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Abstract
Background and objectives
Water resource management, particularly groundwater, holds special significance in arid and
semi-arid regions. Over the past few decades, various natural and human factors have led to
critical conditions in groundwater resources. Lack of proper understanding and excessive
exploitation of groundwater has resulted in irreversible damages such as severe and permanent
groundwater level decline, reduced discharge of wells and Qanats, and alterations in groundwater
flow patterns, including the intrusion of saline water fronts and mixing with saline water sources.
Therefore, this study aims to evaluate the quantitative characteristics of groundwater in the central
desert watershed during the statistical period from 2002—-2003 to 2018-2019.
Research Methodology
The central desert watershed is part of the major depression of central Iran, encompassing
significant cities such as Semnan, Damghan, Neishabor, Sabzevar, Garmsar, Kashmar, and
Esfarayen. It covers an area of approximately 226,523 Km2, situated between the southern Alborz
and northeastern Zagros mountains. To assess the quantitative status of groundwater, data on
water levels and elevations from existing observation wells within the aquifers of the study areas
in the central desert watershed were utilized for the specified statistical period. Subsequently,
depth-to-water and water table contour maps were prepared, and groundwater level fluctuations,
changes in aquifer storage volume, and drought conditions in each study area were analyzed.
Results
Based on updated statistics up to the 2018-2019 hydrological year, the central desert watershed
contains 29,360 groundwater sources (including wells, springs, and ganats), with an annual
extraction volume of approximately 3,659 million m3. In terms of quantity, springs, ganats, deep
wells, and semi-deep wells account for approximately 19%, 21%, 39%, and 21% respectively,
while in terms of discharge volume, they constitute around 9%, 16%, 72%, and 3% of the total
groundwater withdrawal. The most significant groundwater level declines occurred in the
Rashtkhar, Eyvanaki, and Kashmar areas, with respective deficits of -29.30, -25.50, and -18.40
meters. Annual and cumulative changes in aquifer storage volume across the central desert
watershed during the statistical period from 1998 to 2019 indicate a total reduction of 25,317.12
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million cubic meters. Furthermore, the trend of the Groundwater Resource Index (GRI) for the
entire watershed shows the first drought occurred in October 2010, with the overall GRI trend
indicating a continued decline.

Conclusion

Overall, in most of the study areas within the central desert integrated watershed, groundwater
extraction from wells significantly exceeds that from springs and ganats. Thus, deep and semi-
deep wells represent the dominant groundwater exploitation system. These findings indicate an
unsustainable use of groundwater resources to support and expand human activities in Iran’s
largest watershed, located in an arid/semi-arid region. If left unmanaged, such overexploitation
may lead to serious environmental problems and socio-economic consequences. Given the
unpredictable nature of climatic droughts and the impossibility of preventing their occurrence, it
is essential to mitigate their negative impacts through proper planning and sustainable
groundwater resource management.

Keywords: Central desert, drought, groundwater level decline, over-extraction.
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Figure 1- Location of the Central Desert watershed compared to othersin Iran
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Table 1- Name, code and area of the study areas of the central desert watershed
No. Study area Study Code Area (Km2) No. Study area Study Code  Area (Km2)
Central Desert
1 (Dasht-¢ Kavir) 4701 56151 26 Jangal 4726 1425
2 Semnan Desert 4702 5110 27 Rashtkhar 4727 2409
3 Sorkheh 4703 1639 28 Torbat Heydariyeh 4728 2504
4 Semnan 4704 2198 29 Kashmar 4729 2041
5 Garmsar 4705 5532 30 Rivash 4730 615
6 Firozkuh 4706 1661 31 Torod 4731 5759
7 Mubarakieh (Garmsar Desert) 4707 3027 32 Biarjomand 4732 2820
8 Ivanki 4708 948 33 Khartooran desert 4733 3553
9 Humand Absard 4709 548 34 Davarzan 4734 4946
10 Chopanan 4710 5107 35 Sabzevar 4735 5577
11 Jandaq 4711 2852 36 Ataieh 4736 3115
12 Khor-Farokhi 4712 3794 37  Ghanle Meidan Sangerd 4737 1259
13 Bayazeh 4713 5181 38 Neishaboor 4738 7330
14 Halvan-Robatkhan 4714 6731 39 Dashtrakh 4739 2082
15 Dashtgarandan 4715 5828 40 Jovein 4740 5651
16 Droneh 4716 5915 41 4741 1530
17 Bardeskan 4717 2524 42 Jajarm 4742 2477
18 Namak Desert 4718 3053 43 Esfaraien 4743 4498
(Bajestan Desert)
19 Firdous 4719 2929 44 Shoghan 4744 1140
20 Bashrouye 4720 6404 45 Safi abad 4745 2595
21 Bajestan_Younis 4721 4158 46 Miami 4746 5077
22 Mohavalat 4722 2145 47 Damghan 4747 5917
23 Azghand 4723 1875 48 Damghan desert 4748 9519
24 Bimorgh-e Omrani 4724 2867 49 Shahrood 4749 1309
50 Bastam 4750 1326
25 Gonabad 4725 1872 _ Total 4702 296523
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Table 2- Drought severity classification according to GRI values (after Naeimi et al, 2020)

Drought classes GRI
Very intense fear 2<
Severe fear 15-2
Moderate fear 1-15
Mild fear 05—1
Normal -05-05
Mild drought 05— -1
Moderate drought -1—-15
Severe drought 15— -2
Very intense drought > _9
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Figure 2- a) Percentage share of each water source and, b) number of deep wells, semi-deep wells, qanats and
springs in the central desert watershed during the period 2002-2018
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Figure 4- Results of water level in the Central Desert watershed during the period of a) 2002-2008, b) 2009-2013,

and c) 2014-2018
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2013, and c) 2014-2018.
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Figure 9- Cumulative changes in groundwater volume (million cubic meters) in 2018-2019
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Figure 10- Changes in groundwater level (m) in 2018-2019
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Central Desert watershed
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Figure 13- a) Percent and, b) volume of discharge of groundwater from deep wells, semi-deep wells, Qanats, and
springs in the Central Desert watershed during the period 2002-2018
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Figure 14- a) Percent and, b) volume of discharge of groundwater resources consumed as agricultural, drinking
and industrial sectors in the Central Desert watershed during the period 2002-2018
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Figure 15-Discharge from different groundwater resources in the study area of Central Desert of Iran in the

period 2002-2018
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Figure 16- Discharge of groundwater resources for various applications in the study area of Central Desert of
Iran in the period 2002-2018
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