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1-Introduction

With the beginning of the Industrial Revolution and the growth of industries and factories and thereby with the
increased use of fossil fuels on the one hand and destruction of forests and agricultural land-use change, on the
other hand, the volume of greenhouse gases, especially carbon dioxide has increased in recent decades. The
concentration of carbon dioxide has increased from 280 ppm in 1750 to 379 ppm in 2005 and exceeded 390
ppm in 2010 (IPCC Summary for Policymakers, 2013). The increased concentration of greenhouse gases is the
leading cause of global warming. It causes vast and profound changes in the Earth's climates. Global warming
began in the late 19th century and led to an increase of 0.85 °C in the mean air temperature near land and
ocean surface until the early 21st century. The mean temperature of land and ocean surface over the period of
1880-2016 in Figure 1 shows an increase of 0.85 °C equivalent to 0.65 °C in oceans and 1.06 °C on the land
surface. Temperature changes around the world have been different. From 1979, the Earth's surface
temperature has increased about twice as the oceanic temperature (Trenberth et al., 2007). The oceanic
temperature has risen slowly than lands due to the higher thermal capacity of oceans than lands (Sutton et al.,
2007). Apart from lands and ocean surface, the mean temperature of the bottom layer of the troposphere shows
an increase of 0.13-0.22 °C per decade since 1979. But recent reports of the World Meteorological
Organization suggest that the warmest years on the Earth from 1860 until now occurred during the last 25
years (1990 to 2014). In the meantime, 2014 was the warmest year with 0.68 °C temperature rise higher than
the global average followed, respectively, by 2010 and 2005 with 0.66 °C and 0.65 °C temperature rise
compared to the global average (World Meteorological Organization, 2014). Much research has been
conducted on the temperature change trends by researchers over the world, including Iran. Tiirkes et al. (1998)
investigated the average annual temperature variability in a 63-year period in 85 stations in Turkey. Jianping et
al. (2002) used climate variables to demonstrate climate change in China. They showed that the average
rainfall, air temperature, evapotranspiration, sunshine hours, and average annual wind speed reduced in all
stations, while the average annual rainfall and relative humidity increased slightly. Numerous researches
around the world have corroborated this issue. For example, Freiwan and Kadioglu (2008) in Jordan. Qiang et
al. (2005) in China, Kumar et al. (2005) in Firenze, Italy, and Tayanc et al. (2009). Turkey demonstrated
trends in maximum and minimum temperatures time series. Alijani and Ghavidel Rahimi (2005) investigated
the relationship between temperature and precipitation in Tabriz and the Earth's temperature anomalies. Using
linear regression and neural networks, they found that the average annual air temperature in Tabriz is affected
by greenhouse warming. According to their results, 59 percent of stations showed a positive trend, while 41
percent showed a negative trend in temperature changes.
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Fig. 1. Mean air temperature changes from 1880 to

2. Methodology

2000

2016.

Khuzestan province is located in the southwest of Iran. It has an area of about 67, 282 km? with a longitude of
47° to 50°, and latitude of 30° to 33°. Khuzestan province is limited to Lorestan and Ilam provinces from the
north, Chahar-Mahal-Bakhtiari, and Kohgiluyeh and Boyer-Ahmad provinces from the east and Bushehr

province from the southwest. The southern limit of Khuzestan province

in the Persian Gulf. Khuzestan

province is limited to Irag from the west. The mean annual temperature of the selected stations (Ahwaz,
Abadan, Dezful, Bostan, Omidieh, Ramhormoz, Mahshahr, and Masjed-Soleiman) during 1998-2016 was
extracted from the meteorological database of Khuzestan province (Fig. 2), to detect global warming in

Khuzestan province.

Khuzestan province divisions, 2011
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Fig. 2.Khuzestan province divisions.

Table 1. The characteristics of synoptic stations in Khuzestan province.

Station Longitude Latitude Height

Abadan 48,12,53 30,22,37 6.6
Omidieh 49,40,14 30,44,32 26

Ahwaz 48,44,39 31,20,44 22.5
Bostan 48,00,36 31,42,28 8.6
Dezful 48,25,59 32,15,12 82
Ramhormoz 49,35,47 31,16,22 150
Mahshahr 49,09,36 30,33,40 6.2

Masjed-Soleiman 49,14,26 32,00,03 320
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2.1. Trend

Generally, time-series behavior is a combination of several different factors, such as the long-term trend of
seasonal changes, cyclical changes, and random changes which can be fully deconstructed and examined
based on each factor. The trend is a critical component of a series that is widely used to study the long-term
trends of climate time series. Several tests have been suggested to examine the significance of trends; some of
them are parametric, and some are nonparametric. In the case of the normal distribution of data, the
significance test can be carried out by testing the hypothesis a1=0 using the T statistics.

3. The Mann-Kendall test

The Mann-Kendall test was first introduced by Mann in 1945 and then was developed by Kendall in 1975.
This method is widely used in the analysis of meteorological and hydrological series trends. As an advantage,
this method is adequately applied in time series that do not follow a specific statistical distribution. As another
advantage, this method is slightly affected by the limit values observed in a number of time series.

Table 2. The trend coefficient of air temperature in Khuzestan province stations during 1988-2016.

Station The trend coefficient of the mean temperature of synoptic
stations in Khuzestan province

Abadan 0.079
Ahwaz 0.076
Omidieh 0.074
Bostan 0.107
Dezful 0.068
Ramhormoz 0.97
Mahshahr 0.74
Masjed-Soleiman 0.046

The results of Table 2 represent a significant increase in air temperature in selected stations in Khuzestan
province. During this period, Bostan and Ramhormoz stations show the maximum temperature rise among
synoptic stations in Khuzestan province with the highest trend coefficients of 0.107 and 0.097, respectively.
Also, Masjid-Soleiman station shows the lowest temperature rise among the stations with a trend coefficient
of 0.046 (Figs 3 - 10).
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Fig. 3. The mean air temperature in Abadan station during 1988-2016.
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Fig. 4. The mean air temperature in Ahwaz station during 1988-2016.
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Fig 6. The mean air temperature in Bostan station during 1988-2016.
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Fig. 7. The mean air temperature in Dezful station during 1988-2016.
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Fig. 9. The mean air temperature in Mahshahr station during 1988-2016.
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Fig.10. The mean air temperature in Masjed Solieman station during 1988-2016.

The results of the Mann-Kendall test on the annual temperature in Khuzestan province stations represent a
significant positive trend for the selected stations in Khuzestan province during 1988-2016. Apart from the
Masjed-Soleiman synoptic station, which shows a significant positive trend at the significance level of 5%,
other stations show a significant positive trend at the significance level of 1% (Table 3).

Table 3. The results of Mann-Kendall test on mean annual temperature of stations in Khuzestan Province.

Station Total score z-static Result Significance level

0.01 0.05 0.1
2.576 1.96 1.65

1 Abadan 84 2.71 Significant positive trend

2 Ahwaz 88 2.84 Significant positive trend

4 Omidieh 97 3.16 Significant positive trend

4 Bostan 114 3.7 Significant positive trend

7 Dezful 97 3.14 Significant positive trend

8 Ramhormoz 101 3.27 Significant positive trend

10 Mahshahr 96 3.11 Significant positive trend

11 Masjed-Soleiman 64 2.06 Significant positive trend

5. Conclusion

According to the results, in a similar vein to other parts of the world and Iran, Khuzestan province is not exempt
from the phenomenon of global warming in the past 25 years. Synoptic stations in Khuzestan province have
experienced an increase in mean temperature at significance levels of 1 to 5 percent. Bostan and Ramhormoz
stations showed the highest temperature rise compared to other stations, while Masjed-Soleiman station showed the
lowest temperature rise in Khuzestan province. According to the results, it seems that the rising temperature trend
in northern stations such as Dezful and Masjed-Soleiman is less prominent than the southern and central regions of

Khuzestan province.
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Table 1. The characteristics of synoptic stations in Khuzestan Province.

Station Longitude Latitude Height
Abadan 48,12,53 30,22,37 6.6
Omidieh 49,40,14 30,44,32 26
Ahwaz 48,44,39 31,20,44 22.5
Bostan 48,00,36 31,42,28 8.6
Dezful 48,25,59 32,15,12 82
Ramhormoz 49,35,47 31,16,22 150
Mahshahr 49,09,36 30,33,40 6.2
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Table 2. The trend coefficient of air temperature in Khuzestan Province stations during 1988-2016.

Station The trend coefficient of the mean temperature of synoptic station
Abadan 0.079
Ahwaz 0.076
Omidieh 0.074
Bostan 0.107
Dezful 0.068
Ramhormoz 0.97
Mahshahr 0.74
Masjed- Solaiman 0.046
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Fig 3. The mean air temperature in Abadan station during 1988-2016.
T-MEAN2 Ahwaz 1988-2012 s
— 3per. Mov. Avg. {T-MEAN)
28
y=0.0764x+25.178
27.5
27
26.5
26
25.5
25
24.5
24 T T T T T T T T T T T T T T T T T T T T T T T T 1
1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
NAAAY V8 o408 jleml oSl slos uSilis -F S
Fig 4. The mean air temperature in Ahwaz station during 1988-2016.
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Fig 5. The mean air temperature in Omidieh station during 1988-2016.
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Fig 6. The mean air temperature in Bostan station during 1988-2016.
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Fig 7. The mean air temperature in Dezful station during 1988-2016.
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Fig 8. The mean air temperature in Ramhormoz station during 1988-2016.
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Fig 9. The mean air temperature in Mahshahr station during 1988- 2016.
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Fig 10. The mean air temperature in Masjed Solieman station during 1988-2016.
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Table 3. The results of Mann-Kendall test on mean annual temperature of stations in Khuzestan Province.

Significance level
001 | 005 | 01 Results z-static | total s score Station
2576 | 1.96 | 1.65
Significant positive trend 271 84 Abadan 1
Significant positive trend 2.84 88 Ahwaz 3
Significant positive trend V£3. ay Omidieh 4
Significant positive trend 3.7 114 Bostan 4
Significant positive trend 3.14 97 Dezful 7
Significant positive trend 3.27 101 Ramhormoz 8
Significant positive trend 311 96 Mahshahr 10
Significant positive trend 2.06 64 Masjed-Soliman | 11
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