to represent nonlin-
ear relationships between two variables. A table function can be defined 
as a list of numbers whereby input values to a function are positioned 
relative to the x axis and output values are read from the y axis (Ford 
and Ford 1999; Vensim Reference Manual 2011).  
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trial water demand at the basin are supplied from sur-
face water sources.

Return flow = Return rate × Water demand of 
each sector 

(7)

Total water demand = Agriculture D. + Domestic 
D. + Oil industry D. + Industrial D. + Environ-
mental D. 

(8)

Surface water withdraw =  (water demandi × 
the share of surface water) 

(9)

Ground water withdraw =  (water demandi × 
the share of ground water) 

(10)

3.1.2. Population Subsystem

Population is one of the factors that affect the water 
demand (Sušnik et al., 2012). Generally, population 

is the main driving factor in water demand. Popula-
tion influence the domestic water demand directly and 
other sources of water demands indirectly (Davies and 
Simonovic, 2011). There are some towns and villages on 
the Kheirabad river basin. Most of the domestic water 
demand at the basin is provided by Kowsar dam. Also 
Kowsar dam supplied water to the Persian Gulf littoral 
cities and ports for nearly 20 years. Population sub-mod-
el represents the population of the case study including 
one stock “Population” which is increasing by popula-
tion growth rate. The population at time t is mathemati-
cally represented by Eq. 11 as follows:

population(t) = population(0) +  (population 
growth rate)dt 

(11)

In this study, the total population is divided into 
urban and rural population groups according to urbani-
zation rates (Fig. 3). Therefore, the water demand in the 
urban sector equals urban population multiplier per cap-
ita water consumption in the urban sector and similarly 
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Figure 2. Water supply subsystem stock and flow diagram.
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the water demand in rural sector will be obtained by 
multiplier of per capita water consumption in the rural 
sector rural in rural population. The sum of the demand 
for water in the urban and rural sector constitutes 
the total domestic demand. It is a fact that water price 
changes affect water demand. In other words, according 
to the price elasticity of water demand, we can calculate 
the feedback of consumer to water price change:

 

(12)

Where E is the price elasticity of water demand, 
Qt is the quantity of demand in period t and pt-1 is the 
price of water in period t-1 (Varian, 1996). Based on the 
Regional Water Organization of Kogiluyeh and Boy-
erahmad province (2017), the price elasticity of water 
demand is considered to be -0.35 in Kheirabad river 
basin.

3.1.3. Agricultural production Subsystem

The agricultural sector is a major consumer of water 
resources and the change of rivers hydrology conditions, 

water resources change and climate parameters affect 
agricultural activities. Climate change affects the water 
requirement of crops, water consumption and crops 
yield and consequently agricultural production and 
farmer’s income. Nine crop types are included in the 
agricultural sub-system, namely wheat, barley, rice, corn, 
rapeseed, beans, tomato, watermelon and cucumber (Fig. 
4). In general, water demand of agricultural sector can 
be calculated from Eq. 13:

Agricultural water demand = (  cropland areai × 
water requirementi) / irrigation efficiency 

(13)

Expected agricultural water demand of basin is 
obtained from sum of calculated demand for all crops. 
In addition, water requirement has a negative causal 
relationship with irrigation efficiency. In this research, 
Nerlove (1956) model was used to model the area under 
cultivation.

Yt = γβ0 + γβ1Pt-1 + (1-γ)Yt-1 + γUt (14)

The model is based on the assumption that farm-
ers determine their optimal cropland area based on the 

Figure 3. Population subsystem stock and flow diagram.
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expected price4. In this connection, the price of each 
crop during the simulation period is predicted applying 
ARIMA5 model and  entered into the basin SD model as 
an exogenous variable. As can be seen in equation 14, 
the lag of dependent variable is considered as an explan-
atory variable. According to the endogenous nature of 
this variable, Generalized Method of Moments (GMM) 
was used to estimate Nerlove model6.

In the agricultural subsystem production of each 
crop are calculated based on Eq. 15 via crop yield multi-
plied by its land area. Following Atherton (2013), popula-
tion growth due to per capita food consumption increas-
es food demand and the food self-sufficiency index is 
defined as the ratio of food production to total demand 
for food. Other possible drivers, for instance interna-
tional trade, labour productivity and other technological 
advance, are kept constant during the simulation period. 

Food Production = Crop yield × Cropland area
Self-sufficiency index=Food Production / Food 
Demand (15)
Food Demand = Population × Per capita food 
consumption

4. Further research could also be conducted to determine the effective-
ness of labor, capital, and other input on cropland area change. but 
The lag of the cultivated area in the model could represent the farmer 
behavior and his decisions based on the available facilities.
5 . Autoregressive Integrated Moving Average – Appendix 1 (Result of 
real price forecasting)
6 . We’ve used the Eviews9 software to regress this equation.

3.1. Sustainability Index

The sustainability index (SI) is a measure of a sys-
tem’s adaptive capacity to reduce its vulnerability 
(Loucks, 1997). To evaluate and compare the water man-
agement policies Loucks (1997) suggested SI formulated 
by Eq. 16:

SI = [REI × (1-VUL) × (1-MAX DEF)]1/3 (16)

Where SI is sustainability index, REI, VUL and 
MAX DEF are reliability index, vulnerability index 
and maximum deficit, respectively. Water demand reli-
ability is the probability that the available water supply 
meets the water demand during the period of simula-
tion (Hashimoto et al., 1982; Klemeš et al., 1981). For 
each time period deficits (D) are positive when the water 
demand is more than water supplied, i.e.: 

WD-WS   if   WD>WS
D = { 

(17)
0              otherwise

The reliability REI is calculated by dividing the 
number of times D=0 by the length of the simulation 
period (McMahon et al., 2006):

REI = Number of time D = 0 (18)
N

Figure 4. Agricultural production subsystem stock and flow diagram (with two crops).
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The vulnerability index is the likely value of deficits 
if they occur (Hashimoto et al., 1982). Vulnerability is 
calculated by dividing the average annual deficit by the 
average annual water demand in deficit period (Gohari 
et al., 2017; Sandoval-Solis et al., 2011):

VUL = (ΣD) / Number of times D > 0 occurred (19)
Water demand

The maximum deficit, if deficits occur, is calculated 
by dividing the maximum annual deficit by the annual 
water demand (Moy et al., 1986):

Max Def =    max(Dannual)    (20)
Water demand

Table 1 shows the initial values of the stock and some 
key exogenous variables used for the SD model. This 
study also uses water shortage index (WSI) to address 
the interaction between supply (WS) and demand (WD) 
of water (Fig. 5). The water shortage index defines as 
the ration of water supply and demand (Zarghami and 
Akbariyeh, 2012). In order to increase water shortage 
index, both demand and supply management options 
should be considered. The interaction between water sup-
ply and demand is captured using a water supply and 
demand balance index (Fig. 5) (Langedale et al., 2007). 
The water balance index (BI) increases with the water 
availability (WS) and decreases with the water demand. 
When the index is lower than zero or certain value, the 
water supply and demand management options will 
be necessary. The demand management options will 
decrease the water demand, which in turn the index. 
The supply management options will increase the water 
supply, which can offset the freshwater withdrawal and 
increase the water availability (Zhuang, 2014).

WSI = WD (21)
WS

BI = WS-WD (22)

2.2. Policy scenario design

To achieve the high sustainability at the basin, six 
scenarios is defined based on different levels of irriga-
tion efficiency, water requirement, water price and crops 
water cropland area. A short description of the scenarios 
is presented in Table 1.

According to the latest studies conducted into this 
matter, the average irrigation efficiency in the Kheir-
abad river basin is about 45%. The first policy scenario 
involves increasing irrigation efficiency as one of the 
most effective policies for water resources conserva-
tion. Therefore, in line with the goals set in the Fifth 
Development Plan of Iran (Gohari et al., 2017) and 
also the potential irrigation efficiency at the basin, 
agricultural water use efficiency was increased to 60%. 
To manage water demand in the agricultural sector, 
the policy of reduction water requirement of crops by 
10% was considered as another scenario. Reducing the 
water requirement of crops can be achieved by chang-
ing irrigation strategies, conservation activities, chang-
ing cultivation dates and using drought-tolerant varie-
ties. Since water is the major limiting factor for agri-
culture production, changing in the crop pattern can 
be considered as a water resources management policy 
(Donati, et al., 2013). High water requirements of rice 
and watermelon point out that continued cultivation of 
these crops may not be justified under climate change 
from a water management perspective. Therefore, as 
another scenario we simulate the effect of cropland 
declining (Excluding rice and watermelon) on water 
resources availability, water demand and water resourc-
es sustainability index at Kheirabad river basin. The 
underlying assumption for this scenario was that cur-
rent cropland area would decrease.

The Iranian Statistics Center also reports that aver-
age per capita water demand in Kheirabad river basin 
is 20 percent higher than the country average. Thus, 
reduction in average per capita water demand is defined 
as another policy scenario. As well as, per capita water 
demand controlling can be achieved through domestic 
water tariff reform. Based on the goals set in the Fifth 
Development Plan of Iran, the government was allowed 
to increase the price of drinking water by 7% annually 
to promote social justice. Last scenario envisaged water 
sustainability by decreasing water withdraw of surface 
and groundwater resources due to applying inter-basin 
water transfer policy. As more detail, only 70% of the 
total domestic water demand will come from surface 
and groundwater resources at the basin, and 30% will be Figure 5. Interaction between water supply and demand.

Water Supply
Water Index

Water Demand

Water Demand
Management

Water Supply
Management
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met through inter-basin transfer or desalination (Vice-
Presidency for Strategic Planning and Supervision, 2017). 

Vensim Professional 5 (Ventana Systems, 2009), one 
of the several software packages available for SD mod-
eling, is applied to develop and run the Kheirabad river 
basin model.

The system dynamics modeling framework of Kheir-
abad river basin water resources management is present-
ed in Fig. 6.

Some key parameters and stock variables used in 
the model and their corresponding values are describing 
in Table 2. Typically, long-term intervals from 10 years 
(Zarghami and Akbariyeh, 2012) to 100 years (Rehan et 
al., 2011), are used to understand the effects of long-term 
management options on water system. In this study, a 
period of 40 years (1992-2031) is considered as the model 
time boundary and the data of 23 years (1999-2013) are 
used to validate the designed system dynamics model. 
According to the available data from water system, time 
steps are considered annually.

4. RESULTS 

4.1. Model validation

The performance of the model is discussed by com-
paring model outputs for the selected variables to the 
corresponding historical data. The surface water avail-
ability and population are the key variables demonstrat-
ing the performance of the water system. In general, 
as shown in Fig. 7 and 8, the model performed well in 
comparison to the historical data.

The simulated results follow the same trend as the 
observed date, indicating that the model is well cali-
brated. The statistical values for M and R2 show that the 
model satisfactorily fits the historical values. Predictions 
for surface water have low values of mean relative errors 
(less than 10%) and the value of R2 is calculated to be 
around 0.73 (Table 3).

4.2. Future simulation

For future simulation, the water demand, water 
availability and water sustainability index were comput-
ed for the baseline scenario. Prior to that, simulations of 
cropland area, the average production, and food self-suf-
ficiency index for the catchment were presented. Finally, 
the effect of different water demand management poli-
cies previously mentioned on water resources indicators 
was evaluated.

4.2.1. Cropland area and agricultural production
After testing the reliability of the model, the behav-

ior of the system is then simulated over time to assess the 
availability of water resources and sustainability index. 
According to the coefficients obtained from the Nerlove 
model, the simulated trend of the area under cultivation 
of selected crops at the basin is presented in the table 4. 
In order to examine this fact in more detail, it should be 
noted that the total cropland area at the basin increases 

Table 1. Description of different scenarios.

Policy scenario Description

Improving irrigation efficiency Increasing irrigation efficiency parameter to 60% smoothly (50%, 55% and 60%).
Decreasing water requirement of crops 10% reduction in water requirement of crops 
Crop pattern Cultivation of all crops, exclude watermelon and rice
Water price Increasing price of drinking water by 7% annually
Controlling per capita water consumption 20% reduction in average per capita water demand at the basin

Controlling water withdraw Only 70% of the total domestic water demand meet from surface and groundwater resources at 
the basin

Figure 6. The system dynamics modeling framework of Kheirabad 
river basin.
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from 20.077 thousand hectares in 2020 to 21.049 thou-
sands hectares at the end of the simulation period. The 
results indicate that the average of total cropland area 

during simulation period will be 20.506 thousand hec-
tares and the annual growth rate of this variable will be 
0.585 percent. Changes in the level of cultivation of agri-

Table 2. The stock and exogenous variables of water system.

Variable 
type Variable name Initial 

value Unit Source

St
oc

k 
Va

ria
bl

e

Population 1.993 Million person The Statistical Center of Iran 2018

Surface water 996.54 Mm3 Regional Water Organization of Kohgiluyeh and Boyerahmad 
Province 2017

C
ro

pl
an

d 
ar

ea

Wheat 7214 Hectare

The Ministry of Agriculture – Jahad 2018
https://www.maj.ir/

Barley 973 Hectare
Corn 653 Hectare
Rice 2830 Hectare
Bean 169 Hectare
Rapeseed 250 Hectare
Watermelon 796 Hectare
Cucumber 58 Hectare
Tomato 40 Hectare

Ex
og

en
ou

s v
ar

ia
bl

e

Per capita industry water use 2.13 m3

Regional Water Organization of Kohgiluyeh and Boyerahmad 
Province 2017Urban per capita domestic water use 64.3 m3

Rural per capita domestic water use 36.6 m3

Runoff rate 16 %
Regional Water Organization of Kohgiluyeh and Boyerahmad 
Province 2017Percolation rate 12 %

Oil industry water demand 31 Mm3

precipitation Time series mm
Water Balance Reports 2018

temperature Time series c
Irrigation efficiency 45 % Abbasi et al. (2015)
Area of basin 4232.5 Km2 Water Balance Reports 2018
Population growth 1.59 % The Statistical Center of Iran 2018

Yi
el

d

Wheat 2.93 tone

The Ministry of Agriculture – Jahad 2018
https://www.maj.ir/

Barley 2.25 tone
Corn 6.33 tone
Rice 4.44 tone
Bean 1.66 tone
Rapeseed 1.13 tone
Watermelon 38.87 tone
Cucumber 33.21 tone
Tomato 24.26 tone

G
ro

ss
 w

at
er

 re
qu

ire
m

en
t 

(n
et

 w
at

er
 re

qu
ire

m
en

t/
irr

ig
at

io
n 

effi
ci

en
cy

)

Wheat 4123 M3/hectare

NETWAT Software

Barley 3516 M3/hectare
Corn 6664 M3/hectare
Rice 11862 M3/hectare
Bean 7193 M3/hectare
Rapeseed 4602 M3/hectare
Watermelon 7694 M3/hectare
Cucumber 8989 M3/hectare
Tomato 9708 M3/hectare

Endogenous 
Variable

The other variables seen in the Stock-Flow diagram are endogenous variables. Relationships related to endogenous variables 
are presented in equations 1-15.
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cultural products depend on changes in relative prices. 
The increase in area under cultivation can be attributed 
to the growth of prices during the simulation period.

The simulated production and self-sufficiency index 
of selected crops at the basin are presented in the table 

5. Among selected crops, average production of wheat, 
watermelon and corn is higher than other crops. The 
lowest average production is also for beans. The results 
showed that the average annual production of wheat, 
watermelon and corn is 34.946, 34.827 and 18.344 thou-
sand tons, respectively. Given this average production, 
the self-sufficiency index for these crops is equal to 
0.597, 1.101, and 0.899, respectively.  The self-sufficiency 
index of greater than 1 for rice and watermelon means 
that this basin is a potential exporter for these products 
and there are excess productions available for exporting 
to adjacent basins.

4.2.2. Water demand 

The simulated population at the basin is reported 
in table 6. According to available reports, the annual 
population growth rate at the basin was considered to be 
1.59 percent that assumed to be constant over the peri-
od 2018-2030. Due to this growth rate, total population 
increases from 3.141 million in 2020 to 3.678 million at 
the end of the simulation period. According to the SD 
model, both per capital water consumption in urban and 
rural areas and population growth affect total domestic 
water demand in Kheirabad river basin.  It can be seen 

from table 6 that domestic water demand will increase 
from 173.369 Mm3 in 2020 to 205.662 Mm3 at the end of 
simulation period. The annual average of domestic water 
demand at the basin will be 184.983 Mm3 during the 
2018-2031. Another important finding is that 22 percent 
of average domestic water demand is related to rural 
household and 78 percent of that is related to urban 
household at the basin. Changes in industrial water 
demand is also as a function of population in water sys-
tem designed. Table 6 indicates a slight increase occur-
ring in both industrial and household water demands 
and thus, total water demand at the basin is likely to 
increase during simulation period. The results of this 
research support the idea that the gap between supply 
and demand for water increases continuously and the 
water system becomes more vulnerable in the future. 
The results corroborate the finding of a great deal of 
the previous work in this field, e.g. Gohari et al. (2017) 
and Kotir et al. (2017). Considering available surface 
water for environmental and oil industry water demand, 

Figure 7. The observed and simulated values of surface water.
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Figure 8. The observed and simulated values of population.
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Table 3. Statistical parameters of the model tests.

Variable R2 MRE (%)

Surface water 0.73 4.45
Population 0.99 0.86

Table 4. Results of cropland area and agricultural water demand 
(Thousand hectare).

Crops 2020 2022 2024 2026 2028 2030 Average

Wheat 11.653 12.301 12.159 11.589 11.663 12.411 11.927
Barely 1.183 1.180 1.181 1.185 1.185 1.181 1.182
Rice 2.701 2.802 2.714 2.724 2.722 2.711 2.712
Corn 2.819 2.854 2.897 2.945 2.979 2.995 2.898
Bean 0.175 0.175 0.175 0.175 0.176 0.176 0.175
Rapeseed 0.393 0.397 0.396 0.393 0.394 0.399 0.394
Cucumber 0.151 0.163 0.163 0.150 0.149 0.161 0.157
Tomato 0.112 0.113 0.113 0.112 0.112 0.113 0.113
Watermelon 0.889 0.910 0.908 0.885 0.883 0.903 0.896

Total 20.077 20.797 20.706 20.159 20.263 21.049 20.506

Table 5. Average food production and self-sufficiency index at the 
Basin.

Crops Average Production 
(Thousand Tone) Self-Sufficiency Index

Wheat 34.946 0.597
Barely 2.659 0.350
Rice 12.041 1.078
Corn 18.344 0.899
Bean 0.290 0.325
Rapeseed 0.445 0.315
Cucumber 5.213 0.240
Tomato 2.741 0.188
Watermelon 34.827 1.101
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respectively 79 Mm3 and 31 Mm3, the amount of total 
water demand at the basin in 2020 is 627.493 Mm3 and 
reach to 671.241 Mm3 at the end of simulation period. 

4.2.3. Water availability

The results of table 7 show that an increase in agri-
cultural water demand along with population growth at 
the basin can increase the surface water withdraw and 
decrease surface water availability in the study area.  
In other words, the amount of available surface water 
decreases from 487.701 Mm3 in 2020 to 433.893 Mm3 
at the end of simulation period. The average annual 
changes of this variable during 2018-2031 will be -1.23 
percent. Compared with available surface water, the 
average annual change of surface water withdraw is 
estimated about +0.75 percent. As shown in Table 7, 
withdraw of water at the basin increase by 0.75% on 
average during 2018-2031 and reaches about 324.176 
Mm3 at the end of the simulation period. An increase in 
the population and cropland area in the basin increase 
the total water demand by almost 0.758 % annually. 
Therefore, the upward trend of total water demand leads 
to an increase in surface water withdraw. Withdraw of 
surface water is affected by the demand of the house-
hold, industrial and agricultural sectors. Also, water 
withdrawal for environment uses is considered a con-
stant amount (about 79 Mm3 yearly), according to Koh-
giluyeh and Boyerahmad provincial water organization. 
Due to population growth (considering the growth rate 
of 1.59%) and also upward trend of cropland area the 
demand for household, industrial and agricultural con-
sumption increases directly and the withdrawal of water 

resources increases eventually. Therefore, it can be con-
cluded that water demand control policy has a positive 
effect on decreasing in withdraw of water and sustain-
able water resources management.

The simulated values for the groundwater withdraw-
al in Figure 8indicate how changes in water demand 
can affect the behavior of groundwater availability. The 
volume of groundwater withdrawal at the beginning of 
the simulation period, equals to 212.809 Mm3 and with 
growth of 10.29% reach to peak in 2030 about 234.396 
Mm3. The average annual percentage change of with-
drawal of groundwater resources is calculated about 
0.837%.  As can be seen in Fig. 9, the groundwater bal-
ance at the basin is negative during the simulation peri-
od, i.e. the trend of groundwater withdrawal is increas-
ing and the outflows are more than the inflows.

4.2.4. Water indices

Figure 10 illustrates the trend of water shortage 
index and water balance index in Kheirabad river basin. 
As can be seen in the figure, the water shortage index 
increases and the water balance index decreases over 
time as water demand goes up as results of popula-
tion growth and upward trend of cropland area. At the 
end of simulation period the demand and supply bal-
ance index are expected to be negative. It means that, 
in some years, the value of water demand becomes 
bigger than water supply at the basin. The downward 
trend of water balance index triggers the water supply 
or demand management options. The demand manage-
ment options can decrease the water demand, which in 
turn increases the index.

Table 6. Results of simulated population (million person) and water demand (Mm3).

Variables 2020 2022 2024 2026 2028 2030 Average

Population 3.141 3.242 3.346 3.453 3.563 3.678

W
at

er
 

de
m

an
dAgricultural water demand 306.434 313.562 313.154 308.241 309.320 316.746 311.198

Domestic water demand 173.369 179.914 186.706 193.754 200.101 205.662 184.983
Industrial water demand 37.690 37.905 38.126 38.354 38.590 38.833 38.138
Sum of water demand 517.493 531.381 537.986 540.529 548.011 561.241 534.319

Table 7. Results of available surface water and withdraw simulation - Mm3.

2020 2022 2024 2026 2028 2030 Percent average 
change

Available surface water 487.701 478.543 467.777 455.085 443.311 433.893 -1.234
Surface water withdraw 298.988 306.258 309.956 311.572 316.252 324.176 +0.756
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The next system dynamics model output displayed 
here is the sustainability index. As introduced in per-
vious section, this index is computed as combination 
of three other indices (Reliability index, Vulnerability 
index, Max deficit). The results in table 8 indicate that 
the sustainability index at Kheirabad river basin will 
be 0.703 if current environmental conditions within 
the basin would remain the same without any changes 
(Baseline). As shown, values of reliability, vulnerability 
and max deficit indices are estimated to be 0.50, 0.119 
and 0.213 respectively. In short, the simulation confirms 
that the growing demand for water is acting to exacer-
bate the problems of meeting the growing water demand 
of Kheirabad river basin.

The results represent the inability of water resources 
system to meet the increasing water demand in Kheir-
abad river basin. The positive max deficit index indi-
cates that in some years, the value of water demand 
surpassed its supply value and the system encountered 
to water shortage. Therefore, according to the results, 
it is projected the increasing demand for water, due to 
population growth and upward trend of cropland area, 
is unlikely to be met using available water resources dur-
ing the simulation period.

4.3. Policy scenario analysis

The impacts of water resources management poli-
cies on water system can be tracked through the calcula-
tion of water resource indices. As showed in Table 9, the 
implementation of demand control policies likely help 
meets the growing water demand and the sustainability 
index for Kheirabad water system increases in compari-
son with the baseline. As more detail, by increasing irri-
gation efficiency up to 50%, water resource sustainability 
index increased to 0.897. Therefore, it can be stated that 
the effectiveness of this policy on water resource sustain-
ability index within the basin is 27.59%. After increas-
ing irrigation efficiency to 55%, the reliability index 
increased to 0.857 and vulnerability index decreased to 
0.014. Under these circumstances the water resource sus-
tainability index will be 0.940. However, even under this 
scenario water shortage mater. The highest sustainability 
index (the lowest vulnerability index) belongs to busi-
ness as usual conditions along with increasing irrigation 
efficiency up to 60%. The results also revealed that a 10% 
reduction in water requirement of crops increases the 
sustainability water index to 0.857 and decreases vul-
nerability index to 0.026, compared to business as usual 
condition without any actions. Although this policy has 
a significant impact on improving the water system situ-
ation in terms of sustainability, it has still been vulner-
able in terms of meeting water demand. Therefore, in 
order to increase the system’s ability to respond water 
demand in the long-term, complementary strategies are 
needed along with reducing the water requirement of 
crops at the basin. The results also showed that the reli-
ability and sustainability index of water resources will 
be 1 after removal of crops with high water require-
ment. Agricultural water demand decreases as a result 
of changing crop pattern within the basin. Therefore, 
it is expected that the gap between supply and demand 
for water decreases continuously and the water system 
becomes more sustainable in the future. Therefore, con-
trolling agricultural water demand using water conser-
vation options such as increasing irrigation efficiency or 
changing crop pattern can help achieve a better balance 
between supply and demand of water to improve the 
water sustainability index even under population growth 
and agricultural development.

The findings also reveal that, by controlling water 
withdraw as a water management policy at the basin, 
surface water outf low decreases during the simula-
tion period compared with the baseline condition and 
the water system can be in a better situation in terms 
of sustainability. Increasing water storage is expected 
to increase the ability to meet the demand for water in 

Figure 9. The result of simulated values of groundwater changes.

Figure 10. The result of simulated values of groundwater changes.

Table 8. Water indices at Kheirabad river basin.

Reliability 
Index

Vulnerability 
Index

Max Deficit 
Index

Sustainability 
Index

Water Index 0.50 0.119 0.213 0.703
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the basin in this condition. According to the Table 9, a 
reduction in per capita water demand and the economi-
cal instruments such as domestic water pricing under 
competition structure would help to improve the sus-
tainability index to 0.963 and 0.749, respectively. 

5. DISCUSSIONS

As mentioned in the literature review, changes 
in water resources exhibit dynamic behaviors as such 
resources are affected by many socio-economic and cli-
matic factors over time. Because of complicated interac-
tions and feedbacks among the factors in the water sys-
tem, a comprehensive and interaction-based approach 
is needed to understand the consequences of a change 
in the system. So, in this research, an integrated system 
dynamics simulation model was developed to examine 
the feedback processes and interaction among the popu-
lation, water resources, and agricultural production in 
sub-sectors of  Kheirabad river basin  in Iran. An initial 
objective of the project was to identify the behavior of 
the water system at the basin over time. With respect to 
the first research aim, it was found that water demand 
increases as the population growth and agricultural 
development occur. Under such conditions, the with-
drawal of surface and groundwater increases over time 
which is consistent with the Gohari et al. (2017) results 
for the Zayandehrud river basin. The most interesting 
finding is that population growth contributes to 0.75% 
annually increase in water demand and 1.23% annually 
decrease in available surface water during the simula-
tion period. Regarding that the population of the region 
is expected to increase by 1.87% during 2021-2027, 
this may put more pressure on the water resources at 
the basin. A growing population would be a threat for 
water use sustainability especially if other measures like 
increasing water use efficiency are not taken into con-
sideration. Another important finding is that the water 

sustainability index at the basin is 0.703 if the current 
environmental and socioeconomic condition within 
the basin would remain the same without any policy 
change. Therefore, the water supply at the basin can like-
ly be unsustainable and total water demand exceeds the 
water supply. This finding confirms the results of recent 
model-based studies and assessments that analyzed the 
impact of climate change and population growth on 
water resource availability (e.g., Kotir el al., 2016; Goha-
ri et al., 2017; Zubaidi et al., 2020). It cannot be denied 
that the water system is vulnerable (vulnerability index 
is more than zero) due to an imbalanced supply and 
demand, caused by increasing population and cropland 
area. This finding is also reported by Madani (2014) and 
Nkegbe & Shankar (2014). In other words, both of the 
supply and demand side of the water system is threaten-
ing since a growing water demand is accompanied by a 
possible decrease in water availability caused from more 
intensive surface and groundwater use. Regarding the 
widening supply-demand gap, to meet the water demand 
in the near future, demand management policies are 
needed. So, the present study is designed to determine 
the effect of water demand and supply management poli-
cies on the behavior of the water resources system at the 
basin. Especially, given the possible increasing water 
shortage, water management policies should concen-
trate on demand side of water use to address the prob-
lem. According to the results, a reduction in per capita 
water demand can play a significant role in decreasing 
vulnerability and increasing the sustainability indi-
ces. This finding is also reported by Stavenhagen et al. 
(2018). However, there is a larger room in agriculture 
uses where the water use efficiency is much lower than 
the global ones. It is worth noting that drinking water 
is supplied by the public sector and the price paid by the 
consumers’ accounts for a slight part of the water costs. 
Thus, this may indicate that there is considerable room 
for water demand management even in drinking water 
demand. 

Table 9. Water indices under different scenarios.

Policies Reliability Index Vulnerability Index Max Deficit Index Sustainability Index Priority

Improving irrigation 
efficiency

50% 0.786 0.029 0.053 0.897 5
55% 0.857 0.014 0.015 0.940 3
60% 1.00 0.00 0.00 1.00 1

Decreasing water requirement of crops 0.857 0.026 0.037 0.930 4
Crop pattern 1.00 0.00 0.00 1.00 1
Water price 0.571 0.104 0.180 0.749 6
Controlling per capita water consumption 0.929 0.020 0.020 0.963 2
Controlling water withdraw 1.00 0.00 0.00 1.00 1
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As far as the agricultural use of water is considered, 
the lower water use efficiency is controversial.  In Iran, 
resource constraints, in particular, water has always 
been a critical issue in agricultural production while the 
average irrigation efficiency is less than 35%, and only 
5% of the farmed area enjoys modern irrigation system 
(Madani, 2014). Based on the results, the most effec-
tive policy scenario on water management at the basin 
related to improving irrigation efficiency and crop pat-
tern. In more detail the improving irrigation efficiency 
up to 60% can bring the water resources system of the 
Kheirabad River Basin to a sustainable state. Besides, the 
results revealed that crop pattern change and remove 
rice and watermelon from the cultivation pattern has a 
positive significant effect on the sustainability index. 
This study supports evidence from previous observation 
(e.g. Donati et al., 2013 and Hashemi et al., 2019). Con-
sidering the expected negative effects of adopting this 
strategy on the production and income of farmers at the 
basin, the development of non-agricultural activities and 
small conversion industries in rural areas to compensate 
for the damage caused by possible variability of weather 
conditions can be effective. 

Under the circumstances that the world as a whole, 
is facing water crises, many people have little information 
about how they can preserve water resources. To serve 
this purpose, the government should provide a context in 
which people learn to control their daily water consump-
tion. Comparison of water resources sustainability index 
after the implementation of various policies also con-
firms the fact that controlling per capita water consump-
tion can be high effective in managing water demand. 
Moreover, the economical instruments such as domestic 
water pricing under competition structure, can signifi-
cantly control water demand toward sustainable man-
agement of water. What is surprising is that water pric-
ing has the least efficient in water demand controlling. 
This is basically because of price inelastic demand at the 
basin. Therefore, in summary, the effectiveness of water 
demand management policies in the domestic sector is 
expected. It doesn’t mean that we just focus on domes-
tic water demand. Indeed, it argues that we can conserve 
water resources in agricultural sector with irrigation 
water pricing and conservation agriculture (such as zero 
tillage, mulching and crop rotation). Also, as a policy 
scenario in this study, it is assumed that 30% of domes-
tic water demand can be met from outside the basin. The 
results of this study showed that supply-oriented policies 
such as inter-basin transfer or urban wastewater reuse to 
reduce the surface and groundwater withdrawal, regard-
less of the cost of their implementation, can contribute to 
the sustainability of the water resources system.

6. CONCLUSION

Generally, for managers, a simulation model for the 
water system is extremely useful. The simulation model 
allows to look at the interaction of different elements 
over time and helps you simulate how different manage-
ment decisions will affect the system. Reducing available 
water resources is a very serious challenge facing poli-
cymakers and planners of water resources in Iran. This 
mater underlines the need for sustainable management 
of this vital resource. This study applies system dynam-
ics approach to analyze the behaviour of water system in 
Kheirabad river basin located in southwestern Iran. The 
study is an attempt to answer this question that can the 
Kheirabad river basin reconcile its available water sup-
ply with the growing demand for water. Although many 
studies have used the system dynamics method to man-
age water resources, there is a large difference between 
the structure of the designed model and the variables 
used in these studies. The differences in studies are in 
terms of objectives, evaluated policies, and temporal and 
spatial boundaries. The fact of the matter is that a mod-
el can be designed for each basin to suit the economic, 
social, and environmental characteristics. This is one 
of the ways to avoid policy resistance in water manage-
ment. The designed system dynamics model was used 
to simulate the outcomes of different policy scenario. 
The results demonstrate that all scenarios reach limits to 
growth, however, water sustainability index was maxi-
mized under improving irrigation efficiency and chang-
ing crop patterns at the basin. In other words, the vari-
ables of the agricultural sub-sector can be considered as 
one of the high leverage points in the water resources 
management system of the Kheirabad river basin. It 
confirms that with system thinking and holistic world-
view, policymakers can identify the high leverage points 
in systems for each basin and avoid policy resistance. 
Finally, our study is the first attempt at modeling in the 
Kheirabad river basin in Iran that by engaging stake-
holders in model development, we have implemented a 
process compatible with improving stakeholder under-
standing of the dynamic behaviour of the basin over 
time. There are, however, some limitations of our study 
that could be addressed in order to add more preci-
sion to our results. This paper has focused on the sus-
tainability index in baseline weather condition. Further 
research can also focus on climate variability condition 
along with population growth and agricultural devel-
opment. Depending on the climatic conditions and the 
type of cultivation in each region, climate change can 
have negative and positive effects on agricultural pro-
duction. Therefore, it is necessary to study the effects of 
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climate change on the yield of strategic crops for regions 
or provinces (even in different sub-basins) separately 
in order to obtain the best cultivation pattern for vul-
nerable areas. Meanwhile, the economic tools for water 
resources management can also be considered for agri-
cultural sub sector to assess the impacts of agricultural 
water price reform on system behavior. Considering 
farmers’ behavior under various conditions, including 
changes in available water resources, may contribute to 
the flexibility of the model. Last but not least, a decrease 
in water supply may stimulate immigration from rural 
and agricultural-dominated areas to urban regions 
which is accompanied with some social-economic issues, 
needing to be examined.
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APPENDIX

Table A1. Real prices of agricultural products (Rial/Kilogram)-ARIMA forecasting.

Crops 1992 1995 1998 2000 2002 2004 2006 2007 2008 2009 2010 2011

Wheat 43.17 41.78 49.05 44.14 46.46 43.27 47.35 44.72 46.16 44.73 45.97 47.05
Barely 33.54 35.22 37.60 35.43 33.24 33.14 35.05 33.62 36.92 33.68 36.77 35.80
Rice 76.77 106.53 90.74 84.73 75.09 79.98 99.38 84.39 106.95 88.17 90.30 99.59
Corn 37.97 36.97 41.44 38.32 37.55 37.86 38.73 37.66 40.51 37.58 39.67 38.52
Cucumber 42.17 22.58 24.18 33.79 34.03 33.39 34.29 37.28 33.53 36.60 35.19 33.85
Bean 139.82 71.77 90.41 116.57 92.47 76.43 90.54 100.49 104.42 100.40 92.26 85.38
Tomato 43.89 33.13 32.04 28.92 30.17 30.69 31.22 30.10 30.05 31.10 29.54 30.92
Watermelon 19.83 22.91 13.41 19.79 19.95 22.02 18.21 23.78 16.78 19.83 20.31 18.08
Rapeseed 117.14 81.31 89.66 87.88 103.32 94.54 83.68 105.63 95.33 92.56 92.47 83.49

Crops 2012 2015 2018 2020 2022 2024 2026 2027 2028 2029 2030 2031

Wheat 44.13 45.28 46.28 44.68 44.80 46.56 46.80 45.30 45.31 46.83 44.43 46.52
Barely 35.25 37.97 37.40 37.21 34.99 33.04 33.27 35.23 35.41 33.77 37.27 34.05
Rice 77.90 79.41 91.46 80.13 83.06 98.02 100.10 85.17 84.53 97.99 77.28 94.38
Corn 37.97 40.02 39.92 40.23 38.78 37.46 37.65 39.20 39.21 37.66 40.33 37.44
Cucumber 35.06 34.94 32.34 36.38 36.48 32.97 31.78 35.43 35.01 31.94 36.90 32.49
Bean 82.92 96.15 92.03 86.69 90.97 95.14 91.85 89.70 88.82 89.49 91.13 92.75
Tomato 30.38 29.65 29.59 29.88 31.00 31.05 29.95 31.18 29.57 30.78 30.53 29.69
Watermelon 21.80 21.19 18.57 21.54 21.51 17.76 17.30 20.33 20.34 17.27 22.26 17.82
Rapeseed 106.61 94.44 95.64 96.13 105.51 86.34 85.68 103.79 97.18 85.11 97.79 87.45
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