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Assessing and predicting future climate change is of particular
importance due to its adverse effects on water resources and the
natural environment, as well as its environmental, economic and
social effects. Meanwhile, rainfall is also an important climatic
element that causes a lot of damage in excess conditions. West
Azerbaijan Province is no exception. The aim of this study is to model
and predict 30 years of rainfall in West Azerbaijan province. The
statistical period studied is 32 years (2019-1987). Selected stations in
the province include Urmia, Piranshahr, Takab, Khoy, Sardasht,
Mahabad and Mako stations. Average slider time series models,
Sarima (seasonal Arima), Health Winters were used for analysis and
prediction and also linear regression and Mann-Kendall test were
used to determine the data trend. The results show an increasing trend
of precipitation in Urmia, Piranshahr, Khoy, Sardasht and Mako
stations and a decreasing trend in Takab and Mahabad stations.
According to the results of comparing the models used, the Health
Winters model with the least error in the absolute mean of deviations,
mean squared deviations and the percentage of absolute mean errors
was introduced as the best precipitation forecasting model for West
Azerbaijan province.
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Introduction

The increase in greenhouse gases during climate interactions ultimately leads to increased
evaporation from the sea surface, followed by an increase in humidity and changes in the
amount of precipitation worldwide, known as climate change. Meanwhile, one of the effects
of climate change is its impact on rainfall patterns. Therefore, since meteorological factors
such as rainfall are the most significant elements influencing the control and management of
limited water resources, it is necessary to have a more accurate understanding in order to
plan and optimize water resource management. Precipitation plays a vital role in the
management of various agricultural and industrial projects, and changes in its levels in future
periods within each region are of utmost importance.

Material and Methods

The research methodology employed in this study is primarily based on statistical analysis
utilizing time series models. The precipitation data utilized in this study were obtained from
the General Meteorological Organization. These data were initially converted from a daily
format to monthly, quarterly, and yearly formats. Subsequently, the data were sorted, and
statistical analysis was performed using Minitab and Xlstat software. Furthermore, ARC GIS
software was employed to generate maps for visual representation. The selection of these
specific meteorological stations was driven by the availability of comprehensive historical
data spanning from 1987 to 2018, as well as their strategic geographical locations. To
investigate and predict both seasonal and annual precipitation patterns at the selected
stations, various time series models, including the average slider model, SARIMA (Seasonal
ARIMA), Holt-Winters method, linear regression, and the Mann-Kendall test were applied.

Results and Discussion

The average slip model indicates a decreasing trend of precipitation in the studied stations,
with the exception of spring, which shows a noticeable upward trend. Consequently,
alternative models have been employed for prediction. The second model utilized for the
study area is the Sarima model (seasonal Arima). The outcomes of this model demonstrate
that the precipitation data exhibit consistent correlation across all sections, with a parallel
correlation that is statistically significant at a 95% confidence level. The third model
employed is the Health Winters model, which exhibits complete consistency between the
fitted and predicted data, making them indistinguishable from one another. This indicates an
increasing trend in annual precipitation for future periods. The linear regression test confirms
the increasing trend of precipitation in the upcoming years and establishes the statistical
significance of the data at a 95% confidence level. The Monkendall test, conducted at the
5% level, reveals an increasing trend of precipitation in Urmia, Piranshahr, Khoy, Sardasht,
and Mako stations, while Takab and Mahabad stations exhibit a decreasing trend.
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Conclusion

Among the models utilized, the Health Winters model emerged as the most appropriate
model for precipitation prediction in the study area, based on its significantly lower values
of absolute mean errors, mean squared deviations, and absolute mean percentage of errors
compared to other models. These findings align with the conclusions reached by Samandari
(2018), Goodarzi and Roozbehani (2017), and Abdollahnejad (2015) in their respective
research. While many researchers have advocated for the use of artificial neural network
models for rainfall prediction and considered them as effective forecasting tools, this study
aimed to explore an alternative model that had not been previously applied in the study area.
The results of this research employing time series models further confirmed the suitability
of the Health Winters model for precipitation prediction.

Keywords: Precipitation, Time Series Models, Man-Kendall, Health Winters model, West
Azerbaijan Province

References

Abdollahnejad, Kamel, 2014, random time series models in forecasting monthly rainfall, Journal of
Geographical Survey of Space - Golestan University Scientific Quarterly - 5th year - serial number
17, pp. 15-25.

Goodarzi, Leila, Roozbahani, Abbas, 2015, investigation of the effectiveness of time series and Halt-
Winters models in forecasting monthly temperature and precipitation (Letian), Irrigation Science and
Engineering, Volume 40, Number 3.

Samandari, Rabab (2017). Statistical analysis and prediction of the probability of heavy rains in the
northwest of the country, master's thesis, under the guidance of Betoul Zinali and Broumand Salahi,
Faculty of Literature and Human Sciences, Department of Geography, Mohaghegh Ardabili
University.


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

@%@?@@B@WM
mM-mm:“é I

https:,n’[jgs.khu.ac.ir!

F3
YYYA-YYT# :d(etb
ﬁ"" o

U o nz',

't Ol Gl Gl (S 50 Sl w0 B0 (el S 1,15

TSy molee 1525 4TS B uilos 20bls BT Comgaunds o5 doze e ! ol Giduiles aam
jahanbakhshsaeed @yah00.Com :aoblly ¢yl m1 <5 s 33 o oKitiilS wliciblgh gl 09,8 sl .
khorshid@tabrizu.ac.ir :aeblly oyl 3w <39 5 oLiils cwbiilgn g 05,5 Sbiws! ¢ goumo o0kunns g3 .Y
f.abbasighasrik@gmail.com :aelbly .oyl y !« 5 s <39 5 oGS owlbdblgp g vy ol ,157 .Y
z.abbasighasrik@gmail.com :asblly .oyl ml 5 s « 33 5 ol Kitiils (molicitlgh gl wui ]  cwolicis )15 .F

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 |

oo Alio OleMb|
buzmo g o @il y1 03T sgm OIST Judo 4 00T 5 condBl Oy’ Sl 9 215 o g
gy Wi

Slopg candl 51 closal g golaidl ( damotans j Ol ogs 110 puizmod 9 b
Lyl pd 0 45 09 o0 D gamxn (ooalBl o polis 51 55 (5L cylao (2l 53 el 510595
i Syl 31 31 3 (o3 3£ 5Ll y3T bl .0 55T (o0 4L as 1y Slgly3 &l ylus 350
O3 il 35 Al To (ol (Gmrisiag 3 53Lu ke polo iyl B o
30 b ol il oo (1AAY-Y+14) JLu Y'Y axlllacs g0 Sl 0590 .ol

edlyyo &b
MRS VARVAPN
6Nk &b
\Fee/eY A

Ry b

&l 5y g cdd (((Lad slos 3T) Log sl eyl 38 (pSleo Slo gy (s S0 3.l 0 VEe /oY) 0
g5y 3l osld Wgy i Gl (paiixod 9 ol ooliiwl (S sy 9 Judoxd 9 35 bl g 56
20 Gl (3l Wigy eaimoplis gl b 48,5 oy JIaS- o ggeil g (S AR

AAEATARVER

ST o] 90 j0 (Ll Wigy g 95Lo g Culid yuw (595 « sl yu cdng yl (Lo i |
o oo eoliiwld g0 s Jow duslic j1 Jolo il @ asgi b .ol o0 Ll g

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

9 byl H9dzme (Sl (Sl 2l Gllao (uSibue 4o U Joluo (y097 (110 b 5559
okl bl lp G5 (Gwoi Joe e blas @lho (2Sile wo)o
b (B 52

iojlgunls
(Flojs yw s Joo
‘JI.\;S—Qo

Gyg edd oo
(o3 !

)8V FY) 12 oS a8 cwlis g tdabld oS5 ymd culie o e (Cangdand o5 dezme tdurws ool Sl oliciwl
VO bl ple (60,0, Sliioe) dp it 28 oml S ol ()1 (i 5o Sloj 5 sloe il

http://dx.doi.org/10.61186/jgs.24.75.10 . AA-Y\d «(¥Y)

QL?M}: © L)‘)'éf’ gs“))‘?"’ olKisls )-A-AJL‘

[ DOI: 10.61186/jgs.24.75.10 ]

-0 lmlydl bl 5L i 50 Sl e b Jae (ks 0 )5 lsre Cod bl bt IS asli bl )4 S allie ol
ol 0l ags asme pgle 5 (53, deb y 0aSiile o3y oRiils Liwghy Coglee Ol lael Joe 5l as ail


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

1FF Gliwoj VD o loss o, lgs 9 Conew Sl (2 LS/t pgle 50,0, 0 Olidini 4 i KA

douiio
O JUis a5 1ol 3 s 5 et Gl crge algd 53 ol blia (sla 25T, o WIS slajS 2l
ey Sl 00D S Lh (o8l i e S a5 998 oo Olex haw 50 AL ol 9 i g Susb) I
Fre Jalge 5 plao 5 Dad (SIS 5 loy g s el (2D3b slaws; o o] b pell B 1S,
3l Sislren 5 (65,5l wgolaidl slas i yaolp Ll gy asly o))y Coenl culidinel8l Ll 5l s a5 (3,1
o8l Dl sy 51 G20 Sl (o yme 53 a5 col g yobie 5l i)k aS T 4 azgi b el o955 stz bl (b))
sl Jlosis (Sl slacdlw Gz SMare sliSal) wilg o san] Glaglo jo ol s (pw) )l 13
lie S a5 7S o9 2 NSl pate n nee Gk Ao 3l oulitlyn yolic a5 olawl] g 00l 5 W
Jelse 51 ok o ls 0929 o1 51 5Ea8s calis a5l O mlie e Cu e 5 Siapaeln pslateds il oo ] Sgume
Coenl 3l ailats jo 50 T slroygs o ol ol Slii 5 0og (Ao 5 (55,5liS Gleefsn el e 50 ot
Slyeetd e b g Bkl ( B55055 Ll )5 bl i ComBge ( G o5 sla Shg @ azgi b ool o555 2L
5 Cegdded 93 daze Sg0d Wy Saalr lasre slas i jaeln 4 SLLE S8 i ags aihine a9 Sl g S
oz 5l sl AT Sjg0 (7)1 5 S Ol Raagh bwg Bk it sl ool Slides (1TAP) o) 1Sen
s Juses J5 S patls 5 Jlaesids 5 s 8y, @i Gloy w5l oslitul L OYAY) Joug8 5 idelex
S £33y 0 ¥l b,k dd glaylugs 0529 45 ol Lis gulis Wled S cims i | dng,l 4z, 32l dds>
|, oleiol Uil egime aoar a5l oalital b OFRV) ks 5 olods sl imriy L loelKiay] 5T 4o
ook alale polio o (s e alal) (95 a (Syman orae aed Cel (nl swipoplt b Wlos S (i
3o plil (egran (ras aSds losliiul L1y olo S ol ailis) 5,k (smiins OTAY) 00lig9: oS oo (i
9 Sgge e 23 oo (LS L (e 5o 1) YL S8 Al (6995 e sleadlie (il L A w8 S A
s wlosls plodl go3 oSl gl |y Sloj e ko Log)T Joo 5 (6 ol slogsis, 31 solital b (VFAT) ol Sa
OYAY) Len 5 Cangoand 95 deme bl oo aVle 5L cwiios Glp 6 N oyl (o1 a5 sl lis
oo ylis s wols bl LArs-wg Jow 5l eslicul b 1y 55 by wre Sl K sl oyl g i
Sl b olyen slagg, ol oy iy 3l ol 5 ol 5T sl s 5o o yto s YO o Yo o)+ (sla Syl i3l
ot 1y eas oy Jled i (5L 5% cda Jow l sslazwl b (VWAY) (g j0uens ol cuils sialys )
Sleslanl L OAYAY) o)lKae 5 (S el powlio Joo (3,b St @y Jowe onl ols las Bados gl g wilos )5
Siateliy oo ols (Lad mll ws )8 i 1) Wsled allale ()L (G55 )10 p eile 5 05 o2l slaoe
S5, TOAA0) b 5 5 (il inles ool anslin igles i 5o 5o aialyg ol ailale (30 (i s 05
Jelodigan ;o5 oS Wil S a9 ools 15 g 050 (Syian (gras 4l leolitul L) L 81 g allinls (552
o M eytnn e SladSt ot ig, g5 i e aSLE L L s Bk

b awslio g oyl €989 oloy o sele o Sai,L s Loyl sloJoe 5l ool b (3\‘\°\?) LLsle g 1Y g
Loy andle (5,558 &g, by com ion Syl plgs Gawe ioli8l b as sls (las gl assls plxil 1) ouew )b slaosls
T1089) (557 dgb co s o5 ,Blte adly yolie 5l oo s Ll olime S ( S, plgd s yolssS
22308 (LA Al 59,5 (o) 2 bl i DMl it 5 (egian (oras a0t Joe jlesliiul LTy (b (S ey
O sS )y 3l oolinl b |y g o (b )k (S ST+ V) Gl il ) st sl e @S Je 50

. Hastenrath & Greischar
.Borlanda & Montana

. Choi

. Astine

a o~ W N


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

\ oy OUBeR 9 ol Gideiler | 6l by ST il ()b (s g0 (Hloj s (Slo ko (Sl 050,15

OS5 Joe 5 3,00 0929 00l (i 9 00D oalive p3lie (i Vb (Shor a5 8lo L 585 (o) a0
@3B Bhaie slahs 5l ealanul L7(Ye ) 0y 5 adle ool j588 cnl ()b (gt slp eelie Joe alBain
Sloslawl LYY+ 0) o) San 5 ble .aols 1) (g 33905] cpaogily ol8ag,8 50 daygils ole oo i)l (i 9 (55l S0
oo 93 2 a8 ol lis gl wslosls gl 1) b5 p domsile (0L (St SonmsS) Joe 5 (Soran (oras a0

QATAVRAY) loj 03k o |, 4.5 5 ailale ik Sloj sl pms Jloisdy 325 51 eolical LAY+ - 0) Lals s JU L
Ol Jad 5 palins olo y gy po &g, JiSTaz g 009 (c2alS g, syl ailale ()L 45 i85 ais 005 (o) 2
Silools plsl SPI g Lag )l e, T (sl Joo 51 ooliiwl b 1) JlocSis slo oo ion (V2 0) slass g |pdia .l
smas &S Jae 5l oalitl b 1550805 s ailsag, 50l a5 50 OBl (o (Ve 7)o 5 (Seng i
5 oo 0o s icambie g e mls bl @l Joo a5 ol plis gl ol plnil oled wlg 5 @iz G
atolals oy 5 @ S el g smismise @055 OV (i 00 1y Sloj Sl 9,8 Joe (Y 1Y) (uSIL
oo iz (g5 5 Syian seas aSed glaJas jleslil by o)) Sas gblie i)k (Y1) gsuST
Vo1 0) 59,0 0,00 0 piile Al (auw S ) 41 S (5,540 bl (omas 4Ll Jaw a5 ols las gl 0i0,S o)y
Joe 99 52 oS 5 a5 ol 0lid 50,8 gy Loyl Joo 5 (o 5imn (sras a5l jloslinal L) a5 5 ailsog, o coiS
ol i i <]l Joe g L, T Slojes e Joko 3l eolil L) T(YVY) ] Sam ¢ bluls 3,10 (5,240 gl oo b
BT Y o )Ka g Sl 0,0 Loy, T oo ds o 6y domais JEDI qulyy Joo 45 02585 aomsis 5 o0l plool |
Sgy ks 5 00,8 e TNV B VRPN (o)Ll )90 b Loy ,los Jote 5l oobiiasl U 1 oy iy s i)l imrsions
ols Lt 1y syl tals

3359 Ol Siin seTysl 5 3B Bhis (potas (sras 4 Sl oolatl L V(YY) ol Sen 5 Slag)
ras 8 oo 4 Sund (55 @l (3B Bhate Jow a5 wsls (i 5 03,5 () w61l S (350 4
e oSed Sl el bl T 5 (s Gk smiter TOTIY) Ol 5 Gugtali )ls (g S5 5 o
Shoolanwl b 1) LawadS™ o b lgdls 35 ailsog, b,m (st MOV Y) LK 5 (gl bols plodil e giae
D)1 (St Sl (297 Sl Jae (pl 45T W0ls liS 9005 (g 2 G et (Egkan Sigo

Log sl Joe a8 ol lis Gudimnd amms .030,8 im i Loojl Joe 5l oolaiul by a4y s 5 L "Y1 0) 28 9 LL
el 928 cnl L S sl e e

ni W3S (St Fyias (e aSed Sl eslitul by nl ()58 aleag; bz TV GSes 5 olo)
T Gl 5 gyg0 ol (T 51 36 Sl (i sln (Foran sras 4SS S 3 Slos snimoglis

6. Halid & Ridd

7. Maria et al

8, Parnal & Kahya
9. Mishra & Desai
10 pitrowski et al
11 Damle & Yalcin
12 Dahamsheh & Aksoy
13, Durdo

14 Hanasa et al

15, Chang et al

16 _ohani et al

17 Nastos et al

18 Charlos et al

19 Yaya & Fashae
20 Rezaei et al

2L Murthy et al


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

IPF limas VD o,loss opoylo 3 Gy Jloo (2 LS pole (600 )15 Coliini g pulsi \o¥

e Lol Jao a5 aisls i g ilo y (Sleojcs s sloe sl oolisinl b sin 3,8 Jlod )0 ()b (S (o) &

Lol (S5, oSl sm i g Jeloga 128 gl (ol

TS

aslls 3,90 4ibke Coiye

5420 TO Jolb o jo 5 olnl os8 Jlad o (oldlyiz i 51 8 bl ST Gl oo (5o aalllass g ailate
oyl Jhd 8.5 Jeb adBo YV gamx o FY L addo ¥ gax 0 FF 5 Jlod 5,0 ad 30 FF 5 4z 0 YA U ai 3o OA
Ol & ogiz 5l ablbigs Sraed Ghe 5 4S5 Loy g ox Jlad e s b3l Gleisstex b Sl
YYENY bl ool (VYA oolidllone) 0gi oo Sgama 16 5 (Brdylul,d] slaclinl & §yie 5l 9 lews,S
Jlods Ceand 5o bl Slamgol oylagd (ol il 310 Cols (apag)l azlypo Slacal (3900) @y hoskS
39 Salie slalgrosss .unl o Cgb o dad Cgim 10 9 0w SiSded (655 0 Ceand O Wy S das g Sl
sloossi ol 8)la )13 ot s sleesss il o aBlse fiin 8 g dishie il nl 0y Jlo chlise Jsad
5 Olems) by ohagy hlisee Jpuad 3 )l 5 gl Lae 5 oad il 3y &l me 5Ly g el ugildl 5l Ige
Ol 4 09,9 b 55 Loyl Jlad gl ye 3 5m0 (slgn (sloosgs g (orlad g (6 pms SlojB 0w (Sl (lmodgs il digd oo e
UK o anlllass yge sloolSiny] 5 Slollas dilaie Condse (VWAD s ym) Nsd o il 5 Lo Lials cel; dilaie
ot 811 (1) Jgaz 5 aalllass yge (glaolSin] Elasia 5 (1)

ey ey ey ey ooy

R L L S S L

TN

TN

;v

N

PN

TeN

: ;
s
" P bl e 150 i
ol 39 o candge g aslllans g0 allaie i (1) JSC
axfllaod jg0 (sWollivws| o Ll o wlasie () Jgoo
il ol (ie) gl il Jsb Ll e
4wy AR\ 4i80 F g a0 FO 4880 FF g az o VY
) gy VO-YIFY 43,8510 g 4> 0 FO 4 8o Y gaz 0 YF
ol YA-ZIYO 48 Ve gazx oYY 48 Fe gax o ¥F
Py VVFV/O) a3 ¥0 4ids OF 5 4>, YA
s d g \PNOIYY 42,85 ¥ g a>,0 TO 4835 V0 g ax 0 VP
Sblkeo AAARTAR 43,85 ¥ g a> 0 FF 4285 YA g a0 ¥4
PN YFEY/ON 43,85 VY 4 4> 0 ¥O 485 YO g a0 Y7



http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

Voo OUBeR 9 ol Gideiler | 6l by ST il ()b (s g0 (Hloj s (Slo ko (Sl 050,15

a &lje, S 5l eools ol a5 3] eSS cwlillsa IS lojle 51 imgh ol jo colaiuls ge (i)l (sboosls
lel cyils 55 ke slaolKins] Gl cde a0 5 oolaiwl ArC gis 10.4 133le 5 5l L5050 (slodinds sum i sl g
o ] TV L(buT WL.A u&n Oy g YAAY-Y 114 dtbo)jé ‘5‘1.3 L(buT )Lcj O°9 JA[S 9 La:ol.i.wl O°92 ‘SNJ.S
oo alez 5l Slojis pm sladae jl anlllans g sloollial ai¥le 5 (ad ()b coaitn 5 (o2 Sl Bios 0
IS5 e 5 oo (g 5 31 3 o ol o0ls ubowigts 28 sl 5 s o (abad (sl ) Log o s34 (eSilon
A 4..3; 0y ool &3) u.u_ﬂ_' 6‘);
2 WL il it il ol JacSits 5 s gy 5 (s slohn, 3 e Ol oaSihes Jas
RO oy Slyds Wiy gy G0l polie WVl Slpis o 4 05 i8S L o g ylel 0y90 Sy b

) Sblog cnl waz Slojsrm Je5id 5 Gume 0)93 o 5o Wosls Lawgto 625,54 b gl (oSl (g e
53k e 5hs Blss sy @iVl Slluss (2alS b Bas b ol pls S o Jlsen 1) o] 500 5 leas b ools zals

Sy g oy Sl Job a (S a5 090 arulne Gt Jloj laarly o Wlgi oo (4 5eSils 09,5 o0
] Al B (V) alaly 35 )b 51 o ol ols ools (6w
(V) akayl, =Cc+ Z?:l QiXe—i T € (D)Xt

5 ol pis)) St Joo g Zuly sl €4 g Joo ol C o Jow sboyialy @1 4enn 1@ (1) a0
OYAY ) Son

5 oS Lags Jao ol e Slajis e Julo 5 SotaclisS i slode o2 (b (sl D) Lag b
sle,l 5l Sl le as s )ls S S g0 e Se g SL o sleJoe ol &l VAV ans blgl o S
5 035,98 4550 i 40 5 P .SARIMA(P,Ad,q)(P.D.,Q) oro ad slea)l 5 (ARIMA(p,,0) b .2
4D gl o Koo il g0 sin (Jad I e (Ko 5 s )Ty58l a0 Q 9 P lad 18 S e ik
e oo i |y ad g Jad e slo Jolas slaws oy

95850 aligs (V) alal, JS0 4y (b é sloy)]

(V) abasl, @(B)Z;=0(B)(1 — B)Z, =6(B)at

s slp el q ‘5‘4.10.\.»9 as, 0(B) 9P Sladezaiz a3, B(B) oo coalice sl Zy «(Y) alwly o

Iy re had Joe beiy] 10 0980 o0 00 )5 & Lad (5,5 Joly wiie glas > Ojgod il aS Lad ;g

el 0l lo (V) alaly &y gu0as
(¥ ala, (B) @p(B%) A AR (2, - Z ) = 6, (B) B, (B®) a1,

IS @y (o0 had sloy)l sl 4y v P 5 Q (lab sloalor sz iy 4 Bp 5 Bg (1) abal, 5o
..L..Jl.vu’_o (P,D,Q) FY (p,d,CI)
@ cuwsbin gbojsmw sl Jow PACF Si> Siuvwnogs g ACF  Sianogs milgs 5l ooliiwl b Juw cpl 5o

0)5‘54 )‘)_‘3 ‘5.44.\)));))9.0 osls uoy GLAS 9 ‘SJL.AAAJ‘ ua‘? c.:l) 90 U"‘ )Ld) )| oolazwl l) 9 094»‘54 oalo u.\:)‘).» osls


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

1FF Gliwoj VD o loss o, lgs 9 Conew Sl (2 LS/t pgle 50,0, 0 Olidini 4 i \of

Jolgd b1y Sloj slacs yo (ot Glien @l ol o g0 (i 1y baosls (Sily lies (ACF) (Siamsss a6
colie Jow (3l 50 el cplas ols lis esls oS> Jlaim! 66351 51 cisn led oo &b ol 5l o plis Slej
g Jo8 oaslin Lools o Scod alne sl Xy + Xp o+ X b slaiges opllo b auS oo SS oools 5l
D9 oo Ao ]y Kiacad s g 03,5 aseie ligo slagzg) &y go oy ol Kk Sloj alold j5 595 any

13,5 (oo il (F) alal, 51K Slojy alols b Gloj slags pm (rm (Sinmoddss o

(f) Aja)l) — Zt=k+1(xt_'f)(xt—k_f) k: 0, 1, 2, 3, rk

Eiq (g —%)2

4 (pizmed g Conl 2ite 0 S 7 S 1 ongaome ;0 Tl o)lg0 atlboo S Slojis o uSilen X (F) alasl, 5o
QYA (o) ol S o)l500 (Siuandgs oy 5l k=0 j0lis ]l
ol 3l el Jao S b (5 S Sloj iy il Jles Cgz (55500 by, (PCAF) 52 (Sianogs o

OY9) el 58,5 co dwles (B) alaly & goas U (pl ged oolaiul Jow 4l e g £98 adeid )0 olg oo &b
(0) akal, Corr (x¢ , Xeare [Xer1 - Xp4r-1)

S glasl ( Bolar glaosls L8, oo g el Gy 4 aisly slaosls cwy p slp sy, g cdo Jow
A Jolss g cda oo Ldigd oo Syalp g lolis daools lawgs Jow cpl sl el )by Y&‘“-’“’ as oyl bl Jos

Sl ol Hael i polae g aws oo plis 1) Jow (IS L8, a5 04 oo oael (Cob Jlaie) (5uSbee ol ion .l o

ialed lp S (oo i (9l Djgods 5 55 pgw S D9l oe AB)S SN )3 piie sl pae Dlpiear s
S Doge 2le Gilujlen ST A s S (g, )0 mpin debee 485 L 4 lad ol

cailoals a3l a5l 90 atsdS o aS el ooy 5l mlin ¢ gin i adadi 4 SGo5 sleosls i ol iepla
Pl (F) bl ©jgots 5 g Sda Slojis pm Joe ((had Sl 5 W9, Ggo) eole S5
(#) akai =a Ity__tL +(1-a) (Sg—1 +be—1)St
oalice Jaw ol o a8 joblan .l t log j0 00l jlaes csmlice 9Sp T yloj 4y bgy o oaalie Vi «(F) alasl, jo
I35k ) o9 oo od St (b alaii I (as oS 5 ©)50a ovalive o g arils joa> A sla el )y Laid gl oo

OYA2) o elossl ¢ olo ) 09 walgs (V) alayly O goay Jow IS wil Wy, slpls Jae a5 G900

(V) ki, =Y(S¢-Se—1) + (1 —7v) be_1b;

shad Ol ol pen a5 a5 Jow Culyd o conl oads adlal Jow ;o 50 () LI el )l el asin oS jeblas

Vg M‘P (A) d.]a.;‘) O Hgods '39'“'\50 43‘)‘

22 Seasonal Index


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

Y OUBeR 9 ol Gideiler | 6l by ST il ()b (s g0 (Hloj s (Slo ko (Sl 050,15

(A) ak, =B+ (LAl I,
g oo SeS (V) abayly 5l g Sdla Jow o s i jelaieds
) alaf, = (St +mby)li_p1m Feom

,Q;S_,G._._,w_' &lp sl Lg)LoT JM@J& Qj—g—»‘)f) Ll Q?#"“")f) el sla g, 5l g;iHsl“-" Q?’-f'“’)f)

Lv‘) M‘ﬁw)u)uﬁm;)bdom)‘ OQLGM‘L’C\SW‘ u]gﬁdﬁ UH;))Q;\J}MML&kss)J

(\‘)éda)‘) Caj}.ac\a.oét.u(s‘a}dw;) JJA‘Q)SM;LSAOQLQ‘S'QDOW;) ‘) JJ.A ‘.)5.;;3 o.)LQ.....u‘J.D...m.A)M
:(\V‘\?)Lg)iw.cwl

(1 +) aba, y=P0Bo+ B X+ €

Ny Jelod Sz 50 Wlgi oo 45 09,00 jled 4 S el LU (slagty (2 59 2 9 (S glate 51 JlaiS =00 (g
(Sloss i Sy gy S (HBly cud 3503 35515 Sz 905l (nl 5 0T 1 edlials jge 5 Sloj Slags
315508 )l wilen Wiy cnl Bl ae) (l 5o cenlie slats) 1 (S W oo i Sl LLL g 5 ool
shulrd 5 Ghe) rl el gl Glosspm Slaalive o Sglss Judod r JaiS= 0 Gezmen S lLL slats,
los ;i g Joltie joboar (g) (nl ol (s W9, S Glojs 50 S92 g0 Wg) o5 025 )13 oalituls 90 wilgi oo
S8 o celio & Bl gy cnl D98 blE 5l 09,0 S5 (oulidlen 5 (So3elg 008 (slags e g,y Jelod )
o 3lie 3l sy Gl 52l iyl oged o )Lil WS (el g9 ool )bl mie Sl 4T Sloj sles e sln o
SBolai  oge3l onl o (B8 el ooy ol 5l eoliil glilie 55 i) oo svaline oy slas s I (F y0 &S
Woosls 6 m ;o W9y 3929 5 IS o (5,8 9)) o (28 hpdy 9 )10 SI¥s aosls (5 )5 Ny 3529 pis 5 (092
www.climatology.ir) ol e

O el

Wloads eols lis i . SKlee g, 4y dxlllass g0 sloolKis] o,b AVl 5 Lad gl n i (A-E) (V) Ui 5o

Precipitation(mm)
g

Sample

1 2 &4 0 R 116 139 162 18 28 21

LCL=286

precipitation(mm)

200

Moving Awerage Chart of summer Moving Awerage Chart of spring
350 350 S
. ummer
A Spring [
30 ; 300 r
250 250

93 16 19 162 185 208 231
Sample

LCL=338



http://www.climatology.ir/
http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

1FF Gliwoj VD o loss o, lgs 9 Conew Sl (2 LS/t pgle 50,0, 0 Olidini 4 i VoA

Moving Awerage Chart of winter Moving Average Chart of fall
600 500 i
C Fall D Winter
500 i‘ 400 ‘f; "
. r‘.
s W
g . F!‘n 230 | w ‘* ‘f
3 o o o £
2 30 \ J‘FJ“ ‘ \‘ HT 2w
2 ol oy ueL=zs4 | 2
g ’
aQ ‘ Q

r‘l’ “ .

+ ém;i Xmos | ™

100 . ? | ‘L ’
&—%—Wi Let=7r4 0

0
124 4 70 93 M6 19 62 185 208 230 124 4 0 93 M6 1B .2 18 208 231
Sample Sample
Moving Awerage Chart of annual
1200

[

1000 L}

s

[

I |
a0 i Iy LI

s
8
%o

precipitation(mm)
o
g
e
— —
o
— .
-
=2
TR
: s
I
&
&

LCL=252

124 4 70 93 M6 B9 62 18 208 23
Sample

O3 ouSSlee (g 43 3l (i, (V) S5

5 ke Jsad ;0 &5 WS oo aie addlhes;se sloolSinl aVle 5 (ad (L)L 4 Loy Dlss )L, ow)
30,90 Caan e L VEY BT B, Gl o jles Jad o Jg digd oo Bi> bosls ;0 0g2ge slapg Ll
Ol 5l lae Blysul aw ol 4y g anilas Slgeen Wosls 1Kl faoxe b g aiiwd g5 glyls (Sl slaosls
Ol 1 Sl alold b aS 05 oo odalice S L 10 5395 0590 aw 53 YV Y s GBIkl jo yoren loalls jg0
YYYIV g YIVO FYA s 3 4 YN BAAY o Jlo 5o )l Jad Sw)b oSl 5 ST JBlas aslazs 55 )13
ahy ool 00 1Sl bz 55 YE B SO olael o 50 a8 sl ] oaimolis oylianls Jad jloges 9 ol o glo
5009 SW)b iSlas 5l i aS sis 1ol glilo b Sl 510,00 VO haid g atils Swiil g a0 by Lo
o skeo VoAU s VALY VAP (s 5 Jad cpl S5,L 0Kl 5 S Tas « PBlas csjls 13 .Sk 5 Sl alslé b
Sy wlad 515 o Sle 5l (Sl aloli b g ooy (S5l 2o Gl A S9zse slongt sl Jad loged ;o cul
B 55 Sl Bl 5l 5 ok sl (Sl ST SVl (sloisi 2 opdle sy b logas
VYN oy Jad sl 0)lg0 ol il o Lo VEIY g YOVIA YYV/IF by @ 5ol Jhad (Sl Kk g yiSTos
ploul b cewl Sl j0 ol lapes casmoylid ol (.Sl (o)L a¥le Jloges el e Joo VY- /A 4 YEY/F
OSle b g o0y (Sl ol el Solis oS wilad 5 )18 (Sl Jlao 5 g VT olasd a3 )5 )90 Slewlone
(Blas aws 0,0 caolidl g cude e Slid gad 3 )18 Sas il sSTas 5l 5L 56 TV slaws sl Slgseen
ol o o FOQ 9 FOA YOV iy 4 Y-V B VAAY o Lo b ddlo YY a¥le .Sl g S Tos


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

\.q OUBeR 9 ol Gideiler | 6l by ST il ()b (s g0 (Hloj s (Slo ko (Sl 050,15

ST (St DS § S DD 9S>
Sloda] Cewsd a5 ((had sloy ;1) Loy lo Jowo 5l oolital b S5 (Stuaddgs 5 Stumodsss sloanTd iagh cnl o
Liloas eols ol A-N() 5 (F) IS y0 4

(with 5% significance limits for the autocorrelations) (with 5% significance imits for the autocorrelations)
10 A spring B Summer
08 08
06 06
04 04
: 5
® 0.2 E 0.2 -
s Iy Ll O Y Y IR DO [ D
£oon (e 'I|||" |II 5 L e P e e
é 02 *\J—l :; 02 i
<o 04
06 06
08 08
10 10
15 0 5 220 5 30 3 4 45 05 16 2B 24 30 3% &£ 48 54
Lag Lag
(with 5% significance limits for the autocorrelations) (with 5% significance limits for the autocorrelations)
W c Fall D Winter
08 08
06 06
o 04 c
9 9
02 1 | i g0 S
g | [N . 3
£ 00t L 1 B L e e £ 00 ||
g |7L L N L R B R ! |"I IRRTNIRIRN
9 02 - 902 - @
3: 3
04 <o
06 06
08 08
10 10
s w5 A B 0 B 0 & N5 15 W 5 2 25 30 3B 4 45 50 5
Lag Lag
(with 5% significance limits for the autocorrelations)
10
E Annual
08
06
o 04
o
202
°
£ 00 I| L1 | .
I INIRLHI
2 ! | | I | |I I || L1
902
3
<o
06
08
10
15 0 5 20 25 30 35 4 4 50 55
Lag
Yl 5 lad ol i 4y (S sgs (V) S
with 5% significance limits for the partial autocorrelations) - - . "
( 9 P ) (with 5% significance limits for the partial autocorrelations)
0 ; 10
N F Spring G Summer
08
L0 06
g o4 g w
3 8
3 g
R o | e l W i
g | |I|| ey S [1 11 ] BT Lol TR
g T | | ||||I'||||||||||-| i g0 I [ Ll R L L T
< 02 ; 02 |
s b
2 £
B4 F
a
06 06
08 08
10 -10
Ts 0 5 o0 % 0 3 4o & 0 5 e owo®ou 0% 2 8w
lag 29



http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

1P¥ Gl j VD oylodis oylgz 9 o Jlw (1 LSlpt pole (600, U Olidini 4y piid

\AK

Partial Autocorrelation
. A -
=S

(with 5% significance limits for the partial autocorrelations)

Fall o°

(with 5% significance limits for the partial autocorrelations)

Winter

Partial Autocorrelation
& o

Gl (S5 (Sirandg> 4y by o (F-J) sl loged g ( Siandgs 4y bgy o (A-E) sl loges (F 5 V) IS jo

02 02
04 0.4
06 06
08 08
-10 10
5 0 5 0 2% 0 3% M 45 5055 T s 0 5 2 2 30 3% 4 45 50 55
Lag Lag
(with 5% significance limits for the partial autocorrelations)
¥ Annual
08
06
5
S 04
L]
o
AMMRIR
g | 1 | 1 1l 1
o 00 Lo lllllili R I et
ol [ 1] " 1] I I
< 02" ! I ' !
=
£ 04
I
a
06
08
10
15 0 5 2 25 30 3% 4 4 50 55
Lag

WYl 5 ol i 5 41 S5 (aransgs (F) JS

Gl 3 s Jead plad glp (i Sy sl ,logad ;o (] (asuine oul gl sl slologed 5l aS e len
Sy (Sar ablin olod ;0 bools (o ;0 5 el (g3lge Oygos )L srosly hu (Kean YL polie

Oelplo 0gd g0 aulS ool cpo L )| 51 90,5 oo alold oo 3l 3l las  Sicanss slojloges ;o Jg 0,00 95>

5o gl g s gxe LS A5 wis jao SUo P bosls addlacsge saosls (55, 5 48,5 plxl Jow 4 azg b
Al e 190 o

Syl Jigy
59 30,0 A0 plaebl b g cda hg) 4 addllaes ge slaolSns! 5L aVle g Jad o)L sl comig mls

loads osls QLM; ) Ji.a ) (A-BE) 6[.‘2,)|\>5AJ

precipitation(mm)

BET W WIS WY 2003 2007 M 0B 2019 2023 2027

‘Winters® Method Plot for spring

Multiplieative Method
50 Variable .
A Summer —a— Acual “B
—a— Fits
—# . Forcaasts
—h— s50%p )

Smoothing Constants
afeel) 02
yirend) 02
5 easonal) 02

Accuracy Weasures
MAPE 0217134
MAD 079387
MSD 0373847

‘Winters® Method Plot for summer
Muttiplicative Msthod

. Variable
Spring —»— sl
—a— Fis
4+ Forecas
R

Smoathing Constants
afer) 02
yitend) 02
5 Gessonal) 02

Accuracy Measures
MRPE 199562
MAD 02384
uSD  201m4

1987 1981 1995 1999 2003 2007 2011 2013 2019 2023 2027



http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

11 OUBeR 9 ol el | 0l by L] )b (i 50 (Hloj s (§1o ko (SAandai 00,15

_— ‘ ‘Winters” Method Plot fo vinter
‘Winters" Metbod Plot for fall Muhipliative Method
Moltiplicative Method
600 Varizble
. Vaidble
C Winter ot D —- :_:ua\
—-— fits &=
4 rorecas —+ Forecsts
& 95Rpl —h 950%m
Smoothing Constants Smoothing Constanis
T afleve) 02 5 afleve) 02
El yiren) 02 El yitrena) 02
H § fsesona]) 02 H & fseasonal) 02
z Prr— Accuracy Measures
E MAPE 021697 E MAPE 0216055
£ MAD - 02425 B WAD 023230
MED 168466 = WSD 0755437
1987 W91 WIS VI 2008 2007 20M 001 A9 2023 207
BOT W91 1995 WS 2003 2007 M 20T 2009 203 2027
‘Winters” Method Plot for anmial
Multiplicative Method
0 Variable
E Annual —a— hctal
—— fits
—#  Foreaasts
—h— 950% P

Smoothing Constants

afes) 02
yiend) 02
& Geasonal) 02

Accuracy Measures
MAPE 00255092

MAD  0.0800066
T MSD 00991698

precipitation

1987 1991 1995 1999 2003 2007 2011 2015 2019 2083 2027

Jyeg cda igy 4 AVl g Lad )b (Wl polie g (Suwien (B) JS

et 458l il bl 5 oad str ey B Aglia 1 5 0oy 0 pliseb e o g e Jas 2
Gl 1y oodly polie g5 cas a5 SlaisSa it Belate 08 Ll Lo Sl 6 3)lpe Sl 53 4 395 e
alewl 51 3V SHL Y Jlo e Jad jo cal St Jow YL cds LS el ol aS ol aseis sl
Terd gl po (Fail s Jlog ol 51 50ml Jlo gon 5 o35 Jlogs o 4 ol sy 5 a8, 1,3 Yl
Sl ke had 50 Joe Cds Lo sls Lo .ol 03,5 oy a3l g, Toamme () T5lams a5 ol cwrgams il Sl
s ballas slae (o Sile aoys 5 < [EVAARY il il ol jsdome (uSles o NVAYAY ]y il ol 3l ) Silio
sonlive il33l 0,50 K Yoo B Yoo ¥ cla Jlos s ebinl b sl S0l 5loged 50 u0,5 3,51 +/VIVVYE
Sl el 38l Wgy a4 YoV Lo 5l g aiiils 0529 ctolS wig, VoV Jlo b o as VooV Jlo 3l g 060 o0
Sl eSile woys o YIAVYE Ly bl ol jgiome (uSiloo o +/VYFAA s Sl gllae Siloo by Juad
YooV BT ¥ clo bty Opmizrad 5 1280 5129+ gla Lo oy mal e 50 lodds 3,515 1/ARD5Y ol lallas
S8 Jley ailiw] 5l 5ol I ged g 00g Jloy ailiw] jo ol aby g axsls glaka>do b  il33l g, Sos,b
9 Sl VEYD il bl ol 3llan (ysSilio b sl b sl Joo el 9 S5 i sl loms ol 428,55
Sl sty Cda Jloges pimmed 00,5 5,91 < IVVFAY plp lalas sllas (oSl duoy0 g VEATES Ll GBIl
adle oials 0,00 SGY -V B VAN Jlo 3l g 00 stalidl 0,90 G sllo YAV VAN sl Sl jo 58 ai¥le 5L
GOl VY Jlo 5l 5 ailas pglas a5 555 o oamlive clalimdlo b oigl33l 0,58 Sy 0yligs 0)5 cyel 5 s e
asly i3l sbvosls cpmmen Canl oanlive BB oons 2al3l 2, Toasme aas sla Lo o Lol conl ouds T owsguna
Sl o fo Ao 55 s Sl ol sl 5eSiles (gly CBo iz lb,las iied Gelaie mo s Sl ails


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

1FF Gliwoj VD o loss o, lgs 9 Conew Sl (2 LS/t pgle 50,0, 0 Olidini 4 i Y

ol 5o B i gloylore ol </ YO0+ Y 4l allas 3lhas eSilos doys 5 /- AVFAA il Sl siome

2l oo Jloasl o o jlael g cds 5 )] YL cds LS Jow

B Og S5
SIS )l Sloj s gy Dl ke (had 5wVl ()L Gloy s S 5l gy s pgal Sl laiea
g5 4 azgi b oogd (aseie ol (rend apd 5 Wy, £55 6 28,5 58 (503l 9550 (a (50 )Ty (99051 50 Lol
Jglaz 507208 pliebl mhaw ;o slel (5 lo stne aalllans ) ge (slaolSis] aiVlo 5 Lad (5L slasis, ;o oz (555l

Cal 00 00)3] (Y‘ 9 Y)

axdllans j90 sloolim | (lad (o)l (s W) i (V) Jguxr

0 (K | ol Ol G ey O lkawo j
dpag,l Y=0/3563x+96/583 Y=2/4979x-10/386 =- =-
R? =0/0038 R? =0/0235 0/1179x+100/56 0/1635x+102/63
R? = 0/0005 R?=0/0019
iy Y=0/5056x+132/46 Y=0/1026x+4/409 Y=-0/3716x+229/7 Y=1/8021x+279/25
R? =0/05 R? =0/0152 R? =0/001 R? = 0/0386
olSs Y=- Y=-0/219x+14/282 Y=0/124x+102/56 Y=-
0/9163x+116/97 R?=0/0316 R? = 0/0005 1/2203x+134/39
R? = 0/0355 R?> = 0/971
Ss> Y=1/6056x+84/327 y=2/6434x+1/6846 Y=0/2652x+63/823 Y=0/3536x+55/184
R? =0/1285 R? =0/0092 R? =0/0039 R?> = 0/182
s yan Y=- Y=0/0347x+5/5751 Y=- Y=4/7055x+307/29
1/3978x+191/57 R?=0/0018 1/8304x+322/09 R? =0/1298
R? =0/0179 R? = 0/148
olylge Y=- Y=0/0061x+5/7317 Y=- Y=-
0/6793x+110/15 R? =0/0001 1/1587x+154/04 0/5837x+169/36
R? =0/017 R? = 0/0301 R?> =0/0123
35 Le Y=1/7756x+105/36 Y=0/2379x+39/807 Y=0/6098x+54/715 Y=1/147x+45/032
R? =0/1382 R? = 0/0062 R? = 0/0558 R?> =0/1103
axdland yg0 (slroliny] Al o oXl s wig) i (V) Joua
ol&Ksuns | o Q,.o)‘i G0 shro ya0lho ol yod 4y cul by j,l alolre
dzag,| Y= 2/571x + 289/37
R? = 0/0308
JrSeRi o Y=2/0392 x + 645/8
R? = 0/0111
ol Y=-2/4799x + 368/21
R? = 0/0621
9> Y= 4/8677x + 205/02
R? = 0/0584
s yan Y=3/7917x + 774/54
R? = 0/0311
olilge Y=-2/417x + 349/29
R? = 0/0547
95Le Y=3/7702 x + 244/91
R? = 0/2026
IS ero 903!

el 00 L (F) Jgoz 10 Z ojlel amis a5 8,5 &9 anlllass jge ool 51 SO o sl JIAS cpe yge;]

o .)Lv'.e(o 9 ulS.; Oli;.u.a.l‘ 99,0 G.M.mlf


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

1Y OUBeR 9 ol el | 0l by L] )b (i 50 (Hloj s (§1o ko (SAandai 00,15

Jlass— o uS"“)i 3l oolaiw! b axdllacs g0 (glrolSoiws | YL Wigy (w2 .(F) Joua

Station Kendall's tau S p- Value (Two- tailed) Alpha Sen’s slope

daag,l « [+ AY A\t AR < IfAF o[-0 AR
JrE o < leAY \ARERR IR o0 YIYY

olSs ARG “FAN[e e AR o[-0 AV AA

Ss> ENANAR AS e ARG LA VIVYD

Sl Oy < IA-YY YE /e < INY - LR VIOYD

olilga AL AT < IYOA o[-0 -V IVESF

35 Lo < IYOA Y& e [ YF o[-0 fIff?

&S A

B 8g) Sl Jad o hadd el aslllass 5o rollius] jo (1)l (20l Wy, S5y eaimaplis Glia) Sl Joe
adlaie gl aS Jow fregd el oalds oolaiul cm i sl e (6,500 o Jae 5l ol b g co odplive cwgunzo
oled 50 b slasols aS sls ylid Jaw ol 5l ol glis .l ((had (slos,1) Los )l Joe oo soliil axllass j5e
lao)T 9 s sine (sboF 5 0392 (55l5m 9008 SLelS Laosls (s (Sitorad 4 slaisFay wls (Sl (Kot abolis
g a8l i3l sboosls Jow cpl jo oS cuul g cda Jue a3 )15 4 Jow g el 0o 30 A0 liebl mlas o
3 Ol a5l s, sanmsylis a5 anil sed S BB oo 5l a5 glsTa wisgr baie wo s MlS ot o i
losls (g o cime g canl ST sl Jlo ;o ()b cialidl aig, sasasylis o eew )5, aej] el ST slo Lo
N, oaipaylid IS e fae3] ail (el 10 mhaw 50 JIS e (g0l am o ylid o 30 A0 Ll mlaws (o 1,
ol olilge 9 G o] g0y LialS Wgy 5 9She g Sl p (557 el cdieg )| slooliin] jo )L caslsél
Bl ol jgdome Sl dallas 3lae (WSl Jode p5eS fog Lo b gty cda Jow oo solatuwl slo oo oo
S alllaes g0 adlate )b St Sln e el oo oo 4 o ballaS e (1 Ske w00
Slals 5 alogs «(V¥AF) slidblawe (VY2 Slese,y 5 65,085 «(IWYAY) (g diams  Guiodd (pl 4Bl cons 0l
ot Slr Esras sras 4Gl a5l iz Gl (gl latl Ces 353 BT )0 S (nl 4 ee (VTA4)
oolitsl (oo 3l 023,8 (srs pIlo i o (Jg wiles S (yme (it sl s Je |y 0T g wloo S eslial 3L
aS ol plas Sley g sl o 3l ool b adon asecl 5 Cewl oais a8 5 15 4 aslllass 9o dilaio (o aS S

el 51 (S Sl (orlin Joe g o Jae


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

1FF Gliwoj VD o loss o, lgs 9 Conew Sl (2 LS/t pgle 50,0, 0 Olidini 4 i V¥

Lo
o b 3B (orae gl pee 5 Gleidy I poetle lahg) o Shee (2L (1TAR) Ll 8 (g
FAF-EVY Lo (¥ ol ) SBgo] Slidion aloe (i 5 ol5b sladilssg, 5,90 anlllas) laailsog, alals S >
azlyo ppl aog sl JlocSis ugia 5 G0k vy Gledae OTYAY) ciugy (oonmy Jous8 anas ¢ Jool (iseilex
FA-YE G oBails elaizl g glsl pale 0uSiiils 4y i g
Sliios pele 4,85 egran (omae 4Gl loslaial b Gledol G5l (St (VTN dezo s ¢y ol (Ll
FV-EY (YOI VY (oldl i pgle ool
delilad cang | ol&zils ¢ o,8 ol )3T il Cie laolRiws] 1o il g By Ol uss Wiy, Judos (VWAD) ¢y (500>
MAV e (VP Vo Sias bl jo ol a> Slalas
oarls 5 Sy (Sl ezl ool b o8l Comsg ob5 L OYAY) (ulie (lanl) el o Ko ol )3 ¢ ol gis
Oyl G0 10 5 &5 p0 ko el S paatin ( cudl 1S EYis ggeme SPI s laslinl )L
ol 3o 05l oz oyl 2l bl Jedos (OVA7) 2l (Il ¢ andse o Jeslons] e aiiny olo,
(2Bl pole )3 g slacsgld g Laasondl Gialen (gl (il iS5 SVe ggome adl o Sty gins
5 05 Ol Gty das 25 .(VWAY) (ulo S oo (eoladde ((hgi e (2Ll (el o o815 g ,30) ¢ (Koo
VY U0 VA gl pole (53,)l8 Slinion 4,85 lale Gl (gt 5 Sl Sar Siges S Sl ile
A\
il ol Al 328 08 Jlad K sl 8y Joiol (i 5 bl Sl (O FAY) ol (s e
skl Baoe olfiasls Ll 09,5 ¢ Sludl pgle 5 wlosl aaSiiils ( Mo singp 5 (Joj o olesal,
& ) ool )5 Aabighly (gley s 5 sfsrmn omas 4Kt oslitud b O iy OYAT) e ool
b e 5 65)5laS eaSiils (ple,S yal aged ol el Bl (ld; ele sloal,
4zly0 o)t 00g9050) Sloj slags yu gkl glo oo sl ooliisl s i)l sloosls asi 5 (i (VWAD) ol cosljallae
2,8 s ol8ils (65,5l 0aSiils (B g dll 79y (slotly sl (wlid )5 Al bl (anes)]
g X Sl (G (O YY) cebld osliydaz ¢ Bl etz jo )8 ¢ 5950 Blro (e Cangdand s> des
AYAAYY PV VY AYAGNFA 0,00 30 ol oo ol cos 35 byo o
gl ST pslie Jdo 5 0515 (OTA) anbls woslyjhnr Bl cantar 508 oyt cBlio (e (usgind s> e
NIV (FV) eaode Jlo ol ae psle (60,21 Dl 4525 92 (soges (3,5 S oo 2550 L 65,55 >y
YY#
2 ok Sy e gl el (VFAT) i (il (Siign (9,8 (50l ¢ Sgmans P (e S (S5 oo
AV-Y RV oo ke Jlo oLl i sl aolilad . o5  owliilyn oK
JLeS bl (owlid )5 asbighl layS Gl )3 (segian (ouae 4B L alljg) 05k (St (VTAY) oguans wdljis95
3 o8l eloizl g (Sluil pole (s Ll i 095 ¢ lgasl
Astine, ON. (2001) . Forecasting seasonal rainfall for agricultural decisionmaking in northern
Nigeria. Agricultural and Forest Meteorology, Vol 3, PP: 193-205.
Borland, P.; and Montana, A. (1996). Forecasting of storm rain full by combined use of rider, rain
gages and linear models, Atmospheric research. 42: 199-216.
Carlos, H.; Fajardo, T. Silvana, J. Galvez, F. (2013). A hybrid artificial intelligence model for river
flow forecasting. Applied Soft Computing, In Press, Uncorrected Proof.
Chang, X. G, M. Wang, Y. and Hou, X. (2001). Seasonal Autoregressive Integratedmoving average
model for Precipitation time series. Journal of Mathematics and Statistics, Vol.8, No.4: 500-505.

Choi, L. (1999). An application hy droinformatic tools for rainfall forecasting Phd thesis, University
of New South Wales (Australia)


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html

[ Downloaded from jgs.khu.ac.ir on 2026-06-28 ]

[ DOR: 20.1001.1.22287736.1300.0.0.234.7 ]

[ DOI: 10.61186/jgs.24.75.10]

110 OUBeR 9 ol Gideiler | 6l by ST il ()b (s g0 (Hloj s (Slo ko (Sl 050,15

Dahamsheh, Ahmad. Hafzullah, Aksoy. (2009). Artificial neural network models for forecasting
intermittent monthly precipitation in arid regions, Royal Meteorology Society, No. 16, pp.325-
337.

Damle C, Yalcin A. (2007). Flood prediction using time series data mining. Journal of Hydrology.
333, (2-4): 305-316.

Durdo F. (2010). A hybrid neural network and ARIMA model for water quality time series
prediction. Engineering Applications of Artificial Intelligencce. 23: 586-594.

Halid H.; and Ridd P. (2002). Modeling Inter-Annual Variation of a Local Rainfall Data Using a
Fuzzy Logic Technique, Proceeding of International Forum on Climate Prediction, James Cook
University, Australia. First Proof Pages, pp: 166-170.

Hasanah Y., Herlina M. (2013). Flood Prediction using Transfer Function Model of Rainfall and
Water Discharge Approach in Katulampa Dam. Procedia Environmental Sciences 17: 317-326.

Hastenrath S., Greischar L, & van Heerden, J. (1995). Prediction of the summer rainfall over South
Africa. Journal of Climate, 8(6), 1511-1518.

Kaushik 1., and Singh S.M. (2008). Seasonal ARIMA model for forecasting of monthly rainfall and
temperature, Journal of Environmental Research and Development. VVol.3, No.2: 506 -514.rnal of
Climate, 8, 1511-1518.

Lohani A, K, Kumar R., singh R, D. (2012). Hydrological time series modeling: A comparision
between adaptive neuro-fuzzy, neural network and autoregressive techniques original Research
Article. Jurnal of Hydrology. Volumes 442-443, pages 23-35.

Maria C.; Haroldo F., Ferreira N. (2005). Artificial Neural Network Technique for Rainfall
Forecasting Applied to the Sao Paula Region, Journal of hydrology, Vol 301, PP:1-4.

Mishra A.K.; and Desai V.R. (2005). Drought forecasting using stochastic models, Stochastic
Environmental Research and Risk Assessment, VVol.19, No.5: 326-339.

Murthy K. N.; Saravana R., & Kumar K. V. (2018). Modeling and forecasting rainfall patterns of
southwest monsoons in North—East India as a SARIMA process. Meteorology and Atmospheric
Physics, 130(1), 99-106.

Nastos P.T.; Moustris K.P., Larissi .K. & Paliatsos, A.G. (2013). Rain intensity forecast using
Artificial Neural Networks in Athens, Greece. Atmospheric Research 119, 153 — 160.

Partal T.; kahya E. (2006). Trend analysis in precipitation data Hydrological processes.wiley
interscience, (20):2011-2026.

Piotrowski A, Napi“orkowski J., Rowi nski P.M. (2006). Flash-flood forecasting by means of neural
networks and nearest neighbour approach a comparative study. Nonlin, Processes Geophys, (13):
443-448.

Rezaei M, Ali Akbari Motlag A , Rezvani Mahmouei A , Mousavi S, River Flow Forecasting using
artificial neural network (Shoor Ghaen), Ciéncia e Natura, Santa Maria, v. 37 Part 1 (2015), p.
207-215.in persian

Tokar A.S, Santon P.A. (1999). Rainfall-Run off modeling using artificial neural networks, journal
of Hydrologic Engineering, No.3, pp.232-239.

Www.Climatology.ir

Yaya O. S, & Fashae O. A, (2015). Seasonal fractional integrated time series models for rainfall data
in Nigeria. Theoretical and Applied Climatology, 120(1-2), 99-108.


http://dx.doi.org/10.61186/jgs.24.75.10
https://dor.isc.ac/dor/20.1001.1.22287736.1300.0.0.234.7
https://jgs.khu.ac.ir/article-1-3973-en.html
http://www.tcpdf.org

