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Figure 1. A simple diagram of the ANFIS model (31)

1- Adaptive Neuro — Fuzzy Inference System

2- Back propagation (BP)

3- Least squares estimator (LSE)
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1- Differential Evolution

2- Whale optimization algorithm
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1- Multi-objective Improved whale optimization algorithm
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Table 2. Uncertainty Parameters of the Second Order Neuro-fuzzy Model in Predicting the reservoir inflow

(T Lo eiwly el
<[a¥ AN d ,e56
/ey a¥/vs AVIR AR RS

o S 5l GlendS 550 &y gyl oy selgd
ol A5 gl skie] MOIWOA 3,68l SaS &y ddangd
5 e Spdiowe] (GilodaieS Jold a3ang> Ul
0 S g Lol el 53 (piyolisebl (gjluaidy
e S5 4] 5e53e Baumgd (gjlwding: )o@l
3o LS ol 5 4l bulyd (e 55y

Sldlbs ,d casbbpae obj)l 2,S5bld aSubal
S @l Sy SUlyy p waldlyess SIBT o)
Qo> Al i 8,818 @ gy bl a0
a4 d ,e85B polie 5 Aoy A Gluebl WLy el
Al yo 3 dx g Swly dspe (D an K 5l eS8 ool
e cashipie J1 oS cdbp g e Srwcous
VY) b g ol cuaS b odd el oy

100

90 e
§ 80 =T
= 70 o
.3 Rt
3 60 oA
k"‘) -"; T & "h_, & [ — L, h_, &
,4_1: 50 P LTS S ] Ay 1y
3 a0

30

20 T T T T

5 15 25 35 45
(02 53) (5 y2s gl

ndiolianbl 5 gl Bun g i 5 557 oxie duglio -0 S
Figure 5. Comparison of the pareto curve and the variations of
the objective functions of the vulnerability and reliability indices

2 ¥R b ol I S @ 250 2 3] 3954 byye
Slacuwluws g bslpd 4 diy &l aulll come )l (6,500
2elgd cgin 5 53 A8 ki Wl o Adg> haw oS>
il g ap w5 4l lilyd o ol b e
el bl llps ) ol dige selg slatecpy
15 dbgrye bt S0 duglis el j ol ding
P dop A gpholiuebl pasls (lila o 5l b
Wl sl AV (el ks ) WS
b 5908 o> Sl cdald] 3 Ll odds &3l ((puldl yuss
Silodie wpoN I Jols due bpojre Sel
P UG BB sbans ly liin @hme
2 45Kl @i Lad oyn dbgiye 2l Sl L awlie
bylyd jo a8 s o lis cul odol L Y 9 ol IS

ol 00 g dus 3 Sas uldl o

Olysd B3giom0 a0 a1sd O S 3 a5 jalailen

BVA 2l a5 cuelBlynts 5 il bl 3 gyl
Olyuss Bdgde 5 Moy YA L Ve 5 s YO
OF plyp e e qoelBliosss 9 by baalpd 5> 6y liebol
Srilisebl Gila sl 2op3 A0 b A aoyd OAA L
Slyp edpa o YV 9 YV ephicuwl woy Al
e o & oo ol 295 oo Sl s 5 il Ll
Bl Ll > o s s ooy e o5 o
lie p aSygbay wdg e S @)
ot b o Jae ol pisoluadl
G5 g 3 D Sl g ceS pdice]
Bl > ol 5 spbinl Ol 2390000
bl 1 Sy 5o vcul juie 4l lulyd & G ouldl s
et 2158 S e ¥ S5 > g
Sndolabl 5 splical Glopasls & cuwl e


http://dx.doi.org/10.52547/jwmr.12.23.238
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.21.6
http://jwmr.sanru.ac.ir/article-1-1085-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-30 ]

[ DOR: 20.1001.1.22516174.1400.12.23.21.6 ]

[ DOI: 10.52547/jwmr.12.23.238 ]

ves

ol s g Blyo Lgyyel ( Slid Lo ple

A8l dguny Sipg adaadin (g jlwaing o0 )sS) 5l ealitel b w8l o balyd o ldS s o35 3l (gld 0 400
70 s 0
4 65 :
A 60 5
.5'\ 55 ke i 20 &
- gg — 3
D 40 Tk iy el b agly Jasl 5,5 5Lals, a0 4
m 35 F VL ) pow i -
-g 30 2 Bl )3 AN 50 <§
- 25 1 1 1 P I I | I .
T / ' / A A A o 5
f f f - - 80
> 1 ” -
10 =
e s _ L' S : : A A N gl
g o ™ " ; i = = = 100
- $3
(1)
70 0
4 60
b Y 20 4
4 50 ¢ o E W -
3 . Ll 3
3 40 TAe 31 Glsabl b asly yl e 53 35008 s 4,
é\ a0 4-11-’\,. Ia.;l)...& 53 ‘J.é.l.gi g
3 5 2
o 2
< 10 =
2 o
S o T S 4 e T = T ¥ o T Y o T o T = ) T T T T o Y T = B T T Y s TN o T = » TN T O O o MY s T = T T B |

(eLs) (5,135 250 231

ab bbb 3 A pdoliuebl 5l Jols 55 s (sl 4 (©) 39208 o2 9 () sjloley oo duslie =5 IS5
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Abstract

The amount of runoff entering the dam’s reservoirs are continuously affected by climatic
parameters, which influenced by the climate change phenomenon. In this study, the climate
change parameters were obtained based on CANESM2 climate model using the SDSM4.2
statistical downscaling model. Then the rainfall-runoff process was simulated by ANFIS model
with Sugeno structure and subtractive clustering at the entrance of Golestan dam reservoir in
climate change conditions. Finally, the Improved Multi-Objective Whale Optimization
Algorithm (MOIWOA) which is a combination of Whale V (WOA) and the Differential
Evolution (DE) is used to extract the optimal operation rules of Golestan Dam Reservoir in
Golestan province. The results of the uncertainty analysis indicated that the simulation results of
the climate change period were in the 95% confidence band - in both calibration and validation
phases. Also optimization of Golestan reservoir in baseline (March 2005-September 2018) and
climate change (April 2021-October 2033) periods showed that the vulnerability changes in the
baseline and climate changes are in the range of 18-45% and 10-39%, respectively, and the
reliability ranges over 52 to 89.5% and 28 to 90%, respectively, in both baseline and climate
change phases. And for 80% reliability, the baseline and climate change conditions'
vulnerability are obtained as 31% and 27%, respectively. Comparison of the optimal rules
derived from the baseline conditions with the optimized ones from the climate change showed
that the plan water demand is met by 80% reliability index. In addition, the release volume in
climate change conditions is higher than its baseline one, which can be due to the increased
volume of water demand in climate change conditions. On the other hand, comparing the
performance of the reservoir to meet the irrigation demands of downstream land at the Pareto
point (80% reliability) in terms of baseline and climate change also suggests a greater adaptation
of reservoir release to demand in climate change period.

Keywords: ANFIS Model, Climate Change, Golestan Dam, Multi-objective Improved Whale
Optimization Algorithm, Uncertainty
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