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Introduction

The most important effect of global warming is the increase in extreme weather events. According to AR5
reports, between 1951 and 2010, the number of warm days and nights increased and the number of cold days and
nights has declined globally. In addition, the duration and frequency of hot periods, including thermal waves, have
increased since the middle of the twentieth century. The trend analysis of temperature extreme indices is important
in estimating the trend of global warming. Temperature Changes are affected by many complex factors. A
significant part of these changes is due to the elements of the general circulation of the atmosphere and the sea
surface temperature. Given that extreme weather events are one of the most devastating natural hazards and have
harmful effects on different parts of society, therefore, many researchers have studied the changes in the past and
future of extreme events and the mechanisms that trigger these changes. This research attempts to study the trend
of changes in extreme temperature indices in North-West of Iran, and also their relation with general circulation
of atmosphere.

Materials and Methods

At first, diurnal data of minimum and maximum temperature of 20 synoptic stations of the Northwest of Iran,
which have long-term and reliable statistics, extracted for the period of 1986-2010 and quality control and data
homogeneity of them were investigated. afterwards, 16 Extreme temperature indices introduced by ETCCDMI
were applied. In general, these indices are categorized into five categories of absolute indices, based on percentiles,
based on thresholds, periodic, and amplitudes that measure the frequency, severity and duration of the temperature.
These indices are estimated by RClimDex software and the trend rate of the changes in indices was shown through
maps. To measure the changes in the general circulation of atmosphere the annual mean circulation composites
extracted for the periods of 1961-1985 and 1986 -2016 based on the reanalysis data of the NCEP / NCAR. Then
the difference maps plotted using grads software.

Results

The regional trend of extreme indices and the percentage of stations with a positive and negative trend were
identified and the spatial distribution of the gradient of each of the indices was mapped. The results show that all
absolute temperature indices have an increasing trend. On average, the maximum temperature (TXx and TXn) has
increased by about 0.04 degrees over the decade. The increase rate of TNx is about 0.03 degrees, while the TNn
increased by about 0.1 degrees Celsius per decade during the study period. Therefore, in the north-west of Iran,
temperature increase has mainly occurred at night. The values of cold days (TX10) and cold nights (TN10)
decreased with a gradient of -0.46 and -0.42 days in the decade. The warm days (TX90) and warm nights (TN90)
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have an increasing trend in 95% of the stations in the area. Frost days (FD) and icing days (IDs) have a decreasing
trend, whereas, summer days (SU25) and tropical nights (TR20) have an increasing trend. The number of frost
days with a gradient of -0.95 and the number of icing days with a gradient of -0.63 days in decade are decreasing.
While, the number of summer days with a gradient of 0.81 and the number of tropical nights with gradient of 0.31
days in decade are increasing. In the northwest of Iran, all stations have been experiencing the increasing trend in
Warm Spell Duration Index (WSDI), but the Cold Spell Duration Index (CSDI) in 70% of the stations in the region
has decreased. Growing season length, as an effective index especially in agriculture, is increasing by an average
of 1.1 days per decade. Based on the results of research carried out globally and at Iran, the trend of Daily
Temperature Range (DTR) is negative, while this index has a positive and increasing trend in 65% of North-West
stations in Iran. Except TNx and TNn indices that have positive trend in most stations in the region, Comparison
of warm and cold extreme indices indicates that warm indices have a positive and incremental trend, while cold
indicators show a decreasing trend. The positive gradient of these indices also corresponds to the decreasing trend
of cold day and night indices, which indicates an increase in temperature and a decrease in cold days and nights.
The study of large-scale changes in atmospheric circulation shows that the study area has got warmer in the spring
and summer and colder in autumn and winter.

Conclusion

In this study, the trend of temperature extreme indices in North-West of Iran and its relation with the large-
scale general circulation of the atmosphere have been investigated. The results show that all absolute temperature
indices (TXx, TXn, TNx and TNn) are incremental. The indices of cold days (TX10) and nights (TN10) decreased
with a gradient of -0.46 and -0.42 days in the decade and the indices of warm days (TX90) and warm nights (TN90)
are increasing in 95% of the stations in the area. Frost days and icing days (IDs) show declining trend and summer
days (SU25) and tropical nights (TR20) have an increasing trend. In the north-west of Iran, all stations have
experienced an increasing trend in warm spell duration index (WSDI), but the cold spell duration index (CSDI)
has been decreasing in 70% of the stations in the area. Growing season length (GSL) is increasing by an average
of 1.1 days in every decade. Daily temperature range (DTR) has a positive and increasing trend in 65% of stations
in north-west Iran. Comparison of warm and cold extreme indices indicates that warming indices have a positive
and incremental trend, while cold indices show a decreasing trend. Study of the general circulation of atmosphere
of the region by drawing and analyzing difference maps indicates that the study area has been warmer in spring
and summer and colder in autumn and winter.
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Table 2- Regional trend of temperature extreme indices and the percentage of stations with positive and negative trends in
the northwest of Iran
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Temperature Regional Range Percentage of stations with Percentage of stations with
Index Trend trend positive negative trend
TXx 0.036 -0.02 - 0.09 85% 15%
TXn 0.042 -0.12-0.16 85% 15%
TNx 0.03 -0.02 - 0.10 75% 25%
TNn 0.10 -0.17-0.38 70% 30%
TX10 -0.46 -0.84 - (-0.14) - 100%
TN10 -0.42 -0.88 - (-0.12) - 100%
TX90 0.41 -0.02 - 1.56 95% 5%
TN90 0.45 -0.17-1.32 95% 5%
ID -0.63 -2.09-0.18 10% 90%
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TR20 0.31 -0.01-1.50 90% 10%
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WSDI 171 0.43 -5.37 100% -
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GSL 1.10 -0.02-2.75 95% 5%
DTR 0.01 -0.05 - 8.08 65% 35%
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Figure 2- Spatial distribution of slope of absolute temperature indices in northwest Iran
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Figure 3- Spatial distribution of slope of percentiles temperature indices in northwest Iran
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Figure 4- Spatial distribution of slope of threshold temperature indices in northwest Iran
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Figure 5- Spatial distribution of slope of periodic and range temperature indices in northwest Iran
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Figure 7- Difference map of Geopotential height at the level of 500 hPa and omega of the earth's surface (a), difference of the

relative rotation at the level of 500 hpa and the atmosphere thickness (b) and the difference in surface air temperature (C) for
Spring between 1986-2016 and 1961-1985
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Figure 8- Difference map of Geopotential height at the level of 500 hPa and omega of the earth’s surface (a), difference of the

relative rotation at the level of 500 hpa and the atmosphere thickness (b) and the difference in surface air temperature (C) for
Summer between 1986-2016 and 1961-1985
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Figure 9- Difference map of Geopotential height at the level of 500 hPa and omega of the earth's surface (a), difference of the

relative rotation at the level of 500 hpa and the atmosphere thickness (b) and the difference in surface air temperature (C) for
Autumn between 1986-2016 and 1961-1985
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