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Abstract 10 

It is very important to study the role of global warming on the variability of summer characteristics in 11 

arid and semi-arid climates such as Iran, because of its impact on natural and social systems.The aim 12 

of this study is to detect interannual variability in the onset, end and duration of the summer season in 13 

Iran. To achieve this goal, three indices are defined: physical, dynamic and synoptic. Daily data of the 14 

Earth's surface temperature (°C), tropopause level pressure (hPa) and geopotential height at 1000 15 

hectopascals (m) are the basis of physical, dynamic and synoptic indices, respectively. Data were 16 

extracted from the reanalysis databases for 1948 to 2016 in different domains. A three-variable dataset 17 

using regional mean values allowed researchers to determine the start date (onset) of the summer based 18 

on the following thresholds: Temperatures above 25 °C and duration of 10 days (physical index), 19 

tropopause level pressure less than 120 hPa and duration of 10 days (dynamic index), geopotential 20 

height at 1000 hPa less than 50 m and duration of 10 days (synoptic index). The opposite situation 21 

indicates the end of summer. The results showed that the start and end of summer based on physical, 22 

dynamic and synoptic indices are May 11 and September 21, June 4 and October 1, May 20 and 23 

September 15, respectively. The average length of summer is 134, 120 and 119 days, respectively. 24 

Statistically significant long-term trends have been observed for the start and end dates of the summer 25 

season. Seasonal variability has accelerated significantly since the late the twentieth century. In short, 26 

the summer season in Iran tends to start early and end late. As a result, summer lengths are longer in 27 

80 percent of the years after 1981 compared with less than 50 percent from 1948 to 1981. 28 

Keywords: climate variability, season change, temperature, tropopause pressure, Persian Gulf 29 

Trough. 30 

 31 

Introduction 32 

Changes in the time and intensity of seasons can have a variety of effects on ecosystems and 33 

human society. For more than a century, we have realized that increasing the concentration of 34 
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carbon dioxide in the atmosphere leads to an increase in surface temperature. But for just over 35 

two decades, changes in atmospheric CO2 levels have been shown to affect the timing of the 36 

annual temperature cycle (Thomson, 2009). The change of seasons is directly related to global 37 

warming. The first discussion of the effect of global warming on seasonal cycle change was 38 

introduced by Thomson in 1995 (Mann & Park, 1996). A slight change in temperature is 39 

enough to shift the seasons with the early onset of summer and the delay of the first frost until 40 

late autumn. Climate change is expected in the future to lead to shorter winters, early springs, 41 

longer summers and late autumns in the mid-range. 42 

In determining the boundaries of the seasons, it is important to pay attention to their 43 

astronomical, meteorological and temperature definitions (Trenberth, 1983). It is clear that the 44 

change of seasons is more related to climate conditions than to astronomical calculations. To 45 

identify the characteristics of the seasons, three physical, dynamic and synoptic approaches 46 

have been proposed in the literature review. For example, Xavier et al (2007), using the 47 

difference between the average daily temperature range of 600 to 200 hPa, proposed a physical 48 

index to study the changes of the monsoon season in the tropics. Mofidi et al. (2010) 49 

emphasized this index and stated that the average summer in Iran lasts from June 7 to 50 

September 28 for 113 days and the number of summer days lasts 61 years, which has decreased 51 

significantly for 10 days later. Stine et al. (2009) also showed that the annual cycle of surface 52 

temperature in the subtropics in the period of 1954 to 2007 changed by 1.7 days per year 53 

compared to the early seasons. 54 

Another approach to examine the quantity and quality of the beginning and end of the summer 55 

atmosphere has been a dynamic approach. This view is largely based on the theory that higher 56 

heat transfer in summer conditions leads to higher terpopause(Gabriel et al, 1999). Therefore, 57 

deep convection in the intercontinental convergence belt or on the intermediate extensions of 58 

the continents in the summer continuously solves upward terpopause and deepens the 59 

troposphere. During the monsoon summer, terpopause sometimes occurs above 18 km 60 

(Mohanakumar, 2008). From low to high latitudes, the height of the terpopause decreases 61 

rapidly at the location of the subtropical jet and the polar front. Especially when the jet is strong 62 



and the front is severe at low levels, its height suddenly drops across the jet stream (Hirschberg 63 

and Fritsch, 1991). 64 

Goldreich and Chermoni (2006) used tropopause altitudes above 16 km for at least ten 65 

consecutive days on synoptic graphs as a measure of summer length change in the Middle East. 66 

The results of significant trends showed that summer starts earlier and ends later, and the 67 

number of summer days has increased during the study period. With this approach, the 68 

structure of large-scale air circulation and summer behavior of subtropical jet in the Middle 69 

East over a period of 30 years (1981-2010) have been studied to determine the beginning of 70 

summer in Iran (Gholipour et al. 2017). In this study, the daily behavior of the subtropical jet, 71 

including the flow intensity and the amount of northward movement, has been investigated. 72 

The results show significant deviations in the early beginning of summer in the Middle East. 73 

The third method for identifying seasons is the synoptic approach. A review of climatic records 74 

shows that in each season, there are specific synoptic systems in an area (Lamb, 1972). In each 75 

region, atmospheric researchers identify the dominant synoptic systems of each season. For 76 

example, in the eastern Mediterranean, the predominant summer synoptic system is the Persian 77 

trough (Ziv et al, 2004). The Persian trough is formed only a few days after the beginning of 78 

the monsoon cycle and the flow penetration of its into the Persian Gulf at the level of 850 79 

hectopascals (1500 meters). Summer in the region ends in mid-September with the sudden 80 

disappearance of the Persian trough (Bitan & Sa'aroni, 1992). The Persian trough lasts for three 81 

months, starting on June 10 on average, and the upper cell reaches its highest point on June 25 82 

(Elbashan, 1967). 83 

A new season definition in the eastern Mediterranean based on the daily classification of 84 

synoptic systems showed the timing and duration of cold, hot,dry and rainy seasons and 85 

transition seasons (Alpert et al, 2004). According to the synoptic definition presented in this 86 

work, each summer and winter seasons last about 4 months (three months and 23 days). 87 

Synopticaly, they defined the beginning of summer with the conquest of the Persian trough 88 

over the region and estimated its length from May 23 to September 22(Goldreich, 2012). 89 



Determining the boundaries of the seasons is important for organizing agricultural activities, 90 

tourism, transportation planning, etc. However, identifying the start, continuation, and end 91 

dates of different seasons, especially in the Middle East with diverse marine, desert, steppe, 92 

and mountain climatic regimes, has become a serious problem (Alpert et al, 2004). On the 93 

other hand, the effect of climate change on reducing the length of the cold period of the year 94 

(autumn and winter) in the Iranian plateau to lack of rainfall and increasing the length of the 95 

warm period of the year (spring and summer) to the growth of more invasive species, pests, 96 

drought, evaporation and heat stress ended. In relation to Iran, the research of Babaian et al. 97 

(2015) shows that the situation is more worrying than it is. It is predicted that the average 98 

annual temperature in Iran by 2100, according to Scenario A2, will increase by 4.5 to 5.5 99 

degrees Celsius, and according to Scenario B2, by 3 to 4 degrees Celsius. Assuming that global 100 

warming in recent decades has led to an upward trend in the length of the summer barley period 101 

and a significant increase in its intensity, researchers have studied interannual variability of the 102 

onset, end and length of the summer season in Iran. 103 

Data and Method 104 

Data 105 

In this study, the summer season in the territory of Iran has been studied from three aspects. 106 

Daily data of the Earth's surface temperature (Celsius), tropopause level pressure 107 

(hectopascals) and geopotential height at 1000 hectopascals (meters) are the basis of physical, 108 

dynamic and synoptic indices, respectively. Data were extracted from the reanalysis databases 109 

for 1948 to 2016 in different domains (Figure 1). 110 

There are a lot of discussions about the determination and number of seasons. There are four 111 

seasons based on meteorological and astronomical criteria (Tveito et al. 2000; Ruosteenoja et 112 

al. 2010). Today, the effect of global warming on the seasonal structure of climate is becoming 113 

a common field in climate studies. Meanwhile, the study of variability of summer 114 

characteristics in arid and semi-arid climates such as Iran is very important due to its impact 115 

on natural and social systems. Determining the characteristics of each season, including the 116 

onset, lenghth, and end, has always remained a challenge. In many studies, the time of the 117 

beginning of summer is defined based on temperature thresholds (Zhang et al. 2005). In this 118 



study, a temperature threshold of 25 °C and duration of 10 days are considered as the beginning 119 

of summer (Table 1). The threshold of dynamic and synoptic parameters has been determined 120 

experimentally. The decrease in the mean values of terpopausal pressure below the threshold 121 

of 120 hPa indicates the northward displacement of the subtropical atmosphere from the 122 

Iranian plateau and the establishment of the summer atmosphere. This shift, followed by a 123 

decrease in terpopause pressure, often occurs over a short period of one to three days. 124 

Therefore, monitoring the pressure drop of this layer below 120 hPa as the threshold to study 125 

the time of onset, end and length of summer in the form of dynamic index was considered by 126 

researchers. The synoptic index considers the beginning of summer to coincide with the 127 

establishment of the Persian Gulf trough with the southeast-northwest axis on the Persian Gulf 128 

to Turkey (Figure 2). This system, in the form of a branch of low-rise located on the Indian 129 

subcontinent, by forming a lateral low-rise core on the southern shores of the Persian Gulf and 130 

following the southeast-northwest length of the Persian Gulf with the Cyclone flow, develops 131 

a low-pressure tongue in the form of a trough to the coast of Antalya in Turkey (Sa'aroni, 1984; 132 

Alpert et al, 1990). Considering the prominent role of Persian Gulf trough formation and the 133 

beginning of summer in the Middle East, researchers designed an indicator to estimate the 134 

beginning and end of the penetration of this low-pressure tongue and study the trend of changes 135 

in summer length in the region. In the southern shores of the Persian Gulf, by reducing the 136 

height of the geopotential potential below the threshold of 50 meters, the formation of the 137 

Persian name and the expansion of its languages are provided. At the peak of the activity of 138 

this system, its central height value reaches -50. Therefore, the 50-meter threshold was 139 

determined as the synoptic index on the average long-term regions of geopotential elevation 140 

data at 1000 hPa in the Persian Gulf. The set thresholds of the indicators to determine the onset, 141 

end and continuation of the summer season in the region are shown in Table (1). The passage 142 

of daily data values explaining indicators from the threshold and their 10-day duration indicates 143 

the onset and the opposite situation indicates the end of the summer.Applying a conditional 144 

function based on the threshold with duration of 10 days on the data, the length of the summer 145 

season is calculated based on each of the indicators in each year.  146 

 147 



Methodology 148 

Annual variability of the onset, end, and length of the summer season related to each of the aspects 149 

was evaluated using Ljung-Box parametric test. The Ljung-Box test is an improved form of the 150 

Portmanteau test that is used to check the independence of observations in time series. The 151 

Portmanteau test for the first time was offered by Box-Pierce (1970) and its statistics are as follows: 152 

𝒬 = 𝑛 ∑ 𝑟𝑖2~𝑥𝑚2𝑚𝑖=1  153 

Where 154 𝑛 is the number of observations, 𝑚 is the number of lags included in the test (generally between N/15 155 

and N/10) and 𝑟𝑖 is the 𝑖th autocorrelation coefficient between 𝑥𝑡 and 𝑥𝑡+1; that is,  156 

𝑟𝑖 = 𝑐𝑜𝑟𝑟(𝑥𝑡,𝑥𝑡+1) = ∑(𝑥𝑡 − �̅� )(𝑥𝑡 − �̅�)(𝑥𝑡+𝑖 − �̅�)/ ∑ (𝑥𝑡 − �̅�)2𝑛𝑡=1
𝑛−𝑖
𝑡=1  157 

The three rules proposed for the calculation of 𝑚 are as follows, (1)  𝑚 = 𝑛/4, (2) 𝑚 = √𝑛 + 10 and (3) 158 𝑚 = ln (𝑛). Simulation studies have shown that 𝑚 ≈ ln (𝑛) leads to the best power for the test. In the 159 

portmanteau test, the independence hypothesis is written as 𝐻0 = 𝑟1 = 𝑟2 = ⋯ = 𝑟𝑚 = 0 versus 𝐻1 =160 𝑟𝑖 ≠ 0 for a number of 𝑖 ∈ {1,2, … , 𝑚}.  161 

Ljung and Box (1978) proposed a modified version of the portmanteau test as follows: 162 

𝒬∗ = 𝑛(𝑛 + 2) ∑ 𝑟𝑖2𝑛 − 1 ~𝑥𝑚2𝑚𝑖=1  163 

Here, the independence hypothesis is not confirmed if |𝒬∗| ≥ 𝑥𝑚2 . In other words, if the probability 164 

value of the test statistic is less than 0.05, the independence hypothesis is not confirmed. If the 𝐻0 is 165 

rejected, the Pearson’s correlation coefficient test is used to determine trend characteristics. Pearson’s 166 

correlation coefficient is denoted by 𝑟 symbol and is obtained from the following equation. 167 

𝑟 = 𝑆𝑥𝑦√𝑆𝑥𝑥𝑆𝑦𝑦 = 𝑛 ∑ 𝑥𝑦 − ∑ 𝑥 ∑ 𝑦√[𝑛 ∑ 𝑥2 − (∑ 𝑥)2Ι𝑛 ∑ 𝑦2 − (∑ 𝑦)2] 168 

The significance of the 𝑟 is displayed with T and is calculated based on the following statistics: 169 

𝑇 = 𝑟√𝑛 − 2√1 − 𝑟2  170 



The following statistic is used to test the hypothesis in Pearson’s correlation coefficient, 171 

𝑍 = 𝑋 − 𝜇𝑋𝜎𝑋 ~𝑍1−𝛼2  172 

If |𝑍| ≥ 𝑍1−𝛼2 is holding, then the null hypothesis is rejected, otherwise (|𝑍| < 𝑍1−𝛼2) the null hypothesis 173 

is confirmed. 174 

Results and Discussion 175 

Applying the conditional function on the data of average temperature zones in the territory of 176 

Iran showed that according to the physical index, on average, the beginning and end of summer 177 

are May 11 and September 21, respectively, and its duration is 134 days (about four months) 178 

(Table 2). While the duration of the summer season in terms of dynamic index is equal to 120 179 

days. The dynamic index shows that in the long run, the average summer starts on June 4th 180 

and ends on October 1st. Comparing the beginning and end of the summer season from the 181 

point of view of dynamic index in relation to physical index showed that this season starts both 182 

25 days later and ends 11 days later each year. The length of the summer season is 119 days in 183 

terms of  the synoptic index. 184 

On average, according to the Synoptic Index, summer begins on May 20 and ends on 185 

September 15. Comparison of the beginning and end time of the summer season in terms of 186 

synoptic with the previous two indicators shows that this season starts and ends 9 days later 187 

and 6 days earlier than the physical index. However, compared to the dynamic index, the 188 

summer season starts 16 days earlier and ends 17 days earlier. 189 

For comparative study, the study period was divided into two periods: 1948-1981 and 1982-190 

2015. Representation of the average data of temperature zones (physical index) showed that in 191 

the second climatic period (1981-2015), the length of the summer season has increased. This 192 

increase from 129 days to 141 days was associated with 5 days beginning earlier and 7 days 193 

ending later in the second climatic period than in the first climatic period (Figure 3). Unlike 194 

the physical index, the dissociation and plotting of fluctuations in the regional mean data of 195 

the terpopause pressure (dynamic index) showed that the length of the summer in the second 196 

climate period (1982-2015) has been reduced compared to the first climate period (1981-1948). 197 



This decrease has been recorded from 128 days in the first climatic period to 117 days in the 198 

second climatic period with 6 days beginning later and 7 days ending earlier (Figure 4). 199 

Also, the study of the fluctuations of the regional mean pressure data at 1000 hPa in the study 200 

area during two separate climatic periods showed that from the point of view of the synoptic 201 

index, the length of summer has decreased in the second climatic period (1982-2015) compared 202 

to the first period (1981-1948) as the dynamic index. The reduction of the summer length from 203 

122 days in the first climatic period to 115 days in the second climatic period with 3 days 204 

beginning later and 5 days ending earlier (Figure 5). 205 

Examination of the variability of summer time characteristics by applying Ljung–Box test on 206 

the time series of beginning, end and continuation of summer obtained from physical, dynamic 207 

and synoptic indicators showed that the time series of all three indicators have a trend (Table 208 

3). However, time series of summer, end and duration values based on physical index and 209 

summer continuity values based on synoptic index have a very meaningful process. However, 210 

the time series of the values of the beginning and end of the summer season based on two 211 

dynamic and synoptic indices along with the values of the continuation of the summer season 212 

based on the dynamic index do not have a significant trend. Time series were extracted to 213 

determine the significant type and level of trends in Pearson correlation coefficients (Table 4). 214 

Execution of Pearson correlation test on the time series of beginning, end and continuation of 215 

the summer season based on physical, dynamic and synoptic indices showed that only the trend 216 

of physical index values are significant (Table 4). So that the values of the time series of the 217 

beginning of the summer season decreased due to the early onset of that season with a 218 

correlation coefficient of -0.25 had a significant decreasing trend at the level of 0.001. Also, 219 

the values of the end time series and the continuation of the summer season based on the 220 

physical index with a correlation coefficient of 0.29 and 0.34, respectively, had significant 221 

upward trends at 0.001. Based on the statistics of the time characteristics of the beginning, end 222 

and continuation of the summer season obtained from the physical index (Table 4), it is inferred 223 

that the length of the summer period has increased during the study period. Unlike the physical 224 

index, the values of the time series of the beginning of the summer season based on both 225 

dynamic and synoptic indices have had positive increasing trends. Although the values of the 226 



time series of the end and continuation of the summer season based on both dynamic and 227 

synoptic indices have negative decreasing trends, but none of the relevant trends have reached 228 

the required level and do not show much change in summer time characteristics. 229 

Suumery and Conclusion 230 

The present study has designed three indicators of physical, dynamic and synoptic with the 231 

aim of investigating the variability of annual summer characteristics in Iran. These indices 232 

were extracted using daily temperature data at a height of 2 m above the ground, terpopause 233 

elevation pressure and geopotential height of 1000 hPa, respectively. Applying the conditional 234 

function of 10-day length, the threshold values of the designed indicators were estimated on 235 

the average of the regions of the variables, onset time, end time and continuity. The results 236 

showed that on average, the length of the summer season is based on 134 days on the physical 237 

index, 120 days on the dynamic index and 119 days on the synoptic index. The division of the 238 

research period into two climatic periods for a comparative study of the length of summer in 239 

the region showed that physically (temperature) in the last three decades, summer seasons tend 240 

to start earlier and end later. Findings related to the other two indicators were the opposite. So 241 

that the length of the summer season during the last three decades in terms of dynamic and 242 

synoptic index have shown a later onset and an earlier end. Findings of Ljung-Box test showed 243 

that all time series of beginning, end and continuation of the summer season (derived from 244 

physical, dynamic and synoptic indicators) had a trend. According to the model statistics, only 245 

the increasing trend of the time series of the physical index is significant enough. The results 246 

of the Pearson test showed that based on the physical index, the values of the beginning, end 247 

and continuation of the summer season, with correlation coefficients of -0.25, 0.29 and 0.34, 248 

respectively, have quite significant trends. Therefore, in the 68 years studied, in terms of 249 

temperature (physical index) has been added to the length of summer in Iran. These results are 250 

in contrast to Mofidi et al.'s (2010) study, which estimated a 10-day reduction in the number 251 

of summer days over a 60-year period. In contrast, testing the hypotheses on the other two 252 

dynamic and synoptic indices showed a decreasing trend in the end and continuity of the 253 

summer season, while none of the decreasing trends during the summer season resulting from 254 



these two indices was significant. These results are consistent with previous research 255 

(including; Mofidi et al., 2010 and Gholipour et al., 2017). 256 

Due to the limitations of terpopause height data, the researchers were unable to use this data 257 

to represent the dynamic atmosphere of the region. However, studies by Goldreich and 258 

Chermoni (Goldreich and Chermoni, 2006) indicate the effectiveness of the data in studying 259 

the summer atmosphere in the Middle East. Therefore, further studies based on criteria such 260 

as the height of tropopause are suggested by researchers for further studies. 261 
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 366 

Figure 1. Geographical domains of different indicators for determining the temporal characteristics of 367 

the summer season, PI (Physical), DI (Dynamic) and SI (Synoptic). 368 



 369 

Figure 2: Average geopotential height at 1000 hPa, June to September (1948-2016). 370 

 371 

 372 
Figure 3. Onset and end dates of summer season based on physical index (T>25 C°) in the defferent preiods, 1948-373 

1981(blue line) and 1982-2015 (red line). 374 



 375 
Figure 4. Onset and end dates of summer season based on daynamic index (Pressure<120 hPa) in the defferent preiods, 376 

1948-1981(blue line) and 1982-2015 (red line). 377 

 378 
Figure 5. Onset and end dates of summer season based on synoptic index (Geopotential Height <50 m) in the defferent 379 

preiods, 1948-1981(blue line) and 1982-2015 (red line). 380 

 381 

Table 1. Characteristic of indicators for determining the onset, end, and length of summer season used this study 382 

Index aspects Domain Level Variable Threshold 

Physical 39.375 to 65.626 E 25.714 to 41.760 N 2 meter Temperature(c°) T>25 c° 

Dynamic 40 to 70 E 20 to 40 N Tropopause Pressure (hPa) P<120 hPa 

Synoptic 50 to 60 E 20 to 30 N 1000 hPa Geopotential Height (m) Hgt<50 m 
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Table 2. Average beginning and end dates and duration (in days) of summer season in the period 1948-2016 390 

Index aspects Oset dates End dates Duration (in days) 

Physical 11 May 21 Sep 134 

Dynamic 4 Jun 1 Oct 120 

Synoptic 20 May 15 Sep 119 
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 393 

Table 3. The Ljung-Box Q test statistics of the onset, end and duration (in days) of summer season in the period 1948-394 

2016 395 

 Variable H P Qstat CV 

Physical 

Onset 
1 0.001 27.32 24.99 

1 0.003 31.04 31.44 

End 
1 0.002 26.05 24.99 

1 0.005 29.03 31.44 

Duration 
1 0.001 34.12 24.99 

1 0.003 38.98 31.44 

Dynamic 

Onset 
1 0.03 27.46 24.99 

0 0.07 30.08 31.44 

End 
1 0.06 25.09 24.99 

0 0.09 28.78 31.44 

Duration 
1 0.05 33.17 24.99 

1 0.09 39.66 31.44 

Synoptic 

Onset 
1 0.09 12.56 24.99 

0 0.12 15.33 31.44 

End 
1 0.03 17.87 24.99 

0 0.07 19.74 31.44 

Duration 
1 0.003 13.31 24.99 

1 0.007 15.86 31.44 

 396 
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 400 
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 402 

Table 4. Pearson correlation coefficients to determine the type and significance of the determined trends 403 

 Variable t df p-value cor 

Physical 

Onset -8.34 68 0.001 -0.25 

End 4.32 68 0.001 0.29 

Duration 3.78 68 0.001 0.34 

Dynamic 

Onset 0.47 68 0.22 0.13 

End -0.23 68 0.63 -0.04 

Duration -1.32 68 0.07 -0.13 

Synoptic 

Onset 0.32 68 0.63 0.14 

End -0.16 68 0.82 -0.18 

Duration -1.87 68 0.08 -0.21 

 404 



Figures

Figure 1

Geographical domains of different indicators for determining the temporal characteristics of the summer
season, PI (Physical), DI (Dynamic) and SI (Synoptic). Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 2

Average geopotential height at 1000 hPa, June to September (1948-2016). Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 3

Onset and end dates of summer season based on physical index (T>25 C°) in the defferent preiods, 1948-
1981(blue line) and 1982-2015 (red line).

Figure 4

Onset and end dates of summer season based on daynamic index (Pressure<120 hPa) in the defferent
preiods, 1948-1981(blue line) and 1982-2015 (red line).



Figure 5

Onset and end dates of summer season based on synoptic index (Geopotential Height <50 m) in the
defferent preiods, 1948-1981(blue line) and 1982-2015 (red line).


