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Figure 1: The geographical location of Ahr chay watershed and hydrometric stations
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Table 1- Geographical coordinates of hydrometric stations and statistical properties of runoff data
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Figure 2: The geographical location of meteorological stations
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Table 2- Geographical coordinates of meteorological stations and statistical characteristics of rainfall data and average daily
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Table 3- Statistical characteristics of the training and validation data of the Ahrchay watershed runoff model

;.\.,;5 ﬂﬁ olbae B il LLon-av wg;L:A LS sldws 4.1:-,& alg.:'...aj
Yor/vr QA y/ov 04/v s ANY /e YNOY el

oelS
g60 81 /41 WX AL e VY el
A0l /80 \AL! AAVACRN V- SR VIR V- B S PW|

Y]
VE/N Y/YY TAN LR7A SR VAL SV L 4 f NGO
(RSYa 2R A \Ag) b e YNOY il

o
VEXY YA et Y 2 VO S I
AWA - Yes £/08 WA/ A e YeY sl

Szl
OViA A /41 0/A4 7, A VO S I
TA/EY o/ /A a1 XYY e YOY gl

Ol
WVRY 400 N /Y Y Y O A S
EUUVE AT/ \AL VA VER e YOY sl

_L'.Sc_}u
VWAA L VAY VY RYAL R VO R VO A BRI

L="9@u

Joe 53 gl al 5l 4o = ULy, oleans 55 ANN 5 GEP SVM sladde 5l eslital iz ol 3
9 PC LSLA)L:M vg_.bls B ) WKS 9 Lil))‘ ol ‘&M\ 4Ql>.wb) g.l.'So)'U RSB LSLAali:M.i‘
ol bl gileand Jde o xe n\;sjf IR o 2o Jde slagss,s el S 5 Ol s PMI
S bl sk B) CaldSSla 25 Jlas 5 RY) (s oy (RMSE) last Slay o :K0ke Sl o

(SVM) iy s odile Jio L (3latnns ()

3 S )3 e p 2 s Slderdir (ol 4l SIS 0l SYM Je Sleslial b gileand )shie 4

el odal s Ol 13 edle e L5 350 gla el )b g oolis Uast 5 om0 b Sl
52 3PC Slme b (5355 oS 5 bl nlS 5 S5l S o3l glaolSanl 3 S sl 0L s a0
o )3l axls ol jod 4 (g e gl PMI jlme b (53555 oS 5 bl il 5 Olenls; glaolSan!
3303 oS 5l il olpan 4 bl e (TOtD) olgig slagssss JS ) oslizal & oo s
5 et S Loyl 3 45 A3 sdalie il avglin b a3l e o5 s TOMAl (63555 S 5 & PC


http://geographical-space.iau-ahar.ac.ir/article-1-3755-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:17 IRDT on Sunday May 19th 2024

Vv S3ls oals sLa Gl 3 ouliient b (sl a3 T A gy Gl gy — (Ll 3 (55lew aaned

2 s adls g mW PC 35,5 oS 5l PMI I 220 PC S 5 (63505 la it slins &S Syl
© G @B PMI 5,5 oS 5 ol PC 51 2y PMI oS 5 (63555 ba it slias 48 Ol s olSa|
ol sl 31 5 e gl S oS b (53555 S el 5 G eyl 53 el 423l5 ol yan
LSl e 8350 e (6ol sl glhls S cl gladie gilean s 53 SVM Jue LIS sasplis e
Sl e L 5 andls ol jos 4 (6 Ftind S S e (63555 Sl e pled Sl eslinl SVM die 55 oS i a
WOl sy S35 ool 3 a5 55 OF 51 Sl> B oeames L3S Gl ladie (63555 3| Caesl oS
5 Sosl GlaelKanl 53 5 Gldber di wtes @b oo oSl 53 (olad wl s U 51 eslinad Gl
b ool a5 S Lol was gl Ol 5wl otk mls st ats wb pelS
oKl i gl Total 5 PMI PC (slagssss S5 L SVM 3ludie 5l Jol> El s slely
el 0 B0 (8) Jsdr 53 elS 5 K5l ¢ ame 2 (Sl Ol 55 XS0 30

A S SYM die o g Ol 5 ates Gl il 5 g0 e galdl s s S e
5 Selie Sl o Sl g slaslised sl edd bl dbge Slaslagel 5 4 elSan
sl ol 0313 OLES (A) B (1) (sla ISo 55 o 5 s andllas 3550 o] i el 0550 Sl

Total jPN” PC 6\.&‘5:})} E,._SJS L}SVM Jde j‘ J'é\, @Lﬁ -¢ J}J?
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Figure 3: Time series graph of observed and calculated runoff discharge with SVM model at Tazekand station for the test period


http://geographical-space.iau-ahar.ac.ir/article-1-3755-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:17 IRDT on Sunday May 19th 2024

VY aals (AT o jlach a geu glseuns Jlow ((aladl i sLdd cale (sdaliliad VoA

2.5
% 2
15
3
=~ 1
Q)
(32]
£ o5
I\ (W
0
AN N DO~ MNO AR MO AN NDMOAODNNDO AN AN Mm—A NI o
AN I NOODO AN VO MINMNOOANS ONIDDETMOWM OO NS ULNOO-AEMNMS O O N
A AT A N AN NN NN NN ST ETDDND DN NN OO WO ONN
(39) b

S 8993 6‘,} f)l;.v.w";J alg.’.'.wa_|)bSVM J#lﬁdbl’u"&"»w g')m_’) s dh} 6;«)‘}}& 3 JS.&

Figure 4: Time series graph of observed and calculated runoff discharge with SVM model at Ravasjan station for the test period
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Figure 5: Time series graph of observed and calculated runoff discharge with SVM model at Oushdilag station for the test
period
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Figure 6: Time series graph of observed and calculated runoff discharge with SVM model at Bermis station for the test period
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Figure 7: Time series graph of observed and calculated runoff discharge with SVM model at Owrang station for the test period
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Figure 8: Time series graph of observed and calculated runoff discharge with SVM model at Kasin station for the test period
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Figure 10: The time series graph of observed and calculated runoff discharge with GEP model at Ravasjan station for the test

period
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Figure 11: The time series graph of observed and calculated runoff discharge with GEP model at Oushdilaq station for the test
period
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Figure 12: The time series graph of observed and calculated runoff discharge with GEP model at Bermis station for the test
period
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Figure 13: The time series graph of observed and calculated runoff discharge with GEP model at Owrang station for the test
period
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Figure 14: The time series graph of observed and calculated runoff discharge with GEP model at Kasin station for the test
period
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Table 6- The results of ANN model with the combination of PC, PMI and Total inputs
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Figure 15: The time series graph of observed and calculated runoff discharge with ANN model at Tazekand station for the test
period
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Figure 16: The time series graph of observed and calculated runoff discharge with ANN model at Ravasjan station for the test
period
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Figure 17: The time series graph of observed and calculated runoff discharge with ANN model at Oushdilaq station for the test
period
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Figure 18: The time series graph of observed and calculated runoff discharge with ANN model at Bermis station for the test
period
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Figure 19: The time series graph of observed and calculated runoff discharge with ANN model at Owrang station for the test
period
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Figure 20: The time series graph of observed and calculated runoff discharge with ANN model at Kasin station for the test
period
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Abstract

Introduction

Rainfall-runoff simulation is an effective step in the management of water resources, watersheds, and floodwater
control deficiency crises. The inherent complexity of the rainfall-runoff process, temporal and spatial variations,
and influential factors make it difficult to perform simulations using physical or hydrologic models. Thus, it is
necessary to select a model to predict the runoff of rainfall at an acceptable accuracy by using influential factors.
To obtain the overall rainfall-runoff pattern, it is crucial to incorporate the influential watershed data. In recent
years, metaheuristic algorithms, e.g., support vector machines (SVMs), gene expression programming (GEP),
and artificial neural networks (ANNS) have been increasingly employed in hydrologic studies, particularly in the
investigation of phenomena with no certain relationships. Such models are adopted in a wide range of hydrologic
applications. The present study evaluates the SVM, GEP, and ANN approaches in the simulation of the rainfall-
runoff process for Aharchay Watershed, Iran, at the hydrometric stations of Tazekand, Ravasjan, Oushdiliaq,
Bermis, Owrang, and Kasin.

Materials and methods

Aharchay Watershed lies in Northwest Iran and covers a significant portion of Aras Basin. It plays a key role in
the development of the region as it supplies drinking, agricultural, and industrial water demands. Aharchay
Watershed is a major sub-basin of the Aras Basin, and its main river is the Aharchay River. The Aharchay River
joins the Gharesou River in the outlet of the watershed to form the Darrehrood River. This study develops
rainfall-runoff simulation models for Aharchay Watershed at the hydrometric stations of Tazekand, Ravasjan,
Oushdilag, Bermis, Owrang, and Kasin.by using the SVM, GEP, and ANN approaches, estimating runoff data.
These three approaches are evaluated in terms of performance. To determine a combination of inputs for the
models, a list of runoff-related independent variables of each station was created. Then, suitable inputs were
selected from the listed variables by using the Pearson correlation (PC) and partial mutual information (PMI).
The input combinations obtained from these two criteria were evaluated for rainfall-runoff simulation at each
hydrometric station. Also, modeling was performed using the related independent variables (total efficiency).
Therefore, three input combinations were employed for each station. To evaluate model performance, the
coefficient of determination (R?), root-mean-square error (RMSE), and the Nash—Sutcliffe coefficient (E) were
utilized.

Discussion and conclusion

This study employed the SVM, GEP, and ANN models to simulate the rainfall-runoff process of Aharchay
Watershed, Iran, at the hydrometric stations of Tazekand, Ravasjan, Oushdilag, Bermis, Owrang, and Kasin.
Furthermore, the PCI, PMI, and total criteria were employed to identify suitable combinations of inputs. The
accuracy of the models was examined using the coefficient of determination (R?), root-mean-square-error
(RMSE), and the Nash—Sutcliffe coefficient (E) to identify the best model. The results revealed that the proposed
models were acceptable accurate in watershed runoff simulation. The ANN model outperformed the two other
models at the Tazekand, Oushdilag, and Kasin Station. Also, the GEP model had better performance at the
Ravasjan and Barmis Stations, while the SVM model yielded better results at the Owrang Station. Overall, it is
concluded that the ANN approach is either the best model or almost the best one in simulating the runoff of
Aharchay Watershed. Thus, it can be employed for the runoff simulation of Aharchay Watershed at acceptable
accuracy.

Keywords: Artificial neural network, Gene expression programming, Hydrometric station, Support
vector machine
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