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Table (1): SWAT-CUP model entered parameters with P-Value / T-Stat values after sensitivity analysis
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Table (2): Values of model evaluation indices in the calibration and validation stage
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Fig. (2): Comparison of monthly values of observed and simulated runoff after calibration and validation Steps
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Table (3): Results of MIROC-ESM evaluation indices
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Table (4): Variation analysis in hydro-climatic parameters under RCP2.6 scenario

Ol i’ W9 Ze P-Value ELS YT o l8l gleadlzo

Variation Trend Time Period Climatic Component
Decreasing _zals —+[+OY <IYAY Near Future o3 oan]
Decreasing _zals RN SAAIN Mid Future Lo oas] “.’L’L'

) ) Rainfall
Decreasing _zals /- 0f AR YS Far Future g0 o]
Increasing /53l o[+YY RN Near Future o3 oan]

. . - [0
Increasing /33! <[+Y0 «[+AQY Mid Future sl ous] °

Temperature

Increasing /53l [eYEE AR Far Future g5 oo




“YY pas DAY Uwe) cpide Jlw YO oy led csietedysoegSigyiun
Y AN VY4 ¢
Hydrogeomorphology, Vol. 7, No. 25, Winter 2021, pp (181-202)

Decreasing _zals —+/-0) <IYYY Near Future <o o]
. . - ol
Decreasing _zals —+[+YY <IY£O Mid Future e su] w5
. ) Runoff
Decreasing  _zals —e[-FY «[AYY Far Future 55 o0ss]

RCPA4.5 jLitil g2 5w i (ouwlidlgd — OF (gl puitio ol pudi Sigy Juloni g 423255 :(8) J g0
Table (5): Variation analysis in hydro-climatic parameters under RCP4.5 scenario
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Table (6): Variation analysis in hydro-climatic parameters under RCP6.0 scenario
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Table (7): Variation analysis in hydro-climatic parameters under RCP8.5 scenario

i % H 51 slradds
Ol ki Aig Zc P-Value Sloj seo9® ol slaadlze

Variation Trend Time Period Climatic Component
Decreasing  _zals -/ ¥Y </YAY Near Future <Goj5 oans]
Decreasing cals -/ <IFAA Mid Future L. goas] ‘f:”l*

) . Rainfall
Decreasing _zals -+/-¥4 <IYYF Far Future 55 gous]
Increasing ;! <[+ fY +/a9 Near Future <Goj goans]
Increasing ;! o[- pE* ofe ) Mid Future sle gous] s

. _ Temperature
Increasing !5l RN ofee Far Future 55 gous]
Decreasing  _zals [+ AF «[+¥Q Near Future <Goj goan]
Decreasing  _zalS —/eYY AR Mid Future Lo goas) =t

. _ Runoff
Decreasing _zals -+/-04 RN Far Future 55 gous]

Qb o dopd O o ,0 Sl Wy, 09 IS Sre godimslis *

logs L solos 10 (y,b &l s a5 Cllae ol o e ol i P-value o po g JIoiS— e g0l gl

Olpss AL 5 Jgloz Billas 0,5 cod )18 (5,0 ine 10 mhaws jo (5le] Llod & Lol caisls _alS ol
Sorm HwZFRB g Kyl dise Glag s cod 5 Sboy Gleeygs (F 0 bawgie sles
cradio | Gz jo oinli8l Ol RCP2.6 g4 b ot Jleo 9SG 35 oais] o) 0,90 10005 oo
O A SR S PR [ IR RSP R UL B VRSRSU SR I -8 S NP PN PO |
sl 33 Ol s RCPAS (645, o g Sloj 0,90 (ymed j0 S >0 cams oo Lz RCP2.6 (g9 )L

(_g‘).g )‘b‘_s.l.uo ‘5......:‘).9‘ v\is) u.c‘ ).‘.:RCPSS (_g}.;.)b.m Ced g ‘Sol.wo od.l.l" ) J.‘S‘so Coxd )lo‘_s.:.m ‘Sm.al)S‘



“YY pas DAY Uwe) cpide Jlw YO oy led csietedysoegSigyiun
Y AN Y9 A
Hydrogeomorphology, Vol. 7, No. 25, Winter 2021, pp (181-202)

ot Ny, 5l o SS90 5 ooy san ] Sloj slre,g0 4o aF >0 05,5 o sanlice oo o8l adlge
iboe @l cnl wge (V- 1Y) hlSen 5 (Slis (tagh 5l Jol> gl a5 ok S (oo 59 m Hlosine

b oanl Sloj slaeyge yo iule S ot (o)l oliae a5 ols (Li Lo piia A¥Lle &g, Julos g 4520
sl Ngy (i 9 )L adlge )3 (2Bl Dl o oy b oo B wdg cnl 0 VY 8 0L
30 ol pmogdle w00 5 o Jol> (RCPBLS) lalxls slasl8 cdale w0 iion Cood slos sloadlie o
Ol gy 5 005 SalS Slily, Dlpeis RCP2.6 (505l i g 590 5 (Gloo oS08 oyl Gloj sloo,g0
b RCPAS (g9 )liw 2o 5 590 9 (Sloo sl (Sloj (slwoyeo )3 adbioe Sl gmo e g)lol Llod 4
S g 10 maw 0 Soop eanl jo ctals Ol a5 o e o plid |y g lo g salS g,
<lly, &l RCPO.0 (645 )l o 590 ¢ Sloo « o3 oaiyl Slej slroygn j0 ax 515,85 coi )13
5 590 o] 4o aS g sboas aril SIS 5l xe 10 mhw jo gkl Ll 4 o] &g, Ll oy ialS
e 5 S0y eanl o a5 col I jo ol aib e o e ] cielS ais, RCP8.5 (54 )l s
s Slalllas o5y sy bl o o cixe 70 zhaw ;5 oylel Bl 4y T s, Lol _als Glly, &l i
leigo 2B |y sy cnl 5l Jol> s 55 (2020) o San

aalys ST slaoygo 0 adg> Clly, oliae Ghals com ads> 50 oo il (rizmen g ()b Lals

a8 5 & g0 Sladllae gl .8 )5 aalgs 18 ] 50 Con Gal @ ddlaie piSTle ool a5 lasgSa s

'ohKes g 0,8 (2013) L,Sen g lex «2017) oK 5 Lzl 2020c) o) San 5 (SLid) lawss
el oo Slaiiy g aul 1) adlas ol ol 50 ((2015)

& 5 aomis - ¥
ol yo sleslatul b lds lewl (o 09,05 5 ass> Olils, (g5lwans cog> SWAT Juw o5 oL
a0 105 TIVY 5 < IVR plyy o 4 (minly Al o 50 358 cal o polie 2dpdy ©50 NS 5 R
Joe 2l aS ols i saeliawsds gl o IS jabas tasoids 05l IV g+ IVF ol s 3 4 (i Ll
BB 50 50 (Jg 0o (iduuls,) ass> ailale Glly, (gilwand ;o ((Howw,licl gal> o ,0) SWAT
P9y ) ol Gl wliden ) polie (wlul 5 SUly; (iluad Sz SWAT Joo e 01 )13 (J5d

1- Gebreh



el a8l 31 o 09,085 5l sadg> sSlsles - Of llys )l
Blyo Lo yool 5 olids Loyle

Iy sbbail oy 5 i a5 MIROC-ESM. o oo g )b sleadlse BCSD « oo )| mmas Slad (g jlulas
Al 43,8 IS 4ol lis 0g l asgs Slasliv gbaesls

009y oS Dl glilo Sley sleoygo coled jo 5 L aS oo lis abss w8l (giloand

Xg,y So 5l Hlasl lag b ooles ;o Los adlge 5 all sos o sme 10 mhaw jo o)1 (5Ll Wig, a5 5 y5bas
69J)L~.» Cod g LS’L"Q 9 &,of LSLQO“\“”‘ 59 RCP4.5 )LMM." 694)L~u ol «A.sSLsA S92 Lsm;|).9| )‘OLS..’.A
10 s gae ghaws s o)kl Ll 4y oo ial38l 8y, 490 5 Sleo « o035 slasans] ;0 RCP6.0 Lac]

RCP8.5 ,Lail (go1 i oo 5 550 5 (oo glooats] jo s RCPA.S JLail sos s oo bl o
Hlasl sgn b 5o Soo3 oansl Sloj o,90 40 Slily, S oo Cund il o e Wiy, 5l 90 sais] jo g
g, Lol 05g otalS Bl peeis (g)ls RCPS.S il (3l oo lis 5 3055 (gloouiy] yo 5 RCPA.S
5 UL ded polie a5 wmo o s gl (pl (S b il sod o e 10 phaw 4o g L] bld & ]
2ol 1) o2l g (Lol aol Bl Dl ks gy cad 5 4 09,055 ads> 0 VY ()8 Ll B U,
%5 9 555 Oliee 9y » Wl oo Jlao slod (pgazay g Lod (ool slopuiie (ial33] &g, 09y wiale>
Gl 5 s g5 5 Dbl Glee el sl 550 adlase ps ounT 53 Bp AL eies
wog> (ooaldl g (FLSOT Llyd ) clie st @8lg yo pol> aegh ) Jel> gl ab aales
20 Silg oo a5 anles oo wald Olly; g Lo ()b sloadie Llod 4 oans] Gloy (slaoyge yo (Slalllas
Wiyl 3 a5 00,8 e oleriy el slml ST lie Gl el 5 lnse lp ad9> can] I 6k
3550 b Sliind gz dilaie S is 5 2l )8 gl g (i s ey oIl
SR BUCREISS



“YY pas DAY Uwe) cpide Jlw YO oy led csietedysoegSigyiun
YA Ve
Hydrogeomorphology, Vol. 7, No. 25, Winter 2021, pp (181-202)

Lo -0
Abbaspour, K. C. (2007). User manual for SWAT-CUP, SWAT calibration and uncertainty

analysis programs. Swiss Federal Institute of Aquatic Science and Technology, Eawag,
Duebendorf, Switzerland, 93.

Abbaspour, K. C., Rouholahnejad, E., Vaghefi, S. R. . N. I. V. A. S. A. N. B,, Srinivasan, R.,
Yang, H., & Kleve, B. (2015). A continental-scale hydrology and water quality model for
Europe: Calibration and uncertainty of a high-resolution large-scale SWAT model. Journal
of Hydrology, 524, 733-752.

Afshar, A. A., Hasanzadeh, Y., Besalatpour, A. A., & Pourreza-Bilondi, M. (2017). Climate
change forecasting in a mountainous data scarce watershed using CMIP5 models under
representative concentration pathways. Theoretical and Applied Climatology, 129(1-2), 683-
699.

Ahmed, K. F., Wang, G., Silander, J., Wilson, A. M., Allen, J. M., Horton, R., & Anyah, R.
(2013). Statistical downscaling and bias correction of climate model outputs for climate
change impact assessment in the US northeast. Global and Planetary Change, 100, 320-332.

Akurut, M., Willems, P. & Niwagaba CB. 2014. Potential Impacts of Climate Change on
Precipitation over Lake ictoria, East Africa, in the 21st Century, Journal of Water, , 6 (9),
2634-2659.

Brekke, L., Thrasher, B. L., Maurer, E. P., & Pruitt, T. (2013). Downscaled CMIP3 and CMIP5
climate projections: release of downscaled CMIP5 climate projections, comparison with
preceding information, and summary of user needs. Technical Service Center, Bureau of
Reclamation, US Department of the Interior, Denver, CO, 1.

Chong-Hai, X. U., & Ying, X. (2012). The projection of temperature and precipitation over China
under RCP scenarios using a CMIP5 multi-model ensemble. Atmospheric and Oceanic
Science Letters, 5(6), 527-533.

Cronshey, R. (1986). Urban hydrology for small watersheds. US Dept. of Agriculture, Soil
Conservation Service, Engineering Division.

Donyaii, A., & Sarraf, A. (2020). Optimization of Reservoir Operation using a Bioinspired
Metaheuristic Based on the COVID-19 Propagation Model. Numerical Methods in Civil
Engineering Journal, 5 (1) :15-28.

Donyaii A., Sarraf, A. & Ahmadi, H. (2020a). A Novel Approach to Supply the Water Reservoir
Demand Based on a Hybrid Whale Optimization Algorithm. Shock and Vibration,
https://doi.org/10.1155/2020/8833866.


https://doi.org/10.1155/2020/8833866

el a8l 31 o 09,085 5l sadg> sSlsles - Of llys )l
Blyo Lo yool 5 olids Loyle

Donyaii A., Sarraf, A. & Ahmadi, H. (2021). Comparison of meta-heuristic algorithms in
optimum operation of a single-reservoir dam system. Proceedings of the Institution of Civil
Engineers - Engineering Sustainability, https://doi.org/10.1680/jensu.20.00065.

Donyaii, A., & Sarraf, A. (2019). Analysis of future climatic parameters in Gorganrood catchment
area with a new approach to the latest changes in the IPCC report, proc. 4th Int. Conf. on
Applied Research in Science and Engineering, vrije universiteit Brussel, Belgium.

Donyaii, A., Sarraf, A., & Ahmadi, H. (2020b). Application of a new approach in optimizing the
operation of the multi-objective reservoir. Journal of Hydraulic Structures, 6(3), 1-20. doi:
10.22055/jhs.2020.34556.1145.

Donyaii, A., Sarraf, A., & Ahmadi, H. (2020¢). Water reservoir Multi-objective optimal operation
using Grey Wolf optimizer. Shock and Vibration, https://doi.org/ 10.1155/2020/8870464.

Gebre, S. L., & Ludwig, F. (2015). Hydrological response to climate change of the upper Blue
Nile River Basin: based on IPCC fifth assessment report (ARS). Journal of Climatology &
Weather Forecasting, 3(01), 1-15.

Ghorbani, M. A., Hosseini, S. H., H Kashan, M., & Abbasi, H. (2015). Evaluation of Alavian
Reservoir Operation Performance under the Condition of Future Climate Change. Journal of
Civil and Environmental Engineering, 45(79), 59-72.

Goodarzi, M. & Fatehifar, A. 2019. Statistical Distributions Analysis for Estimating of Climate
Change Effects on Future Floods (Case Study: Azarshahrchay Basin). Hydrogeomorphology,
6(20), 57-78.

Jahanbakhsh Asl, S., Khorshiddoust, A., Alinejad, M. & Pourasghr, F. (2016). Impact of Climate

Change on Precipitation and Temperature by Taking the Uncertainty of Models and Climate
Scenarios (Case Study: Shahrchay Basin in Urmia). Hydrogeomorphology, 3(7), 107-122.

Jajarmizadeh, M., Harun, S., Ghahraman, B., & Mokhtari, M. H. (2012). Modeling daily stream
flow using plant evapotranspiration method. International Journal of Water Resources and
Environmental Engineering, 4(6), 218-226.

Javan, K., Saleh, F. N., & Shahraiyni, H. T. (2013). The influences of climate change on the runoff
of Gharehsoo River Watershed. American Journal of Climate Change, 2013.

Kendall, M. (1975). Rank correlation methods (4th edn.) charles griffin. San Francisco, CA, §.

Mann, H. B. (1945). Nonparametric tests against trend. Econometrica: Journal of the econometric
society, 245-259.

Masood, M., Yeh, PJF., Hanasaki, N. & Takeuchi, K. 2015. Model study of the impacts of future
climate change on the hydrology of Ganges—Brahmaputra-Meghna basin. Hydrology and
Earth System Sciences, 2015, 19 (2), 747-770.


https://doi.org/10.1680/jensu.20.00065
https://doi.org/%2010.1155/2020/8870464

“YY pas DAY Uwe) cpide Jlw YO oy led csietedysoegSigyiun
VAN Yy
Hydrogeomorphology, Vol. 7, No. 25, Winter 2021, pp (181-202)

Memarian, H., Balasundram, S. K., Abbaspour, K. C., Talib, J. B., Boon Sung, C. T., & Sood, A.
M. (2014). SWAT-based hydrological modelling of tropical land-use scenarios. Hydrological
Sciences Journal, 59(10), 1808-1829.

Mirzaee, N., & Sarraf, A. (2021). Application of Data Fusion Models in River Flow Simulation
Using Signals of Large-Scale Climate (Case Study: Jiroft Dam Basin), Journal of Watershed
Engineering and Management, https://doi.org/10.22092/ijwmse.2021.343547.1816.

Moazami Goudarzi, F., Sarraf, A. & Ahmadi, H. (2020). Assessment of SM2RAIN-ASCAT and
CMORPH Satellite Precipitation Products Over Maharlu Lake Basin in Iran, Water Supply,
(2020) 20 (5): 1799-1806.

Moazami Goudarzi, F., Sarraf, A. & Ahmadi, H. (2020). Prediction of Runoff Within Maharlu
Basin for Future 60 Years Using RCP Scenarios, Arabian Journal of Geosciences, (2020) 13:
605, 1-17.

Moriasi, D. N., Arnold, J. G., Van Liew, M. W., Bingner, R. L., Harmel, R. D., & Veith, T. L.
(2007). Model evaluation guidelines for systematic quantification of accuracy in watershed
simulations. Transactions of the ASABE, 50(3), 885-900.

Nash, J. E., & Sutcliffe, J. V. (1970). River flow forecasting through conceptual models part [—
A discussion of principles. Journal of Hydrology, 10(3), 282-290.

Rostamian, R., Jaleh, A., Afyuni, M., Mousavi, S. F., Heidarpour, M., Jalalian, A., & Abbaspour,
K. C. (2008). Application of a SWAT model for estimating runoff and sediment in two
mountainous basins in central Iran. Hydrological Sciences Journal, 53(5), 977-988.

Shafiei, M., Ansari, H., Davari, K., & Ghahraman, B. (2013). Calibration and uncertainty analysis
of a semi-distributed model in a semi-arid region, case study: Nishabour watershed. JWSS-
Isfahan University of Technology, 17(64), 137-149.

Shanley, C. S., Pyare, S., Goldstein, M. 1., Alaback, P. B., Albert, D. M., Beier, C. M., ... &
McPhee, M. V. (2015). Climate change implications in the northern coastal temperate
rainforest of North America. Climatic Change, 130(2), 155-170.

Soleimanipour M, Sarraf A. P. (2021). Evaluating the effects of climate change on Lar Basin
Water Resources Using SWAT Model and comparing its results with Bayesian Networks and
Hybrid Intelligent Models. Journal of Natural Geography, 13 (50), 61-79.

Solomon, S., Manning, M., Marquis, M., & Qin, D. (2007). Climate change 2007-the physical
science basis: Working Group I Contribution to the fourth Assessment Report of the
IPCC (Vol. 4). Cambridge University press.

Stocker, T. F., Qin, D., Plattner, G. K., Tignor, M., Allen, S. K., Boschung, J., ... & Alexander,
L. V. (2013). Climate Change 2013. The Physical Science Basis. Working Group I



- b ol Sl o 09,085 ] ey Sl - Ol lalid b))

Blyo Lo yool 5 olids Loyle

Contribution to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change-Abstract for decision-makers; Changements climatiques 2013. Les elements
scientifiques. Contribution du groupe de travail I au cinquieme rapport d'evaluation du groupe

d'experts intergouvernemental sur l'evolution du CLIMAT-Resume a l'intention des
decideurs.

Telmer, K., Bonham-Carter, G. F., Kliza, D. A., & Hall, G. E. (2004). The atmospheric transport
and deposition of smelter emissions: Evidence from the multi-element geochemistry of snow,
Quebec, Canada. Geochimica et Cosmochimica Acta, 68(14), 2961-2980.

Van Vuuren, D. P., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K., & Masui,

T. (2011). The representative concentration pathways: an overview. Climatic Change, 109(1-
2), 5.



