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ABSTRACT: Background: El NIÑO phenomenon is a global climate
phenomenon that occurs as a result of the interaction between the surface of
the Pacific Ocean and the atmosphere directly above it. Objective: This study
investigates whether El NIÑO 3.4 affects some of the climatic parameters in
some Iraqi cities. Methods: A record surface data (2007-2017) of relative
humidity, maximum and minimum air temperature was used from the Iraqi
meteorological and seismology organization for seven selected meteorological
stations, sea surface temperature anomalies from the royal Netherlands me-
teorological institute, and the reanalysis data of air temperature (1980-2022)
from the national centers for environmental prediction and national center for
atmospheric research. The climatic parameters data for seasonal and mean
monthly are analyzed to understand the general trend, and the statistical rela-
tionships are investigated. Results: The result shows a decrease in relative
humidity for Kirkuk and Nasiriya stations. Also, there is an increase in the gen-
eral trend of the maximum and minimum temperatures for Kirkuk, Nasiriya,
Basra, Baghdad, Al-Hay, and Mosul stations. The influence of the NIÑO 3.4
index on Iraq’s climate, temperature, and relative humidity was minimal. The
impact of the NIÑO 3.4 index on the maximum and minimum temperatures
within the daily and monthly values, in general, was a weak positive correlation.
The correlation between the NIÑO 3.4 index and the maximum and minimum
temperatures during the spring and winter seasons is positive, while it is a
negative correlation in the summer and autumn seasons. Conclusions: The
main conclusion illustrated that the effect of the NIÑO 3.4 has a limited im-
pact on the surface values of relative humidity and maximum and minimum
air temperatures because there is a lag time in the response when the change of
sea surface temperature anomalies starts to happen; it takes a month or more
time until its impacts reach Iraq.

KEYWORDS: ENSO; Minimum temperature; Maximum temperature;
Relative humidity; Sea surface temperature anomalies

INTRODUCTION

E l NIÑO is a significant index that influences climate change and describes anomalous sea surface
temperature (SST) increases across the central Pacific Basins Sea level beside air pressure in

equatorial western and eastern Pacific [1]. It has been observed that the rising recurrence of El NIÑO
occasions is due to greenhouse warming [2], which controls precipitation and air temperature [3], [4].
It likewise alludes to the El NIÑO-Southern Oscillation (ENSO) in several types of research on the
ocean and atmosphere [5]. El NIÑO explicitly refers to the ENSO warm period in this context. The
existence of ENSO is due to the presence of equatorial trade winds in the Tropical Pacific Ocean
(TPC) under the action of the Coriolis force, The force resulting from the Earth’s rotation causes the
winds to deviate to the right in the Northern Hemisphere and vice versa, [6]. El NIÑO happens in a
small area in (TPC); the influence of El NIÑO may spread to numerous remote land and ocean parts
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due to large changes in oceanic and atmospheric circulation in and out of (TPC). Thus, El NIÑO could
generate environmental disturbances such as floods, cyclones, and draughts, for example in spring,
ENSO impacts the dry conditions in the north-west zone of Mexico, it decreases the dry conditions,
during the positive phase and vice versa [7]. The upwelling decreased causing an 8% lowering, in the
plenty of microplankton in the summer of 2015. Likewise, the convective mixing weakened causing a
lowering of 6% in microplankton abundance through the winter of 2016 [8].

El NIÑO may lead to changes in the extreme reduction in surface precipitation. For example, long-
term El NIÑO sea temperature anomalies decrease precipitation in the Amazon Basin [9]. Overall,
the Ocean Surface Temperature (SST) changeability in the tropical Pacific related to ENSO can
be effectively anticipated a few seasons ahead, as measured by the measurements of a few given
measurements (e.g., oddity connection of the NIÑO 3.4 record) [10]. Reports of extreme weather that
appeared to align with expectations during a strong El NIÑO dominated the news. In the austral
spring, huge forest fires in Indonesia caused a haze crisis in neighboring nations. Beginning in 2016,
devastating flooding devastated Peru, while numerous Pacific Ocean regions experienced severe coral
bleaching [11]. There are different impacts of El NIÑO on the world, [12] found that after the mid-
1980s, precipitation in northeastern Asia, and northeastern China has been affected by the shift in the
location of the summertime Arctic Oscillation (AO) lower layer activity in the Atlantic Ocean. [13]
mentioned that during the ENSO phases, there is a negative and positive variation between (± 100 to
± 150 mm) in the anomalies of precipitation while it changes to ± 50 mm during the neutral phase.
[14] investigated the correlation between El NIÑO 3.4, sea surface temperatures, and wind speed in
Bandung City, Indonesia, where the results showed a negative correlation. In addition to that, the
results also indicated that the coldest year was 1999, while the hottest year was 2015, accompanied
by a decrease in the amount of rainfall due to the strong El NIÑO phenomenon during 2015. [15]
explained that the air temperature in the East Asian zone is affected irregularly, especially between
decades, by the winter Arctic Oscillation. [16] mention that severe heat waves and drought occurred
during the negative phase of El NIÑO, and the positive phase of the Indian Ocean Dipole. The
strongest impact of EL NIÑO on heat stress was in the winter and spring seasons [17], even El NIÑO
2023-2024 is not an intensive event [18]. Recently, Iraq experienced extreme weather episodes like
flash floods, drought, and heat waves, which are more regular.

This paper aims to investigate the seasonal cycle and the inter-annual, decadal, and long-term
fluctuations in the temporal distribution of weather data, then study the impact of ENSO (NIÑO
3.4) fluctuation on climatic parameters (relative humidity, maximum and minimum temperature)
for some Iraqi meteorological stations during 2007-2017. Therefore, El NIÑO 3.4 datasets (2007-
2017) were utilized. The technique of correlation coefficient was used to test the strong relationship
of climatic parameters with El NIÑO 3.4 to investigate whether there is an effect of the El NIÑO
Southern Oscillation (ENSO) on the Iraq climate (climatic parameters) because the ENSO peculiarity
influences the climate and environment of different places in the world.

MATERIALS AND METHODS
Data Acquisition

Daily surface recorded dataset, relative humidity, minimum and maximum air temperatures, from
January 2007- December 2017 recorded by the Iraqi Meteorological and Seismology Organization were
used for seven selected meteorological stations, Table 1. Additionally, El NIÑO 3.4 data represents
monthly data of Sea surface temperature anomalies (SST) for the region (5N-5S, 170W-120W) from
the Royal Netherlands Meteorological Institute. Reanalysis dataset of air temperature from January
1980 to December 2022 from the National Centers for Environmental Prediction (NCEP) and the
National Center for Atmospheric Research NCAR, then the maps done by NOAA Physical Sciences
Laboratory.
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Table 1. The meteorological stations used in the study
Stations Elevation (m) Longitude (°) Latitude (°)
Mosul 223 43.12 36.34
Kirkuk 331 44.39 35.47
Baghdad 31.7 44 33.34
Rutba 630.8 41.75 33
Al-Hayy 19 45 32
Nasiriya 9 31.05 46.26
Basra 2.4 47.82 30.50

The Pearson Correlation Coefficient
The Pearson correlation coefficient is a statistical test that measures the statistical relationship, or

correlation, between two continuous variables. It is defined as the best way to measure the correlation
between the sudsy variables because it is based on the method of covariance and gives information
about the magnitude of the association, as well as about the direction of the correlation, positive
or negative, Its value ranges from -1 to +1. A value of +1 is the result of the perfect positive
relationship between two or more variables. Positive correlations indicate that both variables are
moving in the same direction. Conversely, a value of -1 represents a perfect negative relationship.
Negative correlations indicate that as one variable increases, the other decreases. Zero value indicates
no correlation. First, we calculate the Pearson correlation between the elements of the climate and
the NIÑO 3.4 time series.

Study Area
Iraq is located in western Asia from 29.5°N to 37.22°N and from 38.45° E to 48.45 ° E, Figure 1,

and is somewhat close to the Red Sea and the eastern Mediterranean [19]–[21]. Iraq’s external borders
are Turkey to the north, Saudi Arabia to the south, Kuwait to the southeast, Jordan to the southwest,
Iran to the east, and Syria to the west [22], [23]. Iraq’s average temperatures are 48° C in summer
while zero (0°) in winter. Most precipitation falls from October to May, with an average annual
precipitation of 100-180 mm in southern and central Iraq, respectively, while the mountainous region
in northern Iraq has more precipitation that may reach 1000 mm [24].

Figure 1. Map of Iraq [25]
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RESULTS AND DISCUSSION
Monthly Average of Relative Humidity Data for the Study Stations

The Mean monthly relative humidity data for Mosul, Rutba, Basra, and Al Hayy show an increase
in the trend values, while the trend decreases in the rest of the Kirkuk, Baghdad, and Nasiriya
stations, Figure 2.

Figure 2. Mean monthly relative humidity (%) data for the study stations

After analyzing the data of relative humidity, as in Figure 2, the highest relative humidity values
occurred during December and January, where the highest values were recorded in Basra, Mosul and
Kirkuk during December, 72.7% in 2009, 83.7% in 2012 and 79% in 2009 respectively, while the Al-Hay,
Al-Nasiriyah, Baghdad and Al-Rutba stations recorded the highest relative humidity values during
January 88.7% in 2014, 80.5% in 2014, 81.3% in 2014, 66.4% in 2011 respectively. By comparing these
values, it can be noted that Al-Hay station recorded the highest relative humidity 88.7%. This value
reflects the climatic conditions and the effect of Al-Hay station’s geographical location (distance from
water bodies).

As for the lowest values of relative humidity, we noted that they occurred between June and July,
and the lowest recorded value for the study stations was at Mosul station, 2.6%, in June 2008.

We also note that Mosul station recorded a large difference between the highest and lowest relative
humidity values (83.7% to 2.6%), which may reflect a greater variation in climatic conditions.

This analysis shows how local factors such as geographic location, local climate, and distance from
bodies of water can affect relative humidity levels.

Mean Monthly Maximum Temperatures for Study Stations
Figure 3 presents the data set of the monthly maximum air temperatures, where it seems there

is an increase in the trend of Baghdad, Kirkuk, Al-Hayy, Nasiriya, and Basra stations, while for the
Rutba station, there is a decrease in the monthly maximum air temperatures. Finally, for the Mosul
station, the trend is still stable.
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Figure 3. Mean monthly maximum temperatures (℃) for the study stations

Figure 3 also shows that the highest maximum temperature was concentrated in July and August,
where Basra, Al-Hay, Nasiriyah and Baghdad stations recorded in July the highest temperatures
during 2007-2017 (49.6 in 2017, 48.2 in 2017, 49.2 in 2017, and 47.5 in 2017) respectively, while
Rutba, Mosul and Kirkuk stations recorded the highest values in August (42.4 in 2010, 45 in 2010
and 46.6 in 2016) respectively. Basra station (49.5 in July 2017) recorded the highest maximum
temperature compared to other stations. These results show the variation in maximum temperatures
between stations due to the difference in geographical location, terrain, and local climatic conditions.
The data also indicates that Al-Hayy station has a significant thermal variation in maximum air
temperatures, as it recorded a large difference between the highest and lowest values (48.2 ℃ to 4.3
℃), meaning it may have diverse climatic conditions. It is noted from Figures 2 and 3, that the highest
relative humidity values occurred in December and January, representing the months in which the
temperature drops to the lowest value and vice versa. The reason for this is the inverse relationship
between relative humidity and temperature.

Mean Monthly Minimum Temperatures for the Study Stations
The mean monthly minimum temperatures for the stations of Baghdad, Kirkuk, Nasiriya, Al-

Hayy, and Basra show an increase in the trend of the monthly values, while the trend decreases in
Rutba station, but the general trend of the minimum temperatures does not show a clear change for
the Mosul station, Figure 4. Over ten years of analyzing the data, it was found that Mosul station
recorded the lowest minimum air temperature value of -2.2 °C, compared to the other stations, due
to its geographical location and the nature of its climatic conditions. while the other stations varying
minimum temperatures, as Rutba station recorded -1.2 °C and Al-Hay station recorded 0 °C, while
Baghdad recorded 1.2 °C, then Kirkuk recorded 2.2 °C, Nasiriyah 4, and finally Basra 4.7 °C. These
differences are due to the influence of local factors such as terrain and land use on temperatures, which
enhances the importance of collecting data from multiple stations to understand climate patterns
better.
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Figure 4. Mean monthly minimum temperatures (℃) for study stations

NIÑO 3.4 Impact on the Seasonal Data of Climatic Elements
1 Winter Values of Climatic Elements

The correlation coefficient values were calculated between daily data of climatic elements for the
winter season and the NIÑO 3.4 index. Table 2 shows that the NIÑO 3.4 index was linked positively
with the relative humidity, the minimum and maximum temperature data, and all climatic stations.

Table 2. Correlation coefficient (R) values between NIÑO 3.4 index and winter climatic elements’ values (2007-2017)
Stations Maximum temperature(℃) Minimum temperature(℃) Relative humidity(%)
Mosul 0.068892 0.347619 0.259196
Kirkuk 0.067505 0.208883 0.223841
Baghdad 0.121023 0.16924 0.142988
Rutba 0.061403 0.220354 0.372709
Al-Hayy 0.066524 0.184047 0.105246
Nasiriya 0.133594 0.15656 0.097558
Basra 0.161101 0.215999 0.207386

2 Spring Values of Climatic Elements

The results of the correlation coefficient values for the spring season show a positive correlation
between the values of the NIÑO 3.4 index and the relative humidity for Mosul, Kirkuk, Baghdad,
Rutba, and Basra stations; there was a negative correlation for Nasiriya and Al-Hayy stations. Table 3
presents a positive correlation between the NIÑO 3.4 index and all climatic stations’ minimum and
maximum temperature values.
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Table 3. The NIÑO 3.4 index correlation coefficient (R) and the spring climatic element’s values (2007-2017)
Stations Maximum temperature(℃) Minimum temperature(℃) Relative humidity(%)
Mosul 0.133436 0.129212 0.044495
Kirkuk 0.079386 0.061555 0.090084
Baghdad 0.085398 0.070077 0.048117
Rutba 0.11503 0.141799 0.221975
Al-Hayy 0.109873 0.126683 -0.08432
Nasiriya 0.113434 0.102111 -0.0195
Basra 0.053606 0.094643 -0.102427

3 Summer Values of Climatic Elements

The results of calculating the correlation coefficient for the climatic elements data for the summer
season with the NIÑO 3.4 index are presented in Table 4. There was a positive correlation between
the relative humidity with the NIÑO 3.4 index and values for Mosul, Kirkuk, and Rutbah stations,
while the correlation was negative in the Baghdad, Al-Hayy, Nasiriya, and Basra stations. The table
also illustrated a negative correlation between the NIÑO 3.4 index with the minimum temperature
and the maximum temperature for the summer season for all stations except the station of Basra,
with a positive correlation for the minimum temperature.

Table 4. The correlation coefficient(R) values of the NIÑO 3.4 index with the summer climatic elements data (2007-
2017)

Stations Maximum temperature (℃) Minimum temperature (℃) Relative humidity (%)
Mosul -0.14848 -0.07237 0.028301
Kirkuk -0.11461 -0.13167 0.022929
Baghdad -0.0886 -0.06451 -0.04064
Rutba -0.13788 -0.22602 0.161013
Al-Hayy -0.0552 -0.04848 -0.15916
Nasiriya -0.10148 -0.01026 -0.18508
Basra -0.00317 0.030664 -0.10592

4 Autumn Values of Climatic Elements

The correlation coefficient values for the climatic elements for the autumn season data with the NIÑO
3.4 index are displayed in Table 5. A positive relationship appears between the relative humidity data
and the NIÑO 3.4 index in all stations. As for the minimum temperature values, with the NIÑO
3.4 index, the correlation was negative for Mosul, Kirkuk, Rutba, and Al-Hay stations, while the
correlation was positive for Baghdad, Nasiriya, and Basra stations. Finally, a negative correlation
was noticed between the maximum temperature and the NIÑO 3.4 index for all stations except for
the Basra station.
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Table 5. The correlation coefficient (R) of atmospheric elements data with NIÑO 3.4 index for the autumn season
(2007-2017)

Stations Maximum temperature (℃) Minimum temperature (℃) Relative humidity (%)
Mosul -0.16853 -0.03151 0.248734
Kirkuk -0.12748 -0.00032 0.346519
Baghdad -0.1182 0.033498 0.29709
Rutba -0.22414 -0.23779 0.427997
Al-Hayy -0.13171 -0.02116 0.232971
Nasiriya -0.10323 0.011853 0.19908
Basra 0.161101 0.215999 0.21666

5 NIÑO 3.4 Index Influence on Daily Climatic Elements Data

The correlation coefficient between all daily values of climatic elements with the NIÑO 3.4 index
was calculated in Table 6. A positive correlation between the NIÑO 3.4 index and the daily relative
humidity data for Kirkuk, Baghdad, Rutba, and Basra stations, while a negative correlation is found
in Mosul, Al-Hay, and Nasiriya stations, Table 6. On the other hand, the results showed a relatively
small positive correlation for all stations between the daily values of the minimum and maximum
temperatures.

Table 6. Correlation coefficient (R)between daily climatic elements values and NIÑO 3.4 index data (2007-2017)
Stations Maximum temperature (℃) Minimum temperature (℃) Relative humidity (%)
Mosul 0.137987 0.2047 -0.03769
Kirkuk 0.051425 0.089669 0.091092
Baghdad 0.061318 0.104511 0.049418
Rutba 0.080838 0.099108 0.212322
Al-Hayy 0.057209 0.100107 -0.00097
Nasiriya 0.070399 0.105741 -0.00178
Basra 0.066637 0.118268 0.043533

6 The Effect of the NIÑO 3.4 Index on the Monthly Values of the Climatic Elements

The correlation coefficient was calculated between the NIÑO 3.4 index and the climatic elements
(relative humidity, minimum, and maximum temperature) in Table 7 and Figure 5 (5a, 5b, 5c, 5d, 5e,
5f, and 5g). The results showed a positive correlation between the NIÑO 3.4 index and the maximum
and minimum temperature for all the stations. There was a negative correlation in Mosul, Rutba,
Al-Hay, and Nasserite stations, while there is a positive correlation for Kirkuk, Baghdad, and Basra
stations between relative humidity data and NIÑO 3.4.

Table 7. Correlation coefficient (R) between the monthly climatic elements values with NIÑO 3.4 index data (2007-2017)
Stations Maximum temperature (℃) Minimum temperature (℃) Relative humidity (%)
Mosul 0.148152 0.221708 -0.04468
Kirkuk 0.049585 0.091604 0.084199
Baghdad 0.064071 0.110126 0.055927
Rutba 0.078834 0.087235 -0.02751
Al-Hayy 0.08005 0.10328 -0.00593
Nasiriya 0.073417 0.111629 -0.00717
Basra 0.095507 0.123065 0.050922
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(a)

(b)

(c)

(d)

(e)

Figure 5. NIÑO 3.4 index correlation with the climatic elements for: (a) Kirkuk station, (b) Kirkuk station, (c) Baghdad
station, (d) Rutba station, (e) AL-Hayy station, (f) Nasiriyah station, (g) Basra station
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(f)

(g)

Continue to Figure 5

It appears from the figures above, that there is an effect of the sea surface temperature (SST)
anomalies in the eastern Pacific region on the values of relative humidity, maximum and minimum air
temperature in Iraq, but this effect appears on the values of the correlation coefficient. This is due to
a lag time between the appearance of the phenomena in the eastern Pacific Ocean and the response in
Iraq which takes a month due to the long distance for that the correlation coefficients (R) are small.

The Reanalysis Data
The correlation coefficient was calculated for the seasonal air temperature data with NIÑO 3.4

values from 1980 to 2022. In the autumn season (Figure 5a)., there was no correlation (0 correlation)
for most Iraqi regions except the northeastern part (weak inverse correlation -0.2), while in winter,
there was a weak inverse correlation -0.2 for all Iraqi regions (Figure 5b). There were three regions
with inverse correlation: -0.2 in the northern part 0.3 in the central part, and, finally, -0.4 in the
southern part for the spring season (Figure 5c). In the summer season, there was no correlation in
the northeastern region and a weak inverse correlation (-0.2 and -0.3) for the rest of Iraq, Figure 5d.
The low value of the relationship between surface air temperature rates (for the four seasons) with El
NIÑO 3.4 may be due to the difference in response (lag times) between El NIÑO occurrence time and
the impact time on Iraq, especially the large distance between Iraq and the El NIÑO region, as well as
the weak response of the atmosphere. For this reason, we called this research The Telecommunications
between Iraq Region Air Temperature and ENSO ElNIÑO 3.4 Region.

Figure 6. NIÑO 3.4 index correlation with air temperature data
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CONCLUSION
El NIÑO phenomenon is an important climate indicator that impact climate elements in different
ways. In this study, we try to evaluate the impacts of El NIÑO 3.4 on the climate elements in Iraq,
and review the most important conclusions we obtained: The relative humidity trend shows an increase
for Al-Rutba, Mosul, Al-Hay, Baghdad, and Basra stations, while there was a decrease in the trend
for Kirkuk and Nasiriya stations. The results present that Mosul station recorded a large difference
between the highest and lowest relative humidity values (83.7 % to 2.6%), which may reflect a greater
variation in climatic conditions than other stations. The results showed an increase in the general
trend of the maximum and minimum temperatures for Kirkuk, Nasiriya, Basra, Baghdad, Al-Hay,
and Mosul stations, while there was a decrease in the general trend for Al-Rutba station. The analysis
indicates that Al-Hayy station has a significant thermal variation in maximum air temperatures, as it
recorded a large difference between the highest and lowest values (48.2 ℃ to 4.3), which means that
it may have diverse climatic conditions. The impact of the NIÑO 3.4 index on the maximum and
minimum temperatures within the daily and monthly values, in general, was a positive correlation, as
it increased as its effect increased, which indicates the existence of a relationship. However, it is weak
overall and did not exceed 0.1 as a value for the correlation rate between them. The consequence
of the NIÑO 3.4 index on the maximum and minimum temperatures during the spring and winter
seasons was a positive correlation (it rises with the increase in the effect of the phenomenon); on
the contrary, its negative correlation was recorded in the summer and autumn seasons, meaning it
rises whenever the effect of the phenomenon decreases. The impact of El NIÑO on surface values of
relative humidity and maximum and minimum air temperatures may be delayed, and non-immediate,
it takes a month or more time until its impacts reach Iraq.
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