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ABSTRACT

Background and objective: Temporal-spatial changes in climate parameters,
especially temperature, are considered one of the most obvious signs of climate
change in a region. The aim of this study was to investigate the average
temperature changes in the Abarku-Sirjan basin.

Materials and methods: In this regard, the daily analyzed data of ERA-Interim
with a resolution of 0.25 * 0.25 degrees during the period 1979-2019 were used.
According to the dimensions of the studied data, 338 points covered the whole
basin. The trend of the studied data was examined using the Mann-Kendall test.
Hot spots analysis was then performed on them.
Results and conclusion: The results showed that the temperature has an
increasing trend in most months of the year. In April, May, August, and
December; some parts of the basin have no trend and the rest of the basin has an
increasing trend. In general, no decreasing trend has occurred in any part of the
basin during the study period. Hot spot analysis also showed that the northwest
of the basin has cold spots and the south of the basin has hot spots. In general, in
the basin, hot spots are more frequent in the warm months of the year and cold
spots are more prevalent in cold months of the year.

1. Introduction

Climate fluctuates on short time scales and changes on long time scales. Climate change is one of the
important environmental issues and the most important challenge of the present century, which in
recent years has attracted many researchers in various sciences and has been the subject of many
studies. Climatic elements change in time and space. Temperature is one of the important parameters
of climate change, whose change is the source of many environmental changes. Rising temperature
is one of the signs of climate change that will cause many environmental changes in the long run.

These changes affect the lives of humans and other creatures. Due to the negative consequences
of environmental changes, including changes in surface and groundwater and increasing
desertification, the role of climate and especially temperature in this regard has been highlighted
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(Jamali et al., 2018; Jamali et al., 2020). Having information on changes in climate parameters in
different places helps to find the causes of these changes and adopt the necessary policies and
programs. Due to the fact that Iran is a dry and water-scarce country, the increase in temperature
creates many problems in it.

Therefore, the study of temperature and its changes in the country's catchments, including Abarku-
Sirjan, seems necessary. Abarku-Sirjan basin is located in the hot and low altitude part of central Iran
and is different from the rest of the country due to its low altitude and distance from moisture sources.
The main objective of this research is to study the trend of temperature changes in this basin. The
findings of the study can be used to estimate the climatic conditions of the basin and in future
planning. The effects of temperature changes on the lives of humans and even other organisms have
led to much research in this regard.

The results of extensive studies conducted at the national, regional, and global levels indicate an
increase in temperature in many parts of the world and generally an increase in average air
temperature. Stafford et al. (2000, 36) examined the night, day, and 24-hour temperatures of 25
stations in Alaska and found that the temperature had risen at all stations. Yue and Hoshinio (2003,
15) examined the monthly, seasonal, and annual temperature trends in Japan over the past 100 years
and concluded that the annual temperature of 46 stations had increased with an amount of between
0.51 and 2.77 degrees. Giorgi and Lionello (2008, 90), in their study of Mediterranean climate change,
found that the maximum heat is in summer. Capilla (2008, 275), identifying and analyzing time series
in ﬂgje Mediterranean, concluded that there are high variations in spring and summer temperature
trends.

The results of Fischer et al.'s (2010, 1) study of temperature and precipitation trends and dryness
patterns in the Zhujiang River Basin in southern China showed significant positive trends in annual
temperatures and warm periods, while negative trends were observed in precipitation data and cold
periods. Mamtimin et al. (2011, 1105) studying the trend of temperature changes in the climate of
cold and hot deserts concluded that in hot deserts, increasing trends in summer and winter are
observed and in cold deserts, a positive trend in winter and a negative trend in summer are observed.
Sabziparvar et al. (2011, 27) examined the trend of changes in diurnal temperature in some arid
climates of Iran in the last five decades and showed that 18% of stations had no significant trend but
the rest of the stations had a negative trend in most months.

Varshavian et al. (2011) examined the trend of minimum, maximum, and mean daily temperature
extremes in several climatic regions of Iran and showed that most stations have a significant increase
in temperature extremes, especially in the minimum temperature. Birsan et al. (2014) studied the
changes in annual temperature extremes in the Carpathians and concluded that the cold extreme
parameters had a decreasing trend and the warm extreme parameters had an increasing trend.
Gongalves et al. (2014) examined the annual and seasonal trends of temperature and precipitation
trends in the North-Western Mediterranean Basin by dynamical downscaling of climate scenarios at
high resolution and predicted that the temperature would increase in all studied scenarios, especially
during the summer and in high latitudes. Ghahari et al. (2015) examined the temperature trend of the
Shiraz station applying the Mann-Kendall statistical method.

The results showed that despite the lack of trends in the long run, after the onset of the cold
phenomenon, the absolute minimum daily temperature of Shiraz is decreasing and the maximum
annual absolute temperature of Shiraz is increasing. Aliabadi and Dadashi (2015: 86) investigated the
patterns of spatial autocorrelation of Iran's maximum temperature. The results showed that the
maximum temperature changes in lIran have a high cluster pattern. Yu and Li (2015) in a study
examined the trend of temperature fluctuations in northern China during the period 1960-2011 and
found that during the study period, significant changes in maximal temperature occurred, especially
in stations within these regions. Asadi and Karami (2017, 64) studied temperature changes in Fars
province using spatial statistics. Also, Jamali et al. (2022) studied temperature anomaly in Iran.

The results showed that the spatial-temporal changes in temperature in Fars province have a high
cluster pattern. In another study, Mina et al. (2020, 485) examined the mean global temperature and
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suggested that the LTM observed in the climatic system should be controlled by two types of internal
and external variables. Montazeri and Masoodian (2020, 35) studied the temporal-spatial behavior
of the heat island of Isfahan. The results showed that the changes that the city has made in humidity,
allbeddo, and composition of the atmosphere have played an important role in the formation of the heat
island.

Tajik and Arbabi (2020: 109) studied the changes in Iran's extreme temperatures and found that
Iran's temperature levels are increasing. Mirhoseini et al. (2021, 125) studied the trend of temperature
changes in the eastern regions of Iran and found that the average temperature in most months and
most stations has increased. Zarrin et al. (2021, 35) studied the temperature trend of Iran in different
climatic zones and concluded that the temperature of Iran will increase by 0.05 degrees Celsius in
future periods. Sabzevari et al. (2022, 41) studied the annual changes in Dezful rainfall using the
Mann-Kendall test and concluded that Dezful rainfall had a decreasing trend. Studies on temperature
show that the temperature does not change uniformly in all parts of the world, i.e., the temperature
has increased in most parts of the world, but the intensity and time of temperature increase are not
the same everywhere. Therefore, temperature changes and rising temperatures have become an issue
that cannot be easily ignored and underestimated.

Due to the fact that temperature is a dominant climatic element among climatic elements, its
change affects other elements as well. In Iran, due to the lack of monitoring stations in all areas and
the existence of newly established stations, most areas do not have valid data, so gridded data is very
useful in this regard. Therefore, the use of these data has become popular in recent years. The study
literature showed that so far no study has been done on the temperature trend of the Abarku-Sirjan
basin using gridded data and modern methods of spatial statistics. The present study has been
conducted assuming an increase in temperature in the Abarku-Sirjan basin. To achieve more accurate
and reliable results, the purpose of this study is to investigate the average temperature of Abarku-
Sirjan basin using gridded data and modern methods of spatial statistics.

2. Data and methodology

Abarku-Sirjan basin is one of the sub-basins of Iran and is a subset of Iran’s Central Plateau
catchment. The area of this basin is 57196 square kilometers and it is located from 28" 37" to 31° 92'
north latitude and 52 ° 09' to 56 ° 27" east longitude ( see Fig. 1)
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Fig. 1 - Location of Abarku-Sirjan basin in Iranian basins.
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In this study, the daily analyzed data of ERA-Interim with a resolution of 0.25 * 0.25 degrees
during the period 1979-2019 from the ECMWF site (European Centre for Medium-Range Weather
Forecasts) have been used. According to the area of the Abarku-Sirjan basin region and the resolution
of the studied data, 338 points covered the whole basin and were studied (Fig. 2). After extracting the
data and preparing and formatting them, their process was examined by the Mann-Kendall test. Then
hot spots analysis was performed on them and hot spots and cold spots were identified in three
significant levels of 99, 95, and 90%.

52°E 53° E 54° E 55° E 56° E

Fig. 2 - Dispersion of study points.

2.1. Mann-Kendall test

This test was first proposed by Mann (1945) and then developed by Kendall (1975) (Serrano, 1999,
85). This method is widely used in the analysis of the process of hydrological and meteorological
series (Lettenmaier &Wallis 1994, 586). One of the strengths of this method is its suitability for time
series that do not follow a specific statistical distribution. The low affectability of this method from
the limit values observed in some time series is another advantage of using this method (Turgay &
Ercan, 2005). This test is used to determine randomness and trend in series. If there is a trend, the
dialtaz?)reor)\on-random and equation (1) is used to determine the randomness of the data (Farajzadeh et
al., 2010).

4P
T=——"— -1 @
N(N -1)

Where T is the Mann-Kendall statistic and P is the total number of ranks larger than row ni which
is placed after that and obtained by the following equation (2):
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Hot spots use Getis-Ord G statistics for the effects on the data (Rogerson, 2006, 275). The z-score
indicates the areas in which the data are clustered with high or low values. Hot spots are the ones
when both the feature itself and its neighboring features are considered to be statistically significant.
The z-score for the final output is obtained when the local sum of the feature and its neighbor is

N-1
p=> ni @)
i-1

compared relative to the total sum of the features (Jacquez & Greiling, 2003, 2). Getis-Ord G statistics
are calculated from Equation (3).

- ®)
c — E?:l WiXj — XE}T'zlwaj

5\,”'2?—1 Wi — &y wyy)?

n—1

Where ] is the value of the attribute for feature j, wij is the spatial weight between feature i and j
and n is the total number of features.

3. Discussion.

The average temperature of the Abarku-Sirjan basin during the study period shows that the average
basin temperature is 16.76 ° C. Fig. 3 shows the trend of changes and the average monthly temperature
in this basin. The highest temperature occurred in July and the lowest temperature occurred in
January. During January, February, March, November, and December, the temperature is lower, and
in other months, it is higher.
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Fig. 3 - Average temperature of the basin during the study period.
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Fig. 4 shows the average zoning map of the basin temperature. According to this figure, the average
temperature of the basin varies between 13 and 20 degrees Celsius. The southern parts of the basin
have higher temperatures. The northwest of the basin, where Abadeh and Eqlid stations of Fars
province are located, has the lowest temperature. Most of the basin has a temperature between 16.2
to 17.5 degrees Celsius.
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Fig. 4 - Zoning map of basin’s medium temperature during the study period.

The average temperature trend of Abarku-Sirjan basin area was studied and it was found that
except for April, May, August, and December, the maps of which are presented in Fig. 5, other months
only have an upward trend. In April, the northern areas and parts of the west and east of the basin
have an increasing trend. Other parts of the basin have no trend. In this month, 37.05% of the basin
area is covered by the upward trend zone and 62.94% by the non-trend zone Table 1. In May, the
northern half of the basin has an increasing trend and covers 48.95% of the basin area. The southern
half with an area of 29252.85 square kilometers is without trend and covers 51.04 percent of the basin
area. In August, only a very small part of the northern basin showed an upward trend. This part with
an area of 5728.55 square kilometers includes 9.99% of the basin area. Other parts of the basin, which
cover about 90% of the basin area, do not have any trend. In December, the upward trend zone has
expanded and it would cover more parts of the basin. This month, in the northern half of the basin,
parts of the center and south of the basin have had an increasing trend. The increasing trend zone in
this month with an area of 43886.6 square kilometers has covered 76.57 square kilometers of the
br?Sit? area. The trendless zone with an area of 13422.44 square kilometers includes 23.42 percent of
the basin area.
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Fig. 5 - Average temperature trend of Abarku-Sirjan basin area.

Table 1- Area and percentage of areas covered by the average temperature trend.

Month No trend Increasing trend
Area (square kilometers) Percentage of area Area (square kilometers) Percentage of area
April 36076.05 62.94 21234.9 37.05
May 29252.85 51.04 28060.06 48.95
August 51573.28 90.002 5728.55 9.99
December 13422.44 23.42 43886.6 76.57

Hot spot analysis was performed on the studied data. Hot spot analysis is calculated for all features
in the data based on the Z score and shows which part of the data is clustered in low and high values.
In other words, if there is a set of weighted features, this tool identifies high-value feature clusters
(hot spots) and low-value clusters (cold spots). In this analysis, hot and cold spots are shown in three
significance levels of 99, 95, and 90%, as well as points without a significant pattern. Fig. 6 shows
the outputs of this analysis. Hot spots are shown at a 99% significance level in red and cold spots at
a 99% significance level are shown in dark blue. In January, the frequency of hot spots is higher than
cold spots. Hot spots are scattered in the southern parts and cold spots in the northwest of the basin.

The significance of these decreases towards the center of the basin to the extent that they lack a
significant pattern in the center and the eastern half of the basin. During the months of February to
September, the number of cold spots significantly exceeds the number of hot spots by 99%. In
February, hot spots occurred in the south of the basin as in January, but cold spots appeared in the
southeast corner of the basin in addition to the northwest of the basin. From March, the number of
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cold spots in the southeast of the basin has expanded so that they reach their peak in July and August.
Since March, hot spots have appeared in the northeastern corner of the basin, and these spots, like
cold spots in July and August, reach their maximum spread in this part of the basin. In other words,
during the months of March to September, the northeast and southwest of the basin have hot spots
and the northwest and southeast of the basin have cold spots. Since October, hot spots have been
removed from the northeast of the basin, and in December, cold spots have been removed from the
southeast of the basin. The frequency of spots indicates that warm spots are more frequent in January
and October to December and cold spots are more frequent from February to September Table 2.
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Table 2 - Number of Getis-Ord G statistics (Hot Spot).

Month Cold temperature spot No significant Hot temperature spot
level 99%  level 95%  level 90% pattern level 99% level 95% level 90%

January 27 13 9 227 36 15 11
February 28 21 9 237 25 11 7
March 26 11 11 236 24 16 14
April 31 16 9 229 24 11 18
May 31 12 13 234 24 12 12
June 37 10 7 231 20 20 13
July 41 9 7 223 28 20 10
August 40 11 3 224 28 19 13
September 37 7 9 228 26 18 13
October 29 14 12 229 32 14 8
November 24 16 14 225 36 14 9
December 23 14 13 224 39 14 11
Annual 30 14 12 230 26 11 15

Examination of hot spots on an annual scale shows that the northwest and southeast of the basin
have cold spots and the south of the basin has hot spots (Fig. 7). Of course, the number of hot spots
is more than the number of cold spots. Previous studies on temperature also show an increase in
temperature in different places. Mirhoseini et al. (2021) stated that the temperature in the eastern
regions of Iran is increasing. Zarrin et al. (2021) found that the temperature of different climatic zones
of Iran increases by 0.05 degrees every year. Tajik and Arbabi (2020) concluded that temperature
conditions and thermal events in Iran are increasing and similar results were found for China (He et
al., 2021). In general, it can be concluded that the occurrence of temperature increase has been
observ%d in all parts of Iran and the results of this study are consistent with the results of previous
researchers.
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Fig.7 - Distribution of Getis-Ord G statistics (Hot Spot) in the annual scale of
Abarku-Sirjan basin.
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4. Conclusion.

Iran has an arid to semi-arid climate and due to its various forms of roughness, its climate is different
from other Middle Eastern countries and it has a diverse climate. This condition is due to not only the
variety of roughness, but also atmospheric currents on a global and synoptic scale. Abarku-Sirjan
basin area is located in the south and center of the country, between the end of the Zagros Mountains
and the central mountain range of Iran. In this basin, all rivers and canals flow toward the deserts of
Sirjan, Qavavieh, and Abarku. Sirjan, Shahrbabak, Khatunabad, Harat, and Marvast regions of
Kerman province are located in this basin.

The results of examining the average temperature trend of this basin showed that the temperature
in this basin has only an increasing trend and during the period 1979-2019, there was no decreasing
trend in the average temperature of this basin. In January, February, March, June, July, September,
October, November, and on an annual basis, the whole basin has an increasing trend. In April, May,
August, and December, in addition to the upward trend zone, zones with no trend are also observed
in the basin. The results of the hot spots study also showed that cold spots appear in the northwest of
the basin and hot spots in the south in all months. Of course, in the warm months of the year, cold
spots have been observed in the southeast of the basin and hot spots in the northeast.

In general, during the warm months of the year, hot spots and during the cold months of the year,
cold spots are more frequent. Due to global warming and rising temperatures in most parts of the
world, it seems that the Abarku-Sirjan basin has not been unaffected by these changes and has had an
increasing trend during the study period. This basin is spread along the northwest and southeast and
its north and south are surrounded by plains and mountains of central Iran and the northern slopes of
the southern Zagros. This basin is different in terms of the climate from the rest of the country due to
its low altitude and distance from moisture sources.

Due to the location of this basin which is situated in the hot and low altitude part of central Iran,
which has a low altitude and is far from moisture sources in the north and south of the country, it can
be said that the increasing trends observed in this basin are due to the effects of the geographical
location, environmental conditions, and distance from moisture sources. According to the obtained
results, the research hypothesis of the increase in the temperature of the basin is confirmed. Climate
change and global warming have been confirmed in all parts of the world, according to the fourth
report of the Intergovernmental Panel on climate change. The most obvious sign of climate change
in an area is rising temperatures and temperature changes. Temperature changes affect other climatic
ﬁlemenj[s and elements of an ecosystem, so it is very important and has become one of the World's

ot topics.

In the Abarku-Sirjan basin, an increase in temperature increases evaporation, decreases soil
moisture, and increases the occurrence of dust, resulting in the intensification of dry and desert
conditions in the basin and affecting the ecosystem of the basin. Considering that studying the trend
of climate change is the first step in recognizing and studying climate change, in this study, the
average temperature trend of the Abarku-Sirjan basin and how it changes based on gridded data and
modern methods of spatial statistics were studied. It is suggested that in future studies, other
Earameters of this basin be studied to better understand the climate change that has occurred in this

asin.
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