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Fig. 1- The geoghraphical map of Khafr region
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Fig. 2-The boundaries of Mand watershed
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Fig. 3- A) The contour maps, B) Sampllng and maklng polygonsfor evaluatmg land use, C and D) Land
use map (2018), including the location of fields and gardens in the Khafr region
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Table 1- The selected synoptic stations of the study area

Station Altitude (m)

1 Ali Abad 1370
2 Khadamat 1263
3 Asmangard 1220
4 Girogarzin 820

5 Jahrom 1420
6 Firouz Abad 1370
7 Band Bahman 2020
8 Fesa 1384
9 Shiraz 1780
10 Estahban 2177

(815 Hlo 4> 50) 45  FWWlkao 02gumm0 Cud 9 Dlelai 51 5 Lo dildlo &3 395 Y Jauo

Table 2- The monthly distribution of temperature in the mountains and plains of Khafr region (°C)

- Month — o
2 > > =) S &
= = [} c o — — [ —_ o c =
8 S8 2 8 8¢ 2 & 2 3 2 2 8 &%
8
§ € 191 133 85 61 63 92 131 187 237 267 272 242 16.3
=
c
g w 222 162 105 79 85 121 157 219 27 297 294 27 19

Table 3- The monthly evapotranspiration of the plains and mountains area in Khafr watershed
Olelai 5l g cubd 50 dilalo G wi- word Jlado -0 Jou

c 3
2 £ >
2 s — > - - > = =
2 £ 8 2 & 5§ 8 & 3 &£ s sz 2£2 8§ ¢
Temp 222 162 105 7.9 85 121 157 219 270 297 294 270 190
~ o x 95 59 31 20 22 38 56 93 128 147 145 128 962
o g £
ET 911 426 169 95 107 267 484 1066 1642 2058 1914 1445 10585
 Temp. 191 133 85 61 63 92 131 187 237 267 272 242 163
£ o 76 44 22 14 14 25 43 73 105 125 129 108 778
s §¢S
o .=
= ET 477 361 164 94 96 22 247 867 1297 1637 160.6 1184 870.1
C.V. 10 09 09 09 09 10 11 12 12 12 11 10 )

ET: evapotranspiration, C.V.: coefficient of variation



Table 4- The monthly river discharge (m3 S) in the Aliabad station of Khafr region
i 3T e ol (4l » o yio) dilalo 28 o) (S g — £ J900

year Oct Nov  Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1972 023 019 085 233 136 41 79.3 186 633 298 121 149
1973 125 1.56 3.2 552 469 744 478 117 052 034 035 0.38
1974 04 066 047 435 106 2816 154 281 0.23 0.69 0.38 0.68
1975 0.7 065 625 117 128 149 825 9.03 515 198 0.56 0.03
1976 076 0.9 2.2 551 40 63.8 552 13119 513 348 7.04 292
1977 124 174 217 8.89 8.2 653 754 255 077 058 0.84 1.28
1978 091 5.69 4.8 848 235 235 135 401 085 0.84 0.55 0.68
1979 074 1.2 132 778 173 9.7 132 396 081 063 0.83 0.63
1980 103 133 175 087 173 106 238 689 203 093 13 124
1981 05 163 7.87 1539 2345 2314 1789 43 121 058 056 0.48
1982 134 164 159 284 156 462 3278 784 276 092 084 1.05
1983 1.42 1404 118 106 147 292 201 6.27 184 079 0.89 104
1984 11 177 166 177 123 073 146 71 068 0.16 0.06 0.14
1985 03 149 317 194 391 899 233 056 026 012 014 0.18
1986 047 065 348 892 392 4.9 396 063 0.09 008 0.08 01
1987 0.17 0.66 69 878 9.07 199 175 3.68 1 056 194 1.45
1988 052 048 048 137 252 533 201 854 0.28 0.09 0.07 0.05
1989 0.09 0.22 147 261 588 684 482 0.1 0.06 046 0.03 0.09
1990 0.19 0.23 878 111 599 254 811 04 011 0.08 0.06 0.23
1991 042 038 034 425 519 401 158 099 0.06 0.05 0.05 0.05
1992 029 04 146 196 256 37 264 113 6.25 054 031 0.67
1993 131 083 314 696 633 1149 487 105 503 212 176 1.77
1994 154 23 139 142 245 714 438 247 061 023 0.08 0.16
1995 0.66 17.3 29 19 106 213 222 103 097 042 062 0.26
1996 0.08 246 3064 196 528 84.6 87.7 24 541 394 284 263
1997 246 2.57 2.5 346 632 293 142 217 033 01 0.06 011
1998 034 096 519 443 104 381 562 883 139 039 024 0.17
1999 038 0.7 0.64 3.03 306 9938 15 113 024 024 015 015
2000 048 091 041 226 168 364 065 019 0.16 0.07 0.05 0.05
2001 0.07 021 301 162 0.81 0.6 0.07 0.06 0.05 0.08 0.02 0.02
2002 0.02 0.02 174 6793 839 1088 1931 329 0.07 0.07 0.05 0.03
2003 0.02 0.03 004 055 264 437 316 347 041 001 O 0

2004 O 0 525 713 26.2 9.7 818 179 053 03 01 0.03
2005 0.05 028 599 488 804 442 213 287 136 099 084 0.69
2006 - 0.6 5.2 517 208 271 111 402 135 045 026 025 0.25
2007 028 028 192 352 106 839 309 49 07 015 013 0.12

2008 0.09 012 033 059 129 094 038 016 0.08 004 005 0.1
2009 012 012 013 013 013 013 016 012 005 001 O 0
2010 O 0 037 024 054 026 013 0.05 0 0 0 0
2011 O 0 0 0 0 723 269 002 001 O 0 0
2012 O 0 0 112 543 232 678 036 0.02 002 0.03 0.02
2013 0.02 003 123 314 247 2.3 103 142 008 002 002 O
2014 O 0 009 005 337 476 488 015 0 0 0 0
2015 O 0 022 007 0.09 0.15 9.8 0.1 0 0 0 0
2016 O 157 009 747 076 018 0.13 0.02 0 0 0 0
2017 0.21 055 413 1693 1732 322 1224 184 011 08 006 03

2018 0.15 032 6.12 1243 1475 742 816 226 0.09 03 0.01 0.12
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Fig. 4- A) The map of mountains and plains, B) The map of stone cover and mountains in the Khafr
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Abstract

To present efficient methods for suitable use of water sources in the arid and semi-arid areas, it is
essential to investigate water balance affected by different parameters. In the present research, to
investigate the effects of land use and plant cover on water balance in the Khafr region of
Fars province, WetSpass model integrating the effective variables on water balance in the GIS,
was used for a 10-year period (2009-2017). Different layers of climate (potential evapotranspiration),
groundwater level, topography, slope and soil properties were used to prepare the digitized maps by
GIS. The final maps of evapotranspiration, and long-term recharging of ground water as well as the
maps of land use and plant cover were produced. The highest amount of run-off with the average of
37.7 mm per year was observed in the bared areas, along with the average yearly evapotranspiration
of 352 mm and the recharge of 1 and 99% in the warm and cold seasons, respectively. WetSpass
was able to stimulate the components of water balance favorably. The results of present research can
be used for the estimation of water balance components in the Khafr region of Fars province and the
similar regions in the world, for the suitable use of water sources to decrease the effects of water
stress on the recharge of ground water and subsequent yield production, with respect to the process of
global warming. To enhance rainfall efficiency, it is recommendable to avoid the conversion of
forests to agricultural lands, and building construction in the region.

Key words: arid and semi-arid areas, evapotranspiration, GIS, runoff, water sources.

Introduction

Water is among the most important parameters for life on the earth fulfilling different human
necessities for agriculture, drinking, and industry through the hydrological cycle. The important point
about using water is the suitable supply and optimized use. In the arid and semi-arid areas, with 60-
100% dependency, groundwater is the most important water source in the hydrologic cycle to supply
water for different purposes. The sources of ground water used for surface irrigation, include 40% of
the world food and 97% of drinking water for the use of human on the earth (Ghafari et al. 2018).

Materials and Methods

With respect to the following, and for the establishment of the WetSpass model (the water and
energy transfer among soil, plants, and atmosphere) for groundwater, the Khafr region in the large
watershed of Mand in the province of Fars was selected for the present research. 1) The accessibility
of temporal data, rainfall, and other parameters, 2) the accessibility of spatial data, 3) flow rate and
the level of water in the wells of the region, and 4) the clearness of the region boundaries. The Khafr
region with an area of 1108.05 Km? is managed by the Regional Water Company of Fars and is
located at the longitude of E52°42° to 53°30” and latitude of N28°51” to 29°9’.
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Results

In the present research the correlation among the water balance parameters including runoff,
evapotranspiration, and discharge of water ground (fluctuations of water ground) for the Khafr region
for the time period of September 2009 to 2018 was investigated using remote sensing and WetSpass
model. The processing of the images determined five different types of land use including forest,
rangeland, agriculture, rainfed and not-cultivated land, irrigated agriculture, and civilian areas in the
region. The WetSpass model was used to change the images to digitized maps for the investigated
time period. The tested model was able to predict the components of hydrological cycle in the Khafr
region with high precision.

Discussion and Conclusion

For the optimized use of water sources in each region, the correlation among land use and plant
cover with the variables of water balance including runoff, evapotranspiration, and discharge of
water ground (fluctuations of water ground) must be investigated. Different parameters affect water
balance in the watersheds, among which land use and pant cover are among the most important ones
(Daniel et al. 2022). In the present research, using the WetSpass model the components of water
balance (rainfall, evapotranspiration, and runoff) as affected by land use and plant cover were
investigated in a 10-year period in the Khafr region of Fars province. The WetSpass model on the
basis of GIS, used to investigate the components of water balance in the Khafr region of Fars
province, precisely simulated the components of water balance for the proper handling of water
sources. According to the results, and with respect to the recent droughts, the region has faced water
stress, due to the reduction of ground water discharge, as the most important water source. Water
evapotranspiration is the most important factor for the reduction of water in the region, and in the
bare areas (without plant cover) runoff is the second most important parameter, which reduce water
discharge of the region. It is recommendable to maintain plant cover in the region and avoid the
conversion of forest lands for agricultural and construction purposes. The use of efficient irrigating
methods can also be useful to enhance water use efficiency in the region for crop planting.
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