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The objective of the study was to investigate the El Nino forcing on the discharge of Kor River located inMaharloo-Bakhtegan basin
in the Fars province of Iran.Thirty-one-year (1965–1995) and twenty-year (1975–1995) monthly mean river discharge data recorded
at two stations, namely, Chamriz and Dehkadeh-Sefid, respectively, were chosen in the present study. Fourier analysis was used to
extract harmonic information of time series data such as amplitude and phase angle to show the maximum effect and the time of
effect of El Nino on river discharge.The study revealed that El Nino events caused increase of discharge in Kor River by 15% to 20%
and the maximum influence was in the months of February and March in El Nino years.

1. Introduction

In normal condition, the temperature of ocean surface in the
east of southern Pacific Ocean is lower than the temperature
of surface water in the west of southern Pacific Ocean.
Therefore, a high pressure zone and a low pressure zone
dominate in the east and the west of the southern Pacific
Ocean, respectively [1]. The difference between high and low
pressure zones causes wind blowing, namely, trade wind or
easterlies. The direction of wind is from the east to the west
of Pacific Ocean.Therefore, trade wind causes the movement
of surface warm water in equatorial region from the east to
the west. During El Nino period, the temperature of surface
water in the west is lower than the temperature of surface
water in the east of southern Pacific Ocean. This large-
scale pressure seesaw in Pacific Ocean is called Southern
Oscillation (SO). Therefore, the direction of trade wind and
also warm water changes from the west to the east. Existing
warm water pool in the coast of Peru and Southern Ecuador
is the sign of El Nino [1, 2]. The two phenomena, El Nino
and Southern Oscillation, together are known as ENSO.
The relationship between El Nino and some parameters
such as temperature, rainfall, and discharge was investigated

in different parts of the world. Their results have showed
that El Nino causes floods and droughts on different parts
around the world [3, 4]. Cayan and Peterson [5], Kahya
and Dracup [6], Zhang et al. [7], Ward et al. [8], Cahoon
[9], Osman and Abdellatif [10], Muñoz-Salinas and Castillo
[11], Wang and Eltahir [12], Simpson et al. [13], Kahya, and
Karabörk, [14], and many other researchers conducted the
impact of El Nino on the discharge. Cayan and Peterson [5]
predicted discharge anomalies in the Western United States
in two seasons by using Southern Oscillation Index (SOI).
Zubair [15] investigated the relationship between ENSO and
Mahaweli River discharge in Sri Lanka and showed that El
Nino caused declination of river discharge in the months
from January to September. Zhang et al. [7] showed that
relations between ENSO and yearly maximum discharge
in the lower Yangtze River basin were in-phase in China.
Chandimala and Zubair [16] presented that the correlation
coefficient between ENSO and Kelani River discharge in
Sri Lanka was 𝑟 = −0.41. It means that during El Nino
events, discharge was lower than normal periods. Ward et al.
[8] investigated the sensitivity of river discharge to El Nino
Southern Oscillation and concluded that ENSO has a greater
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Figure 1: Location of two hydrometric stations on Kor River in Maharloo-Bakhtegan basin of Iran.

impact on annual high-flow events than on mean annual
discharge, especially in the extratropics. Cahoon [9] studied
the effect of ENSO on river flows in the lower Cape Fear
River watershed of North Carolina and reported significant
effects of ENSOon flows in several winter and springmonths.
Osman and Abdellatif [10] assessed the links between ENSO
and variability of the annual Blue Nile flows and concluded
the Blue Nile annual flow index (AFI) is negatively correlated
to the ENSO-SST index. Muñoz-Salinas and Castillo [11]
assessed the factors controlling sediment and water discharge
in the Santiago and Panuco Rivers of central Mexico. Authors
reported that water discharge in Santiago River increases
during El Nino and La Nina events and the discharge of
Panuco River was mostly affected by La Nina events.

Therefore, there is no doubt that El Nino changes pre-
cipitation and river discharge which in turn cause floods
and droughts and damage to environment and economy [7].
However, the influence of El Nino on rivers discharge is not
the same all over the world. A good understanding of El Nino
effect on river discharge can help in mitigating hydrological
disaster, as well as river basinmanagement and planning.The
objective of the present study was to investigate the effect
of ENSO on discharge of Kor River located in Maharloo-
Bakhtegan basin in the Fars province of Iran. Thirty-one-
year (1965–1995)monthlymean river discharge data recorded
at Chamriz hydrometric station and twenty-one-year (1975–
1995) monthly mean river discharge data at Dehkadeh-Sefid
hydrometric stationwere used in the present study.Harmonic
analysis was used to understand the effect of El Nino on river
discharge.

2. Materials and Methods

2.1. Description of Study Area. Kor River is located in
Maharloo-Bakhtegan basin in the Fars province of Iran.
Maharloo-Bakhtegan Basin lies between latitudes 28∘99󸀠–
31∘25󸀠 N and longitudes 51∘82󸀠–54∘50󸀠 E. It covers an area

of about 31874 million-meter2 which is 25% of the total area
of Fars province. Kor River is the most important river in
Maharloo-Bakhtegan basin. The location of Kor River, two
hydrometric stations, andMaharloo-Bakhtegan basin in Fars
province are shown in Figure 1. Stream flow in Kor River is
unreliable due to uneven distribution of annual precipitation
in the basin. Therefore, Doroodzan Dam was built in Kor
River for optimum use of water. The reservoir of dam is
around 960 million-meter3 which is used for the production
of 50 million KWh/year electric energy as well as to supply
water for farms covering 112000 hectares in Ramjerd, Kam-
firoz, and Korbal regions, industries like petrochemical and
drinking water to 2.2 million population in the capital of Fare
province, Shiraz, and some areas. Therefore, Kor River plays
an important role in agro-economy and people’s livelihood in
the basin.

Number of research has been conducted on various
aspects of Kor River [17–21]. Keshavarzi and Nabavi [17]
used stream flow data to predict the frequency of domi-
nant discharge for flood plain management in Kor River.
Dolatabadi et al. [20] analysed the streamflowdata to identify
the percentage of groundwater contribution to stream flow
in Maharloo-Bakhtegan Basin which contains the Kor River.
Razmkhah [19] employed flood frequency analysis method
for flood forecasting in Kor River. Jedari et al. [18] assessed
the chemical quality of water of Kor River. Khalifeh et al.
[21] used Entropy theory to assess the number and location
of hydrometric stations necessary for monitoring hydro-
dynamics of Maharloo-Bakhtegan Basin. The above studies
justify the importance of Kor River in socioeconomy of the
region.

2.2. Data Sets. There are 52 hydrometric stations in Kor
River basin; however, only 24 hydrometric stations are active.
Chamriz and Dehkadeh-Sefid hydrometric stations were
selected for two important reasons; first, data in these stations
were unimpaired, and second, the duration of data records
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Figure 2: Time series mean monthly discharge at (a) Chamriz station from 1965 to 1995 and (b) Dehkadeh-Sefid station from 1975 to 1995.

were longer than other stations. Thirty-one-year (1965–1995)
monthly mean river discharge data at Chamriz hydrometric
station and Twenty-one-year (1975–1995) monthly mean
river discharge data at Dehkadeh-sefid hydrometric recorded
were used in the present study. As no recent long-term
unimpaired river discharge data of Kor River is available, data
at those two stations up to 1995 yearwere used.Data after 1995
was not available and therefore the study analysed data over
the time period of 1965–1995 only. However, several number
of El Nino events occurred over the time period of 1965–
1995; therefore, it can be expected that analysis of thirty-one-
year data is enough to assess the effects of El Nino Southern
Oscillation on the discharge of Kor River.

The river discharge data were collected from the Water
Resources Research Center of Iran. Time series of mean
monthly discharge at Chamriz and Dehkadeh-Sefid stations
are shown in Figures 2(a) and 2(b), respectively. El Nino event
years during study period were collected from the Australian
Bureau of Meteorology which was derived based on the sea
level pressure (Troup’s SOI) [22]. According to Troup index if
SOIwas negative for four consecutivemonths, it is considered
that El Nino event happened in that year. El Nino events
during the study period (1965–1995) occurred in the years
1965, 1966, 1969, 1972, 1977, 1980, 1982, 1987, 1990, 1991, 1993,
and 1994.

2.3. Methodology

2.3.1. Fitting Distribution Function. In the present study,
normal, lognormal, Gumbel, and Gamma distributions are
fitted over the river discharge data to find the best fitted
distribution function. Easy fit professional software which is
used for probability analysis was used to find the best fitted
distribution function.The general formula for the probability
density function of the normal distribution is

𝑓 (𝑥) =

1

𝜎√2𝜋

𝑒
−(𝑥−𝜇)

2
/2𝜎

2

, (1)

where𝜇 is the location parameter and𝜎 is the scale parameter.
The mean is the location parameter 𝜇.

Governing equation of the probability density function of
lognormal distribution is

𝑓 (𝑥) =

1
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2
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)) , 𝑥 ≥ 0, (2)

where 𝑥 is the raw monthly discharge, the index 𝑛 in
parameters indicates that mean and standard deviations are
based on the natural logarithms in the sample, 𝜇

𝑛
is the mean

of ln𝑥, and 𝜎
𝑛
is the standard deviation of ln𝑥.

The general formula for the probability density function
of the Gumbel distribution is

𝑓 (𝑥) =

1
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𝑒
(𝑥−𝜇)/𝛽

𝑒
−𝑒
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, (3)

where𝜇 is the location parameter and𝛽 is the scale parameter.
The mean is calculated as 𝜇 + 0.5772𝛽.

The general formula for the probability density function
of the Gamma distribution is

𝑓 (𝑥)=

((𝑥 − 𝜇) /𝛽)
𝛾−1 exp (− ((𝑥 − 𝜇) /𝛽))
𝛽Γ (𝛾)

, 𝑥 ≥ 𝜇, 𝛽 > 0,

(4)

where 𝛾 is the shape parameter, 𝜇 is the location parameter, 𝛽
is the scale parameter, and Γ is the Gamma function.

2.4. Harmonic Analysis. When periodicity in data does not
clearly exist, harmonic analysis is carried out for analysing
the periodic components of the data. There are two main
ways to calculate the mean curve of a period for harmonic
analysis, namely, polynomial regression and Fourier analysis.
However, polynomial regression often shows humps in the
mean curve when scatter of points is too large. Furthermore,
differentiation of such polynomial function can also produce
false results [23].TheFourier series is a sumof sine and cosine
functions that describes a periodic signal. It is represented
in either the trigonometric form or the exponential form.
Fourier analysis provides an easy way to calculate the mean
curve of a periodic variable as well as to calculate the times of
maxima and minima [24–26]. Number of studies employed
Fourier analysis to understand harmonics of hydrological
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data and the effect of large scale atmospheric phenomena
on hydrological data. Kahya and Darcup [6] used Fourier
analysis to assess the effect of El Nino southern oscillation on
the streamflow in major rivers of the United States. Fourier
analysis was applied to study the areal and temporal effects
on precipitation in the North-Eastern United States by Scotte
and Shulman [27]. Therefore, Fourier analysis was chosen in
the study to understand the effect of El Nino of Kor River
discharge.

Harmonic analysis was carried out to understand the
periodic components in stream flow of Kor River as the
periodicity was not clearly visible. It appeared that there
exists an oscillation in river discharge, but its frequency
is unknown. Therefore, Fourier analysis is carried out to
estimate the parameters of the oscillation. Fourier analysis
revealed the orthogonality property of sinusoids with fre-
quencies restricted to the Fourier frequencies. According to
Fourier series, any sine curve can be fitted to the curve
of original data. Each fitted sine curve has two features
that describe harmonic; the amplitude which indicates the
difference between maximum and minimum data, and the
phase angle which indicates the time of the year when the
maximum happens [27]. Calculation of harmonics by fitting
sine curves on data was done by using following equation:

𝑋 = 𝑋 +

𝑖=𝑁/2

∑

𝑖=1

[𝐴
𝑖
sin(360

𝑝

𝑖𝑡) + 𝐵
𝑖
cos(360

𝑝

𝑖𝑡)] , (5)

where𝑋 represents the discharge at time 𝑡,𝑋 is the arithmetic
mean of discharge, 𝑝 is the fundamental period, 𝑁 is the
number of observations, 𝑖 is the number of the harmonics, 𝑡 is
the phase angle, and 𝐴

𝑖
and 𝐵

𝑖
are the coefficients of Fourier

series. Coefficients, 𝐴
𝑖
and 𝐵

𝑖
, are the amplitude of the 𝑖th

harmonic (maximum departure from the mean) and can be
written as follows:
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Equation (1) can be rewritten as
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where 𝐶
𝑖
is the amplitude of the 𝑖th harmonic and 𝑡

𝑖
is the

phase angle or the time of maximum influence.
Kahya and Dracup [6] recommended a two-year El Nino

composite for calculating duration. Therefore, 24-month
period starting from July before El Nino event to June of

Table 1: Best fitting distribution function for each month at two
stations.

Month Hydrometric station
Chamriz Dehkadeh-Sefid

January Lognormal Lognormal
February Lognormal Lognormal
March Normal Lognormal
April Gumbel Gamma
May Lognormal Lognormal
Jun Lognormal Gamma
July Lognormal Lognormal
August Normal Lognormal
September Lognormal Lognormal
October Lognormal Gumbel
November Gamma Lognormal
December Lognormal Lognormal

following El Nino event was used in the present study for
computation.Minus and plus signs were given for six months
before and after the El Nino event, respectively, and zero sign
during the El Nino event.

The degree of significance for the amplitude can be
written as

Prob = 1 − exp[

[

−(

𝐶
𝑖

(𝐶
𝑝
/√𝑁)

)

2

]

]

, (11)
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. (12)

The goodness of fit of the sine curve on time series data
was computed by using the following equation:

Goodness of fit =
𝐶
2

𝑖

2𝛿
2

, (13)

where 𝛿 is the total standard deviation.

3. Results and Discussion

3.1. Distribution Function. The best fitted distribution func-
tions in each month at two stations are shown in Table 1.
The table shows that the lognormal distribution was domain
at Chamriz and Dehkadeh-Sefid hydrometric stations. The
best fitted distribution curves on river discharge data for
the month of September at Chamriz and Dehkadeh-Sefid
stations are shown in Figures 3(a) and 3(b), respectively.
High-flow events usually cause positive skew in the frequency
distribution of discharge for most of the months. As the
logarithmic transformation eliminates the skew, it best fitted
the distribution of river discharge in most of the months.
As the lognormal distribution was found to best fit the
monthly river discharge at about 67% cases, it was considered
to compute parameters for all months to make calculation
easy. Therefore, cumulative probabilities for monthly mean
discharges were calculated using (2).
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Figure 3: Probability density function at (a) Chamriz station in September and (b) Dehkadeh-Sefid station in September.
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Figure 4: Fitted second harmonic on discharge in El Nino event
years at Chamriz station.

3.2. Fitting Sine Curve. Harmonics of time series data during
El Nino years were fitted with sine curves. First two harmon-
ics of time series data were used to show the influence of El
Nino reasonably, because the progress of El Nino events are
very slow and happen in large scale [6].Therefore, the ElNino
event years were divided into two groups, namely, the first
harmonic domain and the second harmonic domain.

A fitted sine curve on data is shown in Figure 4. The
amplitudes of the first and the second harmonics for El Nino
event years were calculated using (9). Results showed that
calculated amplitudes for the first harmonicwere greater than
the calculated amplitudes for the second harmonics in 65%
cases at both stations. The mean amplitudes for the first and
second harmonics at both stations are shown in Table 2.

The magnitude of the first harmonic represents the
magnitude of the streamflow response to the ENSO events

Table 2: Calculated parameters of sine curves at two stations under
study.

Harmonic Station

Chamriz Dehkadeh-
Sefid

Amplitude First 0.1 0.12
Second 0.14 0.10

Mean First 0.55 0.58
Second 0.51 0.50

Influence
First 0.1 + 0.5 = 0.15

or 15%
0.12 + 0.08 =

0.2 or 20%

Second 0.14 + 0.01 =

0.15 or 15%
0.1 + 0 = 0.1

or 10%
Goodness of
fit (%)

First 60 58
Second 30 35

Significance First 65 85
Second 48 60

[6]. A discrepancy occurs in the magnitude of response if
the mean and median of a composite are not equal. In that
case, Kahya and Dracup [6] proposed that magnitude of the
response can be correctly estimated by the summation of the
computed amplitude and the difference between the mean
and median. For lognormal distribution data, the mean is
greater than median.Therefore, the difference between mean
andmedianwas added to amplitude tomeasure the influence.
The means of data for the first and the second harmonics at
both stations are shown in Table 2. The difference between
mean and median were 0.05, 0.01 and 0.08, 0 for the first
and the second harmonics at Chamriz and Dehkadeh-Sefid
stations, respectively. Therefore the values were added to
calculated amplitudes and show the maximum influence of
El Nino on discharge. The maximum influences of El Nino
on discharges at two stations are shown in Table 2.
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Figure 5:Monthlymean discharge during ElNino years and normal
years at Chamriz station.

3.3. Goodness Fit and Degree of Significance Test. Equations
(13) and (11) were used to calculate the goodness of fit
and degree of significance (DOS) of sine curves on data,
respectively. The results are shown in Table 2. It was found
that the goodness fit for the first harmonic was much better
than the second harmonic. The significant test showed that
probability of ElNino effect on discharge amplitudeswas high
for the first harmonic. The probability was 65% for Chamriz
and 85% for Dehkadeh-Sefid station.

3.4. Time of Maximum Influence. The phase angle or the
time of maximum influence was calculated for the first and
the second harmonics using (10). The maximum influence
for both stations was found to occur at 7.28th and 8.54th
month from the beginning of 24-month period for the first
and the second harmonics, respectively. In other words, the
maximum influence occurred in the month of February and
March of the El Nino year for the first and the second
harmonics. The positive sign indicates that El Nino caused
increased discharge.

3.5. Comparison of El Nino and Normal Periods. Compar-
isons between monthly mean discharge in El Nino years
and normal years showed good agreement with the obtained
results. Figure 5 shows monthly mean discharge and 95%
confidence level of mean discharge for both El Nino years
and normal years at Chamriz station. It can be seen from
Figure 5 that monthly discharge in the months of March is
much higher in El Nino years compared to normal years.

4. Conclusions

Fourier analysis was used to extract harmonic information
of monthly river discharge data to understand the influence
of El Nino on the discharge of Kor River. Amplitude and
phase angle, which are two characteristics of Fourier series,
were used to show the maximum influence and the time

influence of El Nino on river discharge. The results showed
that probability of El Nino effect on discharge amplitudes was
high for the first harmonic and 65% and 85% for Chamriz and
Dehkadeh-Sefid stations, respectively. In average, El Nino
caused increased discharge by 15% at Chamriz station and
20%atDehkadeh-Sefid station.The time ofmaximum impact
was found in the months of February and March of the
El Nino year. It can be expected that the results obtained
in the present study will help to understand the variations
of river discharge due to El Nino which in turn will help
water managers, dam operators, and policy makers in water
resources planning and management as well as flood and
drought forecasting and mitigation.
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