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1- Canadian Regional Climate Model

2- Cosmo-Climate Local Model

3- Regional Model
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1- Global Circulation Model

2- Long Ashton Research Station Weather Generator
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Figure 2. Perdict change a) Sunny hours b) Minimum temperature in degrees ¢) Maximum temperature in degrees d)

Precipitation in millimeters compared to baseline (1985-2005) using the Hadcm3 model and the climate change
scenario RCP2.6 in three future course
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Figure 3. Perdict change a) Sunny hours b) Minimum temperature in degrees ¢) Maximum temperature in degrees d)

Precipitation in millimeters compared to baseline (1985-2005) using the Hadcm3 model and the climate change
scenario RCP8.5 in three future course
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studied station

gl eanlls 0

(m3/s)

2000/3
2000/5
2000/7
20013
20015
20017
20019
2001/11
2002/1
2002/3

2=
g 3
g 8
=)
=

20000111

20027

2002/9
2002/11
2003/1
20033
2003/5
2003/7
2004/5
2004/7
2004/11
2005/1
20053
2005/5
2005/9
2005/11

(oLe) 3o

355 o] 3 IHACRES  Juo jl ookl b oriswcono als yo (gl 006 5050jl0il 5 (gjlwand (glailio) (b nolie 0 JSU3
Figure 5. Daily flow rates of the simulated and measured for validation step using the IHACRES model at
the Gelevard station


http://dx.doi.org/10.52547/jwmr.12.24.205
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.6.3
https://jwmr.sanru.ac.ir/article-1-1061-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.22516174.1400.12.24.6.3 ]

[ DOI: 10.52547/jwmr.12.24.205 |

Y\Y

(5 e (ME e dazmo g 5l s (Gl Sgate (o) Cansd s (sl

2)9l5 ds a9 3915 839y (Bl waldl o5 Sl L))

IHACRES Juo (oriw)liel dls po 15 b > (gilodnd ls obj)l slaylas joolie =5 Joa

Table 6. Values of evaluation criteria for simulation results in the validation phase of the IHACRES model

MAE RMSE r absyo
<[5 \iia I8\ Fewly
RAYd \V/4 -Iva (PR oo

» IHECRAS Juo jl oalazwl b aldg) obys (g5l o
Vo Joda )3 5 calisee (glaoysd (05 Sk V 5 £ JSS

6539y ] 59y 3 el s 48U gjlo s y)&‘ﬁ“‘%
Gilwand 5l Jobs mls 4 arg b 2)el5 sl ases

5l ol s b eslazwl RCP8.5 4 RCP2.6 ol
&7 ———1990-2005 2021-2040  eeeeee 2041-2060 === 2061-2080 2081-2100
7 A

(46 p oS o) (29
S

3 4
R
N
1 4
0 T T T T T T T T T T T )
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(obo) ylo)

IHECRAS Juo ;| odlisol L RCP2.6 walél yuii g5 )l ot cilisen (slmoyed (o 3,15 0595 63,91y 81,59 0 —F IS
Figure 6. Hydrograph estimation of Gelevard watershed during different periods under climate change
scenario RCP2.6 using IHECRAS

8
e 1990-2005 20202040 verees 2041-2060 =~ ~ 2061-2080 2081-2100
%4
'1‘ 5 4
\% 4 o~
% - 3
&
- k) i o \ parttangy
gROSY= " - s -~ bt < \

> o % P R R B a7

2 e\ ,r' - s o :

"N - sa- =
~\
2 27
1 \~-",
0 v v v v v v v v \
Jam Feb Mar Apr May Jun Jal Aug Sep Oct Nov Dec
(ale) ylo;

IHECRAS o jl o3lisl L RCP8.5 8l yuss g2l o alista (slmoygd (o 3,48 0595 (63,9l p 31,5 0um =V IS5
Figure 7. Hydrograph estimation of Gelevard watershed during different periods under climate change
scenario RCP8.5 using IHECRAS

aliseo dL‘“’)BJ Lf‘)" (du.}l) » u.xgw )m) &Yl > wi:la.» )).)Lo.n -Y J9A>
Table 7. Annual Average flow rates for different periods

RCP8.5(4s 5 casSen o) (o3 (Soloe RCP2.6(456 » casSen 20) (o cpoleo 093
¥/ ¥/ Y43V -0
Y/0) v/aY YOYA-Y¥
Y/EY YIAY YOF\-Ys
v/oy v/ YeEA-Y A
Y/oA Y/A¥ Yo AN-TY -

slooygd )3 yuolod g yuolgs ST epalipus unsST slwelo RCP2.6 (5ol > (539l BlS5)nm 4 a2y |
09 duldo L8l dalgd 3l odalie 0)ed 4y Cand oAl 2 2 pals g Ve g F95 (o slrolo > o> Lzl


http://dx.doi.org/10.52547/jwmr.12.24.205
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.6.3
https://jwmr.sanru.ac.ir/article-1-1061-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.22516174.1400.12.24.6.3 ]

[ DOI: 10.52547/jwmr.12.24.205 |

YIY

Sy e by odelcunsa wls b wldl s bl
9 e (F) g (V) Ghe ol )i (V)
oz (V1) phlSer 5 (o5 (V) (s (V) oS
S s (3) o) Kan 5 Silgn 5 (V) o San g

<l glie p @eldl jus SIS oy & GiagR cnl
I oghiecedy oAb adly 35S e a3 (v
L cod RCP a5 alidss waldl i clogy b
b5 5,5 olizl LARS-WG o8l 11i5 o 51 o0zl
opgke & b Gl wlidlen slayiall (gjloand
653 1 RCP 2.6 (g5 )lus b ity 5 dipeS (lod 238l
=YY+« 090 > RCP 85 (g, j0 g YVeA=Y-5)
Ol a8 0l lis Yl (o)l oy p 0b dalgs 5 VAN
o D gl 93 53wl 0y93 )3 0jg> AVl (Sl
S Gogb @ bl GRS (cw)p 3)90 Slroygd (aled )
0y90 & bgye RCP 2.6 o lw » Liall (py ke
5)9> 55 RCP 85 gl , 5 aidlye YeY)-Y-¥.
aVlo S65L e o |y LialS cp 5 gi YeYV-YAY.
S o jl Wiy b sile e jslaiedr )l
&g, UL)> & lwduns C’L" A odlawl IHECRAS
ez 3 bawgie jobdy 6lhg) (b plise & ob olis
D g W MY ¥ Cipa RCP2.6 gl p> o] oy90
Comd Jaoyd VW 5 YA ¥+ AU RCPB.S o)l 5 g dopd
Fdob @l @ ag b nbe pials glalio o)s 4
Condg &S CES dxd Ol ggeime 2 lgh ()
OI}';@ O‘ LY 5l J.m|9$ )Jual)x’ odi] ) u.g] @L‘w
o> pas g Lo il s 4 By by (a4
@ e arlpd i A8l g ) By 0gd I (8L
2 &gy by Sl g old ddes jo ;'j 03D oaals
O GialS 350 Cpegd (il dales o o ) Sis uad
o ity 5 51 culytlts bloge i Jub >
5 ;J &le anass o S0 p0 500 (sl u..u.—, 9 L..j
S 1 55 Oype LSl 1k 5l s ejse
sl 590 odldl Sl 4 228 b o b (20 ke
39, 5 Sbys (o0 e &Sl )8 saled o5 MolS
B9y oylas] )90 conldl Sl @ dn i b oai] claans
Gy o0 it SBhal 1 ccails wlss Lwsale inls
1.3-...9 Cauo ¢ Lg)')gti’.f o i «..j ool &y 3)91§ W)
Ol ¢ oegde 0y Jalp dnlee dasMe LB sladgues
oy 405 35105 5 hpoje ol sloojhs (391 ciunds
9 i) Sl (jle 6y g 5l5 Bl g 5l 5
slp oailSogiome Joloe plo jl 90 sl (g
Caolw Jlogl C5 g py il o ol 5l sydp0 0
CuiS dsgi 5 oy ulS GoN pui LolE als
5 bl s slagiyy J edlizl 5 ol Ol o5 lals
Dg oo dpiuiy Bylxiol o]l oolaiul

(595 ko (e e donns g 5l s () Sgadme oty Cawd (b

Voo Gl g 5ol VY o)l /padjlgs Jlo )..>u| 05> Cu e dolidiangy

& ol i mlE wyp g wb oy b YeAN-YY
Al i &Gl dy B S5 e Wl 5
@b 0)9 & Cumd (oo VEIB 3905) J5 ()L hal 8l
wlod Glo® sy o Had (sl 039y olo Cpem 4y bgyye
» alagy by Uzwj ol el dons > oS caily
wor 2 36 (%) ohles g (la¥sS 3,5 oo ool
L')g.l 4 OI)JJ)‘LA Ob'”‘“ L;Laaddl&)” ULP u.SLo)‘ ul).uuu
@ Ol GBS Cpyide (wizen Wlodges o)lil 350
9 0y ).\.AL...M: olo 4 Jo}»).n (ML) » uxi;o).uo AVAR .)9J.>)
y (eckes Y¥/+5) (b GialS” Olise iyt 3 ole (ol
0 &S A o i (635l 0 BT g ezl .l Al
I iels Slalie oy 4 caws ST slaoyg o g4l
d9dn ol (03 YePV-VeAr 050 ;0 aS g by S o
e pials Slanlie 0)93 4 Cams 4l p caSo i Y/VA
ol (pizmen ¥ i 5 & JSS gt (F JSS) W5 e
0)93 oz )3 bawgio jobods Alsg) by (je & a0 0
YeAV-Ye A YoFV-YeFe FoYV-YAFe) adlae 390
oS asy B 5 WAV ¥ cwga (YPAN-YY
5 e @l b Gl ol I Jeb ml b
299 2kSRS il Hldy 550l 0jex 53 (V) (e
3 dblaezs usul 0je 53 (YA) S g 13 diog pus cdoss]
Ol 295 A,J_Um 2 5 gl s Slgsen LS bl
$Bog, ol by ials el ol alyus a8 Lol
D)5 o Bblie cpl )
ooluly 629y by Sl (ilodre @S (onen
A Comn bJuuT dlﬁa)j.) 2 ).:.AL».) 9 )M‘}» ‘L)j9) (P cJJ)JT
‘W;] (Yo sili slaole yd 5 isli8l (slodalive 090
oanlie 090 4 Camss 0] (slmoygd p3 2 yiST g prolivw
w)Lomwuw Olysd b s ol bl sl Jials
il glaole 3 (SH)k Gl L aSgyebas 3l illas
@l cwl @Bl GRIEL G5 o e Oe) g
slroygd )3 ol (23 45 a3 e (Lt (63900 SS9 yn
WS e e ials oun] csalie 0y 4 Comi o]
yo YINS 39d5 sl (33 YePV=YeAr 0)5d 1> &S g 5boay
@l S oo Iy il oun] 0)93 4 s Al p cuSe
Ol Ol & W3 e (Ui rizmen ¥ Jod 9V JS
adlle 3j90 0)53 Jloz p hwgie b 4 4l
(FeAV=YVee (FeBA-YeAe FoFV-YeSe FoYV-Y-¥.)
Led ial38l b o ials 1oy YWY g YA Y Nl Sy
2 Fee Jelss dox jloanl slaoysd > Bk ials g
Canddy gult il o Loyed cpl )0 aldag, by Lials
cov alagy o> il p gwe ibgh ol 4O okl


http://dx.doi.org/10.52547/jwmr.12.24.205
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.6.3
https://jwmr.sanru.ac.ir/article-1-1061-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.22516174.1400.12.24.6.3 ]

[ DOI: 10.52547/jwmr.12.24.205 |

s i (oM etasma gl () gete (o) Cuwdpj (Slniz

YVY 3)5l5 s dS g 29,15 BB, Ub)qi)gw:lél)mﬁul)j‘ b))

FL%)

1. Abbasi, F., A. Babayan, Sh. Malbosi, M. Esmari and L. Gholi Mokhtarian. 2012. The effect of
climate change in Iran in the (2025-2100) using the microscopic data of the general circulation model
of atmosphere. Journal of Geographical Research, 27(1): 205-230 (In Persian).

2. Croke, B.F.W., F. Andrews,J. Spate, S.M. Cuddy. 2005. IHACRES User Guide. Technical Report
2005/19. Second Edition. iCAM, School of Resources, Environment and Society, The Australian
National University, Canberra. http://www.toolkit.net.au/ihacres.

3. Croke, B.F.W. and A.J. Jakeman. 2008. Use of the IHACRES rainfall-runoff model in arid and semi-
arid regions. In: H.S. Wheater, S. Sorooshian and K.D. Sharma. Editors, Hydrological Modelling in
Arid and Semi-arid Areas, Cambridge University Press, Cambridge, 41-48 pp.

4. Doosti, M. 2012. Evaluation of the effect of climate change on flow flux using rainfall-runoff model
(Case study: Tamar watershed, Golestan province). MSc thesis, University of Sari, 123 p (In Persian).

5. Ghorbanizadeh Kharrazi, H., H. Sedghi, B. Saghfiyan and J. Porhemat. 2010. Estimation of the
distribution of snowflake runoff during the next half century under climate change conditions. Water
Engineering Quarterly, 1(1): 51-59 (In Persian).

6. Goodarzi, M., J. Khosravaniyan and S.A. Hejazi. 2015. Application of LARS-WG model in prediction
of meteorological parameters of Qara-Sou basin. Journal of geographic space, 15(51): 263-279.

7. Regional Water Company of Mazandaran Province, http://mwww.mzrw.ir/.

8. Hassani, Kh. 2012. Presenting Solutions to Climate Change Effects on Dam Reservoir Management in
Future, Case Study of Shahcheraghi Dam. Master's Degree in watershed engineering. Tarbiat Modares
University, 114 pp (In Persian).

9. Hassanzadeh, Y., A. Abdi Kordani, M. Shafiei Najd and S. Khoshteinat. 2015. The prediction of daily
flow of the Nura Chai River using the combined model of artificial neural networks-Principal
component analysis. Journal of Water and Soil Science, 25(3): 63-53.

10.Huang, S., V. Krysanova and F.F. Hattermann. 2013. Projection of low flow conditions in Germany
under climate change by combining three RCMs and a regional hydrological model. Acta Geophysica,
61(1): 151-193.

11.Ingol, E. and D.C. Mckinney. 2009. Hydrologic model for Rio Conchos Basin: Calibration and
Validation. CRWR Online Report 08-09. Bureau of Engineering Research, the University of Texas
at Austin, 52 p.

12.1PCC. 2007. The Physical Science Basis. Contribution of Working Group | to the fourth Assessment
Report of the Intergovernmental Panel on Climate Change. In: Solomon, S., D. Qin, M. Manning, Z.
Chen, M. Marquis, K.B. Averyt, M. Tignor and H.L. Miller (Eds.). 2007. Report, 996 pp.

13.Jackson, C.R., R. Meister and C. Prudhomme. 2011. Modelling the effects of climate change and its
uncertainty on UK Chalk groundwater resources from an ensemble of global climate model
projections. Journal of Hydrology, 399(1): 12-28.

14.Jamali, S., A. Abrishamchi, M.A. Marino and A. Abbasnia. 2013. Climate change impact assessment
on hydrology of Karkheh Basin, Iran. Proceedings of the ICE-Water Management, 166(2): 93-104 (In
Persian).

15. Mailhot, A., S. Duchesne, D. Caya and G. Talbot. 2007. Assessment of future change in intensity—
duration—frequency (IDF) curves for Southern Quebec using the Canadian Regional Climate Model
(CRCM). Journal of Hydrology, 347(1): 197-210.

16. Mclintyre, N. and A. Al-Qurashi. 2009. Performance of ten rainfall-runoff models applied to an arid
catchment in Oman. Journal of Environmental Modelling and Software, 24: 726-738.

17. Mesah Bavani, A.S. 2006. Risk assessment of climate change and its impact on water resources case
study of Zayandeh rood field of Isfahan. PhD dissertation of hydraulic structures, department of
Structural Engineering, Tarbiat Modarres University (In Persian).

18. Modaresi F., S. Eraginejad, K. Ebrahimi and M. Khalgi. 2011. The study of the effect of climate
change on annual discharge of rivers (Case study: Gorganroud River). Water and Soil Journal, 6(25):
1377-1365 (In Persian).

19. Moen, J. 2007. Effects of Climate Change on Alpine Skiing in Sweden. Journal of Sustainable
Tourism, 15(4): 418-437.

20. Mohammadi, Y., P. Fathi, A. Najafinejad and N. Nora. 2008. Estimation of monthly average flow
using artificial neural networks. Case study: Gheshlagh Watershed of Sanandaj. Journal of
Agricultural Science and Natural Resources, 15(4): 13-28 (In Persian).

21.Rezaei, A., M. Mahdavi, S. Feyznia and M. Mahdiyan, 2007. Regional modeling of peak flows in the
watersheds of Sefidrood Dam using artificial neural network. Journal of Science and Technology of
Agriculture and Natural Resources, 1(1): 39-25 (In Persian).

22.Semdi, S. and A. Meshah Bavani. 2008. Introduction of Artificial Neural Network and SDSM
methods for small scale-static analysis of temperature and rainfall data, Third conference on water
resources management, Tabriz University, Tabriz, Iran, 147 pp (In Persian).

23.Semenov, M.A. and E.M. Barrow. 2002. LARS-WG a stochastic weather generator for use in climate
impact studies. User’s manual, Version 3.0.


http://www.toolkit.net.au/ihacres
http://dx.doi.org/10.52547/jwmr.12.24.205
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.6.3
https://jwmr.sanru.ac.ir/article-1-1061-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.22516174.1400.12.24.6.3 ]

[ DOI: 10.52547/jwmr.12.24.205 |

(P9 i (M (Jedesns gl ps () Sga50 ¢ catus) S (Slaips
YO Voo i g ol /VF o)l [omdjlgd Jlo s5ul 0595 o pde dslitimngy

24.Shaemi, A., M. Habibi Nokhandan. 2009. Global warming and ecological outcomes, first edition,
Mashhad Ferdosi University press, Mashhad, 216 pp.

25.Tam, V.T., O. Batelaan and I. Beyen. 2016. Impact assessment of climate change on a coastal
groundwater system, Central Vietnam. Environmental Earth Sciences, 75: 1-15.

26. Vafakhah, M. 2012. Application of artificial neural networks and adaptive neuro-fuzzy inference
system models to short-term streamflow forecasting. Canadian Journal of Civil Engineering, 39(4):
402-414.

27.Koulaian, A., M. Khoshravesh, N. Mohammadigolafshani and M. Mohammadjavad. 2017. Analysis
of streamflow trend in Mazandaran Rivers using non-parametric Mann-Kendal test. Watershed
Engineering and Management, 9(3): 332-345 (In Persian).

28. Heidari, M., M.R. Khazaei and A.A. Akhtari. 2018. Impacts of Climate Change on climate variables
and catchment stream-flow, using HBV model under BCM2 Scenarios. Journal of Irrigation and
Water Engineering, 8(30): 129-139 (In Persian).

29. Niromandfard, F., M. Zakerinia and B. Yazerloo. 2018. Investigating the Effect of Climate Change on
River Flow Using IHACRES Rainfall-Runoff Model. Irrigation Sciences and Engineering, 41(3): 103-
117.

30. Zarghami, M., |. Babaeian, Y. Hassanzadeh and R. Kanani. 2011. Impacts of Climate Change on
runoffs in East Azerbaijan, Iran. Global and Plantary Change, 78: 137-146 (In Persian).

31.Zhang, X.C. and W.Z. Liu. 2005. Simulating potential response of hydrology, soil erosion, and crop
productivity to climate change in Changwu tableland region on the Loess Plateau of China.
Agricultural and Forest Meteorology, 131(3): 127-142.


http://dx.doi.org/10.52547/jwmr.12.24.205
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.6.3
https://jwmr.sanru.ac.ir/article-1-1061-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.22516174.1400.12.24.6.3 ]

[ DOI: 10.52547/jwmr.12.24.205 |

Journal of Watershed Management Research, Vol. 12, No.24, Autumn and Winter 2022 .........ccocieeiriineriniieieieiaieeeeeenaaenns 216

Assessment of Climate Change Effects on River Flow of Gelevard Dam Basin

Hossein Ali Zabardast Rostami', Mahmoud Raeini Sarjaz* and
Mohammad Ali Gholami Sefidkouhi®

1- Ph.D. Student, Department of Water Engineering, Sari Agricultural Sciences and Natural Resources University,
Sari, Iran
2- Professor, Department of Water Engineering, Sari Agricultural Sciences and Natural Resources University, Sari,
Iran, (Corresponding Author: raeini@yahoo.com)
3- Associate professor, Department of Water Engineering, Sari Agricultural Sciences and Natural Resources
University, Sari, Iran
Received: 23 December, 2019 Accepted: 1 February, 2020

Extended Abstract

Introduction and Objective: Climate change is one of the most important issues that have
affected various parts of human life in recent decades. Undoubtedly, this phenomenon will
change the water resources of each basin. Therefore, estimating and predicting the future of
river discharge is of great importance due to its harmful effects on the environment, economy
and society. This research is aimed at checking and predicting the discharge of the river
Gelevard Dam under different climatic conditions.

Material and Methods: To this end, the HadGEM2-EM model was used under three scenarios
RCP 2.6, RCP 4.5 and RCP 8.5. Also, the IHACRES model was used to simulate surface flow
for the intended periods.

Results: The results of the annual changes in the meteorological parameters under the RCP 2.6
climate change scenario showed that the maximum increase in minimum and maximum
temperatures would occur during the period 2061-2080. The greatest change in precipitation
will occur during the period 2021-2040. Regarding the results of modeling using IHACRES, it
was found that the correlation coefficient of the model in the calibration stage is 0.61 and in the
verification stage it is 0.79. The results showed that the average river flow rate decreased by 4,
8.7, 13 and 5 percent, respectively, in the four study periods (2021-2040, 2041-2060, 2061-
2080, 2081-2100).

Conclusion: Due to the declining trend of Neka River discharge in the coming decades, the
projected targets for the Gelevard Dam for drinking water, agriculture, industry, etc. will face
significant shortages.

Keywords: Climate change, Downscaling, Flow simulation, Neka River


http://dx.doi.org/10.52547/jwmr.12.24.205
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.6.3
https://jwmr.sanru.ac.ir/article-1-1061-fa.html
http://www.tcpdf.org

