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Introduction

Groundwater represents one of the largest stocks of accessible freshwater and accounts for about
one-third of freshwater consumption globally (Famiglietti, 2014). Overpumping the groundwater,
especially in arid and semiarid areas, has had negative effects on the environment. Recognizing the
productivity of water and soil resources is the first step toward planning and managing the increasing
optimum operation of these resources. Water resource management, especially that of groundwater,
is very important in the arid and semiarid regions (Moslemi, 2015). Water Crisis is one of the most
important environmental hazards that have social and economic consequences. Now we have a
serious challenge in countries that they have been overpumping groundwater, which further
extraction from groundwater table has caused a decrease in the groundwater level in most areas in the
world (Moslemi,2015). Statistics in world resources show that groundwater decreasing process has
hard conditions. The index of the water crisis in Iran, considering its presence in a dry and semi-arid
region, is more unfavorable than the average level in the world, in other words, up to one percent of
world populations live in Iran while its portion from sweet water resources is just 0.36 %. On the
other hand, all the world just uses 45% of the resources, but Iran has used 66% of its saved sweet
water (Khorani and Khajeh, 2014). In population program and their environment national
organization, Iran is at the 100th place on the list of countries that their rehabilitation of sweet water
per person is low. According to international standards, Iran will soon be in a state of a scarcity of
water and will be in a group of countries facing a water crisis (Bargahi and Mousavi, 2007). Research
shows that from 609 aquifers in Iran, 300 aquifers are in critical conditions and deemed among
forbidden regions for over-extraction and another 40 aquifers are determined to be in critical
conditions (Moslemi and Darvishi, 2018). So, in these conditions, we must study more about Iran’s
aquifers; although with an exact prediction of groundwater table changes, we can use that in trust
water preparation planning and also, in water resource management. Jaghin and Tokahor aquifers in
the southeast of Iran are in arid climate conditions, and during recent years, it has been facing a low
drop of water table. If we want to have a good decision and correct the planning in management and
the extraction methods from these aquifers, it is necessary that the underground water in these plains
be investigated in a long period and the complete management solutions be determined. Our goal in
this study is investigating the water crisis that happened in Jaghin and Tokahor aquifers and its
causing factors. We hope that this project will be one of the important steps for attracting attention to
the water crisis in this case study.
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Materials and methods
Case study introductions

Jaghin and Tokhor are 170 km to the east of Hormozgan Province between Minab and Rodan. It
is between 57 degrees and 12 minutes to 57 degrees 45 minutes latitude to the east and longitude of
26 degrees and 57 minutes to 27 degrees and 27 minutes to the north with 620.7 km2 that 54 km2 of
that are a mountain area and 105.5 km2 are a plain area. According to geological characteristics,
alluvial sediment condition, and extraction well locations, the alluvial table area is 279.4 km2. The
plain and mountains in Jaghin and Tokahor are shown in fig (1). This plain is bound from the north
by Ketaron Spear Mountain, from the east and southeast by Bashagard mountain, from the northeast
by Manojan River and Bashagerd mountain, from the south by Sorni River, and from the west and
northwest by Dargir mountain. The case study is in the southeast of Iran, and it is across Sanandaj —
Syrjan geomorphology and Makran zone. This area according to Domarten climate categories is
considered a dry climate. About 35000 people live in the plain with an economic system that is
partially based on agriculture, and it has rural economic characteristics. About 97% of the extracted
water volume of the groundwater table is used for agricultural activities. In addition, the other
watershed and plain characteristics, such as environment and climate parameters, are shown in table
(1). The main goal in this study is evaluating the water condition, especially the one of Jaghin and
Tokahor underground water, and showing the critical and main factors. For this project we use these
statistics and information:

o Reports and essays about the subject

o climate data, such as annual mean precipitation and evaporation in some stations at the plain

surface in the statistics period (1991-2011)

o  The Monthly well water table at the observed plain in the statistics period (1991-1992)

e  Some software and GIS
For investigating the consequences of groundwater table decline at Jaghin plain and Tokahor, we
used data from 1991-1992 period, and then the climate, hydrologic, hydrogeologic, geologic, and
geographic data were calculated and analyzed. With the water table use of 30 circle wells in the
observed plain, we investigated the changes in water table processing with their unit hydrograph.
With their results, we identified a water tabled decline and evaluated it. Then for showing the
landscape of total future underground water resources, we predicted conditions for wells for all the
plain. Because all prediction-based data are from the past, in this study, we used the well
underground table from 20 years, and considering that the current nutrition processing and water
table drainage continue, we predicted the condition for 10 years, in other words, the water year 2020-
2021. Finally, after concluding results and investigating solutions, we found the best solution for
decreasing the problems.

........ < 0 Sen000

Fig. 1- Plain boundaries and heights in the area of study of Jaghin-Tokahor
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Table 1- Some Characteristics of the Watershed of the Plain

Specifications the amount of
Average annual temperature 26
Average annual rainfall 210 mm
Area of the watershed 1184.7 km?
Range of the balance sheet plain 279.4 km?
Aquifer saving factor 0.04
Coefficient infiltrate agricultural %25
Coefficient infiltrate %70
Industrial waste water and drinking water
Average thickness of alluvial 52 m
Annual relative humidity 54%
Absolute maximum temperature 49.51°CinJuly
Absolute minimum temperature 1° CinJanuary and February
Minimum and maximum height of the basin 170 mand 2125m
Weighted average height of the plain 256.87 m
Average annual drainage of the plain 61.9 million cubic meters

Results
Pay attention to the unit hydrograph from October 1991-1992 to September 2011-2012 the
absolute groundwater level from 226.29 m was decreased to 218.13 m and the sum 8.16 m declined
(Fig. 2). Thereisan annual 0.4 m height decrease in the underground bank. Prediction results show
that if these water-usage conditions continue further, in the future, and we would not be able to
control preventing more extracting, because of that during the next 10 years, the underground table
will be decreased by more than 4.2 meters. The most important factors for the current critical water
condition in Jaghin and Tokahor are:
1. Over- extracting factors:
After 1991 because of over-extracting from wells, we have had water decline of about 0.4 meters
every year. A lot of other factors affected over-extraction, such as:
a. Cultural factors
b. Population growth
c. Agricultural axes
2. Climate factor
3. High consumption cultivations
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Conclusions

According to the obtained results from the present research, the changes in the trend of
the groundwater level of the region is negative. If the exploitation of the groundwater
resources continues in its present form, social and economic crises can be formed. Since the
only source of water is groundwater in the area and about 97% of the water taken from
groundwater sources is used for irrigation, water conservation in agriculture, improvements
in irrigation systems, an increase in farmers’ knowledge, providing an optimal planting
pattern, controlling water pumping and the area under cultivation, and pricing water in the
agricultural sector relative to the consequences of the decline in groundwater levels should
be considered.
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Table 1. Some characteristics of the watershed of the plain

Specifications the amount of
Average annual temperature 26
Average annual rainfall 210 mm
Avrea of the watershed 1184.7 km?
Range the balance sheet plain 279.4 km?
Aquifer saving factor 0.04
Coefficient infiltrate agricultural %25
Coefficient infiltrateIndustrial waste water and drinking %70
water
Average thickness of alluvial 52 m
Annual relative humidity 54%

Absolute maximum temperature
Absolute minimum temperature
Minimum and maximum height of the basin
Weighted average height of the plain
Average annual drainage from the plain

4951°Cin July
1°Cin January and February
170 mand 2125m
256.87 m
61.9 million cubic meters
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Table 2. Specifications of Meteorological Stations of the Jaghin - Tokahor plain

Therow  Station name Geographical attributes Station type
number Length (degrees, Width (degrees, minutes Height
minutes and and seconds) (m)
seconds)
1 Bolbol Abad 57-31-04 27-16-44 320 Rain gauge
2 Chragh Abad 54-28-57 27-12-18 260 Rain gauge
3 Berntin 57-12-47 27-16-44 240 Evaporation
4 Meshkaladin 57-36-08 26-59-10 660 Rain gauge
5 Sargaro 57-40-44 27-14-43 560 Rain gauge
6 Madan 57-22-51 27-23-10 800 Rain gauge
Asmyon
7 Sarni 57-18-32 27-04-07 235 Rain gauge
8 Senderk 57-25-23 26-50-26 210 Rain gauge
9 Kharaji 57-14-04 27-23-41 190 Rain gauge
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Table 3. Average annual precipitation of plain and altitude areas of the watershed and annual
evaporation values (in millimeters) during the period

blue Year Plain rain Rainfall Total evaporation from Total annual evaporation
Heights the surface of the basin from free surface

1991-1992 299.5 301.7 29455 2061.9
1992-1993 435.7 438/8 3001 2100.7
1993-1994 72.7 73/2 3291.3 2303.9
1994-1995 1454 146.4 3181.8 2227.3
1995-1996 606.3 610.7 2901.3 2030.9
1996-1997 230.5 232.2 2856.4 1999.5
1997-1998 398 400.8 29314 2052
1998-1999 194/6 196 3163.2 2214.2
1999-2000 128/3 129.2 3398.3 2378.8
2000-2001 80/9 81.5 3447.7 2413.4
2001-2002 117/2 118.1 3257.1 2280
2002-2003 89/3 89.9 3231.1 2261.8
2003-2004 37.9 38.2 3281.2 2296.8
2004-2005 333 335.4 3044.8 21314
2005-2006 83.2 83.7 3070 2149
2006-2007 172.9 174.1 2924.1 2046.9
2007-2008 180.7 182 3115.2 2180.6
2008-2009 157.4 158.5 3076.5 2153.6
2009-2010 198.9 200.4 3085.4 2150
2010-2011 198.2 199.6 3126.2 2048.5

Average 209 209.5 3117.7 2182.4
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Table 4 - Characteristics of observed wells in the plain

Well Geographical Well Height of point of sign Place name
number coordinates depth (m)
Utmx Utmy From ground From sea
level (m) level (m)
1 550441 3020938 28.1 0.5 360.62 Tejdano
2 548519 3019027 36.4 0.7 356 Ab bad
3 550734 3016441 36.5 0.5 339.79 Chah Shahi
4 548948 3013725 50.2 0.8 329.59 Chah Shahi
5 545325 3010546 29 0.5 31251 Cheragh Abad
6 546589 3015261 44.3 0.5 334.82 Kahor Abas
7 550791 3011431 46.6 0.4 338.85 Jafar Abad
8 541877 3013360 50 0.5 328.19 Bajgoeyeh
9 542336 3010273 25.3 0.8 303.43 Kalatak
10 538587 3012250 46 0.65 318.38 Jam Anbeh
11 534540 3010081 45 0.5 301.68 Jaghin
12 532824 3007663 31.8 0.5 276.66 Kam karat
13 536240 3008748 20.3 0.5 282.32 Ghalandari
14 539913 3008282 41.3 0.75 298.88 Naser Abad
15 545195 3007378 425 0.7 322.68 Cheragh Abad Jonobi
16 548817 3008423 60.6 0.6 349.63 Mazrah Tafazoli
17 550535 3006188 63 0.4 383.91 Dehendar
18 547116 3004216 77.8 0.5 349.95 Kahortak
19 542686 3003605 34.6 0.55 316.37 Hashtbandi
20 541226 3005783 33 0.5 309.01 Rigderaz
21 537945 3004763 239 0.5 302.91 Tokahor
22 541600 2999748 35.6 0.55 321.05 Tokahor
23 544839 3000314 53.85 0.5 343.08 Hashtbandi
24 548931 3000701 91.3 0.8 397.46 Hashtbandi
25 547059 2997088 90.25 0.5 384.24 Tokahor
26 543730 2996111 68.7 0.5 363.93 Tigh siah
27 536879 3000034 255 0.5 306.31 Chah gharbal
28 534327 3001470 29.1 0.6 314.32 Chah sharif
29 528777 3007792 88.2 0.7 321.54 Sham Zard
30 530301 3003479 59.6 0.6 351.22 Sohran
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Table 5- Status of exploitation of groundwater resources in the Jaghin & Tokahor plain for
various uses

Year Number Discharge the type of consumption (m®) Drainage sum (million
of wells Drinking  Industry Agriculture cubic meters)
1991-1992 1178 2542860 0 79993452 82.537
1992-1993 1224 3331368 648 98448557/04 101.782
1993-1994 1287 TAEEoAE 1296 102078417.6 105.926
1994-1995 1339 4077864 1296 105303622.7 109.38
1995-1996 1416 4077864 1296 111501033.8 115.582
1996-1997 1501 4077864 1296 117174555.4 121.255
1997-1998 1575 4078206 1296 121019437/8 125.101
1998-1999 1651 4078719 1296 124634673 128.716
1999-2000 1718 4081833 1296 127166134 131.251
2000-2001 1795 4089606 1296 129042738/8 133.135
2001-2002 1845 4094436 1296 130146285.1 134.244
2002-2003 1847 4094436 1296 130146285.1 134.244
2003-2004 1847 4094436 1296 130146285.1 134.244
2004-2005 1847 4094436 1296 130146285.1 134.244
2005-2006 1847 4094436 1296 130146285.1 134.244
2006-2007 1847 4094436 1296 130146285.1 134.244
2007-2008 1847 4094436 1296 130146285.1 134.244
2008-2009 1847 4094436 1296 130146285.1 134.244
2009-2010 1847 4094436 1296 130146285.1 134.244
2010-2011 1847 4094436 1296 130146285.1 134.244
Total period 1847 79225128 23976 2417825473 2497.105
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Table 6. Average water level (m) of the plain during the 20-year period

Month  April May June July  August Septrmber October  Nov Dec Jan Feb Mar
year
1991 - - - - - - 226.29 226.24 226.19 226.13 226.96 227.15
1992  227.34 227.14 227.15 227.08 226.89 226.82 226.79 226.76 226.81 227.62 22859 228.87
1993 228.84 229.08 229.05 229.00 228.63 228.48 228.47 22813 228.14 227.89 227.90 227.85
1994  227.68 22755 22743 22738 227.35 227.15 226.97 226.85 226.79 226.81 226.77 226.29
1995 226.16 226.12 225.78 225.72 225.63 225.55 225.44 22529 22589 226.62 227.32 22831
1996 228.92 229.21 229.20 229.09 228.99 229.00 227.88 228.83 22845 228.36 228.38 228.29
1997 229.02 228.96 22897 22894 228.84 228.64 228.01 228.05 228.14 228.70 229.24 229.71
1998 22995 230.12 230.13 230.03 229.92 229.91 229.66 229.49 229.32 229.26 229.49 229.49
1999 220.23 229.17 229.01 228.81 228.69 228.62 228.39 22817 22799 228.19 22840 228.38
2000 228.13 228.01 227.84 227.68 227.54 227.40 227.21 227.03 226.95 226.88 226.71 226.62
2001 226.41 226.17 22588 22554 225.49 225.29 22491 22476 22450 224.29 224.67 224.61
2002 224.86 224.65 22436 224.15 223.98 223.78 223.71 223.67 22359 223.40 223.28 223.08
2003 223.23 223.14 22292 22245 222.20 222.03 221.75 22151 221.27 221.23 221.08 220.82
2004  220.70 220.62 220.33 220.17 219.99 219.87 219.59 219.45 219.60 219.78 220.14 220.92
2005 221.98 22153 22147 221.29 221.08 220.94 220.82 220.75 220.99 220.45 220.48 220.34
2006 220.75 220.63 220.58 220.91 221.66 220.08 219.92 219.62 219.64 221.60 220.35 220.40
2007 219.39 219.16 219.13 218.83 218.57 218.77 218.44 21831 218.18 218.22 218.87 218.93
2008 218.91 21890 21896 218.97 218.97 218.82 218,56 218.19 218.22 218.09 218.02 217.86
2009 218.28 218.36 218.38 218.36 218.31 218.26 21793 217.73 21783 218.17 21837 218.37
2010 218.33 218.31 218.40 218.44 218.45 218.35 218.15 217.89 21755 21740 217.88 217.93
2011 218.11 218.01 218.15 21791 218.14 218.13 - - - - - -
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Fig. 4 - Hydrograph unit the plain from october 1991 to september of 2011
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Table 7- Comparison of groundwater status of Jaghin and Tokahor plain in different

Year Average aquifer thickness ~ Volume of water reserves Average depth of
in November (m) (million cubic meters) contact with water (m)
1991-1992 21.37 238.82 30.63
1992-1993 21.89 244.63 30.11
1993-1994 23.26 259.97 28.74
1994-1995 21.98 245.64 30.02
1995-1996 20.42 228.26 31.58
1996-1997 23.96 267.80 28.04
1997-1998 23.18 259.05 28.82
1998-1999 24.62 275.12 27.38
1999-2000 23.30 260.36 28.70
2000-2001 22.16 247.68 29.84
2001-2002 19.89 222.24 32.11
2002-2003 18.80 210.09 33.20
2003-2004 16.64 186.00 35.36
2004-2005 14.58 162.89 37.42
2005-2006 15.88 177.44 36.12
2006-2007 14.75 164.86 37.25
2007-2008 13.44 150/24 38.56
2008-2009 13.32 148.89 38.68
2009-2010 12.86 143.76 39.14
2010-2011 13.02 145.51 38.98
2020-2021 8.84 98.8 34.8
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