[ Downloaded from jwmr.sanru.ac.ir on 2026-07-05 ]

YYA Voo i) g b IVF o)l /omdjlgd Jlo ul 0jgn o pde dolitingy

" zusﬁ M&O"

Sl b Balia 9 559 WS pole olSuiil>
el 09> Cuprte dcliudingsy

Omwl (S5 adgn (Sxigu 595 (SR o (Ko 03wl (Wb St

TN s 5 gy 59,99 Lo,y

(r.norooz@sanru.ac.ir : Jggue odiuw5) <yl yl csrlw s )l rmbo mlio 5 (5559li8 pole oli‘ul_a ol wdige 09,5 Jlpdliwl -
L'Jl)ﬂl ‘5)5 ‘O‘)QS olKisils d)'”Li‘.f omd g .d)')?L."S d)jté 9 (WA 6aSishy ‘@b\gl 9 L5)L:.3| oj)f 6)15.3 ADFIL).JA -y
WARNVIY 2o pdy fo,b WAR/D/YY :cdl s fo,b
YYO B YYA taomao

by 045

e i hobo Jlaitlios Sy b 3 (03 5 bod (il (it 0 (SeielledSapae 5o alss Sl (S igned slagSll DR g dondo
o5 | sigmyen slagSll dged (it 1y O SUly) Sl ol (03 4 5 ()l sl jiie plgts o5 S o0 Sl O @lie 42 )LS0 5 &ol>
sy 0jnly il b lapadld cpl 385 bl (owyp Gl ool jl Ban il e cilisea sblio ()b (58 2 Wl oo (Suipgim 9 (Sualizs
ol )lal il o3latl b o (s 9 el 5L

Nov Oct Sep Aug July sLoj lopls )3 03l Lo,k b MSST 4 P-SST .CSST AO NAO NCP SOI MEI (sl asli Stumad yuses
4§ s ,5 Galises sla e 4 (6395 lgieds 1l 1) Sieds 5V &S bl o Sete g dsle Sep-Oct-Nov 5 Aug-Sep-Oct Summer
a0 plosl Cglite Hlibo b egiuan ogn Jho aw g g)lol Jho < jl ookl b ojol ()b cum iw Coles s

G313l 5L st st ol Wlosgs 5,8l loj pl6 5 ddg 15 £55 & s o5ie (£Ngmy90 slagSl ol Sl Limgfy ol gl slb&dl
Ladsg s JS )0 yto oo YV/E 5 YOIV 3g0> ay g a8l (il38) (63905 5 9051 0,93 13 9 32l bjgel 09 ;0 odds Jao g (Shmlie (slaodls
A aS g ebban ala il MLR 5 GRNN Jus 45 51 (6 5YL 85 MLP 9 SVR Juo 93 dg05 sl 008" s sy Jdo 99 oy 0 Gl 0
VIVY EINA oty GG g 39 34 gm0 B3l (5 S50 )5 9 ddr i oS3l o) soadss 5 )3 SVR Juo dlwgay o Slayjo (550ke
S5 AV g <JAA AN oI AF QY o fRY /U 5y 8 e iy 5 yie sk FYINY o WISA AA/0A AN XO/FE

Lol adanjl ol aslllas 3,50 asn )3 03l ()l b (s8igmngd slopadli o 598 b))l Gl ool Csd 4y gl IS yobo & 35 5 oS
Ce et s ol U e oLl calises o L;l.as).>b 2 &lnde 5 cpewlS” 6L maw glod s AO SOl NAO (slajadlis & ()lg5 0

[ DOR: 20.1001.1.22516174.1400.12.24.14.1 ]

[ DOI: 10.52547/jwmr.12.24.228 |

il I8 ppnlS (Gl adge ol wlie 5385 Cupte g e

SOl MEI 46)[0] S Jio ¢ pemlS (byd dde> (g5 90 slagSl .‘5.»“45 dub)b

ol ol s 6kl SOI g MEI asls 9 baes
S i Slopits Olysar ko il lasS)
g blogw (Bond (uizmen b dde ol > )k
b aop slooliwl jl golas > (W) (Kibsgwge
Nino AMM SV 90 61.591” L0y ul.w.i WK
Jhlize  Stuser lyls WHWP 4 TNA Nino 3 (1.2
Sy byaie pl 5l a8 Wl dlpiiiy 5 did L L
9 Somd alde adlas gd odlitw! Ol mle Copie
Ol sh 9 Gl bl )3 928 (Bpd Cgix > Abdg
EA Nino 4 PDO PNA sl cusl odly L
sl il g syl 36 NAO 4 TSA TNI Nino 1
Bloy  pawls by ase )b dibis pl g
09 iz (8 5l b (Y) olul ol ase> il
iz gileylul ) ol eseb es g 1k i 5 (V)
oot g (Paw Ol glie g 0inl (65)gliS CYgae
o e Jo (1) e (pledl Mt uei
3 &S sl ol (amecanj Jluws 55 o pl acg>
Sl 2l e 515 G & g dos o
Sl Sl (izrad 5 oy o ol (slal ¢ 550
o3l Ul (duoiy (F) 3905 o)Ll Slglh3 Jawmecin s
aallae oyl Glual 5l e o |y MS pl s Jlas] g
3ozl b )8 e adlles cpl o cplpls sl
OmlS s> adgx waldl oo hgn y93 lapadls

CVRUPY

g5 ol Glapie pere IS Glyee o)L
9 Grobn S Cwl )b oVl Coeal I (S5dlgsn
5 @l gle doajl it oz > ol cope
O bl ) ol 3 S0 il ot B (6555155
Sge e Olllae > (68gn 450 sl 5 )L
5 Lod @y b WagSI ol (AY) Casl 43,8 5 sy
5 )l sl o cage ol il (sladigy o Lz
S oo W liixe (plply (BNF) Wgd o o5 (2led
[0+ V00) w5 adllas |, )l kB, o jite oyl o)bo
Jio ol )bl slaue 3ok 5l Slge oy ol
5 s e b jl ez oo B (V1) Ggee)S)
sladio (V) 595 pbsl uae aSud 5 (W) (ad é
dob & ey 5 03 pycbllasil L Joo c8lo 5 ()bl
ity Gl 3250 sloodls g5 cpizmen g (lol 090
Pt (e 0993 dgeke e p)Y

IS g 0g ggite Glpl (ool 5 oLl oS
OlF b omel by a2 ol ol claadss (e
B9 golaw jl (8L Cugh) I Slie (8 sl (S5glsS]
OF) Caol obas g Fyw sbyd ilyinse by 5l odw;
Slolyd doys canl odb ol (A) o)Ken 5 (Ve aslllas
ok bl gl blee (gl Sien
aS 0dgs X d YOI B Y/ o cpanlS sbyd slodisgs o5


http://dx.doi.org/10.52547/jwmr.12.24.228
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.14.1
https://jwmr.sanru.ac.ir/article-1-1103-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.22516174.1400.12.24.14.1 ]

[ DOI: 10.52547/jwmr.12.24.228 |

yva

4\3])’9) esls )‘] 3™ ub.&; 9 Laosls 011 &y
» g Olig alale y ouliilen lojle (slealsi]
asdllas O" f:bdl dl)’ A odliw ):)l 9 OU Y L;‘.Q‘b‘.o
ol VO > (395 adgr ) Voojml ()L polie
S50 (gl Cbsl I s () JSE) w8 sl
bl 39 Jloy g (Ko Jols modls adgl iYL asllas
d‘.mum‘.w L lmu-l M I8 e A0 N LQoKMwl
Jols (V7 5 W A glie 3 iy Oleedgs) sgn 590
Caspian Sea Surface AO .NCP .NAO .SOI MEI
Mediterranean Sea Surface .Temperature (CSST)
Persian Gulf Surface 4 Temperature (MSST)
August July Sb; <l > Temperature (PSST)
ASO Summer November October September
JBE ,» SON (Sep-Oct-Nov) 4 (Aug-Sep-Oct)

() Jgia) 508 ) (Stsod (e ilo

;:::»,. "

WMo > 5 525V 59095 LS,

Voo i) g b IVF o)l /omdjlgd Jlo sul 0jgn o pde dolitiingy

u»)b SR ra‘.&é] NvE ") U odlw dL&aJJ.A K8 L 9
23,5 050b

o9, 9 319
03wl 3590 (sL231> g arllas 340 allaio

Jds L] 0 P‘qdl Wlf by dsg> 3 aalllas Oi‘
o oply Casnl s 4 elS gy ases Gl
Cumoz Vb o515 5 (6)585 (659l e > dd>
5 Uk G Ol Cuel 290 cage oS Cusl 0dg
oyl Db plain 9> il mpde Plue y o] edlatl
@ Casl Sl g GBS gm0, cgueyi—jlim g b AL
ool wlwrv.lsl 5 S (solSiw] Y+ 1F-VAAY
Al ol e copte €85 (arwphl 5 (ooliilgn
P9 Golate 4y dxgi b eolaiw] gy <ylig il cod

-n “§
;-'\/

adlas 5)50 Glaolin] Cumbsn o (el Gbyd Grade> ;5 plei =) SO
Figure 1. The Caspian Sea sub-basins and the location of the studied stations
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Table 1. Teleconnection indices and time scale used as predictor variables
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Table 2. Characteristics of precipitation forecasting models
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Figure 2. Precipitation prediction scheme using teleconnection indices (11,20)
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Table 3. The most important teleconnection patterns for autumn precipitation forecasting in Caspian sub-basins
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Figure 3. Comparison of observational and modeled data during training and testing in the eastern sub-basins


http://dx.doi.org/10.52547/jwmr.12.24.228
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.14.1
https://jwmr.sanru.ac.ir/article-1-1103-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-05 ]

[ DOR: 20.1001.1.22516174.1400.12.24.14.1 ]

[ DOI: 10.52547/jwmr.12.24.228 |

YYY

e Jid> g (a5Yy 5995 Lo,
OmelS gbpd ads (ghism 00 lagSl s 05l )L (Smpie

(us.nj JL» A 9 uu)?ai JL»Y') u)).c dl.&vduo?))) Bel u}A)T 9 ‘)13)901 0)9.) 2 (W) J.\A 9 L_;‘b..\.m‘.m.a -lemb.)].) Mlﬂo -¥ JSM’
Figure 4. Comparison of observational and modeled data in training and testing courses in western sub-basins
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Table 4. Accuracy Statistics of Models Used Based on East and West Caspian Sub-Basins
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Extended Abstract

Introduction and Objective: Teleconnection patterns are one of the effective hydro-
climatological factors in predicting precipitation, temperature and discharge on a large scale.
Oppositely, comprehensive and integrated management of water resources requires that rainfall
variables and consequently runoff flow can be predicted. From a dynamic and synoptic
approach, teleconnection patterns can affect the precipitation pattern of different regions. The
purpose of this study is to inspect the relationship between these indicators and autumn rainfall
in the Caspian Sea basin and forecast it using various statistical models.

Material and Methods: Therefore, in this study, Caspian Sea sub-basins were selected and
autumn rainfall in the 28-year period from 1987 to 2015 was calculated. Then the correlation of
MEI, SOI, NCP, NAO, AO, CSST, P-SST and MSST indices with autumn rainfall in July, Aug,
Sep, Oct, Nov, summer, Aug-Sep-Oct and Sep-Oct-Nov was calculated. And the most important
ones that had the highest correlation were considered as inputs to different models. Finally,
autumn rainfall forecasting was done using a statistical model and three artificial intelligence
models with different structures.

Results: The study showed that various teleconnection patterns were effective depending on the
type of sub-basin and time step. Prediction results showed that the difference between
observational and modeled data in the training period was small and increased somewhat in the
test period and reached about -25.7 to 47.6 mm in the whole sub-basins. Thoughtfulness of the
type of analytical model showed that both SVR and MLP models had higher accuracy than
GRNN and MLR models, so that the Root Mean Square Error by SVR model in Aras, Atrak,
Haraz-Sefidrood, Qarahsu-Gorgan, Serazod-Haraz, and Haraz-Qarahsu sub-basins. 6.18, 7.34,
35.44, 18.25, 19.58, 17.68 and 47.22 mm, respectively, and the coefficient of determination will
be 0.94, 0.91, 0.92, 0.84, 0.88, 0.88 and 0.87, respectively.

Conclusion: Therefore, the results show a strong relationship between teleconnection indices
with autumn rainfall in the study basin. These include NAO, SOI, AO and Caspian and
Mediterranean Sea surface temperatures at different time delays. With these results, steps can be
taken to more accurately predict and manage the water resources of the Caspian Sea basin.

Keywords: Caspian Sea Sub-Basin, MEI, SOI, Statistical Models, Teleconnection Patterns
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