
 APCBEE Procedia   5  ( 2013 )  508 – 513 

2212-6708 © 2013 The Authors. Published by Elsevier B.V.
Selection and peer review under responsibility of Asia-Pacific Chemical, Biological & Environmental Engineering Society
doi: 10.1016/j.apcbee.2013.05.086 

ICESD 2013: January 19-20, Dubai, UAE

Assessment the Effect of ENSO on Weather Temperature
Changes Using Fuzzy Analysis (Case Study: Chabahar)

Maryam Hamedani Azmoodehfara and seyed Ali Azarmsaba
a,b Faculty of Marine Sciences, Tarbiat Modares University, Tehran, Iran

Abstract

The effects of El Niño and La Niña have been considered as the major variables in weather changes in the Middle East.
This issue has been shown by regression indexes in a number of papers. The presented study has proven that the El Niño
and La Niña should be added to the weather forecast variables because of their major effects. Weather forecasts could be
influenced by some variables that have uncertainty, so the deterministic approaches may lead to incorrect predictions. The
proposed algorithm can be used when some variables have uncertainty. In this study, a probabilistic approach has been 
chosen to show the effect of El Niño and La Niña on the monthly maximum temperature. Different ENSO Indices have ff
been proposed for El Niño or La Niña occurrences but each of them has some deficiencies. In order to overcome the
drawback of using one of the ENSO Indices, the fuzzy based analysis approach has been chosen in this paper. Data from
Chabahar, one of the stations in the south of Iran, has been chosen for the algorithm to be applied on. MATLAB has been 
used to run the algorithm on the data. The results show that El Niño and La Niña lead to major effect on the amount of 
monthly maximum temperature in the south of Iran.

© 2013 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-Pacific 
Chemical, Biological & Environmental Engineering Society
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1. Introduction

The fluctuations in both sea surface temperatures (SSTs) in the eastern equatorial Pacific and in sea level
pressures in the southern Pacific at time scales of two to seven years is referred to the El Niño/Southernt
Oscillation (ENSO).
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This phenomenon that occurs every few years around Christmas time, was first named by Peruvian 
fishermen centuries ago, and was taken into consideration by scientists in the last few decades because of its 
large global influence. Following the very strong, very well observed and very heavily reported event in 
1997 98, El Niño started to be considered as main reason for anything unusual that happened anywhere in the 
world. This is implicated in drought in the Altiplano of Peru and Bolivia and catastrophic flooding in coastal 
Peru and Ecuador. Resulting huge forest fires in Kalimantan spread a thick cloud of smoke over Southeast 
Asia and crippled air travel by shutting down airports in Singapore, Malaysia and Indonesia [1]. The 1997 98 
El Niño also triggered an explosion in research interest of marine and geophysics scientists [2]. Although the 

have been shown to be strongly correlated with El Niño events at least in the past century. There is also plenty 
of evidences 
130,000 years [3,4]. The impact of El Niño is shown by the many of these proxy data, such as tree rings and 
oxygen isotope in fossil corals; actually reveals the variations in rainfall rather than temperature. The long-
term climate records also indicate that El Niño behavior is quite sensitive to climatological conditions, so it is 
possible that El Niño would behave differently in future. Unfortunately, the long-range projections given by 
the present climatological models are far from conclusive [5,6]. Moreover, El Niño events also exhibit 
irregularities in the timing of onset, in the amplitude of SST anomalies and in the duration of events [7] that 
make it difficult to forecast the next El Niño onset, severity and its duration. 
dynamics is started when it was recognized that it is part of a coupled instability of the tropical Pacific ocean
atmosphere system [8]. El Niño atmospheric counterpart, the Southern Oscillation, is a seesawing of 
atmospheric mass, and hence of the sea level pressure, between the eastern and western Pacific. The ENSO 
cycles have two basic elements. First, there is a positive feedback between the zonal winds that are the result 
of the pressure gradient, and the equatorial SST gradient which is itself influenced by the wind-driven 
upwelling and thermo cline fluctuation; Second, the equatorial ocean dynamics, particularly the non-
dispersive equatorial Kelvin and Rossby waves, provide the out-of-phase element that makes the system 
oscillate between cold and warm phases, namely El Niño and La Niña states [9-12]. This dynamic coupling is 
the essence in many of ENSO models. Many statistical connections between the ENSO and some changes in 
climate variables around the world have been studied [1,2] but it is not yet clearly understood how changes in 
the sea level of the Pacific Ocean affect the weather pattern at great distances. It has been shown that ENSO 
has a great effect on weather changes in some places [2-5, 13]. El Niño and La Niña states may also be 
effective in Iran's weather changes and therefore, this teleconnection has been studied in this paper. Initially, 
by using statistical methods, it has been shown that the ENSO should be mentioned in weather analyses and 
forecasting. Then a probabilistic approach has been presented to determine the dependency level of this 
phenomenon to the weather in certain places. One of the climatology parameter, monthly maximum 
temperature, is considered in this paper. Chabahar synoptic weather station is chosen to show the effect of El 
Niño and La Niña on this weather parameter. In contrast with the mentioned papers that study the El Niño 
effects on climates changes by using the regression approaches, the probabilistic approach is applied, in this 
paper, which is more useful when data has uncertainty. Moreover, the results derived by using this approach 
are better making sense. 

There are many attempts to monitor the ENSO by the atmospheric or oceanic variables. It should be 
mentioned that ENSO is the most important coupled ocean-atmosphere phenomenon to cause global climate 
variability on interannual time scales and one of the best indices is obtained when we attempt to monitor 
ENSO by basing the Multivariate ENSO Index (MEI) on the six main observed variables over the tropical 
Pacific. These six variables are: sea-level pressure, zonal and meridional components of the surface wind, sea 
surface temperature, surface air temperature, and total cloudiness fraction of the sky [14-15]. In this paper, the 
MEI is gathered for each of twelve month. The normalized version of  the ENSO Index is used in this paper. 
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In order to keep the MEI comparable, all seasonal values are standardized with respect to each season. 
As stated before, different ENSO Indices have been proposed for El Niño or La Niña occurrences but each 

of them has some deficiencies [16-19]. In order to overcome the drawback of using one of the ENSO Indices, 
the fuzzy based analysis approach has been chosen in this paper that moderates the drawbacks and advantages 
of one of the ENSO Indices. Moreover, because of the ENSO irregularity the effect of the El Niño on the 
climatological variables cannot be investigated using traditional methods so in this paper fuzzy-based data 
analysis approach has been chosen to show the effect of El Niño and La Niña on the monthly maximum 
temperature. 

2. Material and Methodology 

The data for this study was obtained from the monthly Local Climatological Data (LCD) publications 
produced by the Iran Meteorological organization. This study covers the 43-year period from 1963 through 
2005. The monthly maximum of temperature data was collected for all of the months. This study has been 
applied to the data collected from Chabahar synoptic weather stations in coastal area in the south of Iran. The 
information of the location of the synoptic station has been collected in table 1. 

Table 1. Chabahar synoptic weather stations information 

Station Name Zone Code Latitude 

 

Longitude 

 

Elevation 

(m) 

Chabahar 40898 25 17' N 60 37' E 8.0 

The temperature data are gathered from 1963 to 2005 in every month. The Enso Index (EI) values are also 
gathered in this duration. The goal of this paper is to plot the Cumulative Distribution Function (CDF) of the 
monthly maximum of temperature probability considering the measured data in the Chabahar Station. In order 
to show the effect of El Niño and La Niña on the monthly maximum of temperature, the fuzzy based 
stochastic analysis approach is chosen in this paper. The algorithm steps are described, as follows:  

Step1: The variable under study (value of temperature) is showed in the following form: 

X= {X(k)
i

(k)                                      (1) 

where k is the month number and N(k) is the number of data in the month k that shows the years number 
with available data. At this step, all of data is arranged in matrix form. So the element (i,j) in X, is the 
temperature in the month j and in the year i. Similar procedure is done for Enso Index that is formed into a 
matrix with the same size of the temperature matrix. 

Step2: dividing data to smaller ranges 
(k)= [max (X(k))-min (X(k)                                                          (2) 

x(k)
j= min (X(k) (k)                       (3) 

w (k) is called accuracy level. So the next calculations are applied on the 100 points among the data.  
x(k)

j is the value of the temperature that we want to calculate that what percent of all of the data is higher 
than this level. 

Step3-a: in years with EI>0 (El Niño occurrence): 

A(k)
j={f(EI(k)

i)| X(k)
i (k)

j (k)                                                                (4) 

B(k)j={1-f(EI(k)
i)| X(k)

i (k)
j (k),                                                          (5) 
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Step3-b: in years with EI<0 (La Niña occurrence): 

C(k)
j={f(EI(k)

i)| X(k)i (k)
j (k)                                                                 (6) 

B(k)
j={1-f(EI(k)

i)| X(k)
i (k)

j (k)                                                                 (7) 

where, f is the function that the fuzzification process is done based on it. (Fig. 1) 
It should be mentioned that the EIs are mapped by a membership function (as shown in Fig 1), to the 

"fuzzy values". The process of converting the input values to the fuzzy values is called "fuzzification".  
Step4: calculating probabilities for El Niño/La Niña years, as follows: 

P(A(k)
j

(k)
j);                                                                                                                                   (8) 

Step 5: plot the CDF of variable X for different values. 
In the Fig. 1, a is the values that 10% of all of the EI data is greater than that and b is the value that 10% of 

all of the EI data is less than that. 

3. Results 

The result of applying the proposed algorithm on data has been shown in the fig. 2. The program has been 
developed and run in MATLAB Software. The results show that the proposed algorithm can distinguish the 
maximum temperature in the years with El Niño, with La Niña or on the normal years without El Niño or La 
Niña occurrences. Using this probabilistic result, a system planner (all of systems that are influenced by the 
weather temperature changes) can investigate the effect of El Niño or La Niña on the weather temperature 
changes. 

 

Fig. 1. Sigmoid membership function used in this paper 

4. Discussion and Conclusion 

Data recorded at Chabahar synoptic weather station are chosen to show the results of proposed algorithm 
in order to study the effects of El Niño and La Niña on a weather parameter like maximum and minimum of 
temperature. The results in this paper show that in the normal years without ENSO occurrences, the maximum 
of temperature is greater than that in years with El Niño occurrence. In the years with La Nina occurrences, it 
is expected that the minimum and maximum temperatures are greater in comparison with the years without 



512   Maryam Hamedani Azmoodehfar and Seyed Ali Azarmsa  /  APCBEE Procedia   5  ( 2013 )  508 – 513 

any events. As shown in fig 2, it is clear that the maximum and minimum of temperature is reduced more in 
years with El Niño occurrence with comparison to the years with La Niña occurrence. This phenomenon is the 
result of dominance of the high pressure front in the El Niño years while in La Niña years the existence of the 
low pressure front leads to warmer weather. The probabilistic approach has been chosen in this paper to 
demonstrate the effects of El Niño and La- Niña in the south of Iran. This approach is better than regression 
approaches for using in the forecasting processes.    

 

Fig. 2. Result of applying the proposed algorithm on maximum and minimum temperature data in August 
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