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ABSTRACT 

Failure to optimize water use in different communities, consciously or unconsciously, has caused some 

challenges, whose result is water- balance disrupts in watersheds and aquifers of different regions. Thus, 

in order to understand the status of water resources existing in Shahrekord Aquifer, a research project was 

carried out for two years in Jahanbin Catchment. The related analyses were done using the water balance 

equation in the basin and Shahrekord Plain. The results indicate that the aquifer-feeding rate has always 

been lower than the volume of water withdrawals. Negativity of water balance equation of the aquifers 

has caused groundwater levels drop of the aquifer to be 2.24 meters in 2013-2014, and from 1976-1977 to 

2013-2014 as 14.9 meters for vertical aquifer. The water use in agriculture, industry and domestics has 

been, respectively, equivalent to 149.7, 21.5 and 47.64 million cubic meters in 2013-2014. However, the 

minimum water need of Jahanbin water catchment is 236 million cubic meters of water per year.  

Regardless of the development, and to prevent the aquifer's situation becoming more critical, scientific 

and integrated implementation of water resources management with executive fiat is recommended. 

 

Keywords: Optimal and Sustainable Use of Water Resources, Water Balance Equation, Jahanbin and 

Shahrekord Watershed 

 

INTRODUCTION 

Population growth would naturally increase the consumption of water and energy. However, expectations 

beyond aquifer capacity and increase in water use demand are of the issues of lack of balance and 

equilibrium between the parties of the aquifer's water balance equation and its performance. Moreover, 

the groundwater resources have low price of energies currently inexpensive, readily available and safe 

water source for a while. In addition, they usually have a much more limited number of operators 

compared to other water sources and somewhat more private ownership, so they have more candidates to 

use and more threatened.  

The growing demand for water in arid and semi-arid areas of Iran and most areas of the planet has 

become one of the key challenges. The prevailing intolerance or lack of optimal consumption and 

sustainable management of water resources, especially in the watershed, are of the main factor lowering 

groundwater, which causes subsidence, drying of most of the available water resources, and reduced 

quality of groundwater wells in operation (accumulation of salts washed from the surface to the depths of 

the earth and concentration of dissolved salts in the water). In order to control area ground water level and 

to prevent excessive loss of water and to maintain the vitality of Jahanbin Aquifer (to prevent land 

subsidence), this project was implemented.  

Water use competition between operators, users and activists in different sectors and various activities 

have caused that, unwantedly, the optimal use of water resources and increase in the efficiency of 

consumption and production to be on the agenda of program of beneficiaries and authorities. Management 

of water resources in agriculture, which is still an essential part of society in production, employment, 

gross national income and water consumption, needs integrated, comprehensive, systematic and systemic 

management for the sustainable use of water and agriculture sector in the compliance with environmental, 

economic and social sectors using indigenous technologies and strategies to reduce the stresses of 

efficient use of water and water resources are changing from traditional attitudes. Now, due to lack of 
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proper management of water resources, groundwater is considered as one of the least expensive and most 

readily available water sources. Usually, beneficiaries extract groundwater in the region with all power 

without estimating the real need and without considering aquifer conditions and future events (giving 

priority to their personal and immediate interests rather than long-term collective interests). Negative 

balance of the aquifer, and drying of a number of wells, analysis of changes in groundwater storage 

volume and determining the main factors influencing the amount of water stored in the aquifer, in order to 

prevent serious problems and uncontrolled drop in groundwater levels, implementing integrated 

management of groundwater seem necessary.  

Iran has been an arid and semi-arid country since ancient times. Shahrekord synoptic station has been 

with average rainfall of 325 mm per year and from 2007, with the beginning of the crisis of water 

(drought) over the past 8 years, it has had average precipitation of 299 mm per year. It has had only 8% of 

the average precipitation decline, but water resources have shown 40 percent negative changes. While 

doing research in Chaharmahal and Bakhtiari. Alimohammadi et al., (2010) concluded that for the 

development and the sustainable use of groundwater resources, there is need for accurate estimation of 

water demand in the basin for agriculture, industrial, and domestic activities. These needs for Sefid-dasht, 

Faradonbeh, and Borujen aquifers, based on activities, are 82.3, 9.4 and 8.3 percent of total water use 

respectively. Gandomkar et al., (2010), based on a survey conducted in China, India and Iran, due to an 

imbalance between supply and demand of water, aquifers have a negative balance situation and the 

highest decline in groundwater levels in Buein Basin (Chel Khaneh, Damaneh, Daran and Bouein-

Miyandasht) and related to agricultural land, especially places where cultivation is abandoned. Studies by 

Camp et al., (2010) showed that over-exploitation of aquifers in basins with limited input can be 

compensated with artificial feeding in proper places of the watershed. Studying on cumulative indices 

showed that artificial recharge of groundwater reserves was 95%. However, monitoring groundwater 

network is a necessity.  

Boris and Barry (2011) believed that the use of new technologies in the extraction of groundwater and 

digging deep and semi-deep wells without regard to the supply and storage of water in the aquifer always 

causes challenges.  

Elsie and Ayvaz (2014) in Izmir, Turkey with the model simulation confirmed that non-compliance with 

sustainable management of groundwater in the aquifer causes quantitative and qualitative limitations and 

difficulties in the aquifer. In addition, using simulation and aquifer vulnerability indices, one can reach 

optimized use of groundwater resources and identify and recommend the location of new wells, by this 

method. Sick (2014) studied the research conducted on groundwater resources and suggested that 

management of groundwater resources will face serious challenges and crises due to population 

projection for 2050 as 9.5 billion people and a sharp increase in demand for water for use in agriculture, 

industry and drinking. This will result in reduced quantity and quality of water resources, particularly 

groundwater resources.  

Thus, different options have been provided for management of groundwater resources and by research 

and scientific works the best option, method or combination of methods should be chosen and 

implemented and simulation models can better help decision makers.  

Due to the current situation, the water need of different consumer segments is of necessary issues of the 

case, in order to determine supply and demand for water. Thus, to avoid the various problems caused by 

reduced water level in the aquifer and challenges such as drying wells, reduced income, weakening 

economic conditions of beneficiaries, rising unemployment, migration and prevention of land subsidence, 

integrated management of water resources in the basin is essential in order to predict and estimate the 

demand and supply of water in the aquifer region by providing integrated management plan and 

guidelines to strengthen Shahrekord aquifer water resources in the region. 

 

MATERIALS AND METHODS 

This project was carried out in Chaharmahal and Bakhtiari, Shahrekord, Iran and located in the 

geographic area of 458659 to 515646-meter eastern altitude and 3550637 to 3603702 meters north 
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latitude. In this study used of statistics of Shahrekord synoptic station with 2066 meters above sea level, 

325 mm annual precipitation, relative humidity of 46%, annual evaporation of 1710 mm, maximum, 

minimum and average temperature, respectively, 42.7, -32.4, and 11.7 degrees Celsius. Shahrekord 

climate is semi-arid with de Martonne method, mild cold with hot and dry summers by Coupan method. 

Meteorological data include average minimum and maximum monthly temperature, relative humidity, 

wind speed, sunshine, evaporation, daily and monthly rainfall obtained from the Meteorological 

Administration of the province.  

Shahrekord plain has 571 wells with discharge of 78.75 (million cubic meters per year) in agriculture 

section, 167 wells with discharge of 54.2 in the industrial sector (million cubic meters per year), and in 

the domestic sector, it has 116 wells with discharge of 46.4 (million cubic meters per year) respectively. 

Soil textures were various in different regions. However, they often have light to semi-heavy texture; 

Monthly statistics of underground water level of Shahrekord, along with information related to the wells 

seen, and full information of the wells drilled and in operation in Jahanbin Basin have been received from 

Regional Water Company.  

Also in collaboration with experts and technicians of that company, the runoff outlet in kharaji strait was 

measured on a monthly basis during the project. Information on areas under cultivation and cropping 

pattern were obtained from Jihad-e-Agriculture Organization. Water balance of watershed and aquifer 

were calculated from the following equation. 

Zero= Inflow to the system - Outflow from the system ± changes in water storage volume (surface and 

groundwater resources)  

Potential evapotranspiration was calculated by Crop Watt software, cropping pattern was prepared with 

respect to information and coordination with Jihad e agricultural organization, and water requirements of 

the agricultural sector was estimated according to the basin and regional conditions (The Journal of FAO, 

24 and 56) and Crop Watt software.  

Water requirement for drinking was calculated using the population statistics obtained from provincial 

governor of Deputy of Planning and Budgeting policies and their analysis with proper growth rate and 

including future policies, migration and climatic issues in the region.  

Water requirement of the industry now and in the future were calculated according to the policies of the 

province relevant agencies and the related circles programs and in coordination with them. Unit 

hydrograph of the plain was carried out using groundwater level fluctuations and polygons through 

Thiessen method.  

The population in the region (Jahanbin Basin) is 247628 persons that is 27.66 percent of the population of 

the province is located here. Drawing graphs was done with Excel, tables with Word, interpolation with 

Surtfer software, digital mapping with Arc GIS software, and groundwater level analysis and the needed 

predictions were done using the relevant software. 

 

RESULTS AND DISCUSSION 

Results 

Shahrkord synoptic station has been with average rainfall of 325 mm per year and from 2007 to 2015, it is 

299. That over the past 8 years, it has had only 8% of the average precipitation decline, but water 

resources have shown 24 percent reduction (Figure 1). Jahanbin Basin with an area of 1260.3 square 

kilometers with a plain of 456 square kilometers, with 871 deep and semi-deep wells (571, agriculture; 

162, industry; 116, drinking; and 22 unknown), with 27.66% of the population of the province and 7.7 

percent of the province's area.  

The lack of balance between water supply in Jahanbin Aquifer, increase in water intake, negative balance 

of Shahrekord aquifer from 2006-2007 water year until 2013-2014, 14.92 meters decline of groundwater 

levels in past seven years (Figure 1) make the importance and the need for planning and efficient use of 

aquifer in the region double.  

Changes in groundwater level of Shahrekord show the direct effect of changes in the amount and type of 

precipitation on relative increase in average temperatures, increased uptake, and water use in the region. 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwiku-jLtOHLAhVowHIKHeaaAisQFggiMAE&url=http%3A%2F%2Favadiplomatic.com%2Fen%2Farchive%2Ftag%2Fjihad-e-agriculture-organization&usg=AFQjCNF0eISUs_vLajGiOk-igT83CN3S-g&sig2=ZPJOoiQmXKOQzPCsES-tSA&bvm=bv.117868183,d.d2s
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Moreover, the unit hydrograph of the region showed lack of a clear plan regarding water withdrawals 

from the region aquifer and the non-observance of beneficiaries to exploitation of the plain in wet and dry 

years. 

 

 
Figure 1: The Annual Unit Hydrograph of Groundwater Level from 2004 to 2015 

 

Estimation of Jahanbin Basin drinking water requirement, due by involvement of the population in 2011 

and previous years and considering population growth policies in the future years, and immigration 

accepting trait of the region, considering population growth rate of one and a half percent is as shown in 

Table 1. 

The amount of water needed by the industrial sector was calculated with respect to wells drilled and the 

information in the database of Province Regional Water Company. Therefore, according to public 

welcome of different industries due to the economic problems of the agricultural sector (reducing profit), 

growth of ten percent for water consumption in the industry sector was considered (Table 2).  

Profitability and efficiency of agricultural sector in the province, particularly in Jahanbin basin, have 

reduced due to high employment rate, beneficiaries' inheritance from ancestors, and non-scientific 

thought of the lack of need for expertise and initial investment, low running costs compared to the 

industrial sector, the only active sector in recent years and consumer of water without a competitor in the 

past, the imagination of knowing oneself as water resource owner now and in the future (considering 

water rights for themselves and their future generations), considering farming as a second job or a lack of 

private investment due to dependence on state aid and grants and exercise of government policies in the 

sector, and the lack of profitability.  

Since policies in the agricultural sector are towards promoting the development of pressurized irrigation 

systems and increase in efficiency and water use efficiency, it is predicted that consumption in the coming 

years not exceeds the consumption in the year 2011 (149 million cubic meters per year).  

Cropping pattern and area under water planting are given in Table 3, from the total area of about 7984 

hectares is used for irrigated crops and the remaining land is as fallow or due to lack of water, drying up 

springs and subterranean drop have been deserted. 

The amount of water used in agriculture considering irrigated lands (7984 hectares) with hydro model 

1.16 (liters per second per hectare) and information from the regional water company is over 149 million 

cubic meters of water area per year. 

The volume of surface runoff from the watershed output (kharaji strait) in the years of implementing the 

plan (2011 until 2014) was measured in cooperation with the Regional Water Company of the  province, 
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and the statistics related to some years before 2011 were obtained from the company (Figure 2). The 

outputs from the basin runoff during the three years of the project were, respectively, 17.3, 18.6 and 17.4 

million cubic meters per year. 

 

 
Figure 2: Changes in Precipitation and Surface Runoff Annual Output from the Basin 

 

Basin water balance was calculated by estimating the volume of inflow to the system, the volume of 

outflow from the system and changes in the volume of water stored in the system using the basin water 

balance equation.  

Water supply in the basin directly depends on the amount of annual precipitation and due to the 

characteristics and situation of Jahanbin Plain, thirty percent of the annual precipitation height is 

considered as water height infiltrated in the aquifer.  

The difference between catchment area and plain area, with a relatively steep slope conditions and 

specific topography of that region, 28% of the amount of rain water is considered as infiltration into the 

ground, undersurface move, and guided towards aquifer (Table 4).  

Wastewater from agriculture due to water consumption and irrigation systems 15 percent, penetration 

through water conduct canals 15 percent, and the amount of water penetration by water storage ponds 

have been considered as about 50% of the volume.  

Industrial and domestic wastewater was considered as 60% of water consumption and wastewater 

infiltrated back into the aquifer.  

The total amount of infiltration of rainfall, irrigation, irrigation canals, agricultural ponds, industrial and 

domestic waste, and infiltrated from neighboring basins were considered as the volume of water flowing 

into the system.  

The output water from the system includes water used in agriculture, industry, drinking, and volume of 

surface runoff discharged from the basin.  

With separate calculation of water use in each sector, in the first year of the project (2011-2012) volume 

of water flowing was 185.87 million cubic meters, and the volume of water leaving the system was 

223.16 million cubic meters, which caused negative balance and performance of 37.1 million cubic 

meters and negative performance of the aquifer system and balance caused 1.73 meters reduction in 

underground water levels.  

Even in the years 2012-2013, when the annual amount of precipitation was higher than normal, system 

performance was negative so that the groundwater level has dropped 1.03 meters and during the three 

years of implementing the plan, ground water level shows 5 meters reduction (Figure 1).  
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Table 1: Demographics and the Need for Drinking Water (185 Liters Per Day) in Jahanbin Basin 

Parameter                                                 Predict in Year 

2011 2012 2013 2014 2016 2036 

Population (People) 247628 251343 255113 258940 266766 309593 

The Volume of Water 

Needed (MCM/ Year) 

13.56 13.76 13.97 14.18 14.61 16.95 

 

Table 2: The Volume of Water Needed by the Industrial Sector in Jahanbin Basin 

The Volume of Water Needed in 

2006  

(MCM/ Year) 

Predicted in Year 

2011 2012 2013 2014 2016 2036 

13.58 17.68 18.56 19.49 20.46 22.56 36.75 

 

Table 3: Area under Water Planting 

Type of Planting  Corn Wheat Potato Alfalfa Sugar Beet Beans Clover 

Area (ha) 1996 2714.6 958.1 638.7 798.4 558.9 319.4 

Area (%)  25 34 12 8 10 7 4 

 

Table 4: Water Balance Components Estimated for Study Area during Three Years  

Year Inflow Outflow Groundwater 

Storage 

 Recharge from Inflow 

from 

Other 

Basins 

Outflow 

to 

Other 

Basins 

Water Pumping Net Recharge 

 Rainfall Canal Irrigation Tank Domestic 

Waste 

Water 

Industrial 

Waste 

Water 

Agri Ind Dome  

2011-12 41.16 22.35 22.35 0.086 23.5 10.6 65.8 17.25 149.0 17.7 39.2 -37.1 

2012-13 47.00 22.35 22.35 0.086 23.6 11.1 78.3 18.60 150.3 18.6 39.4 -22.1 

2013-14 40.52 22.35 22.35 0.086 23.8 11.7 67.5 17.43 149.7 21.5 47.6 -48.0 
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Conclusion 

Development issue and relative stagnation in the industrial and production sectors, and directing people 

and ideas to agricultural sector on the one hand and on the other hand satisfying, keeping and encouraging 

the people who have entered this sector (central employment) have led to non-compliance with laws and 

regulations of all relevant stakeholders.  

The result of this issue in the region has led to negative performance of Shahrekord Plain Aquifer 

groundwater basin of Jahanbin with an area equal to 1260.3 square kilometers area (7.7 percent of the 

province area) and 247 628 people (27.66 percent of the population) and with a plain (Shahrekord Plain) 

with an area of 456 square kilometers with 871 deep and semi-deep wells, which is one of the most 

important watershed basins of the province. This is such that the groundwater level of Shahrekord aquifer 

from 2006-2007 until 2013-2014 has dropped 14.9 meters. Consumption in agriculture, drinking and 

industry are, respectively, 68.4, 21.77 and 9.82 percent. Reduction in the level of groundwater in the area 

has led to drying of aqueducts, increasing the cost of pumping water from wells due to the increased 

height of pumping, and displacement of the wells and wells with low aquifer depth mostly in the margins 

and the results are relegated earnings, increase in the costs, increasing unemployment and migration and 

reduced production.  

As rainfall of 2013-2014 was not consistent with the average precipitation (318.12 mm), water 

performance in this year was considered as the base. The results indicate decline in groundwater levels in 

the short term and drying of wells in the long-run.  

In order to sustain the life of the Shahrekord Plain groundwater and creating balance in in the water 

performance of Jahanbin Basin, there is need to regulate the implementation of integrated water resources 

management program with administrative support, with the aim of balanced and sustainable development 

based on watershed activities. 

Recommendations to strengthen the water in the aquifer 

1. Removing tunnel digging to water transfer from Beheshtabad 

2. The implementation of the integrated management of water resources of Jahanbin Basin 

3. The implementation of cultural programs for optimized water use in all sectors and activities 

4. Construction of artificial recharge and watershed management projects in the basin 

5. Pumping wastewater of Shahrekord Water Treatment Plant and directing it into the feeder channel at 

the edge of the plain (south and southwest) 

6. The leading of discharge of some aqueducts and fountains containing water in the non-farming seasons 

to areas in need 

7. Founding earthen dam in kharaji strait pumping and transfer of resulting water into the areas in need  

8. Pumping water from Zayandehroud dam's storage to the heights between Yancheshmeh and Ben and 

directing it toward the plains 

9. Prediction of the action plan in order to establish a balance between supply and demand of water and 

avoiding negative performance of watershed and Shahrekord aquifer  

 

REFERENCES 

Alimohammadi R, Khanna M and Aslani H (2010). Estimation of water requirements for the 

development and management of Borujen Fardonbeh and Sefiddashti aquifer. Second Congress of 

Identifying Problems and Finding Suitable Solutions to Watershed Management in the Watersheds of 

Karoon and Zayandehrud, 953 -945. 

Alimohammadi R, Khanna M, Singh DK, Singh M and Sahoo RN (2011). Modeling of Groundwater 

Quantity and Quality for Developing Water Management Plan. Doctoral Dissertation, Indian Agricultural 

Research Institute.  

Burness HS and Brill TC (2001). The role for policy in common pool groundwater use. Resource and 

Energy Economics 23 19-40. 

Bureau of Statistics, IT and Network Equipment (2012). Agricultural statistics in 2011, Department of 

Planning and Economic Affairs, Agriculture Organization of Chaharmahal va Bakhtiari. 



International Journal of Geology, Earth & Environmental Sciences ISSN: 2277-2081 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm 

2016 Vol. 6 (2) May-August, pp. 29-36/Nafchi 

Research Article 

Centre for Info Bio Technology (CIBTech)  36 

 

Camp MV, Radfar M and Walraevens K (2010). Assessment of groundwater storage depletion by 

overexploitation using simple indicators in an irrigated closed aquifer basin in Iran. Agricultural Water 

Management 97 1876–1886. 

Elci A and Ayvaz MT (2014). Differential-Evolution algorithm based optimization for the site selection 

of groundwater production wells with the consideration of the vulnerability concept. Journal of 

Hydrology 511(16) 736 – 749. 

Gandomkar A and Zarhoun M (2010). Impact of Agriculture on Groundwater Basin depth Buin. 

Second Congress of Identifying Problems and Finding Suitable Solutions to Watershed Management in 

the Watersheds of Karoon and Zayandehrud, 

Management Planning (2011). Report on Economic, Social of management plan Chaharmahal and 

Bakhtiari.  

Razaqmanesh M, Salemi T and Seraj M (2006). Quantitative and qualitative characteristics of 

groundwater Tabriz Plain. National Conference on Management of Irrigation Networks and Drainage, 

Shahid Chamran University, Faculty of Water Sciences 9. 

Singh A (2014). Groundwater resources management through the applications of simulation modeling: A 

review. Science of the Total Environment 499(15) 414 – 423. 

Switzman H, Coulibaly P and Adeel Z (2014). Modeling the Impacts of Dryland Agricultural 

Reclamation on Groundwater Resources in Northern Egypt Using Sparse Data. Journal of Hydrology. 

http://www.sciencedirect.com/science/journal/00489697
http://www.sciencedirect.com/science/journal/00221694

