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This study aimed to estimate groundwater recharge along with other balance
components (runoff, evapotranspiration, and transpiration) in Hashtgerd plain, using
the WetSpass-M distribution model in the conditions of climate change and land use
in the next 30 years. To study the effects of climate change, the output of five models
under four emission scenarios, i.e., RCP2.6, RCP4.5, RCP6, and RCP8.5 of the Fifth
Report of the Intergovernmental Panel on Climate Change (IPPC) was utilized. The
LARS-WG model was also used for the downscaleing of the climatic data. Land-use
mapping was performed using Landsat images in 1990, 2005, and 2020 processed in
ENVI 5.3. The Markov chain method in TerrSet software was used to predict land-
use changes for 2050. In the end, the effect of climate change and land use on
underground water supply and other water balance components was simulated using
the WetSpass-M distribution model for the period 2050-2020 and the effect of
climate and land use scenarios was applied on it. The climate change results showed
that the annual temperature will increase by 1.2 and 3.2 degrees Celsius until 2050
for the RCP2.6 and RCP8.5 scenarios, respectively, and the annual precipitation will
decrease by 1.95 and 4.47 Percent for both scenarios. The results of land use change
show an increase of 105, 41, and 8 percent for residential, barren, and agricultural
land, respectively, and a 94 percent decrease in pastures. With the increase of
residential and barren uses and the decrease of pastureland, the permeability of the
land will decrease, and as a result, the amount of surface discharge of the aquifer will
decrease. Estimates, in general, showed that climate change has caused a decrease,
land use change has increased the feeding of the aquifer in such a way that in the
most critical scenario the amount of feeding will reach 220.6, and the balance of the
aquifer will reach 115.9 million cubic meters per year. Because of climate and land
use changes, the share of evaporation and transpiration has increased and the share of
rescharge and runoff from precipitation has decreased. In general, in the highlands
due to more rainfall and in agricultural areas due to irrigation return water, the
contribution of underground water supply has increased.
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Table 1. Summary of research studies conducted using the WetSpass model

Research topic Year Rescarcher's
name
Investigating the water balance of Vanak watershed 2018 Bayati et al.

Investigating the spatial distribution of runoff and groundwater recharge in land use classes and the

slope of Vanak watershed 2019 Abdulahi et al.

Simulation of runoff, evaporation, reabsorption and underground water feeding of Lake Urmia 2020 Bashirian et al.
Evaluation of spatial and temporal changes of water balance in Bilate basin located in Ethiopia 2021 Nannawo et al.
Determining the components of groundwater balance for a period of 20 years in Pakistan 2021 Aslam et al.

Investigating the effect of climate change and land use on underground water supply 2021 Ghimire et al.

Spatial and temporal simulation of groundwater recharge for volcanic aquifers of Lake Tana basin in

northwestern Ethiopia. 2021 Yenehu et al.
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Figure 1. Steps of conducting the research method
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Table 2. Hydroclimatology and water balance of plains and mountains for Hashtgerd study area

Range Area Rainfall Evapotranspiration Effective rainfall (MCM)
(km?) volume (MCM) (from rainfall) (MCM) Recharghe Runoff
Plain 579 255.8 115.0 394 132
Mountains 591.6 167.5 123.7 33.0 99.0
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Table 3. Characteristics of General Circulation Models

Model Founding group Resolution Reference Scenarios Reference
MIROC- Atmosphere and Ocean };(él;Z 465_
Research Institute (The 2.8 %28 Watanabe ef al, 2010 ’ Watanabe ef al, 2010
ESM University of Tokyo) RCP6 -
Y Y RCP8.5
. RCP2.6 -
MPLESM- Max Planck Institute for -y g0 Giorocita atal, 2013 RCP4.5 Giorgetta at al, 2013
MR Meteorology Germany
RCP8.5
RCP2.6 -
HadGEM2-  Met Office Hadley Centre, csm o . RCP4.5 .
ES UK 2°%25 Martin et al. 2011 RCP6 - Martin et al. 2011
RCP8.5
B publishedst i Cente RCP26 -
= ° %k °
EARTH for High-End Computing L.I"*1.1 Hazeleger et al, 2010 Egigg Hazeleger et al, 2010
Netherlands/Ireland ’
GFDL Geophysical Fluid l;CCPPZfS-
Dynamics Laboratory, 1.9°*1.9°  http://www.gfdl.noaa.gov/ ’ http://www.gfdl.noaa.gov/
ESM2M RCP6 -
UsA RCP8.5
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Table 4. The results of climate change in the period of 2020-2050

Season Temperature increase (C) Rainfall change (%)
2.6 RCP 8.5 RCP 2.6 RCP 8.5 RCP
Winter 1.2 3.0 -0.4 -1.3
Spring 1.1 3.1 2.8 -8.6
Summer 1.6 35 -3.2 -9.4
Autumn 1.5 33 2.1 -3.6
Annual 1.4 32 -0.7 -5.7
RSTGILFEC N R
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Table 5. Input parameters of WetSpass-M model

Input parameter Processing tool/method Number Resolution
Land-use map Lookup according to WetSpass-M model 1 100x100
Soil texture map Lookup according to WetSpass-M model 1 100x100
Rain maps Interpolation using Kriging 96 100x100
Irrigation maps According to the pumping from wells 96 100x100
Groundwater depth maps Interpolation using Kriging 96 100x100
Temperature maps Regression; elevation and temperature 96 100x100
Wind speed maps Average monthly synoptic station 96 100x100
potential ET maps Regression; elevation and potential ET 96 100x100
Leaf area index maps Estimated from Landsat 8 images 96 100x100
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Table 6. Specifications of the scenarios used in this study

Row Name Scenario Description
S1 Reference Without land use change and climate change
S2 RCP2.6 (Optimistic state of climate change)
S3 RCP8.5 Strict climate change aunt
S4 land use Assuming land use changes in 2050

S5 land use+ RCP2.6  Combination of land use change and climate change
S6  land uset RCP8.5  Combination of land use change and climate change

Table 7. Water requirement for different uses of six scenarios (million cubic meters per year)

Needs S6 S5 S4 S3 S2 S1
Irrigation 349.4 3324 302.8 327 310 290.4
Drink 40.2 40.2 40.2 19.9 19.9 19.9
Industry 14.8 14.8 14.8 7.25 7.25 7.2
Green Space 7.1 7 6.8 3.65 3.5 33
Sum 411.6 394.5 364.7 357.8 340.7 320.9

WetSpass-M Jowo (ouw jlis! g (ciwlg o) .Y
ool (Slaalie (cbrodly laisds droguood (6yiog)d oSl 1o by dlale glaodly | Jao oxiwly aily8 )
Gy g 0 (NS) lSGlo =85 5 (R?) s calpd (o)l a3l sbelcansa, mls 3 03
@ &S dgd o dasMe (F) JSS 4 dngr bl /PA 5 0 VY Jae oriwions lp g VY g -/YE
oo aaizaly slaglly aue plie () Uy oo alg, gl b JyBhB s arislutsd
A2 o lis WetSpass-M

soodl> Sl e imggy (hey iw 3 0MBE IS (e Jde b Siludnd (Bl 355 5 e J S sl s )]
Do g0 ol () IS5 > ol ol a5 25,3 odlitl 55 SEBAL i oSl b odsdyol o (5 ye5g paess



’f’r‘leajw‘MJMO)}J‘é‘)‘gi}(:.Jf‘.:g):'u\.o 0L

| = = = = Simulated Observational |
calibration period validation period
20 — —
< » < >
18 | \ :
[ . \ [
16 | [\ \ n ] "
RV N Iy . i’ \
& \ K] ! \
Ent | 1\ \ \
@ | \ h \
e 10 | | \ \ T
] ) I | ]
< 8 F \ \ | | \ (]
2 6 | ) ] | | \ 0
= 1 1\ | \ )
4 r I
Q U " I
2§ v N /] \ [ \ [} \ v \ \Y ’
0
8EF235528358523858528585385853858538553
2013 2014 2015 2016 2017 2018 2019 2020
Month
Figure 4. Comparison of the discharge simulated by the WetSpass-M model with the observed discharge of the
Kordan River

Table 8. Optimal values of model calibration parameters in each sub-model of WetSpass model

Sub model Acceptable range Parameter Optimal value
Interception 1- 20 a 8.5
Evapotranspiration 1- 20 o 6.5
Surface runoff 0.3-3.5 Lp 0.85
Surface runoff 0-1 X 0.25
Baseflow 0-1 B 0.13
Recharge 0-1 (%] 0.15
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Figure 5. Evaporation rate simulated with WetSpass-M model and SSEB algorithm
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Table 9. Water balance components of Hashtgerd aquifer (MCM)

Cenarios S6 S5 S4 S3 S2 S1
Rain 161.3 165.6 168.9 161.3 165.6 168.9
Discharge 411.7 394.5 364.7 357.9 340.7 3209
Groundwater input 98.7 98.7 98.7 98.7 98.7 98.7
Groundwater output 23.6 23.6 23.6 23.6 23.6 23.6
Bargab 6.7 6.6 6.5 6.7 6.7 6.6
Runoff (caused by rain and irrigation) 36.3 39.1 40.7 273 30.2 323
Nutrition (caused by rain and return waters) 220.6 234.5 243.3 207.3 220.7 229.8
Evapotranspiration (caused by rain and irrigation) 354.0 340.6 318.1 320.4 307.1 2913
Sum of input components 3194 333.2 342.0 306.0 3194 328.5
The sum of the output components 4353 418.1 388.3 381.5 364.3 344.5
Aquifer balance changes -115.9 -84.9 -46.3 -75.5 -44.9 -16.0
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Figure 6. Distributional maps of Recharge in 2050 for six scenarios (mm/year)
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