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Figure 1 :Map of the location and geographical distribution of the studied stations
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Figure 3: Spatial distribution map of correlation coefficient values between the October Standardized Precipitation
Index (SPI) and the Indian Ocean Dipole (I0D) for different time lags. a) Simultaneous correlation, b) One-month lag, c)
Two-month lag, 3) Three-month lag
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Figure 3: Spatial distribution map of correlation coefficient values between the November Standardized Precipitation
Index (SPI) and the Indian Ocean Dipole (I0OD) for different time lags. a) Simultaneous correlation, b) One-month lag, c)
Two-month lag, 3) Three-month lag

sl 55 el b SPD) sid slilial 20l Sasls  (Siecer old Olopen BLESI 53 5 el 5 ole 5o
(Y= it o 20 Sttmsen SO 51 0L 0101 53 anllas 3550 GlaolSin) sles g2 IOD) s 0 5iL3H
Lol 35 O f Csr 5 O, Jed (il e e Osmmen 011 51 glacaadd (BL3SI pl js A a1
o canls a5 5 (SO ogla b s (I ISE) ABL e it s Ster S Gl Ser &S
- e JalS Cus & (I0D) ws g1 das g e li L (SPD sas sl 2oL Laxle o Siacen
Lzed (/Y B +0/Y D) s Stan ol b Ol cmlus IS Sley B aw ol 53 4, 5b 4 S
(-t S5
i s o g et 5 (SPD) sad syl 5l pals o B 5 il ke 3 o
(2l slne K pld A esls s S 55 ) s ol Cend 3 SSlizmes 255 5 a5 5,5 (I0OD)
Gl Il ) e 5 S15 4 G815 sl JLSis ans aw 4 Slabe alide s (b Jl ) b JLSes
oatli gode polie wole pa JLSix Slib Oud jasiie Sl de LA Glb e (e 5 815 das S
S & Slen Lledd 63,51 (V) Jsdr s L&l g3ue slie 5zl saal ol o b blae (I0D) was i3l ki 5o
s 55 Ll Ol ;818 la Jlo 5 Lol an slayul s 5 b ST s sl sdalie BB sigy 4 (V) Jod o

DL f:}a.w g_)T LSLOJ )L@ Lﬂ’-‘ L J.:\m‘.} )‘J’B C,\...:.A )L@ L) a‘)‘j.a.é cY' A JLA J““‘}" LSL.:.:M‘ “ c(IOD) La u»j_:l.:}‘


https://geographical-space.ahar.iau.ir/article-1-3963-en.html

Downloaded from geographical-space.ahar.iau.ir at 18:13 IRST on Tuesday October 21st 2025

4 Oyl sl oy gl Jlsies 5 (10D) wo Lugldl dad g0 ool oy alaly oo

syl 5 S e g3l e O e sles s a1 e |gtal adlaie s i e silS1 50 s
03,51 sl 0332 ;8153 Jlo 5 Lol sen 45144V ST (6l (SST) L o eawr slos 42 €553 1 (0) JSC5
Lin el as 53 als a6l (SST) Los mlaw sles Sl i s3 g (0) IS5 55 ol ol
sesls 25 (Bod e gl b 53 S sen Jal il pl s ol sld et K,y S sla,ss L (10D)
sdalie Loyl b ol 53 3 Aialg Jle b 51 5is 58 (B slash 5 Lo JUsl s 31 b w0 S O s >
(I0D) dr wpldl had o5 jaxls w36 5 53 bl S dalet w1y Jlos Ll s Ol &S 558
o] FRR RNt NN Ve AP & WA | ;:yu_ Sri ka3l 53 (SST) Ly ol whaw (glos 45 5 55 o stalie
ol o3 g el (B0 s Sl G 8 s 3L S e S i 2 Al e s ) S
53 pals e 5b Sl Gl gas (0) IS 5o S e sdalin suly Jead 03 1) ST sla LSl Ol Ll

el 0 0351 sl 03 815 JLSit K Lol e 45 V49A Ll gl (IOD) s e L3l b

j‘f/jﬁ";[b "JL«/JJJ ‘;LA ‘f/[.‘..(.flé 1:! ‘wr"(}".}j)‘:’(/dh al—aj.ﬁ (IOD)MJJJ[:!/‘,.'.AJ_;J u.a"ldﬂ.ﬁlid crY JJJ"
Table 2: Indian Ocean Dipole Index (I0D) values in October and November with widespread droughts and wet
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Figure 5: Sea surface temperature (SST) during positive and negative phases of the Indian Ocean
Dipole (I0D) during the wet and dry months of the autumn season. Top figure: Positive phase of the
Indian Ocean Dipole (I0D) during the wet season in November 1997. Bottom figure: Negative phase
of the Indian Ocean Dipole (I0D) during the dry season in October 1998. Black boxes delimit changes

(in sea surface temperature (SST) for calculating the Indian Ocean Dipole (10D
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Figure 3:Spatial distribution map of correlation coefficient values between the December Standardized Precipitation
Index (SPI) and the Indian Ocean Dipole (I0OD) for different time lags. a) Simultaneous correlation, b) One-month lag, c)
Two-month lag, 3) Three-month lag
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Figure 7: Spatial distribution map of correlation coefficient values between the January Standardized Precipitation Index

(SP1) and the Indian Ocean Dipole (10D) for different time lags. a) Simultaneous correlation, b) One-month lag, c) Two-
month lag, 3) Three-month lag
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Figure 8: Spatial distribution map of correlation coefficient values between the February Standardized Precipitation Index

(SP1) and the Indian Ocean Dipole (10D) for different time lags. a) Simultaneous correlation, b) One-month lag, c) Two-
month lag, 3) Three-month lag
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Table 3- Indian Ocean Dipole Index (IOD) values in December, January and February with widespread
droughts and wet spells
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Figure 9: Spatial distribution map of correlation coefficient values between the March Standardized

Precipitation Index (SPI) and the Indian Ocean Dipole (10D) for different time lags. a) Simultaneous
correlation, b) One-month lag, c) Two-month lag, 3) Three-month lag

kb s et la Lol gl Il 5 s b JLsas o adaly 51 sline Jle olad o, dals sl ole s
3 53 el () e sSae b e S G Olejan BLII 3 ol 55 aiees (IOD) s 0 L3
oSS sla b s Ll (il e (K5) 5ol s Ol G, s s Il 5 5 b JLslex L (I0OD) a0 5Ll
e i (Sten Sl el ol s e edaline (-0 ) S 3 S 600 aale s 5 50
&S


https://geographical-space.ahar.iau.ir/article-1-3963-en.html

Downloaded from geographical-space.ahar.iau.ir at 18:13 IRST on Tuesday October 21st 2025

VEOF lins; AA 0 )lod il § G 8593 o o3 Lidl yir Lsd sole anbilad \#

= <
o =

_CJ
e

Lon o 31 b 53 e ls sl ole (SPI) ssd syl (5L astld o (Soas (o slie oliad w5 a2 s S
bl aw =b (7 canle 53 20 (7 canle G b (0 Ologan BLI (il acilies Sl Lo 26 6l (IOD)
Figure 10: Spatial distribution map of correlation coefficient values between the April Standardized

Precipitation Index (SPI) and the Indian Ocean Dipole (I0D) for different time lags. a) Simultaneous
correlation, b) One-month lag, c) Two-month lag, 3) Three-month lag
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Table 4- Indian Ocean Dipole Index (I0D) values in March, April and May with widespread droughts and
wet spells
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Figure 11: Sea surface temperature (SST) during positive and negative phases of the Indian Ocean Dipole (I0OD)
during the wet and dry months of the spring season. Top figure: Positive phase of the Indian Ocean Dipole (10D)
during the wet season in March 1992. Bottom figure: Negative phase of the Indian Ocean Dipole (I0D) during the
dry season in April 2000. Black boxes delimit changes in sea surface temperature (SST) for calculating the Indian

(Ocean Dipole (IOD
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Abstract

The research mostly aims to investigate the correlation analysis of the Indian Ocean Dipole (10D) index
and drought and wet years in Iran on a monthly basis. To this aim, a correlation analysis was performed
between the Standardized Precipitation Index (SPI) of 63 synoptic stations in Iran and the Indian Ocean
Dipole (I0OD) index values using the Pearson product-moment correlation coefficient. The findings
suggested that in autumn, a moderate positive correlation was noted between the Indian Ocean Dipole
(10D) Index and drought and wet years in Iran in a one-month lag. In other words, droughts of the
autumn season in Iran occurred in the negative phase while wet years in the positive phase of this index.
In the winter, however, no significant correlation was noted between the drought and wet years in Iran and
the Indian Ocean Dipole (I0OD) index. It was also noted in springs that there was a negative correlation
between drought and wet years in Iran, especially in its southern parts and the Indian Ocean Dipole (10D)
index. In other words, the droughts in this season in Iran occurred in the positive phase while the wet years
in the negative phase, i.e., exactly the opposite of the relationship seen in the autumn.

Keywords: Tele-connection, Pearson product-moment correlation coefficient, Spearman's rank
correlation coefficient, time lag, drought, wet year, Iran

Introduction

The Indian Ocean Dipole (IOD) is a climate phenomenon in the Indian Ocean. The Indian Ocean
dipole is the difference in sea surface temperatures (SSTs) between the Eastern and Western
regions of the Indian Ocean. The 10D can significantly impact weather patterns and climate in
the surrounding areas, including parts of Africa, Southeast Asia, and Australia. As a result, the
Indian Ocean Dipole climate index is closely watched by long-range forecasters because of this
phenomenon’s impact on subseasonal and seasonal timescales. The negative phase of the IOD is
driven by cooler-than-normal SSTs off the coast of Africa and warmer-than-normal SSTs to the
west of Indonesia. This configuration of surface sea temperatures boosts normal circulation. The
more robust circulation brings more consistent westerly winds over the ocean, more vigorous
convection over Indonesia, and often drought conditions for the Horn of Africa. This pattern is
consistent with La Nifia (negative phase of ENSO). The positive phase of the 10D is driven by
warmer-than-normal SSTs off the coast of Africa and cooler-than-normal SSTs to the west of
Indonesia. This configuration of surface sea temperatures reverses normal circulation, with
easterly winds setting up across the equatorial Pacific. The reversed circulation suppresses
convection over Indonesia, leading to predominantly dry weather and the potential for drought.
Over the Horn of Africa, convection is enhanced, and rainfall is much more abundant than usual.
This pattern is consistent with EI Nifio (the positive phase of ENSO). Therefore, this study aims
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to statistically model the relationship between the variability of the Indian Ocean Dipole (IOD)
index and droughts in Iran at a station scale.

Materials and Methods

The research mostly aims to investigate the correlation analysis of the Indian Ocean Dipole
(IOD) index and drought and wet years in Iran on a monthly basis. To this aim, a correlation
analysis was performed between the Standardized Precipitation Index (SPI) of 63 synoptic
stations in Iran and the Indian Ocean Dipole (IOD) index values using the Pearson product-
moment correlation coefficient.

Results and Discussion

The results of the correlation analysis between the Indian Ocean Dipole (IOD) index and
droughts in Iran on a monthly scale showed that during the autumn months, there is a moderate
positive correlation observed between the Indian Ocean Dipole (10D) index and droughts in Iran,
both in simultaneous and one-month lagged relationships. This means that with the increase or
decrease in the values of the Indian Ocean Dipole (I0OD) index, the values of the standardized
precipitation index (SPI) also subsequently increase or decrease. In the winter season, the
correlation between droughts and floods in Iran with the Indian Ocean Dipole (IOD) index was at
its lowest statistical level. In other words, there is no strong statistical relationship between
droughts and floods in Iran and the Indian Ocean Dipole (IOD) index during the winter season.
Finally, in the spring season, the calculation of the correlation coefficients between the values of
the standardized precipitation index (SPI) and the Indian Ocean Dipole (10D) index showed that
there is a moderate negative correlation in the simultaneous relationship between droughts and
wet periods in Iran, particularly in its southern half. This means that with an increase or decrease
in the numerical values of the Indian Ocean Dipole (IOD) index, the standardized precipitation
index (SPI) will also decrease or increase. In other words, the droughts in this season in Iran
occur during the positive phase, while the wet periods occur during the negative phase.

Conclusion

The findings suggested that in autumn, a moderate positive correlation was noted between the
Indian Ocean Dipole (I0D) Index and drought and wet years in Iran in a one-month lag. In other
words, droughts of the autumn season in Iran occurred in the negative phase while wet years in
the positive phase of this index. In the winter, however, no significant correlation was noted
between the drought and wet years in Iran and the Indian Ocean Dipole (IOD) index. It was also
noted in springs that there was a negative correlation between drought and wet years in Iran,
especially in its southern parts and the Indian Ocean Dipole (IOD) index. In other words, the
droughts in this season in Iran occurred in the positive phase while the wet years in the negative
phase, i.e., exactly the opposite of the relationship seen in the autumn.
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