
  ā½ÿ¹ Iûv¾ĉv ëw· ÿ xj ¡wêĊê´£0- ā½wúÉ I. ¹v¹¾· I,/++ $ Ë214(2/4#                 6387.66885710.22059/ijswr.2021.31DOI:   

Feasibility study of using Climate Teleconnection Indices in prediction of spring precipitation in Iran 

Basins 

JALIL HELALI 1%, TURAN HOSSEINZADEH 2, MAJID CHERAGHALIZADEH 1, MAHDI MOHAMMADI GHALENI 3 

1. Department of Irrigation and Reclamation Engineering, College of Agriculture and Natural Resources, University of 

Tehran, Karaj, Iran. 
2. Department of Natural Geography, Faculty of Earth Sciences, Shahid Beheshti University, Tehran, Iran. 

3. Water Science and Engineering Department, Faculty of Agriculture and Environment, Arak University, Arak, Iran. 
 (Received: Jan. 11, 2021- Revised: Feb. 3, 2021- Accepted: Feb. 8, 2021) 

ABSTRACT 

Management and planning in the field of water resources in different seasons, especially in spring, is very vital 

for exploitation in the agricultural, industrial and drinking sectors in arid and semi-arid regions of the world, 

especially Iran. Climate Teleconnection Indices (CTI) as large-scale indices can be important in hydrological 

behavior at the basin scale. In this study, the relationship between these indices and spring rainfall in the basins 

of Iran was investigated and the possibility of using them as predictor variables was identified. For this purpose, 

the correlation of 40 CTI in time delays of 6 to 1 month with spring rainfall was investigated. The results 

showed that the percentage of stations that have a significant correlation with spring precipitation, varies 

depending on the location of the basin, but in general, the indicators related to ENSO and SSTs have the most 

frequent significant correlations with spring rainfall in the northern half, northwest, northeast and sometimes 

southwest springs. These indicators in the Caspian Sea basin with a delay of 3 to 6 months, Persian Gulf-Oman 

Sea with a delay of 1 to 3 months, Lake Urmia with a delay of 3 months, Central Plateau with a delay of 1 to 4 

months, Eastern border with a delay of 1 and 6 months, and Qarahqom basin with a delay of 1 and 3 months 

have the highest amount. In general, it can be said that the spring rainfall in many stations located in the 

watersheds of the northern half of Iran have a significant correlation with the CTI, but in the southern, the 

central plateau and the eastern part have the lowest correlation, which is due to the low rainfall in this season 

in the southern regions. The results showed that the efficiency of predicting spring precipitation by MLP model 

is better than MLR model. 
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ĂÑĀ³wă Ĉýwîù ÈÉĀ~ Ăí đwz Ĉăwò¤Æĉv øív¾£ wz ûv¾ĉv Àĉ¾zj ć

 ×w´õ wz ºÉwz Ă¤Év¹ yÅwþù·m£Ċ¾  Ĉzwĉ¿½v ¹½Āù äö¤¸ù Ĉýwù¿

 üĉv ¿v ā¹wæ¤Åv wz ûvĀ¤z ÿ Ă¤å¾ñ ½v¾éÌ·wÉwă ½ ½wĄz ôÎå Ç½wz v

óºù ÿ¹ wz  ĈÖ· ûĀĊÅ¾ñ½ ÿ Ăĉđºþ¯ ûÿ¾¤ Å¾~ Ĉ{ÎÝ Ăî{É

)¹Āúý ć¿wÆõºù  Ăýwñºþ¯ 

 ÿ ¹vĀùÇÿ½wă 
 IÈăÿÂ~ üĉv ½¹ ĂÞõwÖù ¹½Āù ĂêÖþùĂÑĀ³wă Ă«½¹ Àĉ¾zj ć- 

 ôùwÉ.+  ĂÑĀ³ùĈºÉwz $ óÿº« ½¹ Ăí,ĂÎ¸Êù #ûj ćwă wă

āwò¤Æĉv ¹vºÞ£ I¢³wÆù ôùwÉ ĂýđwÅ ÿ ½wĄz ôÎå Ç½wz ÔÅĀ¤ù Iwă

2 Multivariate El Nino Index 
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 ÿ āºÉ Ătv½v$ ôîÉ ½¹, ¿v Ĉĉwúý ÀĊý #vĉāwò¤Æwă ĂÞõwÖù ¹½Āù ć

ā¹v¹ I¢Æ¸ý ĂÞõwÖù üĉv ½¹ )¢Åv āºÉ ā¹v¹ ûwÊý Ç½wz ćwă

 Ăýwăwù2,2  āwò¤Æĉvûv½wz¬þÅ ĈÅwþÉvĀă ûwù¿wÅ ÿ ÿ¾Ċý ¡½v¿ÿ Ĉ

 ć½wùj ā½ÿ¹ ½¹-+,0(,432  Ăö³¾ù ½¹ )¢å¾ñ ½v¾é ā¹wæ¤Åv ¹½Āù

 IºÞzā¹v¹wă Ăz ÓĀz¾ù ćÌ·wÉwă¿vºýĀĊ~ ć Àí¾ù ćwúý½w£ ¿v ½ÿ¹

 wîĉ¾ùj āº´¤ù ¡đwĉv ćĀP« ÿ ÃĀýwĊév Ĉöù(NCEP/NCAR) 

 ¡wÎ¸Êù Ăí ºÉ ¢åwĉ½¹ûjwă  óÿº« ½¹$-#  Ăz )¢Åv āºÉ Ătv½v

 Ów{£½v ĈÅ½¾z ½ĀÚþùÌ·wÉwă ā½wĄz Ç½wz wz ½ÿ¹¿vºýĀĊ~ ć

ĂÑĀ³ üĊĊÞ£ ÿ ûv¾ĉv Àĉ¾zj ćwăÌ·wÉwă Ăõ¹wÞù ¿v ½ÿ¹¿vºýĀĊ~ ć

Ăz ûĀÅ¾Ċ~ Ĉò¤Æ{úă 5ºÉ ā¹wæ¤Åv ¾ĉ¿ ¡½ĀÍ 

 ĂÖzv½$,                                  #
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 ûj ½¹ Ăíix  ÿiy  Ì·wÉ$ ôê¤Æù ¾Ċâ¤ù yĊ£¾£ Ăz

 I#Àĉ¾zj ĂÑĀ³ ¾ă ā½wĄz Ç½wz$ Ă¤Æzvÿ ÿ #½ÿ¹¿vºýĀĊ~x  ÿy 

vÿ ÿ ôê¤Æù ćwă¾Ċâ¤ù üĊòýwĊù Ă¤ÆzùĈºÉwz yĉ¾Ñ ¿v ā¹wæ¤Åv )

Ĉò¤Æ{úă ½vºêù ĈĉwÅwþÉ ½ĀÚþù Ăz Ĉò¤Æ{úăÇ½wz üĊz ćwă 

Ì·wÉ ÿ ½wĄz ôÎå üĊz Ĉò¤Æ{úă yĉ¾Ñ )¢Åv ½ÿ¹¿vºýĀĊ~ ćwă

 wz ā½wĄz Ç½wz/+  ½¹ ćºýĀĊ~½ÿ¹ Ì·wÉ1  èĉ¾Õ ¿v Ĉýwù¿ ÷wñ

 ½ÿ¹¿vºýĀĊ~ ćwă¾Ċâ¤ù üĊþ°úă )ºùj ¢Å¹ Ăz Ĉò¤Æ{úă Äĉ¾£wù

å üĉ¾¤ÊĊz wz üĊþ°úă ÿ Ì·wÉ ÛĀý Ăz Ă¤Æz ½v¹wþÞù Ĉývÿv¾

 Ä Å )ºýºÉ ôĊö´£ ÿ ĈÅ½¾z ¹½Āù äö¤¸ù Ĉýwù¿ ćwă¾Ċ·w£

ò¤Æ{úăĈwă ĂöĊÅÿ Ăz ĂÞõwÖù ¹½Āù ā¾¤Æñ ½¹ Ĉæþù ÿ ¢{¨ù ć

 Ă¤Æz÷¾ý½vÀåv ćArcGIS 10.1  ðþĊ¬ĉ¾í Çÿ½ wzĂþĄ~ºþz ć

)ºĉ¹¾ñ 

½wĄz ôÎå Ç½wz ć¿wÆõºù 

 ½ĀÚþù Ăz~ĊÈzĊþz ć¿wÆõºù ÿ Ĉ ¿v ā¹wæ¤Åv wz ½wĄz ôÎå Ç½w

Ì·wÉwă üĉv ½¹ )ºÉ ā¹wæ¤Åv ÷wñ Ăz ÷wñ Çÿ½ ¿v ½ÿ¹¿vºýĀĊ~ ć

 ćwă¾Ċâ¤ù Ăúă vº¤zv Çÿ½~ĊÈzĊþ Ăz ÿ āºÉ óºù ¹½vÿ āºþþí Ĉ

 üĉ¾¤ÊĊz Ăí óÿv ¾Ċâ¤ù ĂÅ wĄ¤ýv ½¹ )ºýºÉ ã¼³ ÷wñ Ăz ÷wñ Çÿ½

 ćwă¾Ċâ¤ù ûvĀþÝ Ăz ºþ¤Év¹ v½ üĊĊÞ£ yĉ¾Ñ~ĊÈzĊþí Ĉ āºþþ

æ¤Åv)ºýºÉ ā¹w 

 ā¾Ċâ¤ù ºþ¯ ĈÖ· ûĀĊÅ¾ñ½ óºù, 

$ ā¾Ċâ¤ùºþ¯ ĈÖ· ûĀĊÅ¾ñ½ óºùMLR ć¾¤ùv½w~ óºù ìĉ I#

 ÿ Ă¤Æzvÿ ćwă¾Ċâ¤ù ûwĊù ĈÖ· Ôzvÿ½ ć¿wÆõºù ćv¾z Ăí ¢Åv

 ½wí Ăz Ăĉw~ óºù ìĉ ûvĀþÝ Ăz ôê¤ÆùùĈ¹ÿ½ Ăí ĈÖĉv¾É ½¹ )

 āºýĀÉ ĈþĊz ÈĊ~ ÿ āºþþí ĈþĊz ÈĊ~ ćwă¾Ċâ¤ù ûwĊù ĈÖ· ĂÖzv½

¹Ā«ÿ  ć¿wÆõºù v½ Ôzvÿ½ üĉv ¢Åv ½¹wé óºù üĉv ºÉwz Ă¤Év¹

5¹Āz ºăvĀ· ¾ĉ¿ ¡½ĀÍ Ăz óºù ¿v ĈÑwĉ½ ÷¾å )ºĉwúý 

 ĂÖzv½$-                 #
nnxxxy aaaa ++++= .....22110

 

 ûj ½¹ Ăí(i=1,2,é,n) ix : ĈþĊz ÈĊ~$ ôê¤Æù ćwă¾Ċâ¤ù

 I#āºþþíiy:  ÿ #āºýĀÉ ĈþĊz ÈĊ~$ Ă¤Æzvÿ ā¾Ċâ¤ù(i=1,2,é,n) iŬ 

 )ºþ¤Æă ôê¤Æù ćwă¾Ċâ¤ù yĉv¾Ñ óºù ¿v ìĊ£wúÉ ĈĉwúýMLR 

 ôîÉ ½¹$-#  )¢Åv āºÉ Ătv½v óºù ½¹ yĉv¾Ñ üĉv üĊĊÞ£ ćv¾z

 ā¹wæ¤Åv ¡wÞz¾ù ôévº³ Çÿ½ ¿v ā¾Ċâ¤ùºþ¯ ĈÖ· ĈýĀĊÅ¾ñ½ùĈ

¹ĀÉ  ĂzĂýĀñv ÿ Ĉ£vºăwÊù ¾ĉ¹wêù ćwÖ· ¡wÞz¾ù ÛĀú¬ù Ăí ć

yĉv¾Ñ )¹¹¾ñ ôévº³ #óºù ÔÅĀ£$ āºÉ ā¹¿ üĊú¸£  ćwă¾Ċâ¤ù

 ½¹ āºÉ ôĉºÞ£ üĊĊÞ£ yĉ¾Ñ ÿ üĊĊÞ£ yĉ¾Ñ ½vºêù Iôê¤Æù

 óÿº«$.# )¢Åv āºÉ Ătv½v 

 
 ôîÉ,(  Ĉýwîù Üĉ¿Ā£ĂÑĀ³wă Èþív¾~ ÿ Àĉ¾zj ćvĉāwò¤ÆwăĂÞõwÖù ¹½Āù ć 

 

                                                                                                                                                                                                 
1 Mluti Linear Regression (MLR) 



 ûwîùv 5ûv½wîúă ÿ ĈõĒăÌ·wÉ ¿v ā¹wæ¤Åv Ĉ¬þÅ½ÿ¹ ¿v ºýĀĊ~ ćwă ))) 20. 

 óÿº«,(  ĈúĊöév ÿ ĈĉwĊåv¾â« ¡wÎ¸ÊùĂÑĀ³wăûv¾ĉv Àĉ¾zj ć 

ĈöÍv ĂÑĀ³ ĈÝ¾å ĂÑĀ³ ć½wÎ¤·v ¢ùĒÝ 
ĊöĊù$ ¢³wÆù ûĀ

#½w¤îă 

 ¹vºÞ£

vĉāwò¤Æwă 

 ā½wĄz Ç½wz ÔÅĀ¤ù

#¾¤úĊöĊù$ 

 ĂýđwÅ Ç½wz ÔÅĀ¤ù

#¾¤úĊöĊù$ 

 ćwĉ½¹½À· 

Ã½v ARZ ++4*/ .- 1*,-0 .++ 

ë¾£v ATR 144*- ,/ 4*4+ -*..0 

¿v¾ă(¹ÿ½ºĊæÅ HAS ,+*, ,/ 2*,1/ ,*,+4, 

ā¾éĀÅ(ûwñ¾ñ QAG .-0*, ,4 /*,-. -*0-, 

ā¾éĀÅ(¿v¾ă QAH 33/*, .+ 4*,-+ .*104 

¹ÿ½ºĊæÅ SFR 41,*0 ./ 3*,.2 2*/02 

Èõw£ TLS 41*+ 3 /*,3/ 1*,-0. 

Ã½wå ªĊö·( ćwĉ½¹

ûwúÝ 

Ãw{Ý½ºþz(ªĉºÅ BDA -13*/ /0 ,*-+ ,*-+, 

ï½Àz ûÿ½wí GKR 1*/. // +*,++ /*0,2 

Ăö³ HLL 43*, ,. 3*.0 1*..1 

Ĉ³v¾«(ā¾ă¿ JAZ 3/-*. .1 3*04 /*/,4 

ôí(ûv¾Ąù KAM 202*0 .+ 1*-1 ,4, 

Ă·¾í KRK +,,*0 -/ -*40 0*.4. 

ºþù MND .32*/ ,0 /*0, 2*.11 

ĈzĀþ« ûw¤Æ¯Āöz SBL .24*/ 2 3*,4 /*,/, 

Ĉz¾á ¿¾ù WSB 334*. ,. 0*,,3 /3/ 

ĂĊùÿ½v Ă¯wĉ½¹ ĂĊùÿ½v URL -2-*0 03 .*,,1 1*.-0 

ćÀí¾ù ¡Ēå 

āĀí¾zv(ûw«¾ĊÅ ABS .02*0 2 ,*.2 .*,13 

ĉĀíćÀí¾ù ¾ CTD /,3*-- 00 -*11 2*-,, 

ûw¬ý½¹ ¾ĉĀí DJD 212*/ ,+ -*.0 -*,0- 

ĈýĀ·ÿwñ GKH 433*. ,3 0*20 ,*.,- 

ûĀùwă(ûwĉ½Āù¿w« HAJ .0-*1 ,, ,*-/ 3*,// 

¾ĉĀí ¢É¹ LUD /44*,4 ,, 4*-2 1*,,3 

āĀí āwĊÅ ¾ĉĀí SKD 2+1*/ 3 2*.1 /*,-3 

ìúý Ă¯wĉ½¹ STL ,.0*4 4- +*,+2 -*./, 

ìÊ£(ûwò¤¸z(Āõ½wĄù TBM 4//*- -. 4*12 ,*.30 

Ĉé¾É ¿¾ù 

ûĀùwă(ºþù¾Ċă HAH ,34*. 0 1*,1 .*3- 

ûĀùwă(ôĊîÊù HAM ./.*. 1 2*,2 -*40 

ãvĀ· ½vÀîúý KHD -+3*. 1 1*/, /*,22 

ā¾é÷Āé ÷Āé ā¾é QRQ /-,*/ -4 /*33 2*-/. 

 
 óÿº«-( Ì·wÉwăā¹wæ¤Åv ¹½Āù ½ÿ¹¿vºýĀĊ~ ć 

äĉ¹½ Ì·wÉ ÷wý äĉ¾Þ£ äĉ¹½ Ì·wÉ ÷wý äĉ¾Þ£ 

, SOI Southern Oscillation Index -, EAWR East Atlantic-West Russian 

- SST1.2 Sea Surface Temperature in Nino 1.2 regional -- POL Polar/Eurasia patterns 

. SST3.4 Sea Surface Temperature in Nino 3.4 regional -. SFlux Solar Flux 

/ AO Arctic Oscillation -/ SSPOT Sun Spot 

0 AMO Atlantic Multidecadal Oscillation -0 NAO2 North Atlantic Oscillation 2 

1 SCN Scandinavia Index -1 TNIi SST differ of Nino1.2-Nino4 

2 QBO Quasi Biannual Oscillation at 30 hPa -2 POI SST Differ of East Pacific from West Pacific 

3 SST3 Sea Surface Temperature in Nino 3 regional -3 WPSST West Pacific SST 

4 SST4 Sea Surface Temperature in Nino 4 regional -4 IOBSST Indian Ocean Basin SST 

,+ SSTas Sea Surface Temperature in 4 region of Nino .+ TNA-TSA Tropical North and South Atlantic 

,, SSTs Sea Surface Temperature in all Niño regional ., Nino1.2 Extreme Eastern Tropical Pacific SST 

,- TNA Tropical North Atlantic .- Nino3.4 East Central Tropical Pacific SST 

,. TSA Tropical South Atlantic .. Nino3 Tropical Pacific SST 

,/ MEI Multi ENSO Index ./ Nino4 Central Tropical Pacific SST 

,0 TNI Trans Nino Index .0 NPI North Pacific Index 

,1 PDO Pacific Decadal Oscillation .1 TPI SST Differ of North Pacific from South Pacific 

,2 PNA Pacific North American .2 NCP North Sea-Caspian Sea Pattern 

,3 WHWP Western Hemisphere Warm Pool .3 PSST Persian Gulf SST 

,4 EA East Atlantic .4 CSST Caspian SST 

-+ WP West Pacific /+ MSST Mediterranean SST 
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Input variables (xi) Variables Coefficients Output Function Seasonal Precipitation

P(t-1)

P(t-2)

...

P(t-6)

K(x, x1)

K(x, x2)

K(x, xi)

K(x, xn)

× P(t)= a+bx1+cx2+é+wxi

 
 ôîÉ-(  óºù ¿v ìĊ£wúÉ ĈĉwúýMLR 

 

 óÿº«.( ÈĊ~ ½ÿ¹¿vºýĀĊ~ ćwă¾Ċâ¤ù ¢zw§ yĉv¾ÑĂÑĀ³ ½wĄz ôÎå Ç½wz āºþþí ĈþĊz óºù ½¹ ûv¾ĉv Àĉ¾zj ćwăMLR 

ĈöÍv ĂÑĀ³ 
 ĂÑĀ³

ĈÝ¾å 

vº{ù ¿v Ï¾Ý óÿv ¾Ċâ¤ù ÷ÿ¹ ¾Ċâ¤ù ÷ĀÅ ¾Ċâ¤ù  ãv¾´ýv

½wĊÞù 
R2 

R2 
adj ½vºêù p-

value 
½vºêù p-

value 
½vºêù p-

value 
½vºêù p-

value 

½À· ćwĉ½¹ 

ARZ 0.03 +++*+ 4*,3.( ++,*+ 1*,1. +++*+ 4*,, +-.*+ 4*-. 0*1+ 1*00 

ATR .*4- +++*+ 2*,2( ++2*+ 4*,3 ++-*+ 3*,+( ++.*+ +*-1 -*10 4*1+ 

HAS ,-3. +++*+ ,*2,( ++,*+ 4*10 +++*+ /*,-+ +++*+ 1*.. .*1- 1*02 

QAG .4+- ++4*+ .*,/,( +,,*+ 2*,0/ ++/*+ -*,4 ++1*+ 3*-4 /*10 ,*1, 

QAH ,-- +++*+ +*-- ++.*+ 4*0+ +++*+ -*11 ++4*+ -*-4 4*1+ +*01 

SFR 0*,./ +++*+ 3*-/ ++,*+ .*-2( ++,*+ 0*-. +,-*+ 4*.+ 4*1/ 1*1+ 

TLS +*,++ ++,*+ /3*+ +-/*+ +*14 +++*+ 1*,,- ++/*+ 1*/3 3*/1 ,*/+ 

Ã½wå ªĊö·( ćwĉ½¹

ûwúÝ 

BDA -*0/- ++,*+ 2*-,( ++,*+ +*,+( +,0*+ -*,4( +++*+ /*,/ /*1/ +*1+ 

GKR .*,+3 +++*+ 0*., +++*+ ,*.1 +++*+ .*,4 ++-*+ 2*-3 3*14 +*11 

HLL ,*20- +++*+ 3*-4( +++*+ 1*4 +,,*+ 4*,4( +++*+ .*,3 2*1/ .*1+ 

JAZ ,0.. +++*+ -*-1( +,1*+ /*..( +-1*+ 2*1- ++.*+ .*.+ -*0- -*/1 

KAM 0*3+2 +++*+ .*.-( +++*+ 4*2( +,0*+ .*,2( +++*+ -*,1 -*11 +*1- 

KRK 0*10. ++,*+ 3*-- +++*+ 1*-1( ++-*+ 3*.2 +,+*+ 2*-0 1*13 2*1/ 

MND /*1, +++*+ 2*-1* +++*+ ,*-. +++*+ ,*,0( ++1*+ 4*-, -*1- 0*02 

SBL .*-04( +,+*+ 2*-0( +++*+ 2*., ++,*+ 4*,2 +,,*+ .*,1 1*03 /*0. 

WSB .*,,. +++*+ /*,.( ++/*+ 0*-. ++,*+ +*.4 ++,*+ 3*.. 4*1. /*04 

ĂĊùÿ½v Ă¯wĉ½¹ URL +*,-1 +++*+ 2*-, +-1*+ 4*/4 +++*+ 1*-.( ++.*+ /*.+ 1*03 0*0. 

ćÀí¾ù ¡Ēå 

ABS 010+( +++*+ +*-,( ++-*+ ,*1 +++*+ +*,( ++,*+ 2*,0 .*10 +*1, 

CTD +*,+1/( +++*+ 3*.4 +++*+ 2*,0 ++3*+ .*, ++/*+ .*,4 0*1+ 1*00 

DJD 2*.2 +++*+ -*,1( ++,*+ 1*3( +--*+ 4*+( +,+*+ /*,2 1*0- 2*/1 

GKH 0..1( ++,*+ /*,3( ++1*+ 2*0 ++,*+ 4*,4 +++*+ .*-+ 0*1/ ,*1+ 

HAJ /*/44 +++*+ 2*,4( ++,*+ 3*3( +,2*+ 1*,0( +++*+ 4*,- -*1- 0*02 

LUD -20/ +++*+ 4*2( ++3*+ 0*-( +++*+ ,*,, +++*+ 2*,+ 1*1+ 2*00 

SKD .*.1 +++*+ 2*,.( ++,*+ 1*,+( ++/*+ .*-- +++*+ /*,/ ,*1, .*01 

STL 1*.+ +++*+ 1*-/( ++,*+ 4*-, +,+*+ -*-/ +++*+ 4*-2 2*11 0*1- 

TBM 112+( ++-*+ ,*04( +++*+ 4*-+ ++,*+ +*3 +++*+ -*-2 4*10 2*1, 

Ĉé¾É ¿¾ù 

HAH +*.+, +++*+ /*,.( +++*+ 3*1( ++.*+ -*0( ++3*+ -*4 4*01 0*0, 

HAM -*1/2 +++*+ 4*,0( ++/*+ 3*3( ,+,*+ +*4( +++*+ -*,+ 1*1- 4*02 

KHD .*/01 +++*+ /*,4( +++*+ /*3 ++4*+ ,*4 ++0*+ -*,0 .*1/ 3*04 

ā¾é÷Āé QRQ 3*41 +++*+ 1*,1( +++*+ -*0 ++,*+ 0*.( +,-*+ 2*-, 0*2/ .*2, 

Ăĉđºþ¯ ûÿ¾¤ Å¾~ Ĉ{ÎÝ Ăî{É, 

 ¹¾z½wíĂî{Éwă û¾é ôĉvÿv ¿v ĈÝĀþÎù Ĉ{ÎÝ ć-+  ÿ āºÉ Ûÿ¾É

 ½¹Ăă¹wă üĉv ĈÉ¿v¹¾~ ø¤ĉ½Āòõv )¢åwĉ ć¾¤ÊĊz ĂÞÅĀ£ ¾Ċ·v ć

                                                                                                                                                                                                 
1 Multi -Layer Perceptron (MLP) 

óºùwă  Ç¿v¹¾~ ½¹ ¾ÎþÝ üĉ¾¤úĄù Ăí ¢Åv ûwÆýv Àâù Ăz ĂĊ{É

 ûjûÿ¾ýwă ½ ć¹ÿ½ÿ ¹vºÞ£ ûÿ¾ý ½¹ )ºþ¤Æăā¹v¹ ¿v v ÿ ĈöÍv ćwă

 Ĉ«ÿ¾· wĉûÿ¾ýwă ¢åwĉ½¹ ¾òĉ¹ ćùĈºþí üĊz ¡ĒÎ£v )ûÿ¾ýwă  ¿v



 ûwîùv 5ûv½wîúă ÿ ĈõĒăÌ·wÉ ¿v ā¹wæ¤Åv Ĉ¬þÅ½ÿ¹ ¿v ºýĀĊ~ ćwă ))) 200 

û¿ÿ ç¾Õûj Ăz Ĉă¹ ûwĊz wăùĈ¹ĀÉ üĉv )û¿ÿwă  ½Ā{Ý ÷wòþă ½¹

ā¹v¹wă  x¾Ñ ć½Ā{Ý ā¹v¹ ½¹ IówÎ£v ûj ¿vùĈºýĀÉ Ăî{É ÛĀý )

 ºþ¯ ûÿ¾¤ Å¾~ Ĉ{ÎÝ Ăî{É ĂÞõwÖù üĉv ½¹ āºÉ ā¹wæ¤Åv Ĉ{ÎÝ

 Ăĉđ ½v¾é ā¹wæ¤Åv ¹½Āù ½Āåÿ Ăz xj Üzwþù ¡wÞõwÖù ½¹ Ăí ¢Åv

$ ¢Åv Ă¤å¾ñFatehi Marj and Mahdian., 2009 Çÿ½ üĉv ½¹ )#

$ wÖ· ½wÊ¤ýv Ä~ ć¾Ċñ¹wĉ ûĀýwé ¿vBP ā¹wæ¤Åv Ç¿Āùj ćv¾z #ùĈ

¹ĀÉ ìĉ Ić¹ÿ½ÿ Ăĉđ ìĉ ¿v ĈþĊz ÈĊ~ ćv¾z āºÉ Ĉ³v¾Õ Ăî{É )

ºÉ ôĊîÊ£ Ĉ«ÿ¾· Ăĉđ ìĉ ÿ ĈýwĊù Ăĉđ ¡½ĀÍ Ăz Ăí ¢Åv ā

~ĊÈÿ½  ôúÝùĈºþí$ Ăĉw~ Üzw£ )iH ¾ĉ¿ Ăõ¹wÞù ¡½ĀÍ Ăz #ùĈºÉwz5 

 ĂÖzv½$.                                #ä=
+³=

n

j ijiji bxwH
1

 

 Ăíi ûÿ¾ý āºþþí Ì¸Êù 5i  I÷vj Ăĉđ āºþþí Ì¸Êù 5j  I÷v

ib ûÿ¾ý ¾ă Ăýw¤Åj ½vºêù 5ùĈºÉwz $, Fatehi Marj and Mahdian

2009)#  óºù ø¤ĉ½Āòõv ¿v ĈĉwúýMLP  ôîÉ ½¹$.#  ā¹v¹ ûwÊý

 óÿº« ½¹ )¢Åv āºÉ$/# )¢Åv āºÉ Ătv½v óºù ¡wÎ¸Êù ÀĊý 

 
Input variables Input Layer Hidden Layer Output Layer Seasonal Precipitation

P(t-1)

P(t-2)

...

P(t-6)

W3

×

Bias

Output VariableW4

 
 ôîÉ.(  óºù ½w¤·wÅ ÿ ø¤ĉ½Āòõv ¿v ĈĉwúýMLP 

 

 óÿº«/( ā¹wæ¤Åv ¹½Āù Ăĉđºþ¯ ÷ÿ¾¤ Å¾~ Ĉ{ÎÝ Ăî{É ¡wÎ¸Êù 

Ĉæ¸ù Ăĉđ ¹vºÞ£  Üzw£ā¹v¹ øĊÆê£wă ā¹v¹ ¢{Æý ºÍ½¹Ç¿Āùj$ wă(#¢Æ£ 

0 Ĉå¹wÎ£ Üzw£ 2+(.+ 

wă½v¾î£ ¹vºÞ£ ¢ĊõwÞå Üzw£ ûÿ¾ý ¹vºÞ£wă 

0++ ºĊtĀúòĊÅ ,+ 

 

 ¢é¹ ĈÅ½¾z ½ĀÚþù Ăzóºùwă ¿v ā¹wæ¤Åv ¹½Āù ćā½wùjwă ć

$ üĊĊÞ£ yĉ¾Ñ-R$ #., 2015et alBehar ( ¡wÞz¾ù üĊòýwĊù½¼« I

$ wÖ·RMSE$ #Willmott and Matsuura, 2006 üĊòýwĊù½¼« I#

$ āºÉ ówù¾ý wÖ· ¡wÞz¾ùNRMSE$ #Jamieson et al., 1991 ÿ #
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 ûj ½¹ ĂíO  ÿM  IāºÉ óºù ÿ āºÉ āºăwÊù ¾ĉ¹wêùn  ¹vºÞ£ā¹v¹wă 

ÿ O  üĊòýwĊùā¹v¹wă )¢Åv āºÉ āºăwÊù ć ¾ĉ¹wêù-R Í üĊz ¾æ

 w£, ¾ĉ¹wêù IRMSE  w£ ¾æÍ üĊzzĈwĄýĉ¢ IMBE  Ĉæþù ÿ ¢{¨ù

ùĈºÉwz Ăz ìĉ¹Àý ¾ĉ¹wêù ),  ½wĊÞù-R ¾æÍ Ăz ìĉ¹Àý ¾ĉ¹wêù ÿ I

 ćwă½wĊÞùRMSE  ÿMBE  ûwÊý )¹Āz ºăvĀ· ¾¤Ąz óºù āºþă¹

 ¾ĉ¹wêùNRMSE  Ĉĉv½wí Ĉzwĉ¿½v ćv¾z ć½wĊÞù ûvĀþÝ Ăz Ăí ÀĊý

 óºùùĈºÉwz ¾¤úí$ ĈõwÝ yĊ£¾£ Ăz  ¿v,+ $ xĀ· I#ºÍ½¹,+  w£

-+ $ óĀ{é ôzwé I#ºÍ½¹-+  w£.+  ¿v ¾¤ÊĊz$ äĊÞÑ ÿ #ºÍ½¹.+ 

 #ºÍ½¹ùĈºÉwz $Jameison et al., 1991)# 

ĉĂ¤åwwă 

 Ĉývÿv¾å ôĊö´£ò¤Æ{úăĈwă ÃwÅv ¾z ½v¹wþÞù ćÌ·wÉwă ć

½ÿ¹¿vºýĀĊ~ 

 ĈÅ½¾zò¤Æ{úăĈwă  ā½wùj ÃwÅv ¾zp-value  ûwÊýùĈºă¹ 

ò¤Æ{úăĈwă ć+'.2/ϻ  ÿ+'/23ϻ  ²ÖÅ ½¹ ć½v¹wþÞù Ăýw¤Åj0 

 ÿ,  ºÍ½¹ yĊ£¾£ üĉv Ăz )ºþ¤Æă ºÍ½¹vĉāwò¤Æwă ćv½v¹ ć

 çĀå ½vºêù ¾ĉ¹wêù ÃwÅv ¾z ĂÑĀ³ ¾ă ćv¾z ½v¹wþÞù Ĉò¤Æ{úă
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 ºÍ½¹ Ĉývÿv¾å ªĉw¤ý ôĊö´£ )¢Åv āºĉ¹¾ñ ôĊö´£ò¤Æ{úăĈwă ć

 óÿº« ½¹ ½v¹wþÞù$0#  āºÉ Ătv½v ªĉw¤ý ½¹ )¢Åv āºÉ Ătv½v¾åývÿvĈ

wă ¿v ¾¤ÊĊz ć.+  ôĊö´£ ºÍ½¹āºÉºýv ćwĉ½¹ Àĉ¾zj ĂÑĀ³ ½¹ )

 ½À·Mw£ºúÝ Ì·wÉwă wz Ô{£¾ù ćENSO $SOI IMEI INino  I#wă

SST $ wăSST1.2 ISST3.4 ISST3 ISST4 ISSTas  ÿSSTs I#

TNI  ÿTPI  Ĉývÿv¾å ºÍ½¹ò¤Æ{úăĈwă ¿v ¾¤ÊĊz ½v¹wþÞù ć.+ 

 ûwÊý ā½wĄz ôÎå Ç½wz wz ºÍ½¹ùĈă¹ºþ  ć½v¼ñ¾§v ¿v ûwÊý Ăí

 üĉv ¾¤ÊĊzÌ·wÉwă ùĈºÉwzÃ½wå ªĊö· Àĉ¾zj ĂÑĀ³ ½¹ )( ćwĉ½¹

 ûwúÝ¿ĉĂÑĀ³¾wă Ĉývÿv¾å ćv½v¹ ć¹ÿº´ù ćò¤Æ{úăĈwă ć

 ¿v ÈĊz ½v¹wþÞù.+  Ăí ºþ¤Æă ½wĄz ôÎå Ç½wz wz ºÍ½¹ùĈûvĀ£ 

 ĂÑĀ³¾ĉ¿ ĂÅ ĂzGKR IKRK WSB  )¹Āúý ā½wÉvøĄù¾£ĉü 

Ì·wÉwă ½ÿ¹¿vºýĀĊ~ ćù¾§o  ôùwÉ ÀĊýÌ·wÉwă ā¹vĀýw· ć

ENSO $SOI IMEI INino3.4 INino3 INino4 I#SST  wă

$SST3.4 ISST3 ISST4 ISSTas ISSTsI# POI  ÿTPI  ºþ¤Æă

 Ĉývÿv¾å ½vºêù Ăíò¤Æ{úăĈwă ¿v ¾¤ÊĊz ûwÉ½v¹wþÞù ć.+  ºÍ½¹

 ĂĊùÿ½v Ă¯wĉ½¹ ĂÑĀ³ ½¹ )¢ÅvÌ·wÉwă wz Ô{£¾ù ćENSO  ÿ

SST  āv¾úă Ăz wăTNI IPOI  ÿTPI  Ĉývÿv¾åò¤Æ{úăĈwă ½v¹wþÞù ć

 ¿v ¾¤ÊĊz.+  ûwÊý ½wĄz ôÎå Ç½wz wz ºÍ½¹ùĈºă¹ ĂÑĀ³ ½¹ )

 wĄþ£ ćÀí¾ù ¡Ēå¿ĉĂÑĀ³¾wă ćCTD IGKH  ÿSTL  Ăí ºþ¤Æă

 ¿v ć¾¤ÊĊz ¹vºÞ£ wzÌ·wÉwă  ¿v ¾¤ÊĊz ½v¹wþÞù Ĉò¤Æ{úă.+ 

 ºÍ½¹Ă¤Év¹ºýv  Mw£ºúÝ ĂíÌ·wÉwă Ăz ÓĀz¾ù ćENSO ISST 

ă IwTNI IPOI  ÿTPI  wĄþ£ ÀĊý Ĉé¾É ¿¾ù ĂÑĀ³ ½¹ )ºþ¤Æă

 ĂÑĀ³¾ĉ¿KHD ùĈºÉwz  ¿v ć¾¤ÊĊz ¹vºÞ£ wz ĂíÌ·wÉwă ć

 ¿v ¾£đwz Ĉò¤Æ{úă Ĉývÿv¾å ćv½v¹ ½ÿ¹¿vºýĀĊ~.+  Ăí ¢Åv ºÍ½¹

 ôùwÉAO ISST4 IPOL IPOI IMMST INino3.4 INino 4  ÿ

CSST vºÞ£ wz ÀĊý ÷Āé ā¾é ĂÑĀ³ ā½wĄz Ç½wz )ºþ¤Æăć¾¤ÊĊz ¹  ¿v

Ì·wÉwă ûwÊý ½v¹wþÞù Ĉò¤Æ{úă ½ÿ¹¿vºýĀĊ~ ćùĈºă¹  ½¹ Ăí

Ì·wÉwă ā¹vĀýw· ćENSO ISST  IwăTPI IWHWP  ÿPOI 

 Ĉývÿv¾åò¤Æ{úăĈwă ¿v ¾¤ÊĊz ½v¹wþÞù ć.+  ºÍ½¹ùĈºÉwz )

Ì·wÉ Ăí ¢Åv ā¹v¹ ûwÊý ĂzwÊù ¡wÞõwÖù ½ÿ¹¿vºýĀĊ~ ćwă

 Ăöú« ¿v äö¤¸ùSOI IAO INAO ISST3.4 IMEI IPDO  ÿTNI 

Ç½wz wz v½ Ĉò¤Æ{úă üĉ¾¤úí ¹½v¹ ûv¾ĉv ½wĄz ôÎå ćwă

$Yarahmadi and Azizi, 2007 ĈývĀ¸úă ĂÞõwÖù üĉv ªĉw¤ý wz Ăí #

 ûwÊý ªĉw¤ý ĂÍĒ· ½ĀÕ Ăz )¹½vºýùĈºă¹  ½wĄz ôÎå Ç½wzĂÑĀ³wă 

 ÿ¿ĉĂÑĀ³¾wă Ĉývÿv¾å üĉ¾¤ÊĊz ûv¾ĉv Àĉ¾zj ćò¤Æ{úăĈwă ć

 ¿v ¾£đwz ½v¹wþÞù.+  wz v½ ºÍ½¹Ì·wÉwă ā¹vĀýw· ćENSO ISST 

 IwăTNI IPOI  ÿTPI  üĉv I¾òĉ¹ Ĉ£½w{Ý Ăz )ºý½v¹Ì·wÉwă  wz

 ¿v ć¾¤ÊĊz ¹vºÞ£vĉāwò¤Æwă ćĂÑĀ³wă Ĉò¤Æ{úă ûv¾ĉv Àĉ¾zj ć

 ½v¹wþÞù ÿ Ă¤Év¹ùĈºþÉwz) 

 ÛĀý Ĉývÿv¾å ĈÅ½¾zò¤Æ{úăĈwă  ×w´õ wz·m£Ċ¾ Ĉýwù¿ 
 ÛĀý ĈÅ½¾zò¤Æ{úăĈwă  ôîÉ ½¹$/#  ĈÅ½¾z )¢Åv āºÉ Ătv½v

 üĉ¾¤ÊĊz Ĉývÿv¾åò¤Æ{úăĈwă ûwÊý Ĉæþù ćùĈºă¹  ĂÑĀ³ ½¹

 ½¹ Mw£ºúÝ ½À· ćwĉ½¹·m£Ċ¾ . Ã½wå ªĊö· ĂÑĀ³ IĂăwù( ćwĉ½¹

 ½¹ ûwúÝ·m£Ċ¾ ,  Ĉăwñ ÿ$ Ăăwù0 I/  ÿ.  Ă¯wĉ½¹ ĂÑĀ³ ½¹ I#Ăăwù

 ĂĊùÿ½v·m£Ċ¾ .  ÿ1  ćÀí¾ù ¡Ēå ĂÑĀ³ IĂăwù,  Ĉăwñ$ Ăăwù. 

 ÿ/ ăwù Ĉé¾É ¿¾ù ĂÑĀ³ I#Ă,  ÿ0  ĂÑĀ³ ÿ IĂăwùā¾é÷Āé ,  Ăăwù

 ôîÉ$ ¢Åv/( ¢{¨ù Ĉò¤Æ{úă üĉ¾¤ÊĊz Ĉývÿv¾å ĈÅ½¾z )#äõv

 ûwÊý ÀĊýùĈºă¹  ½¹ ½À· ćwĉ½¹ ĂÑĀ³ ½¹·m£Ċ¾ .  w£0  IĂăwù

Ã½wå ªĊö· ĂÑĀ³( ûwúÝ ćwĉ½¹·m£Ċ¾ ,  w£1  ĂÑĀ³ IĂăwù

 ĂĊùÿ½v Ă¯wĉ½¹-  ćÀí¾ù ¡Ēå ĂÑĀ³ IĂăwù·m£Ċ¾ ,  w£1  IĂăwù

 Ĉé¾É ¿¾ù ĂÑĀ³·m£Ċ¾ ,  w£1  ĂÑĀ³ ÿ IĂăwùā¾é÷Āé .  ÿ/  Ăăwù

ùĈºÉwz  ôîÉ$/( Ĉývÿv¾å üĉ¾¤ÊĊz Üú« ĈÅ½¾z )#xò¤Æ{úăĈ

wă ûwÊý ÀĊý Ĉæþù ÿ ¢{¨ù ½v¹wþÞù ćùĈºă¹  ćwĉ½¹ ĂÑĀ³ ½¹

 ½¹ ½À··m£Ċ¾ .  w£1 Ã½wå ªĊö· IĂăwù( ûwúÝ ćwĉ½¹,  w£.  IĂăwù

 ĂĊùÿ½v Ă¯wĉ½¹. ăwù ćÀí¾ù ¡Ēå IĂ,  w£/  Ĉé¾É ¿¾ù IĂăwù,  ÿ

1  ā¿Ā³ ÿ IĂăwùā¾é÷Āé ·m£Ċ¾ ,  ÿ.  ôîÉ$ ¢Åv Ăăwù/( )#©

 Ì¸Êù āºùj ¢Å¹ Ăz ªĉw¤ý Ăz Ă«Ā£ wz üĉv¾zwþzùĈ¹ĀÉ  Ĉývÿv¾å

 ÿ ā½wĄz Ç½wz üĊz ¢{¨ù Ĉò¤Æ{úăÌ·wÉwă£ºúÝ ½ÿ¹¿vºýĀĊ~ ć Mw

 ¿v ¾¤ÊĊzò¤Æ{úăĈwă ćwă¾Ċ·w£ ¿v Ăí ¢Åv Ĉæþù ć,  w£1  Ăăwù

 ¾ĊĊâ£ùĈºþþí yĊ£¾£ üĉv Ăz )ùĈûvĀ£  ¢âñÇ½wzwă ½wĄz ôÎå ć

ĂÑĀ³wă wz ûv¾ĉv Àĉ¾zj ćÌ·wÉwă ćwă¾Ċ·w£ ½¹ ½ÿ¹¿vºýĀĊ~ ć, 

 w£1  Ăăwùò¤Æ{úăĈwăÌ·wÉ ć½v¼ñ¾Ċ§w£ )¹½v¹ ½v¹wþÞù ć ćwă

ĂÑĀ³ ½wĄz ôÎå Ç½wz ½vºêù ¾z äö¤¸ù ćwă¾Ċ·w£ wz ½ÿ¹¿vºýĀĊ~-

Ċõ¹ Ăz Àĉ¾zj ćwăÌ·wÉ üĉv äö¤¸ù Äýwí¾å ôĈù wă)ºÉwz 
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 ½À· ćwĉ½¹ Ã½wå ªĊö·(ûwúÝ ćwĉ½¹ 
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SOI -, 1, ,/ 14 04 /, ,+ , /+ . ,3 + /. - + 
SST1.2 0 ,- 3 .. .. ,1 + + 1 , , + .2 + + 
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SST3.4 /, 4/ .+ ,++ 3, 2, -. , .4 + ,+ + 2- + + 
AO ,3 / / . - 2 / , - + + , 2 + ,+ 

AMO ,0 , , + + ,, + - . + + , / 1 + 
SCN ,+ , / , 0 / - + , , + , + - - 
QBO 2 + - + 0 . + , + + + + + + + 
SST3 -0 22 -. 42 1/ /2 + + -+ , 0 + 1, + + 
SST4 00 3. .1 34 22 23 .. + 20 . ./ + 13 - + 
SSTas .+ 33 -/ 43 2/ 1+ + + ., , ,, + 10 + + 
SSTs ., 33 -/ 43 2. 1+ + + .+ , ,+ + 10 + + 
TNA -1 , - + , ., + , 4 + 2 + ., + ,/ 
TSA 1 2 , ,, , . + , 3 0 ,. , 3 + + 
MEI -3 24 -, 43 22 04 - + ./ , ,. + 12 , + 
TNI ./ .+ 3 -2 -. .+ ,4 + /, + 1 + ,2 + + 
PDO ,+ / ,/ 1 ,4 / ,4 + ,2 , 1 + ,- , + 
PNA 1 -, 1 -, 2 ,, 3 ,1 / ,/ / ,2 3 ,. + 

WHWP ,, ,, - ,, 2 / + , / + 2 + -0 + + 
EA 3 0 , 2 . ,- ,+ , ,4 . ,2 - ,1 1 2 
WP 0 ,0 - 0 / , - . / 4 / 4 . ,/ 2 

EAWR / -+ 0 -, ,/ 0 1 / ,+ + . . 3 - - 
POL 1 1 1 4 0 3 + 3 2 4 / ,, ,. ,- + 
SFlux , 0 , , + ,3 + - 0 ,. ,+ / 1 . ,4 

SSPOT , 0 + . + ,3 + . 4 ,3 ,/ 1 1 2 ,4 
NAO2 ,0 0 3 , - ,1 / - / + + , ,- - ,2 
TNIi ,2 2 0 / 3 3 ,+ + ,- + , + 1 , + 
POI -- 4+ ,2 42 2/ -4 ,. , /. + -. + 1+ - + 

WPSST -. 21 1 13 -3 ,. - - -/ / 4 + -. / 0 
IOBSST 2 .0 + ,3 4 3 + + / + ,+ + 2 + + 

TNA-TSA ,3 ,0 - , + -+ + 4 , + + 1 3 . + 
Nino1.2 0 ,3 2 .1 ., ,, + + 1 . - + .1 + + 
Nino3.4 2. 4- -4 ,++ 23 2, ,0 + // + ,, + 21 + + 
Nino3 -/ 3. -+ 41 13 /3 - + -. . 1 + 10 + + 
Nino4 /3 30 -0 34 2- 3/ -. + 2, 0 // + 24 / + 
NPI 2 ,. / ,, 2 ,+ - ,/ / ,- / 3 3 ,1 + 
TPI ., 3, -1 43 22 2. ,. + 1- ,+ /, + 24 1 + 
NCP 3 -. - ,3 ,. - / , . + 1 , , , + 
PSST 3 + ,2 + / ,- + 4 0 . + - 2 , -, 
CSST ,+ ,2 ,- ,4 ,3 . + -+ .+ /+ -0 -/ ,0 ,/ ,2 
MSST ,. 0 1 ,1 ,, + + - 0 ,2 3 + - 1 2 

 óÿº« Ăùv¹v0 
 ĂĊùÿ½v Ă¯wĉ½¹ ćÀí¾ù ¡Ēå Ĉé¾É ¿¾ù ÷Āé ā¾é 
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SOI /4 - +/ . -. . 4 ,+ 0, . + + ,4 03 
SST1.2 / + ,- + + + + + -0 + + + + /+ 
SST3.4 2+ + 21 2 /. + ,0 -, 33 , + + -- 34 

AO 2 + / + - . + - 4 + ,+ + ,, + 
AMO . + - ,- + ,, . + / + /. ., .4 0 
SCN - 0 3 - 2 + + - 2 . + + . - 
QBO , + / + + + + + , + + + + -0 
SST3 .- + /2 + -1 + + - 2+ , + + 1 21 
SST4 24 + 3+ ,+ 2+ . ,2 03 34 ,+ + + .. 3- 
SSTas 0+ + 1+ . /+ + . 3 24 , + + -- 3- 
SSTs /3 + 04 0 /, + . 3 23 , + + ,4 3, 
TNA . + / ,+ + + 0 + -+ + . 3 + 0 
TSA / + . - , + + + , + . 1 1 2 
MEI 13 + 00 0 .1 + 3 ,+ 22 + + + ,/ 3- 
TNI 0, ,/ -4 ,0 00 1 4 /+ -0 2 + + + ,/ 
PDO ,, + . + ,/ + + + 4 + ,+ + + 4 
PNA 0 -/ ,- ,3 1 -1 ,2 - ,1 ,/ -+ ,4 . 3 

WHWP , + / . + . + + / + . 1 + .- 
EA ,2 2 ,+ . ,. - - / ,, ,+ 2 1 1 ,/ 
WP - ,- 2 ,- - 4 4 / . ,. + . ,/ ,, 

EAWR 0 0 ,- ,0 3 - . ,+ ,+ , . ,, . ,. 
POL ,, ,/ 2 ,0 1 3 ,3 / 2 , ,. ,4 ., 1 
SFlux , 0 + + 0 - + + 4 / 2 . + + 

SSPOT , 0 + + 2 . + + ,+ 2 . + + + 
NAO2 4 - 0 + , - - + ,0 . + + ,, 0 
TNIi -+ - 2 - 1 . 4 ,+ 1 + + + + 0 
POI /. + 03 2 .2 - 3 ,4 03 / + + .1 31 

WPSST -0 0 /2 ,0 -1 . -. -0 -, 0 ,+ + 01 2- 
IOBSST , + ,0 + - + + + -- + + 1 + .. 

TNA-TSA / - . 0 + - - + 2 + . 1 + - 
Nino1.2 . + ,, + - + + + -/ + + + + /0 
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Nino3.4 12 + 20 0 // + ,/ -, 32 , + + ., 32 
Nino3 -4 + 0, - -- + - + 2, + + + 3 3+ 
Nino4 3+ + 3/ 3 14 0 ,3 03 4+ ,+ + + .. 31 
NPI 0 ,4 3 2 ,. ,, - ,+ ,/ ,+ 2 . . ,+ 
TPI 23 + 1. 0 // + 4 ,+ 30 1 + + -3 3/ 
NCP . - ,- ,- 1 . . + 0 + . . 3 -, 
PSST 0 - - + , 3 + + ,+ / 2 . + + 
CSST . ,- ,0 ,3 ,2 -4 4 + ,+ .3 .+ 0+ ., -1 
MSST - + / 2 - . - / , , . + 1 4 

 ¿v ¾¤ÊĊz Ĉývÿv¾å ½v¹ Ô· ÿ ìĊõw¤ĉv ¹vºÝv.+ ºÍ½¹ 

 

 

 

 
ôîÉ/(  ºÍ½¹ývÿv¾åĈwă #©$ ôí ÿ #x$ ¢{¨ù I#äõv$ Ĉæþù ½v¹wþÞù ćÌ·wÉwă ½wĄz ôÎå Ç½wz wz ½ÿ¹¿vºýĀĊ~ ćĂÑĀ³wăûv¾ĉv Àĉ¾zj ć 
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ĂþĄ~ºþzäö¤¸ù Ĉýwù¿ ćwă¾Ċ·w£ ½¹ Ĉò¤Æ{úă yĉ¾Ñ Ĉýwîù ć 

Å¹ Ăz ªĉw¤ý Ăz Ă«Ā£ wz óÿº« ¿v āºùj ¢$0#  ¢Åv āºÉ Ì¸Êù
 āºúÝ ĂíÌ·wÉwă ½ÿ¹¿vºýĀĊ~ ć¾§où  ā½wĄz Ç½wz ¾zĂÑĀ³wă ć

 ā¹vĀýw· ¿v ûv¾ĉv Àĉ¾zjENSO  ÿSST  āv¾úă Ăz wăÌ·wÉwă ćTPI 
 ÿPOI ùĈºþÉwz ôîÉ ½¹ )$/  ÿ0# Ì·wÉ Ĉò¤Æ{úă Èþív¾~-

 wz Ô{£¾ù ćwăENSO  ÿTPI  ½¹ yĊ£¾£ Ăz ½wĄz ôÎå Ç½wz wz
¾Ċ·w£ Ĉýwù¿ ćwă1  w£/  ÿ #¾{ùwÅ¹ w£ ¾{¤ív$ āwù.  w£,  ĂĉĀývÁ$ āwù

 ûwÊý ªĉw¤ý )¢Åv āºÉ Ătv½v #Ã½wù w£ùĈºă¹  Ĉöí ½ĀÕ Ăz
Ì·wÉwă ā¹vĀýw· ćENSO  ÿTPI  ûv¾ĉv ĈõwúÉ ĂúĊý ½¹ Mw£ºúÝ

 Ăí ć½ĀÕ Ăz ºþ¤Æă Ç½wz ½v¹wþÞù Ĉò¤Æ{úă ćv½v¹Ă¤ÆývĀ£ºýv 
 ½¹āwùwă äö¤¸ù Ĉýwù¿ ćwă¾Ċ·w£ ÿ  IĈz¾á IĈz¾á ówúÉ È¸z

 üĉ¾¤ÊĊz )ºþÉwz ½v¹wþÞù ½ĀÊí ç¾É ówúÉ ÿ ¿¾{õv āĀí Ă¤É½
Ĉò¤Æ{úă Ĉýwîù ā¾¤Æñ ½v¹wþÞù ćwăÌ·wÉwă ćMEI I
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 ÛĀý ¾òĉ¹ ćĀÅ ¿v )¢Åv ā¹Āz ¾{¤ív ÿ ¾{¤ív IĂĉ½Āå IĂĉĀývÁ
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 ËwÎ¤·v ¹Ā· Ăzā¹v¹ºýv Ý ¾z āÿĒÌ·wÉwă ā¹vĀýw· wz Ô{£¾ù ć
ENSO  ÿSST  ôùwÉ wăTPI INPI IPNA  ÿSSPOT  ÀĊýùĈ
¹¹¾ñ  üĊz ûj ¾ĉ¹wêù Ăí,,  w£32 āwò¤Æĉv ºÍ½¹ ÈÉĀ~ v½ wă
Ĉù āwñºĉ¹ ¿v )ºþă¹·m£Ċ¾  ½¹ ÀĊý Ĉýwù¿¿ĉĂÑĀ³¾wă ĂÑĀ³ üĉv ć
øĄù¾£ĉü ·m£Ċ¾  Ĉýwù¿, I. I0  ÿ1  Ĉývÿv¾å ºÍ½¹ Ăí ºþ¤Æă Ăăwù

ò¤Æ{úăĈwă üĊz ½v¹wþÞù ć0  w£.0  ºÍ½¹ùĈºþÉwz ĂÑĀ³ ½¹ )
 üĉ¾¤úĄù ÀĊý ĂĊùÿ½v Ă¯wĉ½¹Ì·wÉwă ½ÿ¹¿vºýĀĊ~ ć¾§où Ç½wz ¾z 

 ½wĄz ôÎåNino4 ISST4  ÿTPI  Ĉývÿv¾å ½vºêù Ăí ºþ¤Æă
ò¤Æ{úăĈwă üĊz ½v¹wþÞù ć23  w£3+  ¾z ÿ ¢Åv ¾Ċâ¤ù ºÍ½¹
 ćwþ{ù·m£Ċ¾  wz ÀĊý Ĉýwù¿·m£Ċ¾ -  w£/ ù Ĉývÿv¾å ½vºêù üĉ¾¤ÊĊz āw
ò¤Æ{úăĈwă$ ½v¹wþÞù ć-.  w£-1  üĉv )¢Åv āºùj ¢Å¹ Ăz #ºÍ½¹

 ĂzwÊù ĂÞõwÖù ½¹ Ăí ¢Åv Ĉõw³ ½¹Ghavidel Rahimi $2004# 
 ÿ¹ v½ ûw¬ĉwz½»j ĂêÖþù ¾z ¾§Āù ½ÿ¹¿vºýĀĊ~ Ì·wÉ üĉ¾¤úĄù

 Ì·wÉNino1.2  ÿNino Ĉù )ºýv¹ ÀĊý ćÀí¾ù ¡Ēå ĂÑĀ³ ½¹
 üĉ¾¤úĄùÌ·wÉăw ā¹vĀýw· ¿v ½ÿ¹¿vºýĀĊ~ ćENSO  ÿSST  wă

 ¿v ĂÑĀ³¾ĉ¿ yÆ³ ¾z Ăí ºþ¤Æă,,  w£4+  ºÍ½¹vĉāwò¤Æwă  v½
 ôùwÉùĈºýĀÉ  ×w´õ ¿v ÿ·m£Ċ¾  ćwă¾Ċ·w£ Mw£ºúÝ ÀĊý Ĉýwù¿,  ÿ
/  Ĉývÿv¾å ½vºêù üĉ¾¤ÊĊz Ăăwùò¤Æ{úăĈwă ôùwÉ v½ ½v¹wþÞù ć
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 ÿ÷wñwă Ĉýwù¿ ć,  w£/  wz āwù.2  w£.4  ºÍ½¹vĉāwò¤Æăw 
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ûvĀ£  üĉv ¿vÌ·wÉwă  ćv¾z ć¾Ċâ¤ù ÿ ½wĊÞù ûvĀþÝ Ăz~ĊÈzĊþ Ĉ
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