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

model validation (n=12)

MAE RMSE R? NS bl pasls
vit. Uy AN -[BYEY ook
-Ivy NAxs -[aaas Vooes 48 glod
-I% -foy -[aaas -/333A 4l glo
/Y <oy NASAE NASKR ol clels



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

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-30 ]

[ DOI: 10.29252/jwmr.8.16.53 ]

M

(o glonl

S  ad ol Byl -

e sualea Aol Sl

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

P ¥ e SR P -

Fpp Ve Syl el AT el el

PV FYN0) Gl oyed 13 oY Jdo bawgs 0ud (glwdnd g 0l odmlive (slaodly dilale (o)L 1Sibe polie duslio —F JSo
Je (s Cowo dls ye
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)

sobod el Sl el cwsT Ve gy ol el e agl olo 9ol
AT of+0 o[ o[+ A o5 o/ A N NN NRY e NEY3 Y Z o.ll o
thbl by SgelsS
<[a¥ Voo Voo Ve Ve Voo Ve Ve Meoe o SAY e B9 ol
P )l gize
<IYy BN Y AR YA YA VY 58 o Y oY /R t oLl 3
Jusl
7N SR/ SN .15 A SERY, U AY SRRY/ WY/ 2 RRYL CRRY /Y /Y Codgsial
P )l gize
aljey ool Gloj g Caol ol ol il A2 o313 wlgi Y

9(.'4..»‘ .Aja) 09.\.256_.9.)1443 C))}.’oc\a SAAK W) d)L»c\.:...w

A= <
ve £
$. £
2 8- 4
=
E: T
3
A T
= 1 H
A K £ i
‘] I
= = = = =
= = = = =

CGasd Slas

o2d (gilwded (b aliy Sloj (g O JSB
Jw Ve aae a0 Gl oy o oY Jbe bwy
9yl cos HAOCM3 o b oids g5 (V+V5-Y YD)

1P 5 AR
YL R
Al
LR R
Qhe AN

(Y+15=Y-Ya) uj 0)93 33 oy Jde lawgi odd (gjlwandd iljey (o)l Sloj gyw —0 IS5
Figure 5. Time series of simulated daily rainfall by LARS-WG model in the future period (2016-2025)

5 o sy Sl ol b cES IS b 5,50
Sl 5 0dg o sixe ..\.,.o')b\ w0 (Ssed oo
Al Ollgy— o)l (gilwaws » Jlo colls
sl o 3l LLY oS do>ol ouds odnlin &S )9]ajLo.3a
Sy 9 (SUlsy 5 Bk 2909 it 99) &b & (539
Joo onl Folel g Srpme e oo g (el
ool awils &ilis; CUlyy Sloj g Jl bl it
ko aSb 5 ol odlatwl (glayuaie dliws aST dx a1y

(ANN) (Sguan gmas &S Jo
Jae pisucols; sy el pene I (S
calie (639)5 Slpiie Ol (souas (uas Sub
sl piio b aSd 5 Shee o))l 4 5l jobate ol 4 ol
i ol 3 098 (Byre (Niwer (VL g lad (g ka8
9595 Oled )b slaodly oy o SUly) (i Heaied,
Jelge olaieas IS 59y S Slly,y slaodls 9 3 5oy S
Sud (2 g ead 4SS 3ly )l g9y Sy, > H5e


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

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-30 ]

[ DOI: 10.29252/jwmr.8.16.53 ]

£\

ol Gilwand 3 oo)Y Jae gbales I pes 4l
P Gl 0y (s Cons g (oriwly Jole j ailys,
4 cawlie 3Slas 5 (V0) oh)Ken 5 (ke Slallls
4\3‘5.)9) P gbb)—uﬁ)b d)L»JJA ) (Sguae mas
Lo (V) yapd3l o sloduel ol aduwy L3l & 39,0
e wloals lis oLyl slasls pl 5l eolatw!
Somas mac a8 )l (o3l 5AL8l b s &S )l5e
59l »» HEC-HMS Jso & Cows gy <> )

sl 3)98 Sl las] w39, 059 53 CUlgy—(sb)k

(n:lS) (T' ~\—T~\A) 4\:[) 0)9d yd L;C?Mm «

5 Gl oy dele G5 Cuddly & oy il
a5l ealal b ailjg) Olly) (ogia o () g3y
236 93 b alie) )b (9399 S Pl Eouan (mas
axp Vb g s l5e pyieS auld dged ooliiul
3 e a3 ol o ol s o5 I, Sianran
-MLB@ SUlgy=i)b ol )b (ojlwans
b Jro byl lel slapasls A Jaio
ol Cowds gl 4 dogi b .l b )] egine s
gl}\” Clwdad ) Sguae uas S o slalles

s Jbo bl sbel slasadls A Join

uJua.C
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
https://jwmr.sanru.ac.ir/article-1-903-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-30 ]

[ 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
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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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