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Abstract

Estimating the available water plays a vital role in planning water
resources projects. The first step in assessing water availability is
to calculate runoff in catchments. Moreover, it is necessary to
study the effects of climate change on water components such as
runoff since climate change directly affects the hydrological
components and water resources. In this study, the status of the
inflow to Tashk-Bakhtegan lakes as one of the most important
lakes in the country was investigated. Because generation of runoff
is a complex concept due to its nonlinear and multidimensional
nature, various theoretical and physical models have been
developed to predict runoff. The high dependence of these
physical models on numerous parameters and maps, practically
challenfged their efficiency in basins with limited observations.
On the other hand, models based on artificial neural networks and
fuzzy inference systems are considered applied tools that can help
hydrologists in such circumstances. In this study, FFBPNN and
ANFIS models and their combination with PSO and GA
metaheuristic algorithms have been investigated in evaluating the
runoff in historical conditions and under RCP and SSP climate
change scenarios. The obtained results showed that the FFBPNN
and ANFIS models combined with the PSO algorithm
(ANFIS_PSO) using precipitation, minimum temperature, and
maximum temperature as inputs had better performance compared
to other models with different inputs. The values of the correlation
coefficient, root mean square error (m3/s), Nash-Sutcliffe
coefficient and Kling Gupta were respectively 0.99, 2.07,0.99 and
0.98 in the training period and 0.94, 3.61, 0.91 and 0.88 in the test
period and 0.98, 94. 2, 0.97 and 0.98 in the training period and
0.93, 3.87,0.85 and 0.88 in the test period. The results of this study
can be used in investigating the effects of the above mentioned
scenarios on important basins of the country and consequently in
planning and managing water resources in the context of climate
change.
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Table 1- Evaluation of the results for the FFBPNN Model
FFBPNN £guan omas a8 Jdo gl U j,l-) Joss

Observed Runoff

Model Runoff Train Test
_Number Model Input average
RMSE RMSE
(MCM) (mls) r NSH KGE (m¥s) r NSH KGE
1 Pt 5.07 0.95 0.93 0.93 3.89 0.93 0.90 0.87
2 Tmint 12.20 0.68 0.59 0.47 8.65 0.58 0.37 0.42
3 Tmaxt 11.90 0.69 0.61 0.53 8.27 0.59 0.35 0.43
4 Pt, Tmint 8.70 4.23 0.97 0.95 0.95 4.02 0.93 0.88 0.86
5 Pt, Tmaxt 5.03 0.95 0.93 0.93 4.21 0.93 0.89 0.86
6 Tmint, Tmaxt 9.96 0.80 0.72 0.71 8.77 0.62 0.47 0.55
7 Pt, Tmint, Tmaxt 2.07 0.99 0.94 0.91 0.88 0.93 0.91 0.89
Training: R?=0.9839 Test: R2=0.9078
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Fig. 6- Evaluation of the optimal FFBPNN model
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Table 2- Evaluation of the results of ANFIS, ANFIS_PSO, and ANFIS_GA Model
ANFIS_GA 3 ANFIS_PSO ANFIS Jae gl b, =Y Jga>

Model Train Test

Number Model Type Model Input RN3|SE NSH KGE Rl\/;SE r NSH KGE
(m°/s) (m°/s)

ANFIS 381 0.97 0.95 0.96 3.93 0.93 0.85 0.89
1 ANFIS-PSO Pt 3.65 0.98 0.95 0.96 3.91 0.92 0.85 0.89
ANFIS-GA 4.13 0.97 0.94 0.96 3.94 0.93 0.86 0.91
ANFIS 12.44 0.65 0.42 0.50 9.87 0.56 0.03 0.35
2 ANFIS-PSO Tmint 11.49 0.71 0.54 0.59 9.52 0.57 0.10 0.42
ANFIS-GA 12.15 0.67 0.45 0.52 10.75 0.56 0.05 0.29
ANFIS 11.85 0.69 0.48 0.56 9.88 0.56 0.03 0.44
3 ANFIS-PSO Tmaxt 10.87 0.75 0.59 0.64 9.21 0.59 0.15 0.48
ANFIS-GA 11.16 0.73 0.54 0.61 9.45 0.58 0.11 0.43
ANFIS 3.03 0.98 0.97 0.97 4.01 0.92 0.84 0.90
4 ANFIS-PSO Pt, Tmint 2.94 0.98 0.97 0.98 4.16 0.92 0.83 0.83
ANFIS-GA 3.98 0.97 0.94 0.96 3.97 0.94 0.87 0.90
ANFIS 3.36 0.98 0.96 0.97 4.66 0.90 0.80 0.85
5 ANFIS-PSO Pt, Tmaxt 3.13 0.98 0.96 0.97 4.21 0.95 0.88 0.86
ANFIS-GA 4.29 0.97 0.93 0.94 3.90 0.92 0.86 0.86
ANFIS 10.51 0.77 0.59 0.67 9.49 0.56 0.13 0.51
6 ANFIS-PSO Tmint, Tmaxt 9.95 0.79 0.63 0.71 9.39 0.57 0.14 0.55
ANFIS-GA 11.23 0.74 0.54 0.61 9.47 0.59 0.13 0.45
7 ANFIS Pt Tmint 2.95 0.98 0.97 0.98 4.38 0.91 0.82 0.86
ANFIS-PSO 'll'maxt ' 2.94 0.98 0.97 0.98 3.87 0.93 0.85 0.88
ANFIS-GA 4.21 0.97 0.94 0.94 3.96 0.91 0.80 0.84
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Fig. 7- Evaluation of the optimal ANFIS model
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Table 3- Changes in the long-term average of climatic variables of GCM models used under RCP
and SSP scenarios in the future period compared to the previous period

2321 2,95 ;3 SSP g RCP (5lags ylw i 03] 3550 GCM (g Jiko conddl (g1 yuitio Cotosily (paSilue il punii —F Jou>
Wi 35 049 Ay Connd

_ ] GFDL-ESM2M IPSL-CMA5-LR GFDL-ESM4 IPSL-CMA6-LR
Climate Variable RCP2.6 RCP85 RCP26 RCP85 SSP1-26  SSP5-85 SSP1-26  SSP5-85
Minimum Temperature ('C) 2.12 2.58 2.59 291 1.62 2.03 2.19 2.52
Maximum Temperature ('C) 1.51 2.38 2.11 2.73 1.94 2.63 2.40 2.72
Precipitation (%) -0.13 -0.05 -5.82 -7.66 -10.76 -11.15 -8.31 -9.62
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1- Artificial Neural Networks (ANN)

2- Fuzzy Inference System (FIS)

3- Adaptive Neuro-Fuzzy Inference System (ANFIS)
4- Water Balance Model (Watbal)

5- Sacramento Soil Moisture Accounting Model (SAC-
SMA)

6- Simple Conceptual Rainfall-Runoff (SCRR)

7- AutoRegressive Moving Average (ARMA)

8- Multiple Linear Regression (MLR)

9- Multiple Non-Linear Regression (MNLR)

10- Particle Swarm Optimization (PSO)

11- Genetic Algorithm (GA)

12- AutoRegressive Integrated Moving Average
(ARIMA)

13- General Circulation Model (GCM)

14- Representative Concentration Pathway (RCP)

15- Shared Socioeconomic Pathway (SSP)

16- Soil and Water Assessment Tool (SWAT)

17- Back Propagation Neural Network (BPNN)

18- Feedforward Back Propagation Neural Network
(FFBPNN)

19- Earth System Grid Federation (ESGF)

20- Inter-Sectoral Impact Model Intercomparison
Project (ISIMIP) Fast Track
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Gilwdinge syl 3l ooliw! L ANFIS Juio daup (Sl 13
85 )18 (s 3)90 GA 4 PSO

PSO (sl sS b ANFIS Juo 3.l 51 Jools olis (g =
Joo 5l Lol b5 Seuas 55 PSO op)s3] a5 ams oo ol GA
On 2 Shes (pyte Sysh sl 03 5355 ANFIS
il e |y Gl slaedgy 5l ool b cilisee (ol Jue
o 5 il (glod ¢l (gl pito 5l odlizl L ANIS_PSO
Cdpdwdgy o ppl ases > ladlas (> oy 1) ST
5 GEP NN LS-SVM a5 cla Jue 5,Slas cunl 013 ploc]
2l sl &8,5 )5 oy 3,90 SUlg, 5,50, 55 ANFIS_SO
3)Skes 31 yas ANFIS_PSO o a5 sed o ol 0 Juols
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