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Abstract 

Despite the significant role of wetlands in maintaining a healthy ecosystem and providing various 

ecosystem services, they are under threat due to human activities and agriculture use. The fact that the 

economic value of ecosystem services is not considered in hydro-economic models and integrated water 

resources management is a key issue that affects the ecosystem and its degradation. the economic value of 

ecosystem services provides a quantitative and important basis for the reasonable management of water 

resources. Given that supplying the agriculture and environmental demands conflict with each other, 

achieving a balance between these goals is very important. So, in this study, a simulation-optimization 

(WEAP-PSO) approach is employed for optimal planning at the basin and designing environmental flow 

based on wetland ecosystem services. The objective function of the problem is considered to be the total 

economic value of the river, which includes the economic value of the agricultural sector and the economic 

value of the wetland ecosystem services. The decision variables of the problem are considered as, the 

cultivation area of agricultural units and environmental flow of Kani Barazan wetland. The results show 

that considering these two objectives together, in addition to sustainable development, causes the highest 

economic efficiency in the basin. 

Keywords: Water allocation, Environmental flow, Wetland, WEAP, Optimization, Ecosystem services, 

Development, Economic  
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1. Introduction 

Countries such as Iran, with an arid and semi-arid climate, face water shortage problems due to 

inadequate temporal and spatial distribution of water, as well as population growth, urbanization, 

and the development of agriculture and industry. Increasing water demand and its continuity have 

widened the gap between water supply and demand. Therefore, optimal and sustainable 

management and utilization of available water resources are essential to prevent water crisis. 

Hydro-economic models are often used to evaluate water resources management options, 

commonly with a goal of understanding how to maximize water use value and reduce conflicts 

among competing uses.  

In recent years, many hydro-economic models have addressed the issue of integrated management 

and planning of water resources for various goals. Some researchers have focused on only one 

economic sector like agriculture (Sherafatpour et al (2019), Hatamkhani and Moridi (2021), 

Roozbahani et al (2013),) or hydropower (Hatamkhani et al. (2020)) and others have planned water 

resources intending to maximize the benefits of several economic sectors: agriculture and domestic 

(Karimi and Ardakanian (2010), Haavisto et al (2019)), Agriculture and hydropower (Bielsa and 

Duarte (2001), Hatamkhani and Moridi (2019)), Agriculture and industry (Davijani 2016), 

Agriculture and industry and domestic (Liu et al (2010), Wang et al (2015)) can be mentioned. 

By reviewing studies on the optimal allocation of water resources, it's clear in most studies, 

environmental needs have either been ignored altogether or have been considered as a constraint 

in the mathematical planning model (Momblanch et al. 2016). In hydro-economic models, 

agricultural economics, industry and urban demands are usually considered, and environmental 

economics is not considered as an important part of the basin that guarantees sustainable 

development. Our natural environment provides us with a variety of services that contribute to our 



economic well-being. The fact that the economic value of these services is not considered in 

decision-making is a key issue that affects the ecosystem and its degradation. Thus, the valuation 

of ecosystem services provides an opportunity to price previously unpaid ecosystem services, such 

as improving climate conditions, regulating water quality, and providing plant and animal habitat, 

so that these services can enter into economic relations. Understanding the quantity and spatial 

distribution of ecosystem services, along with their associated economic value, is a fundamental 

first step to developing effective means of ensuring the long-term provision of services by natural 

ecosystems (Underwood et al. 2018). Wetlands account for 40.6% of the total global ecosystem 

services (ES) value (Costanza et al. 2014). Globally, many wetlands have been exploited or used 

unsustainably (Rebelo et al., 2017), which has resulted in a 35% loss in the global wetland extent 

since 1970 (Ramsar Convention on Wetlands, 2018). The importance of maintaining wetland 

hydrology and flow regime for ecosystem services has been widely recognized (Bunn and 

Arthington, 2002). Sustainable environmental flows (e-flow) are essential to the wetlands for the 

restoration and rehabilitation of the ecosystem services. 

Wetlands in Iran are increasingly under pressure due to human activity. Undoubtedly the most 

serious threats to wetlands have been their drainage and reclamation for agriculture and the 

diversion of water supplies for irrigation (World Bank 2005). On the other hand, agriculture has 

special importance in many parts of Iran and in addition to providing food security, the livelihood 

of many people depends on it.  

Designing environmental flows is a challenge for researchers and managers, given their 

complexity and their importance, both for nature conservation and economy. However, the rapid 

growth of the human population has put these areas under increasing pressure that threatens their 

ecological integrity and economic value (Belmar et al. 2019). In general, methods for designing 



environmental flows with a primary objective of ecosystem protection have been divided into four 

groups: hydrological, hydraulic, habitat, and holistic methods (Alczar et al., 2008). 

Protection of the environmental flow naturally restricts the availability of water for the 

development of other water sectors, especially the agricultural water sector (Xue et al. 2017). Due 

to these effects, studies examining economic loss caused by reasonable protection of the 

environmental flow have been undertaken but no economic evaluation for ecological services is 

estimated (Qureshi et al. 2007, Pang and Sun 2014). 

The economic value of service functions of the ecosystem can provide a quantitative and important 

basis for the reasonable management of water resources. The value of environmental flow and the 

cost and related compensation of e-flow protection have been the new leading directions of e-flow 

research in recent years and are still at the exploration stage, but there have already been several 

researchers that have proposed their original viewpoints. Akter et al. presented a method for 

combining hydro-ecological response model outputs and nonmarket economic values of wetland 

inundation to estimate a unit price of e-flow. Yang et al. (2014) quantified ecosystem services 

values and used the results to design an environmental flows regime for Baiyangdian Lake, the 

largest shallow freshwater lake in northern China. To do so, they proposed explicit tradeoffs 

among ecosystem services and used emergy analysis to value the lake's ecosystem services from 

1980 to 2011. 

Gopal (2016) presented a conceptual framework for the assessment of e-flows on the basis of a 

change in total ecosystem services and their total economic value with the alteration of flow 

regimes. Yue et al. (2018) combined the definition and implication of river ecological base flow 

to analyze the ecological services of the river base flow of rivers during the flood season and the 

non-flood period and finally calculated the economic value of the ecological base flow in the five 



sections of the Guanzhong section of Weihe River. Cao et al. (2020) estimated the total and 

individual land ecosystem services value (lake, marsh, and terrestrial land) of the Baiyangdian and 

quantified the relationship between ecosystem services value and water storage in the macrophyte-

dominated shallow lake, taking water level as the indicator. 

Although the quantitative studies on the economic value of service functions of the rivers and 

wetlands enable us to understand their economic benefits and importance in our daily lives, 

application of the economic value of ecosystem services in integrated water resources management 

(IWRM) and estimating the e-flow based on the economic value of ecosystem services have not 

got enough attention. To maintain the ecological service function and ensure the corresponding 

economic value of different sectors, we should consider the process of the dynamic change of the 

economic value of these sectors for planning water resources and determining the e-flow. 

Therefore, when planning water resources in the catchment, both of these cases should be 

considered in the hydro-economic model to achieve sustainable and efficient development. 

Therefore, the optimal allocation and development of water resources between the environment 

and agriculture sectors (which are extremely competitive in Iran) are very important. For this 

purpose, the optimization-simulation approach has been employed in this study. First, the water-

related ecosystem services of wetland are evaluated. Then, using the optimization-simulation 

model and the relationship and interaction between the economic value of the wetland and 

agriculture, the optimal planning of water resources in the basin and the design of e-flow is 

investigated. WEAP (Water Evaluation And Planning) software is used to simulate the water 

resources system and PSO (particle swarm optimization) is used as an optimization algorithm. The 

developed model is employed for Mahabad catchment and Kani Barazan wetland in northeastern 

Iran. 



2. Material and methods 

2.1. Value Method of E-flow 

The relationship between the economic and ecological services functions is contradictory (Gopal, 

2016), i.e., the greater the water resource used for the economic sectors, the smaller the water 

resources used for the ecological base flow of rivers. Therefore, suppose the inflow of rivers is 

constant, the change in the amount of water in any water use sectors (economic water use or 

ecological water use) would lead to the change in the amount of water in other water use sectors, 

which would further cause the change in the total economic value functions of rivers.  

When the water requirement of economic services functions or ecological services functions of 

rivers reached a certain value, the total economic value produced by ecosystem services functions 

of rivers would achieve the maximum value (indicated by P point in Fig. 1). At this time, the water 

demand of the ecological service functions of rivers would be the recommended ecological base 

flow of rivers (see Fig. 1). 

In recent years, water interception by dams upstream of the wetland and excessive water use by 

the inhabitants of the watershed has resulted in decreasing water depth in the Baiyangdian Wetland  

 



 

Fig.1 Change processes of the total economic value of rivers and recommended e-flow (Cheng et 

al. 2019). 

 

2.2. Water-related ecosystem services of wetland 

Wetlands are versatile ecosystems that provide ecosystem services necessary for the social and 

economic wellbeing of the local communities living near or around wetlands (Roy et al. 2012). 

Wetland goods and services can be valued in quantitative and monitory form regardless of the 

availability of its market price. The wetland quantified value can then be compared with other 

sectors of the economy for planning, policy formulation, and decisions making (Adekola et al. 

2015). 

The services from wetland include provisioning services (food, water, fish, fiber, fuel, timber); 

regulating services (regulation of flood, drought, air quality, land degradation, climate, disease, 



and natural hazard regulation); supporting services (soil formation and nutrient cycling); cultural 

services (recreational and ecotourism) and other non-material benefits (MEA 2005). 

Wetlands are endangered by numerous factors, such as continuing population growth and 

economic expansion in coastal areas, unreasonable utilization, increased aquaculture and 

expanding residential regions, the underappreciated value of wetlands, and inappropriate 

definitions of wetlands in laws and regulations. Among these factors, the misunderstanding of the 

value of wetlands in public decisions is an essential issue. In recent years, many studies have 

evaluated the ecosystem services of the wetland (Xu et al. 2020). Ecosystem services are very 

diverse and one single method is not suitable to measure all the services (Körner and Paulsen 

2004). Therefore, this study uses multiple methods to estimate the market and socio-economic 

values of the ecosystem services. This study has followed 5 major methods for quantifying the 

monetary values of wetland services namely; the market price method (Barbier et al. 1997), the 

travel cost method (Vicente and de Frutos 2011), the benefits transfer method (Johnston et al. 

2015), Damage Cost Avoided, Replacement Cost or Substitute Cost Method (Zhang 2017) and the 

contingent valuation method (Thapa et al. 2020) 

 In Table 1, the most important services of Kani Barazan wetland are briefly discussed and the 

method of calculating each one is shown. 

 

Table 1. Kani Barazan wetland ecosystem services and the evaluation methods used. 

Classification Function 
Evaluation 

method 

Calculation 

formula 
Parameters 



Provisioning 

Agriculture products, 

raw materials 
Market price 

Vp =∑ Si ∗ni=1 Wi  ∗  Pi 
Si is the harvested area; 

Yi is the per unit yield; 

Pi is the market value; 

i stands for some product. 

Regulating 

Climate Regulation 
Replacement 

Cost 

Wh = S ∗ ET * 

δ 

Vc = ɳ ∗ Wh ∗ 

Pc 

Wh: the heat absorbed by a 

wetland in summer (kJ); 

Vc: the economic value of the 

wetland cooling effect; 

S: Wetland area(ha); 

ET: indicates water surface 

evaporation in summer (mm); 

δ: is the heat of evaporation 

(kJ/kg);  

pc: is the electricity fee in Iran 

(USD /kwh); 

ɳ: the transformation 

coefficient between electrical 

energy and heat (2.778 × 

10−4). 

Water Supply 
Replacement 

Cost 
Vw = RC * CC 

Vw: Value of water balance 

RC: Reservoir capacity (m3) 

CC: Construction cost of 

reservoirs per unit (USD/m3) 



Nutrient Recycling / 

Water Quality / 

Pollution Reduction 

Replacement 

Cost 

Vq =S ∗ N ∗PN + S ∗ P ∗ PP 

Vq: Value of water quality 

improvement 

S: Area of wetland (ha) 

Nj: Removal rates of N of 

wetland (kg/ha) 

Pj: Removal rates of P of 

wetland (kg/ha) 

Qnv: Cost of N removal 

(USD/kgN) 

Qpv: Cost of P removal 

(USD/kgP) 

Supporting Habitat 
Benefit 

transfer 
Vh =S * Ph 

Vh: Value of habitat 

Sj: Area of wetland 

Ph: Value of habitat per unit 

area of wetland j (USD/hm2) 

Cultural services 

Recreation and 

tourism 

Travel cost 

method 
Vr =Q * Y *D 

Q is the environmental 

capacity; 

Y is the travel consumption per 

person; 

d is the traveling days 

Cultural & education 
Benefit 

transfer 
Ve = S * Pe 

Vh: Value of Cultural & 

education 

Sj: Area of wetland 

Ph: Value of Cultural & 

education per unit area of 

wetland j (USD/hm2) 



 

Therefore, the economic value of the wetland ecosystem services (EVWES) is obtained from the 

total of the mentioned services. 

 EVWES = Vp + Vc + Vw + Vq + Vh + Vr + Ve  
 

2.3. Economic Value of Agriculture sector 

For decades, agriculture has been associated with the production of essential food crops. Most 

people’s main source of livelihood is farming. About 70% of people rely directly on agriculture as 

a livelihood (Fao 2016). Agriculture is the main source of national income for most developing 

countries. Therefore, planning for the development of agricultural sectors and allocating suitable 

water for irrigation is an important issue that should be given special attention. Therefore, in this 

research, we have tried to achieve the highest economic efficiency by determining the area under 

cultivation and the appropriate cultivation pattern downstream of Mahabad Dam. The most 

important crops grown in the area are wheat, alfalfa and sugar beet. The specifications of these 

products are given in Table 2. 

Table 2. Specifications of Mahabad plain crops 

Product Product yield 

(kg/ha) 

Product price 

(rials/kg) 

Planting 

date  

Harvesting 

date 

Irrigation 

period (day) 

Wheat 3832 4200 20 Oct 1 July 10 

Alfalfa 8684 3500 19 Mar 5 Dec 10 

Sugar beet 3234 8400 2 Dec 3 Oct 10 

 



The amount of economic value obtained from the agricultural sector is calculated using Equation 

1. 

EVA =[ ∑ Ai.Bi.Ci. ]n

i=1

 

In the above equation, the parameters used are: EVA is the economic value of the agriculture sector 

which is the annual sales revenue of crops, Ai is the area under cultivation of crop i in hectares, i 

in hectares, Bi is price sales per kilogram of product in dollars, Ci is the annual yield of product i 

in kilograms per hectare 

 

2.4. Simulation-optimization approach 

Given the complexities of efficient water allocation planning, mathematical models provide the 

opportunity to model the hydrological processes associated with the water resources system and 

the relationships between supply and demand points. In general, water resources management 

models are divided into three types: simulation, optimization and simulation-optimization. 

Simulation models use a set of relationships and parameters to predict system behavior and 

reconstruct the behavior of a water resources system according to set of (real or hypothetical) rules. 

Optimization models are based on maximizing or minimizing an objective function, which is based 

on a number of predetermined decision variables and constraints. The strength of simulation 

models is their ability to account for water resources systems with all the components and details 

possible, but solving many water resources problems requires the use of optimization models. 

In this research, WEAP model is used for simulation and PSO algorithm is employed for 

optimization. Figure 2 shows the process of the optimization-simulation model. 



 

 

Fig. 2 Flowchart of optimization-simulation model 

 

2.4.1. Optimization model 

Planning and managing water resources at the basin level is a very complex and large problem. 

Due to the multiplicity of resources and uses, the limitation of water resources, and the effects of 

Initialize Population and velocity vectors 

Input Decision Variables Values (area under 
cultivations and e-flow) in WEAP 

Execute WEAP model 

Water allocation for agriculture 

Is stopping criteria 
met? 

Update the Velocities 
of Particles and 

Values of Decision 
Variables 

NO YES Display 
Results 

Start 

Water allocation for environment (e-flow) 

Calculating the amount of water supply of 

agriculture demand 
Calculation of water delivered to the wetland 

Calculating economic value of agriculture sector  Calculating economic value of wetland  

Evaluate the objective function (total economic 

value of river function)  



different sectors on each other, the allocation and planning of water resources should be done in 

such a way that according to the available water resources, all goals are best met. In this study, 

there two objectives are considered, namely, maximization of economic value from the agricultural 

sector (EVA) and maximization of economic value of wetland ecosystem services (EVWES), 

which are considered in one objective function. The problem decision variables are the area under 

cultivation of agricultural units downstream of Mahabad Dam and the e-flow of Kani-Barazan 

wetland. The following is the formulation of the optimization problem. 

 

 

1  MAX TEV = (EVA + EVWES)  
 

2 Ai=  (ΣAgra − Σ(Agra × |βi − Tarβ| × P)                        ∀a = 1, … , A 

     Subject to: 

3 
 

 

 
4 St+1 = St + It − EVt(St+1, St) − Rt          ∀t = 1, . . . , T 

5 Smin, d(MOL ) ≤ St ≤ Smax (NWL )          ∀t = 1, . . . , T 

6 Rt = Rt(St, It)          ∀t = 1, . . . , T 

7 SDt,i ≤ Dt,i          ∀t = 1, . . . , T; i = 1, . . . , I 
8 if SDt,i × Zt,i ≥ Dt,i          ∀t = 1, . . . , T; i = 1, . . . , I 
9 ∑ Zt,iTt=1T = βi          ∀i = 1, . . . , I 

A description of the utilized indices and variables is provided as follows: 



t: index related to time steps, 

T: Number of time steps 

dtS ,
: storage volume of reservoir d at the beginning of the time step t (MCM), 

dtI ,
: inflow to reservoir d at the time step t (MCM) 

 dtdtdt SSEV ,,1, , : net evaporation volume from reservoir d at the time step t as a function of the 

reservoir storage at the beginning and end of the step (MCM), 

dtR ,
: water release volume from reservoir d at the time step t (MCM), 

dSmin,
: minimum operation volume (dead storage) of reservoir d as a function of the MOL (MCM), 

dSmax,
: normal water volume (storage capacity) d as a function of NWL (MCM), 

i: index related to the water demand nodes, 

I: number of demand nodes 

itD ,
: volume of water demand at the demand node i and  time step t (MCM), 

itSD ,
: volume of allocated water to the demand node i and time step t (MCM), 

itZ ,
: binary variable related to meeting the demands at demand node i at time step t. If the demand 

is completely fulfilled would be equal to 1, otherwise, it would be zero. 

i : minimum desirable level of reliability related to supplying demands, 

A = Number of agriculture development sectors 

n: is the index related to the system nodes, which can be between 1 and N. 



In equation 1, the first objective is defined as the total economic value of the basin which is the 

sum of economic value of agriculture sector and economic value of wetland ecosystem services. 

Equation 2 is the amount of the penalty, which is applied in case of a reliability violation. that the 

amount of agricultural crop areas is determined according to the reliability of supplying their 

demands. So, the reliability of supplying demands could not be less than 80% (Hatamkhani and 

Moridi 2019). The penalty coefficient (PC) is found by trial and error and is set to 0.01. 

Equation (3) is related to the monthly water balance of each reservoir. In Equation (4), the monthly 

reservoir storage volume is limited to the minimum operation volume and normal water volume. 

Equation (5) is associated with the monthly operation policy of reservoirs as a function of storage 

volume and inflow. Equation (7) emphasizes that the volume of water that is actually allocated to 

a demand site at a time period should be less than or equal to the volume of water demand of the 

site. The time reliability of demand nodes of the system is controlled by equations (8) and (9).  

2.4.2. WEAP 

WEAP model is a tool for integrated planning of water resources, which has provided a 

comprehensive, flexible, and user-friendly framework for planning and analyzing policies (Sieber 

and Purkey, 2011). The WEAP model uses linear programming to solve water allocation problems 

at any time step and its objective function is to maximize the percentage of supplying demands, 

concerning supply and demand priority, mass balance, and other constraints. This software is 

widely used for integrated management and planning of water resources and has the river, 

economic, and agricultural demand management submodels. 

2.4.3. PSO Algorithm 

Particle swarm optimization (PSO) is a swarm intelligence algorithm based on the social behavior 



of birds. In this algorithm, a particle chooses a direction using the current position and its best 

position in the previous iterations (pbest) and also the best position in the whole swarm (gbest). 

The particles move to new positions, and the objective function values are calculated bsased on 

pbest and gbest in each iteration. This process is repeated until stopping criteria is met. In the PSO 

algorithm, each particle is a candidate solution equivalent to a point in a D-dimensional space, so 

the ith particle can be represented as  Xi = (xi1, xi2, … xiD)D). The rate of the ith particle's position 

change is given by its velocity Vi = (vi1, vi2, … viD)D. Equation (10) updates the velocity for each 

particle in the next iteration, whereas Equation (11) updates each particle's position in the search 

space:  

10    vidn+1 = χ[Wvidn + C1r1n(Pidn − xidn ) + C2r2n(Pgdn − xidn )] 

11          xidn+1 = xidn + vidn+1 

In these equations d= 1,2,... ,D ;i = 1,2,..., N, and N is the size of the swarm; x is called the 

constriction factor which is used in constrained optimization problems to control the magnitude of 

the velocity. W is called inertia weight; C1, C2 are two positive constants, called cognitive and 

social parameters, respectively; r1, r2 are random numbers uniformly distributed in [0,1]; and n = 

1, 2,...,  nmax, shows the iteration number. 

3. Results and Discussion 

3.1. Case study 

The study area includes the Mahabad River catchment area in northwestern Iran and the province 

of West Azerbaijan. Mahabad river flows into the reservoir of Mahabad dam after originating from 

the heights. Downstream of this reservoir is the irrigated lands of Mahabad plain that are fed to 



irrigate the water of this reservoir. In addition, there is a need for drinking and industry in the city 

of Mahabad, which must be met from this reservoir. The location of the Mahabad catchment is 

shown in Figure 3. 

 

 

Fig3- Map of the Mahabad River Basin 

Kani Barazan wetland is located 30 km north of Mahabad city and on the northern side of Qara 

Dagh mountain and in the geographical coordinates of 566820 to 571771 north latitude and 

4093220 to 4097398 east longitude (based on UTM). This wetland includes 927 hectares of water 

in a 4010 hectares catchment area. This region is among the protected areas of West Azerbaijan 

province, although in terms of size; It has a small area but is very important in terms of ecological 



role. This region is one of the 4 sites of Ramsar and as an international wetland in the province of 

West Azerbaijan. Based on the study of wildlife in the region, 75 species of waterfowl and 105 

species of the terrestrial; 12 species of reptiles, 5 species of amphibians, and 4 species of fish have 

been identified in the area. 

3.2. Economic Value of Kani Barazan Wetland 

Table 3 identified the most important functions and services of Kani Barazan wetland and the 

valuation method of each. The ecosystem services can be devided into four categories: (1) 

provisioning, (2) regulating, (3) cultural, and (4) supporting services. Among the seven ecosystem 

services, five (raw materials, water quality improvement, water balance, and climate regulation) 

were estimated in two steps. The first step was to estimate the physical dimension of each 

ecosystem service. The physical dimensions of the water balance were calculated based on DEM 

and land use data. These included N and P removal rates and water surface evaporation in summer. 

The second step was to calculate the value of each ecosystem service based on the physical 

dimension by the evaluation method. The market price method was used to assess the value of raw 

materials. The avoided cost method was used to estimate the water quality improvement, climate 

regulation, and water balance value. 

The value of tourism activities can be based on income generated from tourists. This study 

incorporated tourism activities to estimate recreational value. We followed the travel cost method 

(TCM) and used a questionnaire to survey a recreational site (Haque et al. 2011). TCM is a survey 

technique where a questionnaire to a recreational site is often prepared and administered to 

estimate the recreation value of a site (Zarandi, 2019). In this study, we considered travel cost, 

direct expenses and opportunity costs of time of the visitors to calculate the value of recreational 

services from tourism. 



The values of the other ecosystem services with limited valuation data were estimated using a 

benefit transfer technique. Due to the relative similarity of the functions of Kani Barazan wetland 

with Choghakhor wetland, the studies conducted by the World Bank on Choghakhor wetland 

(World Bank 2015) in Iran were used as a basis for evaluating ecosystem services calculated by 

the benefit transfer method. Table 3 shows the economic value of ecosystem functions of Kani 

Barazan wetland per hectare per year. 

 

Table 3- Economic value of ecosystem services of Kani Barazan wetland 

Classification Function 

Economic Value 

($/ha/year) 

Provisioning 

Materials Raw 59 

Medical, industrial and nutrimental plants 20 

Regulating 

Climate Regulation 77 

Water Supply 59 

Nutrient Recycling / Water Quality / Pollution Reduction 276 

Supporting Habitat 302 

Cultural services 

Recreation and tourism 

(Hunting Fish & watching Waterfowl) 

110 

Cultural & education 95 

Total Value - 998 

 

Therefore, considering the size of Kani Barazan wetland, the total economic value of ecosystem 

functions can be considered about $ 1.08 million per year. 



 

3.3. Simulation-Optimization Results 

As explained, the purpose of this study is to determine the optimal planning in the catchment to 

achieve an optimal trade-off between water allocation between agriculture and the environment. 

The purpose of the research is to maximize the total economic value of river functions which is 

the sum of economic value of agriculture sector and the economic value of wetland ecosystem 

services. According to Figure 4, the total economic value reaches a maximum value and then 

follows a decreasing trend. Therefore, simultaneously consideration of the cultivation pattern in 

the region and the water requirements of the wetland with regard to its ecosystem services for 

determining optimal planning and management of water resources is essential. The problem 

decision variables are area under cultivation of crops and e-flow of wetland. minimum and 

maximum limits of the decision variables are described in Table 4. It should be noted that the area 

under cultivations is calculated so that the constraint on the reliability level (80) is satisfied. The 

penalty function causes that the objective function tends to desirable reliability.  

 

Table 4- The maximum and minimum values of decision variables 

Decision variable Min Max 

Area under cultivation of alfalfa (Ha) 517 3876 

Area under cultivation of wheat (Ha) 647 4851 

Area under cultivation of sugar beet (Ha) 312 2342 

e-flow of Kani Barazan (million m3/ month) 1.33 0.166 

 

As mentioned, WEAP software has been used to simulate the water allocation in the catchment 

area. In water allocation, the domestic and industry demands are considered as the first priority. 



Then there are the needs of agriculture and the environment, which are included in the model with 

equal priority. 

The PSO algorithm is employed to maximization the objective function. Given that the number of 

decision variables is problem 4, the number of particles in the PSO algorithm is considered 12. 

Figure 4 shows how the objective function converges to the best value. 

 

Fig.4 Convergence process of the objective function 

According to the graph, the maximum total economic value of river functions is equal to 2040 

billion rials. Which of these 1509.6 billion rials (74 percent) Related to the economic value of 

agriculture and 528.4 (26 percent) is related to wetland ecosystem services. Table 6 shows the 

optimal values of the decision variables and the objective function. 

Table 6- Simulation-optimization (WEAP-PSO) model results 

Value Optimal 

value 

Economic value 

The area under cultivation of alfalfa (Ha) 2336 347.7 

The area under cultivation of wheat (Ha) 4851 580.3 
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The area under cultivation of sugar beet (Ha) 1873 582.6 

e-flow of Kani Barazan (million m3/ month) 0.988 528.4 

According to the table, it is clear that the amount of area under wheat cultivation is equal to the 

value of its maximum limit. The main reason is that most of the water needs of wheat are in the 

months when the water needs of other crops, especially wetlands (summer) are lower. Changes in 

other crops are such that the allocation between water for agricultural products and the supply of 

ecological discharge to the wetland reaches an optimal balance. The area under sugar beet 

cultivation is less than alfalfa, which can be attributed to the yield per hectare and higher price of 

the crop. The last column of the table shows the reliability of meeting agricultural needs. As it is 

known, all products have good reliability, which can be justified due to the reliability constraint 

(Equation 2). The optimal environmental flow of Kani Barazan wetland is equal to 0.988 MCM 

per month. Table 7 shows the sensitivity analysis of the decision variables and their effect on the 

objective function.  

Table 7. Sensitivity analysis of decision variables 

Parameter Levels/Value 
EVWES (Billion 

Rials) 
EVA (Billion Rials) 

TEV (Billion 

Rials) 

Environmental flow 

(MCM) 
0 0 2012.3 2012.3 

Agricultural cultivated 

area (Ha) 
0 998 0 998 

e-flow (MCM) 110% 602.2 1410.7 2012.9 

Agricultural cultivated 

area (Ha) 
110% 480.3 1556.4 2036.7 

e-flow (MCM) 90% 502.1 1522.1 2023.2 



Agricultural cultivated 

area (Ha) 
90% 553.1 1399.3 1952.4 

 

If the values of e-flow are considered zero, the maximum economic value of agriculture is 

calculated equal to 2012.3 billion rials. If the area under agricultural cultivation is considered zero, 

the value of wetland ecosystem services will reach 998 billion rials, which is the maximum value 

of the wetland and wetland does not provide more services than this amount. It should be noted 

that if, for example, the e-flow rate increases by 10%, although the value of the wetland ecosystem 

services has increased from 528.4 to 602.2 billion rials, this has reduced the value of the 

agricultural economic value by 6% (1410.7). So total economic value of the river has reached 

2012.9 billion rials, which shows a 2% decrease in total economic value relative to the optimal 

solution. The opposite is also true. If the area under cultivation of each three crops increases by 

10%, in addition to reducing the value of the wetland ecosystem services to 480.3 billion rials, the 

economic value of the agricultural sector has increased by only 3.1% (1556.4 billion rials) due to 

the lack of adequate supply of agricultural demands. Decreasing the values of each of the decision 

variables also has a negative effect on the value of the total economic value. For example, when 

the area under cultivation is reduced by 10%, the total economic value is reached to 1952.4 billion 

rials, which is reduced by 4.5% compared to the estimated optimal objective function (2039 billion 

rials).  This indicates that the proposed model, regardless of the e-flow, prevents the unsustainable 

development of agricultural units. The results show that considering these two goals together in 

basin planning and designing the crop patterns and environmental flow, causes the greatest 

economic efficiency in the basin. 



4. Conclusion 

In this study, a water allocation model is presented that in an integrated framework, considers the 

interaction of water supply and demand with respect to economic factors. In the water allocation 

process, the water supplier decides to allocate water under the influence of limited access to water 

resources and maximizing water supply revenue for different sectors. The construction of a model 

that can consider the impact of these factors simultaneously on the allocation of water resources is 

of particular importance for evaluating the effect of different policies on water allocation and the 

interests of stakeholders at the basin level. Despite their significant role in maintaining the healthy 

ecosystem and contribution to the local livelihoods of the people, wetlands are under threat due to 

degradation of catchments and water diversion leading to changes in water regimes. Many parts 

of the world have experienced loss or degradation of wetlands mainly due to agricultural use, 

urbanization, excessive exploitation by local populations, and poor planned developmental 

activities. In Iran are many wetlands are under serious threats because of unsuitable development 

of agriculture and the diversion of water supplies for irrigation. Estimate the value of e-flow and 

ecosystem services in monetary terms raise public awareness for the importance and protection of 

e-flow. Given that meeting the needs of agriculture and the environment are in conflict with each 

other, achieving a balance in the design and planning of the basin, based on both of these goals is 

very important. So, a simulation-optimization approach is employed for optimal planning at the 

basin and designing e-flow based on wetland ecosystem services. The WEAP model was used as 

a water allocation simulator and the PSO algorithm was employed as the optimization algorithm. 

The objective function of the problem was considered to be the total economic value of the river, 

which includes the economic value of the agricultural sector and the economic value of the wetland 

ecosystem services (which depends directly on the e-flow). The decision variables of the problem 



of cultivation areas of agricultural units and environmental flow of Kani Barazan wetland were 

considered. The results of the study indicate the importance of considering these two sectors 

(agriculture and environment) together. Considering the economic value for wetland ecosystem 

services plays an important role in the planning and sustainable management of water resources. 

On the one hand, it protects the e-flow and determines its appropriate amount, and on the other 

hand, its effect on the increase of the economic value of the river is evident. 
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