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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)

=

~—

(0, -0O)s, -5
R? =| —2 ! ()

30 -0y, -7 |

sloodly S wadSlo— i jasls NSE ol j» o
Lugie O 5 oid oaalie claodls Of widd (gjloduns
Ol bojlol pl a4y dogi b oCawl 00 sdalie slaosls
ool iy A8l 5035 yho 4,8 » MBE 3 RMSE
s 3L 535 ) 4,8 a5 R? 5 NSE cblugs

Y J.ba19>

25ml W51 2 P50 yukio £
M uu;)JLo L)"9) )l ool Cawd L CJLJ U»L»I »
o3l Dk » Fhe (sVgm y9d layiie pE4RE b9, 9
o3 BT Jodo )3 ouelS sbyd ppl slaadgs
ol OBL » Fhe sl wde olE @lE cwl

0SS oy S 255 (5o Lof

5 ooltwl 3y90 (sl Jio il Jols zols calsye oyl jo
f’ ol by Ly, o8 s b)) Jhee Slea el
Sl i lapl bl ol &l ¥ B Y @Yol
buwgie (RMSE) s Gluye lwgie ady, NSE)
sie pdlie b (R%) Cyss cups 9 (MBE) sl 5l
Sad bl Jao cpying g odd (gilwJde g Slalie
(3Y)

Zn:(oi _Si )2

NSE=1-2L (V)

é(o‘ ~OYf
RMSE = [Ewr (v)

n

MBE==3'(S,-0,) )

i=1

1- Nash-Sutcliffe efficiency



AR

Gl o doo =V+/F b MLP Jso 3 (glosaline 4 Cuns
o ) Bypb gladasg i den 3 ogesl 00 3
Cuol sdalie JBB 5L AW oslatwl 3y50 (sla Jio
o deo VIV B =0/Y (o Syl adgs i 0 &S (gysba
W) g yocshe WIB L =VVY (5 S=guo)8 49> 5
Ol 4 2295 bl yiagden W/e B —Y/R guo i lim
OS] (s sbp> ade> I ise ol > Yl )k
S Gle lple Comd sy BB ord odalis
ol (il Swoin 0 B cdd solatwl 0y50 sla Juo
JSK5) b dales oy doldl o yiin ldje &S Lad o

i\
Shanlio gloodly p MBS 50 o) sladses pj )
035 32l bade 5 dam )5 Bjsal 0)93 )3 01 o
09oi) 0393 1> g (39 )dsdemjlp adg 5 slittislay) ol
(dgyutw ddgnyj sliziwlds) g o oasd AMS!
SAMY B YOIV dgyhutw—jlp ddespj 50 &S 5 )sbas
G -v/- .)5).).,..5.» d..\o9>).>) —+[5 5 =VIY (J")I w9>);)
P oplple cwl e e YV/E L -YEY 26 g </
alos (ojsel abye ) ol gl gbase
082l 0)93 30 9 038 (sl 0dd Jde g (slosnlise glaosly
YL )k bawgio 4 Coans oS Wb LRl 350 b
(¥ USCE) 29 dalgss dlanMe B OS] oyl dilate oy

Mo Lilr 5 (1Y )9 L)

Voo i) g ol IVF o)l /omdjlgd Jlo ul 0jgn o pde dolitiingy

“ihe adg ) Qi Jad > alne by gdaw
lod 5 5o 8 adge 5 il > oyl aw
AOD 5 yely 5 Voo mls 5 aliuse gb)d gaw
d\j? 2 d.)l).u_\.o slod 9 SOl woﬁ—jl)m dog> 5).~0L.~MJ
S adlS dgyki 4S9 nj puely )3 el glod
psoligns 3 @y o (glod g 58T MEI ¢puelss NAO
Opxen 9 oLl AO g puelyy NAO (il a5 5
2 ol g sl (Ve ) o)ligls gaw lod
Sglite ($gn 593 slapite Gl Sb)> sladdg>
o gbpsie plyied Wlgige pte Sy xS0 L
Loy ol Pb"l Julosi b ol u;l Ll 050l s odiS
o pize e |, SOI o MED (elaasls s a5 (A)
ol 0395 glaiie Wilod )S" )l 0S8 i i
09031 9 (990 TS A e

O AMB] d o L sdel Cuwnd 4 S duslde
b u“)&"i 0y9d »d odd Jdo g ol odaline 030l )L
loace s ¥ UKD ( 8,8 laase ;¥ JS3) el
By Shadgep; ) W3 LS @S ey (¢
O @by SWBL [B9el 0y93 53 (5 S=guo ) 5 Syl
(e do yd) 3)l05 2939 odd Joo g (slodnlie (glaosl
ol Jdo (glaoaly COMiB] guuoyd—3lia ades i 0 Jo

_ OeelS (5by> s 5 0l ()L apiar 2 e B9 990 GBSl Sieae T 2>
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
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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.
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