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Abstract

The appearance of climate change and its effect on different
parts of water cycle make it essential to be aware of the status
of water resources to correctly manage water resources. In this
study, at first, the WetSpa model was implemented and
calibrated for the basin, and then the output of the CanESM
model was entered in to the downscaling model of SDSM
under three scenarios and the meteorological data of coming
years was received and finally the change of the runoff of the
studied basin was determined by the use of hydrologic model
for the coming years. The results of CanESM2 confirmed that
at the most stations the temperature values would increase and
the amount of precipitation would decrease, RCP 8.5 scenario
shows more changes. The results of runoff simulation under
climate change scenarios indicate a decrease in runoff amount
and this amount was 5.53%, 13.89% and 25.1% for RCP 2.6,
RCP 4.5 and RCP 8.5 scenarios. The high compatibility of the
computational and the observational hydrographs, especially
for the high inflows which were 92% and 86% for calibration
and validation period based on the Nash-Sutcliffe index,
emphasizes the efficiency of WetSpa model in the simulation
of Shazand catchment.
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Table 1- Specifications of the studied stations
andlan 390 (SO ladein —Y Jgua

Station Longitude  Latitude Rain Temperature Evaporation Discharge Time period
Astaneh 49.375938 33.895382  * * * 1986-2017
Emarat 49.577233 33.866652 1986-2017
Shazand 49.405635 33.926297 1986-2017
Ghadamgah 49.467234 33.975315  * * * 1986-2017
Pol do aab 49.354772  34.047005 * 2007-2017
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Table 2- Climatic scenarios used in the Fifth IPCC Report

Scenario Type Explanation

Lo The radiative forcing in the middle of the current century reached around 3.1
RCP2.6 Optimistic w/ms and then dropped to 2.6 watts per square meter in 2100
RCP 45 Moderate to  Radiative forcing remains less than 4.5 watts/square meters before the 2100,

' Optimistic ~ and then it remains constant in the amount 4.5 watts/square meter.
RCP 6 Moderate to  Radiative forcing is less than 6 watts/square meter before the year of 2100
Pessimistic ~ and it will remain constant to 6 watts/square meter after 2100.

Lo A radiative forcing reaches 8.5 watt per square meter in 2100 year and it has

RCP 8.5 Pessimistic

increased after 2100.
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Table 3- Annual average and standard deviation of rainfall data
093k 8313 jlme Bl g AVl (SSbe =V Jgaa

Observed data

Calculated data (2021-2040)

Station (1986-2005) RCP 2.6 RCP 4.5 RCP 8.5
Mean SD Mean SD Mean SD Mean SD
Astaneh 445.40 1990 46366 1210 41511 10.84 38750  7.20
Emarat 436.09 2233 42083 1757 39510 1450 35149  10.00
Shazand 440.25 2171 39975  17.08  407.67 1819 39578 1523
Ghadamgah 420.70 1950 47160  17.24 45898 1246 44973  11.95
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Table 4- Annual average and standard deviation of Temperature
Lod 831> jlro Bl il g a¥lw (1Sl —F Jguas

Observed data

Calculated data (2021-2040)

Station (1986-2005) RCP 2.6 RCP 4.5 RCP 8.5
Mean SD Mean SD Mean SD Mean SD
Astaneh 11.24 12.95 11.30 13.34 11.79 15.21 11.88 23.97
Emarat 10.64 11.64 11.23 13.17 11.71 14.97 12.25 15.75
Shazand 11.35 10.42 12.00 12.47 11.87 11.93 12.58 12.95
Ghadamgah 11.86 11.56 11.81 13.66 12.46 13.72 13.66 12.94
Table 5- Annual average and standard deviation of Evaporation
d).a.; 9 ”593 oy )lﬁ*‘ d‘)bd' 9 aYlw uﬁiﬂ.&ﬁ—a JSA%
Observed data Calculated data (2021-2040)
Station (1986-2005) RCP 2.6 RCP 4.5 RCP 8.5
Mean SD Mean SD Mean SD Mean SD
Astaneh 55.10 5.80 60.11 6.39 59.89 6.29 60.17 6.00
Ghadamgah 53.57 4.92 55.28 4.92 58.34 5.52 57.80 5.23
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Table 6- Parameters and calibration results of PEST model
PEST Jdo (Suiwly gl o b kol b —F Joos

Sign Parameters Initial Value Min Max C"il/':ILaggd
k; Subsurface flow factorl(-) 0.308 0.001 100 0.006366
kg groundwater flow recession coefficient (d 1) 0.00492 10 5 0.006806
K Initial soil moisture(-) 0.69 0.1 5 0.603785

Kep Potential evaporation correction factor(-) 0.609 0.003 25 0.586812
Gy Initial groundwater storage(mm) 221 0 300 14.5232

Gmax Maximum groundwater storage(mm) 133.9 1 3000 118.732
T, base temperature coefficient(°C) 0 -3 10 -0.05792

Ksnow temperature degree-day coefficient(mm/°C/day) 1.467 -3 50 1.293855

Krain rainfall degree-day coefficient (mm/mm/°C/day) 0.111 1077 1 0.1116

Krun Surface runoff power(-) 1.87 1 100 2.126395

Prhax threshold of rainfall intensity (mm) 482.11 101 5000 746.15532
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Fig. 4- Observed and simulated hydrographs daily for the Calibration period (2007-2011)
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Fig. 5- Observed and simulated hydrographs daily for the Validation period (2012-2017)
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Table 7- Values of model performance indicators in the validation, calibration period

Efficiency criterion Calibration Validation
Bias model (Model error for calculating water balance) -0.43 -0.42
Model Determination Coefficient 0.83 0.75
Nash-Sutcliffe model efficiency 0.89 0.60
Modified Nash-Sutcliffe for high flows 0.92 0.86
Modified Nash-Sutcliffe for low flows 0.39 0.44
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Fig. 6 - Logarithmic distribution of simulated and
observed discharge - 2006-2011

o 6 jlwdamnd (4l o b ol ooy B (ST 5SS
Yeob-Yo)) gl sloualing

Validation Period

1000

100

0.1

Observed Discharge (m?/s)

0.01

0.1 1 10
Simulated Discharge (m?¥/s)

100 1000

Fig. 7 - Logarithmic distribution of simulated and
observed discharge - 2012-2017
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Fig. 8- Monthly discharge changes under three scenarios
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1- Geographic Information System (GIS)

2- Water and Energy Transfer between Soil, Plants and
Atmosphere (WetSpa)

3- Vu Gia Thu Bon

4- Aynalem

5- Conversion of Land Use and its Effects (CLUE)

6- Parameter ESTimation (PEST)

7- Kamienna and Sidra

8- Margecany—HornadWatershed

9- Simiyu

10- Statistical DownScaling Model (SDSM)

11- Digital Elevation Model (DEM)

12- Second Generation Canadian Earth System Model
(CanESM2)

13- Intergovernmental Panel on Climate Change (IPCC)
14- Representative Concentration Pathway (RCP)

&lp-0

Abdo KS, Fiseha BM, Rientjes T, Gieske ASM, and

Haile AT (2009) Assessment of climate change

impacts on the hydrology of Gilgel Abay catchment

in Lake Tana Basin, Ethiopia. Hydrological
Processes 23(26):3661-3669

Ahmadi A, Khoramian A, Safavi H (2015) Assessment
of climate change impacts on snow-runoff processes,
A case study: Zayandehroud River Basin. Iran-Water
Resources Research 11(2):70-82 (In Persian)

& Ol |y b e eanlin B 55V 5 5 la S5 > o o
OlFie & 2dloe (S Jo Jol diod 905 i (S atwd 93
@ Olgien 4med cpl o s ol Slsp g Jae ) bag
WetSpa Jse 3905 o,lsl cuejpj ol dy90 ,3 Jto (jlwodles
ol e pb 4 o3l gy Sl (e ol dlme (sl
dtmduo?))) (’*:Ja») » ‘) (_s"“"’))’) uT ULP oS '\‘5@ X S
dloma ) o 05 ol (G 555 s 0B 9 03,8 (e S sS
b o5 O slmo i 3l s il (30055 (priomen les
A Casld 09; U" 4 by).a Jl.c )] U‘ytf I) Sid le!bo)g.)
baiye 53U sopl adg 5 dgrse Lalpd 4 plgie ) b pgd
Sl b Ol by 4 (S oy e o atwd ol 5l el
Candiml  SasS (il 229 (izman g (hj o) 4l
2 b o basl,s 13T WetSpa Jue j 15 3905 0)l3l ol >
Slados ol b ojlae ol 45 2d s aB)S a5 > b (00
5 Bahremand et al. (2005) 4 Chormanski et al. (2011)

b calle Safari et al. (2012)

el ol Sl p dln ase @l oMe adle
Jbe @D s sl Gl Olsisas Gizmen 9 (Sejgls)an
odd (5 pSojluil slaodly 5 (iloand s 4 dog L &S Wb o
» WetSpa Jse 5 alols ol (Mo gols awyp 33,5 o Oyt
Dby gU g (5l 5l dopd BAY &S was e i ases
U el 4 s Gk 5l ey VWS el Gls S
2oy YYI¥Y 33,5 o dwnjprj o] 4l o> YY/FY 03,5 o
(o >daw Cllgy Aoy /OY l5me ol 51 &S 045 0 Jobs SUlgy &
y iis &l ol 20> YIVA (oxdans o5 Gllgy oy </
@ g2l) dgrge Cledbl @ axg L el ol & 39000 Joli

Py g0 a5 & (e adg (Sgyd Sluogas

2ol s S yp (gl il 0 SR s 2y90 E909e
cslooals ypolio | pglaie cpl (gl 290 53U 524l > CUly, s,
O jlos 5jLS wlesd Joli olSinl Jlog 3595 5 5 5 bod (3L
Jso 5l w8l o Gl g Can Cpitren (A odlaiol diliwl o
&8 15 02lizl IPCC vty yliS (sl Je (5o j CANESM2

43,5 plxl (5l lide ) SDSM Juo dbasg 4,

2 5 yebas a8 ol L gy )lus dw cov CANESM2. Jus ol
I idls” il e g a8l ]38l Led dly y0lie WaeKiw! 51

VAR bl oF olowd (o3 3l Jlw oyl ! of Kbo Olidsd
Volume 16, No. 2, Summer 2020 (IR-WRR)

VY-



models. Iran-Water Resources Research 11(2):146-
150 (In Persian)

Hamidiyan M, Soltani J, Ghandehari GH (2013) Assess
the impact of climate change on runoff catchment
Bar and Taghan Nishapurtimes the output of general
circulation models (HadCM3).The first National
Conference on Water and meteorology Iran,
Graduate University of Advanced Technology,
Kerman, Iran, 11p. (In Persian)

Karimi H, Zeinivand H, Tahmasebipour N, Haghizadeh
A, Miryaghoubzadeh MH (2016) Comparison of
SRM and WetSpa models efficiency for snowmelt
runoff simulation. Environmental Earth Sciences
75:664-674

Klaas D K, Imteaz M A, Sudiayem I, Klaas E M and
Klaas E C (2020) Assessing climate changes impacts
on tropical Kkarst catchment: Implications on
groundwater resource sustainability and
management strategies. Journal of Hydrology 582,
124426

Majone B, Bovolo C, Bellin A, Blenkinsop S (2013)
Modeling the impacts of future climate change on
water resources for the Gallego river basin Spain.
Water Resources Research 48(1):1-18

Minville M, Brissette F, Leconte R (2008) Uncertainty
of the impact of climate change on the hydrology of
a nordic watershed. Journal of Hydrology 70-83

Mohammady M, Moradi H R, Zeinivand H, Temme A J
A M, Yazdani M R, and Pourghasemi H R (2018)
Modeling and assessing the effects of land use
changes on runoff generation with the CLUE-s and
WetSpa models. Theoretical and Applied
Climatology 133(1-2):459-471

Phuong DND, Duong TQ, Liem ND, Tram VNQ, Cuong
DK, Loi NK (2020) Projections of future climate
change in the Vu Gia Thu Bon River Basin, Vietnam
by using Statistical DownScaling Model (SDSM).
Water 12, 755

Porretta-Brandyk L J, Chormanski A, Brandyk A, and
Okruszko T (2011) Automatic calibration of the
WetSpa distributed hydrological model for small
lowland catchments. Geoplanet: Earth and Planetary
Sciences, Modelling of Hydrological Processes in
the Narew Catchment 43-62

Rahimi R, Rahimi M (2018) Spatial and temporal
analysis of climate change in the future and
comparison of SDSM, LARS-WG and artificial
neural network downscaling methods (Case study:
Khuzestan ~ Province). Iranian  journal  of
Ecohydrology 5(4):1161-1174 (In Persian)

Ajam Zadeh A, Mollaeinia M (2016) Assessment of
impact of climate change on Firoozabad river runoff
with downscaling of atmospheric circulation models
output by SDSM and LARS-WG softwares. Iran-
Water Resources Research 12(1):95-109 (In Persian)

Alizade A, Sayyari N, Hesami-Kermani MR, Banayan
Avval M, Farid Hosseini E (2010) Assessment of
effects of climate change on water resources and
agriculture water using. Water and Soil Journal
24:815-835

Azin Mehr M, Bahremand A (2015) Simulation of the
effect of land use change scenarios on Dinour
watershed hydrograph using WetSpa Distributed-
Hydrological hydrological model. Scientific Journal
of Watershed Engineering and Management 7:500-
510

Azizi M, Mohajerani A, Akhavan M (2018) Simulating
and prediction of flow using by WetSpa model in
Ziyarat River Basin, Iran. Open Journal of Geology
8(3):298-312

Bahremand A, De Smedt F, Corluy J, Liu Y B (2006)
WetSpa model application for  assessing
reforestation impacts on floods in Margecany—
HornadWatershed, Slovakia. Water Resources
Management 21:1373-1391

Bahremand A, Corluy J, Liu YB, and De Smedt F (2005)
Stream flow simulation by WetSpa model in Hornad
river basin, Slovakia, floods, from Defence to
management edited by van Alphen, van Beek and
Taal. Taylor- Francis Group, London, pp. 67-74

Beck S, Mahony M (2017) The IPCC and the politics of
anticipation. Nature Climate Change 7(5):311-313

Chormanski J O, Batelaan (2011) Application of the
WetSpa distributed hydrological model for
catchment with significant contribution of organic
soil, Upper Biebrza case study. Land Reclamation
43(1):25-35

Daraei S, Bahremand A, Karimi H (2019) Evaluation of
the effect of land use changes on subsurface flow
using WetSpa model, case study: Horo-Dehno
Watershed. Watershed Engineering and
Management 11(2):392- 407

Fabri-Ruiz S, Danis B, Navarro N, Koubbi P, Laffont R,
and Saucéde T (2020) Benthic Eco regionalization
based on echinoid fauna of the Southern Ocean
supports current proposals of Antarctic Marine
Protected Areas under IPCC scenarios of climate
change. Global Change Biology 26(4):2161-2180

Ghorbani M, Azani A, Mahmoudi Vanolya S (2015)
Rainfall-runoff modeling using hybrid intelligent

VAR bl oF olowd (o3 3l Jlw oyl ! of Kbo Olidsd
Volume 16, No. 2, Summer 2020 (IR-WRR)

¥y


javascript:;
https://link.springer.com/book/10.1007/978-3-642-19059-9
https://link.springer.com/book/10.1007/978-3-642-19059-9

regional climate change impacts. Environmental
Modelling & Software 17(2):145-157

Yigzaw D, Haddush G, Gebremeskel A (2019)
Investigation of runoff response to land use/land
cover change on the case of Aynalem catchment,
North of Ethiopia. Journal of African Earth Sciences
153:130-143

Zehabion B, Goodarzi MR, Massah A (2010)
Application of SWAT model for estimating runoff in
future periods affected by climate change. Journal of
Climatology 43-58

Zeinivand H, De Smedt F (2009) Spatially distributed
modeling of soil erosion and sediment transport at
watershed scale. World Environmental & Water
Resources Congress (EWRI), 17-21 May, Kansas
City, USA

Rahmati H, Emamgholi Zadeh S, Ansari H (2020)
Estimation runoff of Bara-Ariye basin using WetSpa
and artificial neural network models. Geography and
Planning 23 (In Persian)

Rwetabula J, De Smedt F, and Rebhun M (2007)
Prediction of runoff and discharge in the Simiyu
River (tributary of Lake Victoria, Tanzania) using
the WetSpa model. Hydrology and Earth System
Sciences 4:881-908

Safari A, De Smedt F, Moreda F (2012) WetSpa model
application in the distributed model intercomparison
Project (DMIP2). Journal of Hydrology 418- 419:78-
89

Wilby R L, Dawson C W, Barrow E M (2002) SDSM-
A decision support tool for the assessment of

VAR bl oF olowd (o3 3l Jlw oyl ! of Kbo Olidsd
Volume 16, No. 2, Summer 2020 (IR-WRR)

YYY



