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Abstract 13 

The Zayandeh-Rud River Basin in the central plateau of Iran continues to grapple with water shortages 14 

due to a water-intensive development path made possible by a primarily supply-oriented water 15 

management approach to battle the water limits to growth. Despite inter-basin water transfers and 16 

increasing groundwater supply, recurring water shortages and associated tensions among stakeholders 17 

underscore key weaknesses in the current water management paradigm. There was an alarming trend of 18 

groundwater depletion in the basin’s four main aquifers in the 1993-2016 period as indicated by the 19 

results of the Mann- Kendall (MK) test and Innovative Trend Analysis (ITA) of groundwater volume. The 20 

basin’s water resources declined by more than 6 BCM in 2016 compared to 2005 based on the equivalent 21 

water height (EWH) derived from monthly data (2002-2016) from the GRACE release 5. The extensive 22 

groundwater depletion is an unequivocal evidence of reduced water availability in the face of growing 23 

basin-wide demand, necessitating water saving in all water use sectors. Implementing an integrated water 24 

resources management plan that accounts for evolving water supply priorities, growing demand and 25 

scarcity, and institutional changes is an urgent step to alleviate the growing tensions and preempt future 26 

water insecurity problems that are bound to occur if demand management approaches are delayed. 27 
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1 Introduction 30 

Water scarcity is a pressing challenge in vast arid and semi-arid regions of Iran (Madani et al., 2016). In 31 

recent decades, the compounding impacts of climate variability and a primarily water-intensive 32 

development path have led to a sharp decline in available water resources in Iran (Madani, 2014; Ashraf 33 

et al., 2018). Climate change  affects the variability of meteorological factors, especially precipitation and 34 

temperature. The global mean surface temperature increased by 0.87°C from 2006 - 2015 compared to 35 

the historical average over the 1850 – 1900 period and the increase is projected to reach 1.5°C between 36 

2030s and 2050s if temperatures continue to rise at the current rate (IPCC, 2018). Arid and semi-arid areas 37 

might be more vulnerable to the adverse effects of climate change than other regions (Jamali et al., 2013; 38 

Zamani et al., 2017; Sanikhani et al., 2018b; Ashraf Vaghefi et al., 2019) while also facing reduced per 39 

capita water availability due to population growth (UN-Water, 2008). 40 

Zayandeh-Rud River is the most important surface water source in the central plateau of Iran, playing an 41 

essential role in meeting agricultural, domestic and industrial demands (Madani Larijani, 2005a). A 42 

number of water transfer projects have been implemented (e.g., Kuhrang Tunnels 1 and 2, and Cheshmeh-43 

Langan Tunnel) with more projects nearing completion or under study to address recurring water shortage 44 

in the Zayandeh-Rud Basin. Table 1 provides a summary of the main attributes of the implemented and 45 

planned water transfer projects. Despite the implementation of water transfer projects, the Zayandeh-46 

Rud River flow has been severely impacted by the water scarcity resulting from agricultural development, 47 

population growth, mismanagement, and prolonged droughts (Madani and Mariño, 2009; Gohari et al., 48 

2017). The Zayandeh-Rud River basin is highly vulnerable to increasing water demand and climate change 49 

(Sharifi and Mirabbasi, 2017; Gohari et al., 2013a and 2014). The river flow has decreased in recent years 50 

in part due to changing spatiotemporal patterns of precipitation. Annual stream flow in the basin is 51 

projected to decrease between 8 and 43% by mid-century under climate change (Gohari et al., 2017). 52 

Consequently, reduced surface water has made it increasingly difficult to meet the water demands of 53 

different sectors, especially agriculture.  54 

Groundwater resources are critical in arid and semi-arid areas like central Iran where runoff and 55 

groundwater recharge by precipitation are smaller and irrigation demands are greater than wet areas 56 

(Mirabbasi and Eslamian, 2010; Mirzaei et al., 2019; Panahi et al., 2020). The Zayandeh-Rud Basin has 57 

witnessed an increasing trend in groundwater withdrawal to sustain socio-economic development in light 58 

of growing water stress, a phenomenon that is observed to varying levels across Iran (Ashraf et al., 2017; 59 

Mirzaei et al., 2019). On a national level, Iran ranked among the nations with highest groundwater 60 

depletion in the first decade of the 21st century alongside India, United Sated, Saudi Arabia, and China 61 

(Döll et al. 2014). Average annual groundwater depletion in Iran between 1960 and 2000 was estimated 62 

at about 4.81 km3/yr, which reached an alarming rate of approximately 10 km3/yr by 2010 (Döll et al. 63 

2014), a strong evidence for the state of “water bankruptcy” in Iran (Madani et al., 2016). Despite spatial 64 

variability, groundwater table cross Iran declined, on average, about 60 cm/year from 2004 to 2015 65 

(Mirzaei et al., 2019). Groundwater vulnerability in Isfahan and Chahar-Mahal and Bakhtiari provinces 66 

were characterized as extreme and mild, respectively (Mirzaei et al., 2019).  67 

Understanding the trend of groundwater availability is essential for long-term water resources planning 68 

and management in water-scarce regions around the world that are undergoing socio-economic 69 

development. Assessment of water resources trends in the arid/semi-arid Zayandeh-Rud Basin, especially 70 

groundwater status, provides notable lessons about water resources sustainability in light of the inter-71 
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basin water transfer projects in central Iran. In this paper, we investigate the trend of groundwater 72 

resources in the four main aquifers in this recipient basin. We characterize the volumetric change in the 73 

available water resources using data from the Gravity Recovery and Climate Experiment (GRACE). Finally, 74 

we discuss major reasons for the growing water scarcity in the basin and offer insights about future water 75 

management strategies in the basin. Continuous monitoring and assessment of groundwater resources 76 

provides a practical image of regional water sustainability to guide water resources management and 77 

socio-economic development path.  78 

2 Zayandeh-Rud Basin  79 

The Zayandeh-Rud Basin in central Iran covers an area of about 39,880 km2 in four provinces of Isfahan, 80 

Chahar-Mahal and Bakhtiari, Fars, and Yazd (Fig. 1). The river originates in the Zagros Mountains in 81 

western Iran and flows into the Gav-Khouni Marsh in the east of the basin. Gav-Khouni Marsh is a 82 

preserved site under the 1971 Ramsar Convention of Wetlands. Central Zagros Mountains located in 83 

Chahar-Mahal and Bakhtiari province provide 90% of the surface water in the river while most of the basin 84 

area is located in the Isfahan province. The river supplies drinking water to more than 5 million people in 85 

several cities such as Isfahan and Yazd. The annual precipitation varies from 1500 mm in the mountains 86 

to 50 mm near the marsh. Table 2 summarizes the main characteristics of the basin.  87 

To increase water supply for various purposes, three water transfer projects were completed since the 88 

1950s with a fourth project (i.e., Kuhrang Tunnel Number 3) expected to become operational in 2021. In 89 

addition, there are five additional projects that are currently under study. The Zayandeh-Rud Reservoir is 90 

the largest surface water reservoir in the basin with a capacity of 1,500 million cubic meters (MCM), which 91 

went into operation in 1971. Since 2002, the Zayandeh-Rud Basin has become a donor basin by 92 

transferring about 100 MCM of water annually to Yazd province for domestic and industrial sectors. Only 93 

about 65% of this amount has been delivered in recent years due to reduced streamflow. Another water 94 

transfer project has been completed to deliver about 35 MCM/year to Kashan City in Isfahan Province, 95 

although only about 55 % of this amount has been delivered due to water shortage.   96 

About 74% of total demand in the basin  is supplied from groundwater resources (Mohajeri et al., 2016) 97 

to complement surface water supply, primarily, from the Zayandeh-Rud River. Agriculture is the biggest 98 

water user in the Zayandeh-Rud Basin (Gohari et al., 2013b), which is responsible for up to 90% of the 99 

groundwater withdrawal depending on surface water availability condition. Five modern irrigation 100 

networks have been built in the basin (Table 3). As a result, the area of the cultivated lands serviced by 101 

the modern irrigation networks increased from 45,000 ha to 130,000 ha. Furthermore, additional water 102 

is diverted from the river to irrigated lands through pumping of direct surface runoff which collects in the 103 

river. In recent dry years, the Gav-Khouni Marsh received almost no flow due to increased upstream 104 

anthropogenic water demand and droughts. Fig. 2 shows the time series of inflow to the Zayandeh-Rud 105 

Dam and Gav-Khouni Marsh between 1975 -2016.  106 

The volume of groundwater decreased about 5,000 MCM (an average of 315 MCM/year) between 1995 107 

and 2009 and groundwater table has generally dropped about 20 m, although in some regions drawdowns 108 

of approximately 50 m have been observed (Mohajeri et al., 2016). The annual streamflow decreased 109 

from 1,800 MCM to 1,200 MCM during the same period. Fig. 3 illustrates the extent of the four main 110 

aquifers in the Zayandeh-Rud Basin, including Lenjanat, Najafabad, Isfahan and Kouhpaieh-Segzi. 111 

Zayandeh-Rud River plays a key role in recharging the Lenjanat and Najafabad aquifers. Thus, fluctuation 112 

of streamflow has a significant impact on the level and volume of groundwater in both of these aquifers. 113 
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Table 4 shows the number of registered and unregistered wells and groundwater withdrawal from the 114 

aquifers in the region between 2006 and 2016. About 91% of the registered wells and 78% of the 115 

unregistered wells in the basin and the province tap into these four aquifers, withdrawing about 2,600 116 

MCM annually. The amount of reported groundwater withdrawal from registered wells has remained 117 

around 2,250 MCM despite a dramatic increase in the number of these wells within a decade, indicating 118 

a potential decline in the recoverable groundwater.  119 

3 Methods 120 

3.1 Trend Analysis 121 

We applied two non-parametric methods, including Mann-Kendall (MK) (Mann, 1945; Kendall, 1975) and 122 

Innovative Trend Analysis (ITA) (Şen, 2012) to analyze the trend of groundwater volume in the basin’s four 123 

main aquifers. We used data that were compiled from the Isfahan Regional Water Company (ISRW) for 124 

the 1995 - 2015 period. The MK test procedure is described as follows. Assuming that the data are 125 

independent and identically distributed, the S statistic of Mann-Kendall test is computed using eq. 1: 126 

( )
1

1 1

sgn
n n

j i

i j i

S x x
−

= = +

= −           (1)  127 

where xi, and xj denote sequential ith and jth groundwater data points, respectively; n denotes the sample 128 

size; and sgn (.) is the sign function which can be computed as: 129 

( )

1

sgn

1

, ( )j i

if

if

if

x x



 







= =

− 




= −



           (2) 130 

 131 

The mean (E(S)) and variance (Var(S)) of the S statistic in Eq(1) are as follows (Kendall, 1975): 132 
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where ti denotes the number of data values in the tth group.  136 

Then the standardized statistic of the S statistic, i.e. Z can be computed as: 137 
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If computed Z is greater than −𝑍1−𝛼/2 or less than 𝑍1−𝛼/2 , there is no trend in the time series at the 140 

significance level of α. On the other hand, if Z value is positive and greater than 𝑍1−𝛼/2 , the trend is 141 

upward whereas if the Z value is negative and less than −𝑍1−𝛼/2 , the trend is downward. 142 

The second non-parametric test is the Innovative Trend Analysis (ITA) (Şen 2012). ITA is based on the fact 143 

that the plotting of two identical time series on the Cartesian coordinate system would be as the points 144 

scattered along 1:1 (45°) line. We can divide a time series into two equal parts and plot the first half of 145 

the time series against the second half (Şen, 2012). If all the points fall on the 1:1 line, there is no trend in 146 

the time series. Conversely, there is an increasing (decreasing) monotonic trend in the time series if all 147 

the points are located above (below) the 1:1 line. A monotonic trend means that the variable changes 148 

consistently through time (i.e., increases or decreases), but the trend may or may not be linear. The time 149 

series has nonmonotonic trends when the points do not fall above (below) the line completely and instead 150 

intersect the 1:1 line (Sanikhani, 2018a).  151 

3.2 GRACE Data 152 

Continental water storage changes can be determined by using GRACE data from March 2002 (Tapley et 153 

al., 2004). GRACE detects short time scale mass variation on the Erath’s surface. These changes occur only 154 

in a water-bearing layer close to the surface. Therefore, the surface mass density can be converted into 155 

water height, which is commonly denoted as the equivalent water height (EWH) (Tourian, 2013). Monthly 156 

time scale data from the GRACE release 5 GeoForschungsZentrum (GFZ) (Dahle et al., 2013) were used to 157 

analyze the water storage change in the Zayandeh-Rud River basin during 2002- 2016 based on the 158 

availability of groundwater data. The quality of the data was checked prior to the analysis. For this 159 

purpose, the effect of the major tidal components was modeled and contaminating noise from different 160 

sources removed from the GRACE monthly solutions (Tourian, 2013). Readers are referred to Seo et al. 161 

(2008) and Tourian (2013) for more information about contaminating noise in the GRACE monthly 162 

solutions. 163 

The GRACE monthly solutions also have high-frequency noise. In this study, a 300 km Gussian filter was 164 

applied to reduce the noise. Then, the filtered solutions were transformed to equivalent water height ΔM 165 

on 0.5° × 0.5° grids using equation 6 (Wahr et al., 1998):  166 
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where ave : the Earth’s average density (5515 kg/m3); R : the radius of the Earth (6378.137 km); w  : 168 

the water average density (1000 kg/m3); kl : the load Love number of degree l; Ylm : the normalized 169 

spherical harmonic function of degree l and order m with max 90l = , and lmK : the normalized complex 170 

spherical harmonic coefficients after subtracting the temporal mean.  171 
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where  : the basin index, p : the number of pixels related to  ; iA : the area of the grid cell i (0.5° × 0.5° 175 

or 55 km × 55 km at the equator) in ; and A
: the total area of  . 176 

We used the singular spectrum analysis (SSA) to investigate the trend of the GRACE data using a 4-year 177 

window size for implementation. SSA is a data-driven approach that separates time variable seasonal 178 

signals and nonlinear trend and estimates the trend afterwards (Blewitt and Lavallée, 2002). The SSA relies 179 

on recognizing the principal pattern in the data for the purpose of decreasing the variance order. In this 180 

approach, the information is extracted from the short and noisy time series without prior recognition of 181 

the affecting dynamics on the time series (Broomhead and King, 1986). For more information about this 182 

approach please refer to Ghil et al. (2002) and Hassani (2007). 183 

4 Water Resources Trends  184 

Groundwater resources: Table 5 provides the trend of groundwater volume obtained from MK and ITA 185 

methods. The results of MK method indicate that the volume of groundwater in the most important 186 

aquifers in the Zayandeh-Rud Basin has decreased substantially at 1% significance level. The MK test Z 187 

values for the Zayandeh-Rud basin aquifers range between -6.67 and -3.55. According to the ITA method 188 

results, there is a decreasing nonmonotonic trend in the volume of groundwater in the Lenjanat aquifer. 189 

The groundwater volume in Najafabad, Isfahan and Kouhpaieh – Segzi aquifers displays a downward 190 

monotonic trend. The scatter diagram between the first half (1993-2004) and the second half (2005-2016) 191 

of the groundwater volume time series (GWVT) of the aquifers are shown in Fig. 4. Three of the four 192 

aquifers exhibit monotonic decreasing trend because all the points in each scatter diagram are located 193 

under the 1:1 line and only Lenjanat aquifer shows nonmonotonic trend because the points cut the 1:1 194 

line and low values are under the line.  195 

Fig. 5 illustrates the volumetric changes in the aquifers from 1993 to 2016. Although the volume of 196 

groundwater increased in some years, an overall decreasing trend was observed in the volume of all the 197 

aquifers. In 1993, the groundwater level was normal (i.e., close to historical mean) in Lenjanat and 198 

Kouhpaieh-Segzi and was very high in Najafabad. But in 2016, these aquifers have lost about 300 MCM of 199 

their normal volume. Isfahan aquifer was different compared with other aquifers. The starting 200 

groundwater volume in this aquifer was -2,000 MCM in 1993, which decreased continuously to less than 201 

-3,000 MCM in 2016, indicating growing groundwater depletion.  202 

Surface water: Flow trend analysis results based on the MK test do not suggest a statistically significant 203 

trend (Z=0.453) in the inflow to the Zayandeh-Rud Reservoir. However, the ITA method indicates a 204 

decreasing trend in the inflow during the last four decades. The scatter diagram between the first half and 205 

the second half of the annual inflow to the Zayandeh-Rud eservoir time series are presented in Fig. 6. We 206 

divided the annual inputs into three clusters of high, middle, and low volumes (Sen, 2012). A decreasing 207 

trend was detected in the low and high flow volume clusters while no trend was discerned in the middle 208 

cluster as indicated by the concentration of most of the points around 1:1 line. The smaller low flows are 209 

likely related to the expansion of rain-fed cultivation areas upstream of the dam, which decrease 210 

groundwater recharge as the main source of the base flow. A decrease in higher flow volume, likely related 211 

to changing spatiotemporal precipitation patterns from snow to rain in recent years, results in higher 212 

water stress in the basin.  213 



 7 

Water resources changes in the basin: The EWH derived from GRACE over the Zayandeh-Rud River basin 214 

between 2002 and 2016 is illustrated in Fig. 7. The red line in the figure, which is obtained from SSA time 215 

series shows a decreasing trend in EWH in the basin. The EWH increased about 32.8 ± 10.3 mm from 2002 216 

to 2005. Since 2005, the EWH decreased to about -119.5 ± 11.4 mm in 2016. An approximate estimate of 217 

the changes in the volume of water in the basin was obtained by multiplying the EWH value by the basin 218 

area (i.e., about 39,880 km2). The basin lost about 4.76 BCM and 6.07 BCM of water in 2016 compared 219 

with 2002 and 2005, respectively.  220 

5 Discussion 221 

The challenge of providing reliable water supply for various uses has soared among Iran’s national security 222 

concerns due to growing demand and diminishing resources (Madani Larijani, 2005b; Madani, 2014). The 223 

concerns are particularly dire in major population centers in the central plateau of Iran where the country 224 

has actively pursued socioeconomic development in the last decades. Water availability is emerging as a 225 

factor that affects population dynamics in central Iran because water has essentially been used as a driving 226 

force for development (Gohari et al., 2017). There is currently a migration trend from rural farming 227 

communities to urban areas partially, but importantly, due to severe irrigation water shortage (Ghasemi 228 

Nejad et al., 2011). Farming as a profession is losing its appeal to the younger generation in areas where 229 

farming was traditionally the primary means of livelihood. The younger generation is becoming 230 

increasingly educated, and they favor living in urban areas such as Isfahan in hopes of having steady 231 

employment opportunities and higher standards of living. However, in regions where industrial 232 

development has occurred, there is less tendency to migrate (Ghasemi Nejad et al., 2011)  233 

In effect, the Zayandeh-Rud Basin is battling limits-to-growth (Meadows et al., 1972) by overusing 234 

available water resources within the basin and from outside sources to support a water-dependent 235 

development paradigm, which is bound to create graver water shortages in the future (Madani Larijani, 236 

2005a; Madani and Mariño, 2009; Madani, 2010). The observed and projected effects of water transfer 237 

to the Zayandeh-Rud Basin have been discussed in several recent studies. Safavi (2014) contends that 238 

water transfer is not a choice for the Zayandeh-Rud River but a necessity. Madani and Mariño (2009) and 239 

Gohari et al. (2013a) illustrated that water transfer projects in the Zayandeh-Rud basin have led to rising 240 

water demand through socio-economic development feedbacks of each water transfer project, ultimately 241 

causing water shortages to reappear in an exacerbated form due to concealing the root cause of the 242 

problem. Despite water availability challenges, unsustainable development has continued in different 243 

aspects, including the urban, agricultural, and industrial sectors while marginalizing the ecosystem 244 

services of the Gav-Khouni Marsh. Shrinkage of the Gav-Khouni Marsh, the seasonal flow of the Zayandeh-245 

Rud River, an important tourist attraction in the City of Isfahan, and the widespread groundwater 246 

depletion have alerted residents about the severity of the water shortage problem in the basin 247 

(Ghasemzadeh et al., 2014). 248 

The water demand in the basin has clearly outgrown the renewable and managed water supply (Gohari 249 

et al., 2013a), leading to the state of ‘water bankruptcy’ (Madani et al., 2016). The basin’s total 250 

agricultural, industrial, domestic and environmental pure water demand is currently estimated at about 251 

2,300 MCM (Safavi, 2014) while the total supply, including natural runoff and water transfer projects in a 252 

normal year is about 1,550 MCM. Following the construction of the Zayandeh-Rud Dam, modification of 253 

traditional irrigation networks and construction of modern irrigation networks, the irrigated fields served 254 

by the river water have tripled, increasing from 45,000 ha in 1970 to more than 135,000 ha in 2010 (Table 255 
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3). Cultivated area in the basin reached >300,000 ha in the 1990s by exceeding water quotas and water 256 

withdrawal from the river and groundwater resources through unpermitted diversions and pumping. 257 

Although cultivated area is strongly influenced by the amount of rainfall, the basin’s total cultivation area 258 

(including orchards and crop fields) peaked (310,000 ha) in 1994 and 2006, when the highest inflow 259 

volume to the Zayandeh-Rud Dam was recorded (Fig. 2). The area of irrigated orchards has increased 260 

about 22,000 ha, reaching to more than 48,000 ha in 2016. The majority of orchards are located in Chahar-261 

Mahal and Bakhtiari provinces while most of the new irrigated fields are in the Isfahan province.   262 

Surface water diversions from the Zayandeh-Rud River to meet domestic demand increased dramatically 263 

in the first decade of 21st century, reaching > 410 MCM in 2016. Table 6 shows that the volume of surface 264 

water diversions from the river for domestic water demand has increased steadily. Groundwater 265 

resources are overdrafted to avoid water deficit in different use sectors to the extent possible. This 266 

situation has put excessive pressure on the main aquifers, accelerating the trend of groundwater table 267 

decline in the last two decades due to overuse. The groundwater table decline is expected to continue if 268 

the projected negative trend of surface water availability persists throughout the 21st century under the 269 

status quo water management paradigm (Eslamian et al., 2017; Ashraf et al., 2018). Side-effects of 270 

unsustainable water management and farming on unsuitable lands (Mesgaran et al., 2017), which are 271 

observed in the basin, include land subsidence, soil salinization due to irrigation with saline water 272 

extracted from deep layers, and air pollution due to increasing levels of dust in the air originating from 273 

Gav-Khouni Marsh and other dried lands in close proximity of urban areas. 274 

Researchers have examined various adaptive water management strategies to cope with water shortage 275 

(Gohari et al., 2013b and 2014; Zamani et al., 2019). Safavi (2014) proposed some solutions to address the 276 

basin’s water shortage without water transfer, including increasing irrigation efficiency through water 277 

saving technologies and optimal management of water in agriculture. Water saving is essential in all water 278 

use sectors in the basin, including agriculture. Although changing the irrigation method from traditional 279 

to modern pressurized systems can increase the efficiency, the net water saving effect can be countered 280 

by the growth in cultivation area resulting in greater total water demand (Ward and Pulido-Velazquez, 281 

2008), which has been observed in the basin in recent years.  One of the critical places to start is to identify 282 

water-intensive agricultural practices that contribute to inefficient water use. However, achieving water 283 

savings in the agricultural sector will be contingent on the help and buy-in from the agricultural 284 

community facilitated by appropriate technological and policy support mechanisms to protect the viability 285 

of the agricultural economic activities and/or create alternative sources of income. In 2006, more than 286 

17,000 ha of rice was planted in the basin (Felmeden et al., 2014), a practice that has since been officially 287 

banned by the government but not fully prevented in practice. The basin’s cultivated area is planned to 288 

stabilize at about 310,000 ha by 2025 (Felmeden et al., 2014).  289 

The recurring need for water transfer projects and falling groundwater level in the basin are compelling 290 

signs of the imbalance between water supply and demand that is exacerbated as a result of a water-291 

dependent development model. It is essential to reform the regional water management paradigm by 292 

revisiting the principles of sustainability to alleviate growing tensions and future water insecurity 293 

problems in the Zayandeh-Rud Basin. Agricultural water allocations in the Isfahan province follow the 294 

principles of a four-century old agricultural water sharing scheme known as the Shaikh Baha’i scroll, 295 

named after the architect who developed the scheme (Torfe et al., 2017). However, due to water demand 296 

growth in the face of frequent droughts as well as the reforms in the geographical boundaries of water 297 

allocation authorities within the basin (Madani, 2014), full implementation of agricultural water rights has 298 
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faced difficulty after the construction of the Zayandeh-Rud Dam, especially in the last two decades. This 299 

has caused tensions in the agricultural communities that demand honoring the historical water sharing 300 

scheme. New drinking water demand in urban areas, which takes priority over agricultural water demand, 301 

coupled with increased irrigation water demand due to expansion of cultivated areas makes it increasingly 302 

challenging to meet historical agricultural surface water rights. Further, about 15 years ago, political 303 

boundaries replaced river basin boundaries as the basis for regional water resources management. This 304 

new fragmentation has increased competition among stakeholders in Isfahan and Chahar-Mahal-and-305 

Bakhtiari provinces. There is an urgent need for a new integrated water resources management plan that 306 

accounts for water supply priorities, growing demand and scarcity, and institutional changes.  307 

6 Conclusions 308 

Inter-basin water transfers and increasing groundwater supply to make up for river water shortage have 309 

not been adequate to cope with water scarcity in the Zayandeh-Rud River Basin. Quantitative analysis of 310 

groundwater volume in four main aquifers in the basin in the 1993-2016 period using the MK and ITA 311 

approaches indicates an alarming trend of groundwater depletion. This is evident in a decreasing 312 

monotonic trend in three aquifers (Najafabad, Isfahan and Kouhpaieh–Segzi) and a downward, albeit 313 

nonmonotonic, trend in the fourth aquifer (Lenjanat). Inflow to the Zayandeh-Rud Dam over the last four 314 

decades displays no significant trend overall, although there is a decreasing trend in high flows potentially 315 

due to changing precipitation patterns from snow to rain in recent years. The equivalent water height 316 

(EWH) derived from monthly data from the GRACE release 5 GFZ (2002-2016) shows a rise (32.8 ± 10.3 317 

mm) between 2002 and 2005 followed by a period of gradual decline by about -119.5 ± 11.4 mm up to 318 

2016 (i.e., a water loss of more than 6 BCM in 2016 compared to 2005).  319 

Water shortage in the Zayandeh-Rud Basin is a complex problem, which needs a long-term portfolio-based 320 

management approach (Madani et al., 2016). The root cause of the growing water shortages is a water-321 

intensive development path made possible by a primarily supply-oriented water management approach 322 

to battle the water limits to growth in the face of increasing competition over water. The shrinkage of the 323 

Gav-Khouni Marsh and frequent dry-up of the Zayandeh-Rud River have alerted residents about the 324 

severity of the water shortage problem in the basin. The widespread groundwater depletion is a robust 325 

evidence of reduced water availability in the face of growing basin-wide demand. Water saving is essential 326 

in all water use sectors in the basin, including urban and agricultural areas. There is an urgent need for an 327 

integrated water resources management plan by revisiting the principles of sustainable development 328 

while accounting for evolving water supply priorities, growing demand and scarcity, and institutional 329 

changes.  330 

 331 
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Tables 460 

 461 

Table 1: Inter-basin water transfer to the Zayandeh-Rud Basin. 

Name Year of operation Annual capacity (MCM) Length (m) Donor basin 

Kuhrang Tunnel No 1 1954 297 2,800 Karun 
Kuhrang Tunnel No 2 1985 246 2,873 Karun 
Kuhrang Tunnel No 3 2021 (expected) 268 23,409 Karun 
Cheshmeh-Langan Tunnel 2005 120 13,700 Dez 
Khadangestan Tunnel Under study 80 11,300 Dez 
Yalan Tunnel Under study 165 23,000 Dez 
Pashandegan Tunnel Under study 245 18,800 Dez 
Goukan Tunnel Under study 525 38,000 Dez 
Beheshtabad Tunnel Under study 746 65,000 Karun 

 462 

 463 

 464 

Table 2: General characteristics of the Zayanhdeh-Rud River basin. 

Elevation range (m) 1470 – 3,974 
Annual average precipitation range (mm) 50 -1,500 
Annual temperature range (°C) 3 - 30 
Annual average humidity range (%) 24 - 57 
River length (Km) 350 

 465 

 466 

 467 

 468 

 469 

Table 3: The main irrigation networks in Zayandeh-Rud River basin. 

Irrigation network 
Main 
channel 
length (Km) 

Main channel 
discharge (m3/s) 

Cultivation area served by network (ha) 

Modified traditional 
network 

Developed modern 
irrigation network  

Nekuabad 
Left 60 50 

21,300 17,100 
Right 35.3 15 

Abshar 
Left 36 15 4,350 10,650 
Right 32 15 4,050 9,950 

Roudasht 89 50 16,200 26,000 

Borkhar 86 12 0 3,600 

Mahyar 82 12 0 22,000 
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 470 

Table 4: Registered and unregistered wells and their corresponding total groundwater 
withdrawal from the four aquifers and Gav-Khouni Basin and across Isfahan Province   

Registered (2006) Registered (2016) Unregistered (2016)  
Number Volume 

(MCM) 
Number Volume 

(MCM) 
Number Volume 

(MCM) 

Lenjanant 1,324 212 1,609 163.1 1,586 46.6 

Najafabad 10,620 1,006 13,708 863.8 3,858 162.1 

Isfahan 1,727 451 4,754 480.9 1,469 18.1 

Kouhpaieh-Segzi 5,462 592 10,917 762.8 10,102 101.8 

Gav-Khouni Basin 2,3328 2,212 34,723 2,751.2 17,568 341.0 

Isfahan Province 26,697 4,128 40,614 3,394.7 20,788 384.3 

 471 

 472 

Table 5. Results of the Mann-Kendall and ITA analysis of groundwater volume  473 

Aquifer  
Mann-Kendall  

     ITA method 
Trend (+ or -) Z Value 

Lenjanat Yes (-) -3.55      Nonmonotonic (-) 

Najafabad Yes (-) -5.58      Monotonic (-) 

Isfahan Yes (-) -6.67      Monotonic (-) 

Kouhpaieh- Segzi Yes (-) -5.56      Monotonic (-) 

 474 

 475 

Table 6. Surface water withdrawal (MCM) from the Zayandeh-Rud River for domestic water supply  

Year Kashan transfer Yazd transfer Isfahan City Total Surface Water 

2001 0 0 146 146 

2006 8.8 75 259 342.8 

2011 12.9 68.9 286 367.8 

2016 20 66.6 326 412.6 

   476 



 16 

Figures 477 

 478 

 
Fig. 1: Zayandeh-Rud River basin in central Iran 

 479 

  480 



 17 

 

Fig. 2: Time series of inflow to Zayandeh-Rud Reservoir and Gav-Khouni Wetland from 1975 to 2016. 
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Fig 3: Main aquifers in the Zayandeh-Rud River basin 

 483 

  484 
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Fig. 4: Results of the ITA method for the changes in the aquifer volume (The dashed-line is 1:1 line) 
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 486 

  

 
 

Fig 5: Groundwater depletion in the main aquifers from 1995 to 2014. 
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 488 

  
Fig 6. Results of the ITA methods for the changes in annual input to Zayandeh-Rud Dam reservoir (The 

dashed-line is 1:1 line) 
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Fig. 7: Equivalent water height (EWH) derived from GRACE over the Zayandeh-Rud River Basin 
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