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ABSTRACT

The studies in recent decades show that many natural disasters such as tropical severe storms, hurricanes development,
torrential rain, river flooding, and landslides in some regions of the world and severe droughts and wildfires in other
areas are due to El Nino-Southern Oscillation (ENSO). This research aims to contribute to an improved definition of the
relation between ENSO and seasonal (autumn and winter) variability of rainfall over Iran. The results show that during
autumn, the positive phase of SOI is associated with decrease in the rainfall amount in most part of the country; nega-
tive phase of SOI is associated with a significant increase in the rainfall amount. It is also found that, during the winter
time when positive phase of SOI is dominant, winter precipitation increases in most areas of the eastern part of the
country while at the same time the decreases in the amount of rainfall in other parts is not significant. Moreover, with
negative phase of SOI in winter season the amount of rainfall in most areas except south shores of Caspian Sea in the

north decreases, so that the decrease of rainfall amount in the eastern part is statistically significant.

Keywords. ENSO; SOI; Rainfall Variability; Seasonal Precipitation Predictions

1. Introduction

Islamic Republic of Iran has arid and semiarid climates
and for which the occurrence of rainfall is unreliable.
The country’s average annual precipitation is estimated
about 250 mm which is less than a third of the world’s
average precipitation. Two mountain ridges, the Alborz
and Zagros, which run from northwest corner to east and
southeast of the country, play an influential role in
amount and special distribution of precipitation. While
the total annual precipitation in mountainous areas and
south shores of the Caspian Sea is more than 1500 mm,
the central and southern parts of Iran have less than 60
mm of precipitation annually. Droughts and floods,
which are common in many parts of the country, can
significantly effects the people lives, agriculture, live-
stock, forestry, water resources, tourism construction,
industry and many other local activity. It has long been a
matter of debate whether and how the El Nino Southern
Oscillation (ENSO) warm and cold extremes influence
Iranian rainfall. An early study by Nazemosadat (1999)
shows the impacts of ENSO on the occurrence of au-
tumnal drought in Iran [1]. Later work by Nazemosadat
and Cordery revealed that the autumn rainfall in Iran
negatively is correlated with ENSO [2]. Their relation-
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ships were found to be strongly and consistent over the
southern foothills of the Alborz mountains, northwestern
districts and central areas. In another study he (Nazemo-
sadat, 2001) found that for the main parts of Iran, winter
average SOI positively related with winter rainfall, but
for a few stations cold events generally were coincided
with low rainfall (drought). The other study, Soltani and
Gholipor, evaluate lag-correlation between ENSO and
rainfall and temperature in some selected Iranian stations
with contrasting climates [3,4]. They found that the rain-
fall is negatively correlated with both SOI and NAO. A
number of papers have indicated the ENSO related rain-
fall anomalies are found at a nation-wide scale in Medi-
terranean and Middle East regions also in other periods
of the year [5-9]. Since autumn and winter rainfall con-
tributes a major portion of Iranian water resources, the
shortage of rainfall during these seasons are most impor-
tant. Therefore, this paper aims to contribute to an im-
proved definition of the relation between ENSO and
seasonal (autumn and winter) variability of rainfall over
Iran.

2. Data Preparation

In this study, two types of datasets, Southern Oscillation
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Index (SOI, one of the ENSO indicators) and monthly-
mean rainfalls are used. Monthly values of SOI index
have been prepared for a 46-year period (1960-2005)
from the Climate Prediction Center of the International
US Weather organization [10].

The monthly-mean rainfalls have been taken for 40
synoptic stations, from Iran Meteorology Organization
(IMO) website [11]. The desired stations have been se-
lected based on the maximum duration and the least
amount of missing data. The missing data are not recon-
structed and are not considered in the calculations. Due
to the unavailability of data, the record length of the pre-
cipitation time series was not consistent for all stations,
varying from 35 to 46.

3. Methodology

The basic data used in this study were three-monthly
mean rainfalls and the SOI index. The time series of
autumn and winter rainfalls was obtained by averaging
the 3-month values of precipitation. Best results were
obtained by defining autumn from October to December
(OND) and winter from January to March (JFM) [2]. The
same averaging procedure was performed to provide the
seasonal time series of SOI data. To investigate the im-
pact of ENSO on precipitation, the following steps are
performed, respectively.

1) The positive and negative phases of SOI in each
season are considered as the mean seasonal of this index
and arranged in descending order (Table 1).

2) Then, one third of the highest and the lowest values
of the SOI data are chosen as the positive and the nega-
tive phases of SOI, respectively. Therefore, during the
studied period, 15 years are selected as the positive, 15
years as the negative and the remaining 16 years are
selected as the neutral period of SOI.

3) In each year the average long-term seasonal precipi-
tation in autumn and winter for all stations are calculated
separately and represented by the symbols Ry, and
Roup » Tespectively. Thus, for each station, there are two
seasonal precipitation time series (positive and negative
phase of seasonal precipitation).

4) The average precipitation values for the positive
and the negative SOI phases are calculated from the 15-
year time series of precipitation in each season, and are

marked as I%ND(F,OS) - RQND(Neg) and ﬁJFM(pos) - RJFM(Neg)

for autumn and winter season respectively.
5) The ratio of average precipitation in the positive and
negative phase of SOI in autumn and winter are calcu-

lated as  Ryyp(pog) / Rono(neg) 314 Rigyppos) / Roem (Neg) -

This parameter indicates that the average precipitation
during the dominance of positive SOI phase is higher
(lower) than the average precipitation in negative SOIL.
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Table 1. Descending order of positive and negative SOI
phases for autumn and winter in the studies period.

Autumn Winter

Year OND Year OND Year JFM Year JFM
1982 —-133 1984 —-13 1983 -20.1 1965 —0.6
1991 -7.5 2001 -13 1998 —155 1979 —0.6
1997 =15 1968  —1.1 1992 —12.7 1984 —0.4
1977 7.1 1989 -0.8 1987 7.9 1964 —0.3
1963 =7 1981 -04 1978 7.7 1960 0.5
1994 -64 1983 0.1 1966  —-6.7 2002 0.8
1992 -6 1976 0.5 2005 6.7 1985 1.3
1972 =53 2003 0.6 1990 6.2 1997 1.5
1965 49 1974 0.8 1993 59 1968 1.6
1986  —4.6 2005 1.1 1969 5.2 1975 1.6
2002 4.6 1964 1.2 1970 4.9 1962 1.8
2004 3.7 1996 1.7 2003 42 1972 2.1
1979 32 1962 1.9 1961 —4.1 1982 22
1967 2.7 1960 2 1981 -4 1996 2.7
1993 2.7 1961 2.4 1973 3.7 1963 3.5
1987 25 1971 3.8 1994 2.8 2001 5

1969 -2 1998 5.6 1988 —-1.6 2000 53
1995  -1.9 1999 5.8 1977  -15 1989 55
1966  —-1.8 2000 6 1980 1.5 1999 5.8
1978  -1.8 1988 7.3 1995 -14 1967 6.9
1980 1.7 1970 7.6 1986  -1.3 1971 6.9
1990 -1.7 1975 8.6 1991 -1.3 1976 7.2
1985 -1.5 1973 8.9 2004 13 1974 11.1

phase the values of this ratio are equal to 1, it shows that
the SOI phenomenon has no effect on precipitation.

6) The ratio of average precipitation during the posi-
tive and negative phases in autumn as well as winterto
the average long-term of seasonal precipitation

(R)ND(POS)/ﬁ)OND and R)ND(NSQ)/QND ) and
(ﬁJEM(Pos) / ﬁJFM and R

JEMD(Neg)/RJFM )

are calculated. If this factor in each season was higher
(lower) than 1, then the average precipitation in the po-
sitive phase of SOI is higher (lower) than the mean long-
term precipitation in that season. When the values of this
ratio are equal to 1, it shows that the SOI phenomenon
has no effect on increasing or decreasing of rainfalls.

_For example, in Abadan, the average precipitation

(RJFM) for winter is equal to 26.94 mm, the average
winter precipitation in the positive phase (ﬁJEM(POS)) is

equal to 26.24 mm, and the average winter precipitation
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in the negative phase I%FM (Neg) is equal to 31.02 mm.

Thus, the values of the ratios RJFM(POS)/F_{JFM(NGQ) )
ﬁJFM(Po's)/ﬁJFM and ﬁ )/ﬁ‘]FM are 0.85, 0.97

JFMD(Neg
and 1.15, respectively. This means that dominance of the
SOI phenomenon is an influencing factor in precipitation
variability for Abadan, and it is expected that during of
El Nino negative phase in winter is accompanied by
decrease in precipitation by more than 20 percent than
the long-term average.

7) In order to determine the occurrence probability of
seasonal dry and wet periods during the positive and
negative SOI phases, in each station, the percentage of
years during the positive SOI phase whose precipitations
are less than or equal to the average precipitation of that
station in autumn are calculated as the occurrence pro-
bability of dry period for positive phase. Also, the per-
centage of years concurrent with dominance of negative
SOI phase in the autumn whose precipitations are less
than or equal to the average autumn precipitation are
calculated as the occurrence probability of wet period for
the negative SOI phase. The occurrence probability of
dry period for negative SOI phase in winter are the per-
centage of years concurrent with dominance of negative
SOI phase whose precipitations is less than or equal to
the average long-term precipitation in winter. The occur-
rence probability of wet period during the negative SOI
phase in winter are the percentage of years concurrent
with dominance of positive SOI phase whose precipita-
tions is less than or equal to the average long-term pre-
cipitation.

8) To evaluate significant differences in precipitation
values during the positive and negative SOI phases, two
indicators have been calculated.

a) Non-parametric Mann-Whitney test [12] that indi-
cate in which stations the changes of SOI phase from
positive to negative cause significant changes in preci-
pitation. In this method, significant differences between
the two groups of independent variables (precipitation
values during the negative phase in group 1, positive
phase in group 2) are evaluated. Therefore, at each sta-
tion, during the positive or negative SOI phases, the
precipitation values are ranked and the mean difference
ranks are evaluated in each phase separately, and the sig-
nificant levels of this difference is determined. P-value
smaller than 0.05 indicates that there is a significant
difference between precipitation values during the two
SOI phases at the significance level of 95%. In other
words, the significance of this test at each station shows
the significant effect of SOI in occurrence of dry or wet
periods. For example, in autumn in Ahwaz station, the
precipitation rank during the negative and positive SOI
phases are 18.80 and 12.20, respectively. P-value of this
test is equal to 0.04 indicating a significant difference
between the two above ranks. In other words, the displa-
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cement of SOI phases in autumn is a significant factor in
the changing of winter precipitation in Ahwaz station.
Higher rank of precipitation during the negative phase
than the positive phase reflects the effect of dominance
of negative phase in increasing precipitation values than
the positive phase.

b) The exact non-parametric Fisher’s test that specifies
the significant relationship between the occurrences of
dry and wet periods during the positive and negative SOI
phases [13]. In this test, dry and wet periods in each
season are separately assessed with dominance of posi-
tive and negative SOI phases, respectively [P1]. To this
end, a table with two rows and two columns (2 x 2) is
prepared for each season at each station. The columns
represent the positive and negative phases, and the rows
indicate the frequency of dry and wet periods. It should
be noted that in wet periods, the average precipitation for
each phase is higher than the average long-term seasonal,
and in dry periods, the average long-term for each of the
phases is lower than the long-term average. If the ave-
rage of each phase is equal to the average long-term, it
shall be considered a dry period contractually. For exam-
ple, for Ahwaz station, concurrent with dominance of the
positive phase, the frequencies of drought and wet are 9
and 6 years, respectively. Similarly, the number of wet
and dry periods during the negative phase are 10 and 5
years, respectively. The significance level of this test at
95% indicates statistical effects of positive and negative
SOI phases in occurring wet and dry periods, respec-
tively. In order to determine the regional distribution of
precipitation in positive and negative SOI phases, inter-
polation is used. Dirks et al. [14] showed that interpo-
lation is one of the best ways to determine the regional
precipitation in catchment. There are many ways for
interpolation such as Kriging, Spline, IDW2 [15]. Lan-
caster and Salkauskas [16] expressed that the data which
are located in a less spatial distance from each other are
more similar to each other than further points and accor-
dingly, the IDW method was founded an appropriate
method. In this study, precipitation oscillations in posi-
tive and negative phases of SOI in Iran are displayed in
the GIS software. For this purpose, first a database asso-
ciated with the ratios obtained from each station in each
month and each phase is prepared in scale of 1:11,000,000.

4. Discussion

The effect of positive and negative SOI phases on pre-
cipitation in different regions of Iran in autumn and
winter seasons are as follows:

4.1. Autumn (OND)

The geographical distribution of the ratio of the average
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precipitation during the positive to the negative phase of
SOI in autumn F_\’OND(POS) / F_{)ND(Neg) is presented in Fig-

ure 1. In most areas in Iran, this ratio is less than 1. This
means that with displacement of the SOI phases,
precipitation varies.

4.1.1. Positive SOI Phase

Figure 2 shows the geographical distribution of the ratio
of average values of autumn precipitation during the
positive SOI phase to the average long-term of autumn
precipitation F_\’OND(POS) / R, in the stations studied.

In all stations except Semnan and Kashan, this ratio is
less than one. This means that dominance of positive SOI
phase in Iran reduces the precipitation values and causes
a dry autumn period in the country. The lowest ratio
related to the southeast region (0.25 - 0.60) is accom-
panied by 40 to 75 percent reduction in autumn preci-
pitation. In other areas of the country, this ratio is in the
range of 0.60 - 1.00, i.e. dominance of positive SOI
phase is accompanied by 5 to 45 percent reduction in

37

precipitation and autumn water resources. Kashan and
Semnan stations in which this ratio is 5% larger than one,
the Mann-Whitney test results (Table 2) are not signifi-
cant, so, the importance of positive SOI phase is not
accompanied by occurrence of a wet period in any region
of Iran. The geographical distribution of occurrence
probability of dry autumn period during the positive SOI
phase in the different regions of the country is presented
in Figure 3. The highest probability of drought in au-
tumn during the positive SOI phase is associated with
Sagghez, Iranshahr and Sanandaj. In these regions, during
the positive SOI phase, the probability of dry periods is
about 90 to 100 percent. In most areas of North West and
South East and some of the southern regions, the proba-
bility of dry periods is about 55 to 75 percent.

The least probability is related to Gorgan station in the
eastern coast of the Caspian Sea (about 50%), and there
is no significant difference between the occurrence pro-
bability of dry and wet periods in this region with the
occurrence of positive and negative SOI phases.
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Figure 1. Geographical distribution of Ry, peq /Roone
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) the 40 stations studied in Iran.
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Table 2. Mann-Whitney test resultsin 40 synoptic stations.

Winter season (JFM) Autumn season (OND)

Station g;)stilivsec;rlfaisg Ii;teiltlijz(g}?;;le Pvalue  Score in positive phase possitci?/faepilrllase P value
Abadan 190 275 0.05 268 197 0.15
Arak 198 267 0.16 285 180 0.03
Orumieh 161 274 0.00 205 230 0.80
Isfahan 194 272 0.10 262 203 0.20
Ahwaz 183 282 0.04 257 208 0.30
Iranshahr 107 169 0.04 205 146 0.03
Babolsar 162 303 0.09 192 273 0.08
Bam 161 304 0.00 313 152 0.00
Bandar anzali 185 280 0.05 191 274 0.08
Bndar Abbas 176 289 0.01 294 171 0.01
Bandar Lengeh 100 200 0.03 241 137 0.00
Bushehr 192 273 0.09 262 203 0.20
Birjand 159 306 0.00 316 149 0.00
Tabriz 183 282 0.04 237 228 0.80
Torbat heidarieh 180 285 0.03 309 156 0.00
Tehran 177 288 0.02 262 203 0.20
Khoramabad 184 282 0.04 274 191 0.08
Khoy 156 309 0.00 227 238 0.80
Dezful 161 217 0.30 254 181 0.20
Ramsar 183 282 0.04 185 280 0.05
Rasht 168 297 0.00 220 245 0.60
Zahedan 172 293 0.01 291 174 0.01
Zanjan 144 322 0.00 273 192 0.09
Sabzevar 194 271 0.10 296 169 0.00
Saghez 96 310 0.00 251 155 0.10
Semnan 128 197 0.41 237 141 0.00
Sanandaj 151 314 0.00 257 208 0.30
Shahrud 190 275 0.05 284 181 0.03
Shahrekord 200 265 0.17 174 191 0.08
Shiraz 185 280 0.05 287 178 0.02
Tabas 157 221 0.05 232 119 0.02
Fasa 99 201 0.03 236 115 0.00
Ghazvin 171 295 0.01 259 205 0.25
Kashan 119 181 0.29 219 132 0.02
Kerman 225 209 0.47 274 161 0.03
Kermanshah 158 277 0.02 243 192 0.15
Gorgan 248 217 0.50 212 253 0.40
Mashhad 185 280 0.05 295 170 0.01
Hamedan 194 271 0.10 287 178 0.02
Yazd 165 300 0.00 288 147 0.00
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4.1.2. Negative SOI Phase

Geographical distribution of the ratio of average autumn
precipitation during the negative SOI phase to the aver-
age long-term autumn precipitation ﬁOND(Neg) / Row 18
presented in Figure 4. During the negative SOI phase,
for all stations except Iranshahr and Kerman, average
precipitation values are greater than their average long-
term in autumn. This means that the dominance of nega-
tive SOI phase increases the precipitation value, and
leads to the wet autumn period and increased water
resources. The highest value is related to Bam (1.87) that
leads to 90 percent increase in the autumn water re-
sources. In southern and central parts of the country, this
ratio is in the range of 1.30 - 1.70. For most areas in the
northern half and South West of the country, this ratio is
in the range of 1.01 - 1.70.

In Kerman station, during the negative phase of SOI ,a
reduction of 15% in water resources is seen. But as
shown in Table 2 there is a no significant difference be-
tween precipitation values concurrent with dominance of
either SOI phases. In Iranshahr, during the negative SOI
phase, there is little reduction in precipitation, but is very

low compared to other areas, as seen in Figure 5, (white
circles). Therefore it can account for a rather small range
in interpolation calculations and are negligible in re-
gional analysis.

4.2. Winter (JFM)

Geographical distribution of the ratio of average preci-
pitation during the positive SOI phase to the average
precipitation with dominance of its negative phase

(ﬁJFM(POS) / ﬁJEM(Neg)) is presented in Figure 5. In most

areas except coastal areas of the Caspian Sea and the
North West of Iran, it is greater than 1. The highest value
is in Birjand in the North East, Bandar Abbas and Bandar
Lengeh in the south which are in the range of 2.80 - 3.20.
The lowest value is related to western half of the country
in which ranges from 1.01 to 1.70. In the eastern half of
the country, the ratio is mostly in the range of 1.70 - 2.80.
Thus, in all areas except in coastal areas and the North
West, it is expected that precipitation values during the
positive SOI phase be higher than precipitation values for
the negative SOI phase in winter.
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Figure 4. Geographical distribution of the R, /Row ratioin the 40 stations studied.
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4.2.1. Positive SOl Phase

Figure 6 shows the geographical distribution of the ratio
of average winter precipitation during the positive SOI
phase to the average long-term winter precipitation
((ﬁJFM(POS) / ﬁJEM )) for 40 study stations. In all regions
except the coastal regions of the Caspian Sea and the
North West of the country, it is slightly larger than one.
The highest value related to the eastern half of the
country (1.11 - 1.17) that is lead to 10 to 20 percent in-
crease in precipitation. In most regions of Central, South
West, West and North regions of the country during the
positive SOI phase in winter, the ratio ranges from 1.01
to 1.10. In some areas of North West as well as Tehran,
Isfahan and Shahrekord during the positive SOI phase,
this ratio is in the range of 0.88 - 1.00. The Mann-
Whitney and Fisher test are for these stations positively
correlated with SOI and for other areas small increase or
decrease of precipitation is not significant (Table 2). So,
it can be said that dominance of positive SOI phase has a
significant effect on precipitation and water resources in
the eastern half of the country. Figure 7 shows the geo-

Copyright © 2013 SciRes.

in 40 stations studied in Iran.

EM (Neg)

graphical distribution of the occurrence probability of
wet periods during the positive SOI phase in different
parts of the country. The most probability of wet in
winter during the positive SOI phase is associated with
areas located in the eastern half of the country. In these
regions, during the positive SOI phase, 60 to 75 percent
of winter precipitation do increase. In some areas in
North West and West, the occurrence probability of wet
winter periods during the positive SOI phase is very low
and is about 35 percent. In other areas located at the
western half of the country, this probability is higher and
is about 50 to 60 percent. The Fisher’s exact test results
in Figure 7 show that low occurrence probability of wet
periods during the positive SOI phase is not significant in
western areas of the country.

4.2.2. Negative SOl Phase

Figure 8 shows the geographical distribution of the ratio
of average winter precipitation during the negative SOI
phase to the average long-term precipitation

(ﬁJFM(Neg)/ﬁJEM ) :
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In most areas of the country except the coastal regions
of the Caspian Sea, it is less than one. In other words, in
all regions except the coast of the Caspian Sea during the
negative SOI phase in winter, average precipitation is
less than the average long-term winter, and dry periods
are prevailing. In eastern half and South West of the
country, this ratio has the lowest values (0.35 - 0.70).
These during the negative SOI phase, the water resources
in west, north west and northern regions of the country is
reduce to the ratio in these areas is about 0.7 - 1.00 for
the coastal area of Caspian sea, during the SOI negative
phase ,which to 80% precipitation has been increased.
Mann-Whitney test revealed no significant difference
(Table 2). Figure 9 shows the geographical distribution
of occurrence probability for winter dry periods during
the negative SOI phase. In all regions except the coastal
regions of the Caspian Sea, the occurrence probability of
wintry dry periods is very high. In most regions at the
eastern half of the country except South East, this pro-
bability is the highest (85 to 100 percent). In South East,
and West, South West and North areas, this probability
decreases to 70 to 85 percent.

Copyright © 2013 SciRes.

In the coastal regions of the Caspian Sea and North
West areas, the occurrence probability of dry periods
during the negative SOI phase reaches 20 to 55 percent.
It should be noted that the occurrence probability of dry
periods is only acceptable for areas that exact Fisher’s
test are significant (Figure 5). In other words, with the
probably of 70 to 100 percent, dominance of negative
SOI phase in the eastern half of the country, dry period is
dominant and in other regions of the country, such pro-
bability is not significant.

5. Conclusion

In this study, the seasonal precipitation variations for the
autumn and winter in the country according to the
Southern Oscillation index and for 46-year time period
has been studied. The obtained results for the seasons can
be summarized as follows.

6. Autumn

During the positive SOI phase, the precipitation values
decrease compared to their average long-term. This
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Figure 9. Geographical distribution of the occurrence wintry dry period concurrent with dominance negative phase in 40

stations studied.

increase is more significant in the south east region of the
country. The highest probability of drought (about 90
percent) is related to Saghez, Iranshahr and Sanandaj
station. During the negative SOI phase, the precipitation
values increase compared to their average long-term.

This reduction is more significant in the southern and
central region of the country. Its maximum (about 90 to
100 percent) is related to Bam stations.

During the negative SOI phase, the precipitation va-
lues increase only in small areas around Iranshahr and
Kerman stations which are not significant based on
Mann-Whitney and are negligible in regional analysis.

7. Winter

During the positive SOI phase, in all regions except the
coastal regions of the Caspian Sea and the North West,
the precipitation values are increased compared to their
average long-term. The maximum increase (about 10 to
20 percent) is associated to the eastern half of the coun-

Copyright © 2013 SciRes.

try.

In the most of central regions, South West, West and
North regions of the country, this increase is less than
10% and in other areas, the precipitation value is un-
changed or reduced. Mann-Whitney and Fisher statis-
tical tests for areas where the precipitation increase are
significant and for other cases are not significant.

During the negative SOI phase, in all regions except
the coast of the Caspian Sea, average winter precipitation
is less than their average long-term.

The maximum reduction (about 30 to 65 percent) is
related to all areas in the eastern and southwestern half of
the country.
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