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Inﬂuence of northwest Indian Ocean sea surface
temperature and El Niño–Southern Oscillation
on the winter precipitation in Iran
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ABSTRACT
This paper studies the impact of northwest Indian Ocean (NIO) sea surface temperature (SST)




anomalies between the regions 0–29 N and 45–80 E and El Niño–Southern Oscillation (ENSO) on the
winter precipitation in Iran. The data include monthly precipitation from 45 weather stations in Iran,
monthly NIO SST with a 2 horizontal resolution and Southern Oscillation Index (SOI) for a 40-year
period (1975–2014). This study utilizes canonical correlation analysis and partial correlation to
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investigate the simultaneous relationship between SST, SOI, and winter precipitation variability.
A running correlation method is also used to test the stationarity of these relationships. Analyses of
the results reveal that both NIO SST and ENSO index are signiﬁcantly correlated with the winter
precipitation in Iran but with opposite sign. Moreover, a clear variability exists in the correlations
revealing a distinct non-stationarity in the relationship over time. The results of partial correlation
analysis suggest that the ENSO index has a stronger effect on the winter precipitation in Iran than
NIO SST.
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INTRODUCTION
Due to water resources limitation in Iran, studying precipi-

(Houghton et al. ). It has also been proposed that

tation variability is of particular importance. Iran is mainly

SST variations can directly impact the distribution of

an arid and semi-arid region, so the investigation of

precipitation over land; however, the effect of SST on

precipitation variability and its moisture sources can be an

precipitation varies regionally (Ma & Xie ; Yinyin

effective and useful means to enhance water management

et al. ).

capabilities. The regional precipitation changes can be

Iran is close to the northwestern part of the Indian

due to the climate patterns such as El Niño–Southern Oscil-

Ocean; therefore, its climate variability may be controlled,

lation (ENSO) and Ocean’s sea surface temperature (SST)

at least partly, by the Indian Ocean. Variations of SST in

changes. The oceans cover about 70% of the global surface

the Indian Ocean can play a primary role in modulating

and have a signiﬁcant inﬂuence on Earth’s climate and its

rainfall in neighboring continental regions (Risbey et al.

variations (Herr & Galland ). Because of their large

). Over the last few decades, a large number of studies

heat-storage capacity, they continuously exchange moisture

has examined the association between the Indian Ocean

with the atmosphere by means of the water cycle. Ocean

SST and precipitation in various countries using seasonal

SST plays an important role in the air–sea interaction

and annual time intervals (e.g. Lu & Lu ). In recent

(El-Geziry ), as well as shaping the global climate

years, there has been increasing interest in the investigation
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of Indian Ocean SST–ENSO interactions and possible

Persian Gulf in the south and the Caspian Sea in the north

relationships with regional precipitation variability.

(Figure 2). In general, Iran has a mostly arid climate (based

Our review of the literature indicates that a limited

on the Koppen climate classiﬁcation) with an average

number of studies has examined the impact of Indian

annual precipitation of about 250 mm. The distribution of

Ocean sea surface temperatures on precipitation in Iran.

the annual and also winter precipitation reveals a strong

For instance, Nazemosadat () showed that positive

gradient with higher values corresponding to the western

anomalies of autumn precipitation in Iran generally happen

parts of the Caspian Sea coast and lower values obtained

at the same time as positive anomalies of the Arabian Sea

for the southeast of Iran (Ghasemi & Khalili ). In com-

SST. Nazemosadat & Ghasemi () also showed that the

parison to the annual precipitation, the percentages of the









Indian Ocean SST (12 N to 18 N and 60 E to 66 E) is posi-

winter precipitation in Iran vary from 70% to 20%. On

tively correlated with winter (January to March) precipitation

average, about 44% of the annual precipitation in Iran

in southern Iran. Overall, these studies concluded that winter

occurs in the winter considered as the main portion of

precipitation in Iran has a negative relationship with the SST

annual precipitation at most stations. Figure 1 shows the

in some parts of the Indian Ocean.

monthly precipitation in Iran. Winter and autumn are the

Generally, it can be concluded that considering both

wettest seasons and summer is the driest season in Iran.

ENSO and Indian Ocean SST may improve results when

Analyses are performed on two main datasets, including

studying precipitation and its prediction in Iran. Therefore,

the monthly SST over the NIO and the observed precipi-

the present paper attempts to study the winter precipitation

tation corresponding to 45 weather stations throughout

variability in Iran during combined ENSO and northwest

Iran for the period 1975 to 2014 (Figure 2).
The observed precipitations are obtained from Iran

Indian Ocean’s (NIO) SST.

Meteorological Organization and the SSTs data set from
the NCEP/NCAR reanalysis archive website with a grid resolution of 2 in latitude and longitude. For the purpose of

MATERIALS AND METHODS

the present study, 187 grid points within the NIO region
Iran lies between latitudes 24 and 40 N and longitudes 44

(0–29 N and 45–80 E) were selected (Figure 2). Meteorolo-

and 64 E and shares borders with the Gulf of Oman and the

gical winter is deﬁned as being December–February.



Figure 1

|



Monthly precipitation in Iran.
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Map of the study area showing the weather stations in Iran and grid points locations for the northwest Indian Ocean SST.
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At the ﬁrst step, a principal component analysis (PCA)

series of the SST and precipitation anomalies ﬁelds (Diaz

is applied. The purpose of PCA is to reduce a dataset con-

et al. ). In this study, the ﬁrst two modes of the canoni-

taining a large number of variables (here, 45 precipitation

cal maps are considered (e.g., the ﬁrst canonical map of SST

series in Iran and 187 SST series in NIO) to a dataset

shows the correlation between the ﬁrst new time series of

containing fewer new variables called principal component

SST and original SST anomalies ﬁelds). In order to estimate

time series (PCs) (Wilks ). The scree plot is used to visu-

the signiﬁcance of the values in the canonical maps, a

ally assess components or factors explaining most of the

standard Student’s t-test is used.

variability in the data. The number of preserved modes of

By considering signiﬁcant correlation coefﬁcients areas

SST is p ¼ 4 (87% of the variation is explained by the ﬁrst

on the canonical maps of mode 1 and mode 2, a few oceanic

four PCs), and for precipitation, it is q ¼ 3 (54% of the varia-

and continental regions are selected (see the following). A

bility in the original data is explained by the ﬁrst three PCs).

running correlation method based on 15-year overlapping

At the second step, these PCs are used as input to the

windows is also used to investigate the relationship between

canonical correlation analysis (CCA). The CCA method is

SST in the oceanic regions, ENSO index (Southern

performed to measure the simultaneous relation between

Oscillation index, SOI), and precipitation in the continental

winter precipitation in Iran and NIO’s SST variability.

regions time series. The running correlation is a useful tech-

In constructing the CCA model, pre-ﬁltering and orthogona-

nique to identify the instability of the relationships between

lization are done separately both on predictor (the X

two variables over time, which is widely used in climate

variable, here SST) and predictand (the Y variable, here

research (e.g. Slonosky et al. ; Dong & Dai ).

precipitation) using PCA, which have been recommended

In addition, a partial correlation technique is applied

and used by many researchers (e.g., Berri & Bertossa ;

to show the relationship between two variables while con-

Barnston & Tippett ).

trolling the inﬂuences of another variable. This method is

The CCA is a statistical procedure that ﬁrstly identiﬁes a

used to reveal correlations masked by the other variables

linear combination called the ﬁrst canonical variate from

(Pillai & Mohankumar ). For example, the impact of

each multivariate datasets separately (precipitation’s PCs

SST on precipitation (Pre) is deﬁned as follows after

and SST’s PCs). The analysis continues by ﬁnding a

removing the impact of ENSO on both of them:

second linear combination (second canonical variate) from
each set, and so on (Nicholls ). The method produces
I and J linear combinations for dependent variables (precipi-

rSST,Pre  r
× rENSO,Pre
ﬃ
ﬃ qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
rSST,PreENSO ¼ qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃSST,ENSO
2
2
)
(1  rSST,ENSO ) × (1  rENSO,Pre

(2)

tation’s PCs), vp, and the observed predictor (SST’s PCs), wp,
respectively. Then by projecting the original data (PCs) onto

where r is Pearson’s correlation coefﬁcient.

these linear combinations, two new sets of variables are constructed (canonical variate):
vp ¼

I
X

a pi PCi

i¼1

wp ¼

J
X

RESULTS AND DISCUSSION

p ¼ 1 , . . . , min (I, J)
(1)

b pj PCj

p ¼ 1, . . . , min (I, J)

j¼1

where api and bpj are the vectors of weight (Wilks ).

The CCA between NIO SST and winter precipitation in
Iran
The ﬁrst canonical maps (CCA mode 1) of the winter for

In this study, CCA transforms each one of predictor and

SST and precipitation are shown in Figure 3(a) and 3(b),

predictand variables (SST and precipitation’s PCs, respect-

respectively. The correlation coefﬁcients larger than 0.31

ively) into three new data series (min (3, 4)) or three modes.

are statistically signiﬁcant at the 95% level (shaded areas).

The canonical maps show the correlations at speciﬁc

The same sign (positive or negative correlations) in the

locations between the canonical variate and the time

canonical maps, showing the relationship between oceanic
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(a) First canonical map (CCA mode 1) of December–February SST anomalies of the northwest Indian Ocean, (b) ﬁrst canonical map of December–February for Iran winter
precipitation. The shaded areas represent the regions where the correlation coefﬁcients are signiﬁcant at the 95% level.

Downloaded from http://iwaponline.com/jwcc/article-pdf/11/4/1481/829712/jwc0111481.pdf
by guest

1486

A. R. Ghasemi

|

Inﬂuence of NIO SST and ENSO on precipitation

Journal of Water and Climate Change

|

11.4

|

2020

regions and winter precipitation is of warm–wet/cold–dry

The median running correlation (MRC) coefﬁcients

type and for opposite sign is of warm–dry/cold–wet type

between the selected oceanic regions and winter precipi-

(Berri & Bertossa ).

tation sub-regions in Iran measured by 15-year running

As clearly seen in Figure 3(a), there is a dipole in the

correlations are shown in Table 1. The MCR is the median

studied oceanic region, a large signiﬁcant region over

of the running correlation coefﬁcients series (Cordery &

the western half, and another signiﬁcant region with the

Opoku-Ankomah ).

opposite sign over the southeastern parts. The latter pole

As shown in Table 1, the SST anomaly in the western

is almost coincident with the Arabian Sea Mini Warm

parts of the studied oceanic region (W – mode 1) is signiﬁ-

Pool. The warm pole was reported by Shenoi et al. ()

cantly correlated with the most selected regions over

and is an effective factor on the Indian summer monsoon

Iran, whereas other oceanic regions have a lesser and

(Nagamani et al. ).

insigniﬁcant inﬂuence, except for the South and East NIO

The relationship between the western pole (Figure 3(a))

box (S&E – mode 2). The fairly high correlation between

and Iran winter precipitation (shaded area in Figure 3(b)) is

W – mode 1 and A – mode 1 (winter precipitation over

of warm–wet/cold–dry type because the canonical maps

Iran except for the northwest) suggests the possible inﬂu-

show patterns with the same sign. The relationship for the

ence of the NIO SST on winter precipitation in Iran.

southeastern pole (Figure 3(a)) and Iran winter precipitation

Nazemosadat () also pointed out that this area is a

is of warm–dry/cold–wet type because the canonical maps

moisture source region for Iran through the upper-air circu-

show patterns with the opposite sign.

lation. This region also has anomalous water vapor inﬂux

In comparison to CCA mode 1, in the second canonical

into Iran by means of Sudanese low pressure. The Sudan

precipitation map (CCA mode 2), only a small signiﬁcant

low is a dynamic low pressure in winter that brings humidity

region has remained over the north and northwestern

through Arabian Peninsula to Iran (Rasuly et al. ).

parts and other signiﬁcant regions have disappeared

The correlations have been studied in greater detail by

(Figure 4(b)). On the other hand, the SST pattern exhibits

running correlations, based on 15-year overlapping periods

a large positive signiﬁcant region over south and east

between each of the oceanic regions and Iran regions

and a small negative signiﬁcant region over Persian Gulf

series to assess stability. This method offers an opportunity

(Figure 4(a)). These regions have a warm–wet/cold–dry

to test the stationarity of the relationships over time

and warm–dry/cold–wet type of relationship with the

(Slonosky et al. ). Almost all of the running correlation

winter precipitation variability over the northern parts of

coefﬁcient time series between the oceanic regions and Iran

Iran, respectively (Figure 4(b)).

winter precipitation series show some variation.
Running correlation between the winter precipitation in
Iran (A – mode 1) and NIO SST (W – mode 1) is displayed in

Inﬂuence of NIO SST on the winter precipitation in Iran

Figure 6. As it can be clearly observed, the relationships
have variations in the strength over time. There is a fairly

As shown in Figures 3(a) and 4(a), there are a few signiﬁcant

low correlation in the mid-1970s (1975–1990) that gradually

regions in NIO (the shaded areas), so it is difﬁcult to ﬁnd the

rises to a peak of 0.75 in the 1980s (meaning that over 56%

relative importance of different oceanic regions on the

of the variance in Iran winter precipitation is explained by

winter precipitation variability in Iran. For this purpose, as

concurrent W – mode 1 SST variations) and then drops

mentioned in the ‘Materials and Methods’ section, four

suddenly in the late 1990s.

oceanic regions over NIO (shown by boxes in Figure 5(a),

The cycles of low and high correlations show non-

named as: W – mode 1, S–E – mode 1, PG – mode 2,

stationarity in the relationship between winter NIO SST

and S&E – mode 2) and ﬁve continental regions over

and Iran winter precipitation over the studied period. A

Iran (shown by boxes in Figure 5(b) named as A – mode 1,

similar non-stationarity can be seen in the relationship

SW – mode 1, SE – mode 1, N&NE – mode 2, and NE –

between the other oceanic regions and winter precipitation

mode 2) were selected.

in Iran sub-regions (not shown).
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The same as Figure 3, but for the second canonical map (CCA mode 2).
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(a) Oceanic regions for spatial SST averages and (b) Iran regions for spatial precipitation averages (shown by boxes).
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period, only in 1 year (2011), the drought conditions in
Iran are coincident with cold winter NIO SST (normalized
SST less than 0.5) and in 2 years (2010 and 2013), the

at the 95% conﬁdence level

Sub-region

W-mode 1

S-E-mode 1

PG-mode 2

S&E-mode 2

A-mode 1

0.67

0.17

0.13

0.5

SW-mode 1

0.61

0.23

0.17

0.4

SE-mode 1

0.42

0.11

0.33

0.32

N&NE-mode 2

0.61

0.05

0.13

0.6

NE-mode 2

0.54

0.06

0.02

0.49

drought conditions have inverse relationship with NIO
SST, leading to weak correlation between these two
variables over this period.
Additionally, to estimate the uncertainty involved in the
application of short-term database (1975–2014), the correlation coefﬁcients for this period were compared with 99%
conﬁdence interval of the correlation during the period of
1958–2014. There are 20 stations with longer precipitation

The running correlation with 25-year overlapping

database (1958–2014) in A – mode 1 box (Figure 5(b)).

windows shows a signiﬁcant positive relationship between

The 99% conﬁdence interval of the correlation between

NIO SST and Iran winter precipitation (Figure 6). However,

the area-average precipitation and winter NIO SST during

the correlations have become weak but statistically signiﬁ-

this period (1958–2014) is calculated and illustrated in

cant in recent years. Ghasemi & Khalili () also found

Figure 6. As shown in this ﬁgure, all running correlation

a positive relationship between wet and dry conditions

coefﬁcients are in the range of 99% conﬁdence interval.

in Iran and north Indian Ocean SST. By decreasing the
length of the time period (15-year overlapping windows),

Precipitation relationship with SOI

the correlations are noticeably weakened and nonsigniﬁcant
in recent years (Figure 6). As the relationship between

Many researchers demonstrated that the ENSO is a

winter NIO SST and Iran winter precipitation is positive,

coupled ocean–atmosphere which accounts for a signiﬁcant

it is more possible that the dry and wet years in Iran

portion of climate variability around the globe. The winter

occur in cold and warm Indian Ocean SST, respectively.

precipitation over sub-regions of Iran shows a negative

From 2008 to 2014, Iran has been experiencing drought con-

correlation with the simultaneous ENSO index. The coefﬁ-

ditions (normalized precipitation less than 0.5), but in this

cients are signiﬁcant at the 95% level for winter average

Figure 6

|

Running correlations over 15- and 25-year windows between winter SST over W-mode 1 and concurrent winter precipitation in A-mode 1. The starting year of each period is
shown by the horizontal axis.
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Since the A – mode sub-region encompasses a large

The median running correlation (MRC) coefﬁcients between the spatial precipitation average of every Iran box and SOI. Numbers in bold are statistically

portion of Iran, it is used for a more detailed analysis. As

signiﬁcant at the 95% conﬁdence level

shown in Figure 7, the running correlation between ENSO
index and Iran winter precipitation (A – mode 1) is very

Sub-region

MSC-15

A-mode 1

0.56

low at the ﬁrst 15-year period (1975–1989) but gradually

SW-mode 1

0.44

is increased thereafter. The statistically signiﬁcant ENSO-

SE-mode 1

0.2

precipitation correlation coefﬁcients are found for the time

N&NE-mode 2

0.63

periods since 1984. The period 1998–2012 shows the stron-

NE-mode 2

0.65

gest correlation at a value of 0.79, which can be considered
as a period of relative maximum inﬂuence of the ENSO on

precipitation over Iran (A – mode 1) and northern sub-

Iran winter precipitation variability.

regions (N&NE – mode 2 and NE – mode 2) (Table 2),

The robustness of the conclusions is shown by the

suggesting that El Niño conditions are associated with

increased length of window width (25-year) (Figure 7). The

wetter conditions and La Niña with drier conditions. The

ENSO-precipitation relations have been stronger in recent

percentage of wet and dry conditions associated with El

years. However, the short span of the studied period can

Niño and La Niña events in sub-regions of Iran are rep-

be a constraint in the data analysis.

resented in Table 3. As clearly seen, the percentage of wet

These results may be explained by the increased number

conditions in Iran during El Niño events varies from 40%

of the winter El Niño and La Niña events during the recent

to 63% and during La Niña from 8% to 20%. These values

decades. There are only 6 ENSO events (4 El Niño and 2 La

are 8% to 25% and 46% to 60% for dry conditions.

Niña) in the ﬁrst half of the studied period (1975–1994),

Table 3

|

The percentage of wet and dry conditions in sub-regions of Iran associated with El Niño and La Niña events

A-mode 1

SW-mode 1

SE-mode 1

N&NE-mode 2

NE-mode 2

Sub-region
El Niño

La Niña

El Niño

La Niña

El Niño

La Niña

Wet

50

10

50

10

40

20

63

13

63

13

Dry

11

56

8

58

10

60

25

50

18

46

Figure 7

|

As for Figure 6 but between winter SOI and concurrent winter precipitation in A – mode 1.
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while in the second half (1995–2014), there are a total of

(meaning that about 69% of the variations in SST are

11 ENSO events, 8 (3) of them are La Niña (El Niño). All

explained by the variations of SOI) in 1998–2012 window.

winter La Niña years during the second half are associated

As a result, it is concluded that, similar to the ENSO-precipi-

with below-normal winter precipitations in A – mode 1

tation relation, the linkage between W – mode 1 SST and

sub-region and two of three El Niño events are associated

ENSO index has been stronger in recent years (since 1996

with above-normal precipitations (not shown).

and 1988 for 15- and 25-year sliding windows, respectively).

SST relationship with SOI

correlation coefﬁcients for 15-year window are not in

As illustrated in Figure 8, however, the signiﬁcant running

Many previous studies have reported that the Indian
Ocean variability is strongly related to ENSO variability
(Manjunatha et al. ). Our ﬁnding also revealed a signiﬁcant negative correlation (0.42) between the SOI index
and the winter SST anomalies in both western parts of the
NIO (W – mode 1) and S&E – mode 2 over a 15-year
overlapping window. Other studied oceanic regions show
no signiﬁcant correlation coefﬁcient. Yuan et al. ()
showed that SST in the northwestern Indian Ocean is
closely correlated with the ENSO. In addition, Roxy et al.
() reported a high relationship between the western
Indian Ocean warming and ENSO index during summer.
The correlations between NIO SST and SOI have been
studied in greater detail by expanding the overall correlations into running correlations (Figure 8). The variation

the range of 99% conﬁdence interval in recent years; all
correlation coefﬁcients for 25-year window are in the
range of 99% conﬁdence interval.
For example, all correlation coefﬁcients in 15-year
overlapping windows are signiﬁcant and show a sharp
decreasing trend (stronger correlation coefﬁcients) since
1993. It is worth noting that there is a substantial increase
in the number of ENSO events since 1993. There are 16
ENSO events since 1993 (6 El Niño and 10 La Niña) and
only 8 events before it; 5 out of 6 El Niño events are coincident with positive STT anomaly in NIO and 8 out of 10 La
Niña events are coincident with negative NIO SST anomaly
(not shown). This could well explain the stronger relationship between ENSO and NIO SST in the recent decades.
Partial correlation

in the strength of the correlations (15 and 25-year) shows
non-stationarities of the relationship between the SOI and

The above results clearly suggest that SST over the western

SST. The ENSO index and SST in W – mode 1 are very

Indian Ocean has a signiﬁcant association with the ENSO

highly correlated in the late 1990s, with a peak of 0.83

index, as well as winter precipitation in Iran. There is an

Figure 8

|

As for Figure 6 but between winter SST over northwest Indian Ocean and concurrent SOI.
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|

El Nino–warm SST

effect of SST on precipitation after excluding the effect of

Neutral

SOI on both precipitation and SST. If precipitation is

La Nino–cold SST

correlation should still exist in the partial correlation results.
In other words, it was investigated if the NIO SST is an independent index for explaining winter precipitation variability
in Iran, or it reﬂects the effect of ENSO.
The partial correlation of precipitation (A – mode 1) and
SST (W – mode 1) suppressing ENSO and that of precipitation and ENSO restraining SST are given in Table 4.
MRC coefﬁcients are also seen in this table. From Table 4,
it is clear that when the effect of ENSO is suppressed, the
correlation becomes very weak and insigniﬁcant (r ¼ 0.15).
These results would suggest that both W – mode 1 SST
and winter precipitation are inﬂuenced by ENSO index.

(r ¼ 0.43). Similarly, the correlation between precipitation
and ENSO is also decreased (r ¼ 0.21) when the effect of
SST is removed.

2020

El Nino–warm SST

Neutral

La Nino–cold SST

1

0.27 (0.25)

0.01 (0.01)

1

0.05 (0.04)
1

Values less than 0.01 and 0.05 are signiﬁcant at 1% and 5% level, respectively.

series into three parts (years with simultaneous occurrence
of El Niño and warm NIO SST, La Niña and cold NIO
SST, and neutral years). The results of the two-tailed t-test
(for mean) and Mann–Whitney test (for median) showed
that the difference between the mean (and also median) of
the El Niño–warm SST years and neutral years is statistically
insigniﬁcant, but the difference between La Niña–cold
SST and neutral years and also El Niño–warm SST is signiﬁcant at the 5% and 1% level, respectively (Table 5),
indicating less inﬂuence of El Niño–warm SST on Iran
winter precipitation.

These results are supported by the signiﬁcant running correlation between ENSO and precipitation (r ¼ 0.56) and SST

|

P-value for Mann–Whitney test and t-test (number in parentheses) between Iran

of ENSO (Krishnamurthy & Kirtman ).

directly forced by the ﬂuctuations of the SST, then the

11.4

winter precipitation (A-mode 1), SOI, and W-mode 1 SST

entirely controlled by ENSO or its variability is independent
Partial correlation analysis is carried out to ﬁnd the

|

The investigation of simultaneous occurrence of both
events in the highest and lowest 20% of the normalized precipitation (wet and dry years, respectively) suggests that 75%
of the winter dry conditions are associated with the concurrent occurrence of positive SOI and negative normalized

On the basis of the above, it can be concluded that in
the absence of ENSO (the removal of ENSO effect from
‘NIO SST-Iran winter precipitation’ relationship), the
SST relationship with the precipitation becomes weaker
than the absence of SST (the removal of NIO SST effect
from ‘ENSO-Iran winter precipitation’ relationship). This
suggests that although ENSO has a stronger effect on Iran
winter precipitation than NIO SST, both phenomena

SST in W – mode 1 region. This value for very dry years
(lowest 10%) is 100%. On the other hand, only about 38%
of wet years are accompanied by negative SOI and positive
normalized SST (50% for very wet years) (not shown),
suggesting that simultaneous occurrence of positive SOI and
negative normalized SST in W – mode 1 has more effect on
Iran winter precipitation variability than the simultaneous
occurrence of negative SOI and normalized positive SST.

should be considered when Iran winter precipitation
variability is studied.
The simultaneous inﬂuence of both NIO SSI (W – mode
1) and ENSO on winter precipitation in Iran (A – mode 1)

CONCLUSIONS

was also investigated by separating precipitation time
This study examined the individual and combined inﬂuence
Table 4

|

of NIO SST and ENSO on winter precipitation variability
Partial correlation and running correlation between Iran winter precipitation
(A-mode 1), SOI, and W-mode 1 SST

over Iran during the period 1975–2014. For this purpose, a
CCA, running correlation, and partial correlation technique

Precipitation–SST

Precipitation–SOI

were used. Our results lead to the following conclusions:

Partial correlation

0.15

0.21

Median running correlation

0.67

0.56

•
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The strongest relationship is found between SST anomaly
in the western parts of the NIO (W – mode 1) and Iran
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winter precipitation (A – mode 1). The relationship is also

•

of warm (cold) – wet (dry) type.
The inﬂuence of the NIO SST on Iran winter precipitation has become weak but statistically signiﬁcant (in
25-year running correlation) in recent years. In contrast
to SST–precipitation relationship, the linkage between
precipitation and SOI in recent years is stronger compared to the previous years. It is worth mentioning that
the short-term studied period is a constraint in data

•

analysis.
The correlation of W – mode 1 SST and ENSO index is
signiﬁcant in recent years (since 1993). Since 1993, the
ENSO events have been twice that of earlier and most
of the El Niño/La Niña events are coincident with

•
•

positive/negative STT anomaly in NIO.
The results of the partial correlation analysis suggest that
the ENSO index has more inﬂuence than NIO SST on
Iran winter precipitation.
It is more likely that, during La Niña and below normal
NIO SST, Iran is seriously affected by winter drought,
while the wet condition is more likely during the simultaneous occurrence of El Niño and above normal
NIO SST.
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