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Figure 1. The location of the Pashakola basin and the meteorological stations of around that
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Table 1. Specifications of meteorological stations around the Pashakola basin
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Figure 2. Artificial Neural Network structure of Multi-Layer Perceptron (MLP)
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Table 2. The results of the Kolmogorov-Smirnov test for the average annual temperature at the Gharakhail

Synoptic Station
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Table 3. The results of the Mann-Kendall tests for the mean temperature at the Gharakhail Synoptic Station

Yl Ol b L e Jab
/5y (87 Yoy YIAE Y- z
iyl 0)9d 3 )Y e by oad (giluand o oY Joe
bl e disaS glod g S5k 4 bgype Je (Sewly )

0y90 ;0 Y Jbo bwg odd (gilwdds 5 old osali 0l alyl Jao (uwly dlsye > (Yoo ¥=V+ VD) 4l 0)90
Wl 0a 031 yisles Jdo iwoly alsye > 4l » Sl gb coyps pilie &S Sbly)l Ll
093 ) L)“’)Y JAA uglg')‘)l Lg)LoT dh"d%’}] A J9,\? 2 L )31)_3 ‘_;:LS] Slels 9 Al dLa) ‘AM.QS dLo.) Lgl_m)';n‘)l
ol b cwl osd al)) Jio oxiwly dbge > 4l inoS slod ke polie o JolS Silley il o S
polde doyd B Jleis] maw jd ole plos jo a8 wed o Silwdns ¢ o odmlive wlale obd] Slelw § ainin <l
Silwdnd 5 odd sdalin saodly dlale i)l uSle sy ) awlie 2Sles jI Jbo 1V WSb o 80 ond
oo Mbs Jlog b 0y93 53 )Y Jao bwgiond  —(8 copd Hle (9 Siml cCul H)s8p (xily
Jop O Jlis! mdaw ;3 ole plo ST olo 5l e deg pis jl b Wl e o)L sl SOl
sodls dlale o)l (1wSlhe polie o (6> ze OS] Job 391 o5 MWL ol 0595 p3 owliilgn L;Lmo_li:,.ui\
0380 30 oyY Jde lawg ol (gilwdnnd 5 0l odaliie g9l (oK) wlidlsn (slaodly wlie (g bl o090
20 0959 4l ol (6,503l Lwlidlan clrodly Cons j3 ans g 0js>
ol Cowddy ol 4y angi b il 059> jebome oK)
ol odmlive (sloodly polie po MBI o e § oy iddus

(N=12) Jao oxiasly dlyo 5 (Y- +¥=Y-00) ayly 0,93 13 (oY Jio 2yl (o)lel (slopadlis =¥ S

Table 4. Statistical indices of the LARS-WG model evaluation in the base period (2004-2015) in the stage of
model calibration (n=12)
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Figure 3. Comparison of the mean monthly rainfall of observed and simulated data by the LARS-WG model in the
base period (2004-2015) in the stage of model calibration
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Table 5. Statigtical tests of the LARS-WG model evaluation in the base period (2004-2015) in the stage of model

calibration (n=12)

solod gl Sl el cwsT Ve o) 4 sl ab s sl ole o9l
Yy ¥ s ofo¥ A N N T R A Z oyl o
JL:;}I 39555
AN A A \ee \ee A \ee Voo YRR YRR SRR LY SR VI B9 o]
P )l gize
B Y | O S Ay c YLV ey | -y | ¢ Y LY O Y /Y - t oLl i
Jles! -
.o -/¥a R -Jav -5 <IAY .50 /A NAYERYA o SRR/ S 2N Coagsis]
P )l gze

ol dlale o)l ko polio awlie ¥ S5 5o
0y80 30 Y Jdo lawgs oad (gilwdnd 9 ol odalin
ol o 00y iled Jdo oiw Cono dlsye jo il

P oY Jae bl @bl laggeil Vo Jgae
2 Cuol 0 Al)l Jde (tiw Cono dlsyo 3 G 0)e0
2oy O Jlis! maw jd bole plod 3 a8 dad o ol
9 odd odalie aodly dlale B)L Ske olie
Joy b o9 3 oY Jio by osd (slosd
oAl Sle polie o g8 6yl dme BB g AL
Jde bwgi ol (gilwdud g o samline slaodly dlale
)l g9 4l 0)93 53 )Y

(n:12) JAA (T Couo 41>)A 2 (Y"f—\"

Joe (Souw Ceo Y
2 oY Jre bl bl glagasls & Jgue
al)l Jao v Como dlsyo 3 (Yoo F-Y410) 4l 090
3 e Sl 2 gy polie & a5 b sl 0
ol 0y 5 awlie Slos | 55 i Coro dsye

doye ) jeSde Jalge 1 (SU dlgioe s Ay
9 O e 0dol Candy ol 4y dsgi b Al e oxiwlg
g odd odalie (slaodly polie o OMB| oy jieS
) A gk 0)93 53 )Y S bawgs oad (gilwdnd

Al g dineS (glod 9 (SW)L 4 by

V0) sl 0)95 ) oY Jao 2bj)l )bl glopasls - Joa

Table 6. Statistical indices of the LARS-WG model evaluation in the base period (2004-2015) in the stage of

model validation (n=12)
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Figure 4. Comparison of the mean monthly rainfall of observed and simulated data by the LARS-WG model in the
base period (2004-2015) in the stage of model validation
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validation (n=12)
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Figure 5. Time series of simulated daily rainfall by LARS-WG model in the future period (2016-2025)
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Table 8. Statistical indices of the ANN model evaluation in the basic period (2001-2015) (n=15)
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Figure 6. The dispersion curve of observed and simulated runoff by the ANN model in the base period (2001-2015)


http://dx.doi.org/10.29252/jwmr.8.16.53
http://jwmr.sanru.ac.ir/article-1-903-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOI: 10.29252/jwmr.8.16.53 ]

141

v A4 AD WL > A

(el na ) Sy,

b e - &
- - - — - —=
— - - - =3 -

Aredltei

Sllg )k A2l 3 (Gilodnd ) (egian uas 4Sud Jro (suiely ()

2 = 53 5 5 5 5 3
- ry = = = -~ &
Gasd Shej

(Vo N=YN0) b 0ysd )3 eguas ouas aSudb Jdo bwgs 0dd (&5lodudd 9 0 sdnliv diljey Cllsy Jloj (g pw -V S
Figure 7. Time series of observed and simulated daily runoff by the ANN model in the base period (2001-2015)
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Figure 8. Time series of simulated daily runoff by the ANN model in the future period (2016-2025)
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Abstract

River flow forecasting plays an important role in planning, management and operation of
water resources. To achieve this goal and according to the phenomenon of global warming, itis
necessary to simulate the daily time series of rainfall and runoff for future periods. Therefore, it

Is important to survey the detection of climate change event and its impact on precipitation and
runoff in the basin. In the first step of this research, using Mann-Kendall trend statistical test,
climate change event in the Pashakola Babol basin in Mazandaran province is confirmed. The
results of the survey on 36 years daily mean temperature data, reflect the increasing trend in
average temperature in the basin. In the second step, the LARS'WG model under general
circulation models HadCM3 and A2 scenario is used to generate the daily rainfall time seriesin
the future period. In order to rainfall data, minimum temperature, maximum temperature and
sunshine hours is entered in the model for 12-year base period (2004-2015) and Then daily
rainfall time seriesin the basin is predicted for the next 10-year period (2016-2025). In the third
step, the artificial neura network model is used to simulate the process of rainfall - runoff in the
climate change condition and to generate the daily runoff time series in the future period.
Finally, in order to enhance the capability of the artificial neural network model in Predicting
the daily runoff, besides the predicted dally precipitation data, the rainfall and runoft data one
day before as effective factors on the current day runoff is aso entered in the model and using
rainfall and runoff neurons. Correlation coefficient was obtained equal to 0.8. This correlation
coefficient is significant a 1% and show the ability of model to simulate rainfall-runoff
process.
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