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Introduction

The global warming phenomena is taking place and the climate is changing. More than two centuries
later from the governing of the industry over human societies, nowadays the global warming is
considered as a challenge and threat to the earth’s environment. During recent decades, increased
atmospheric anomalies such as sudden precipitations, severe storms, droughts, and increase of
temperature taking place in some places over Iran for several times. Snowfall in the southern and
central cities of Iran after the long time years, extreme cold events, and hail precipitation in the
season of flowering of trees, flowering of trees in winter, and experiencing temperature above 40
centigrade degree in cities located in mountains are the signs of global warming and climate
changing over Iran. Climate change is a concept that cannot easily be defined. Undoubtedly by
increasing in global warming, thermal factors of the atmosphere will be significantly altered. Since
the temperature is the main element of climate formation, its changes can alter the climate structure
of each location. Also, changes at the time of the start and end of thermal seasons can be one of the
signs of climate change. Adaption strategies to global warming will reduce the severity of its
negative effects. In addition, the opportunities provided can benefit the community and especially
farmers. Therefore, identification of the spatiotemporal changes of the beginning and end of thermal
seasons is necessary for better understanding its impact and management of natural and agriculture
resources and adopting useful strategies to climate change. The purposes of this research is to
regionalize Iran’s country in point of view of beginning, ending and length of thermal season and to
analysis its variation during the study period.

Methods and Material

In this study, we will be addressing Iran’s thermal seasons and its variations during period of
1/1/1370 to 29/12/1392. To reach this purpose, daily temperature data from 49 stations across Iran
obtained from Iran’s Meteorological Organization (IRIMO) during the mentioned period of time. The
standard deviation of each stations in each year was compared with the long-term standard deviation.
Then, the Long Term Mean (LTM) in a 366 x 49-dimension frame for each station was established.

The difference between yearly standard deviation and deviation for each station was calculated and

the start and end of thermal seasons was detected. Finally, three matrices namely SWS (Start of
Warm season), EWS (End of Warm season) and SWL (Season Warm Length) all with dimensions of



63 x 49 were developed. Afterwards, for identification of homogenous regions, cluster-analysis with

Ward linkage method has been done. Finally, by using the non-parametric modified Mann-Kendall
test, the variation in start, end, and length of thermal season in the studied period were measured. The
changing rate evaluated by the Sen’s Estimator method.

Results and Discussion

The results of this study indicate that thermal seasons in Iran aren’t coincide to the official calendar.
By applying the Ward linkage method on the Euclidean distances of thermal seasons in the studied
stations, the country’s area can be divided into four homogenous thermal seasons. Latitude,
longitude, altitude, and distance from water resources as well as atmospheric humidity have high
effects on the nesting of identified regions, respectively. The result of trend analysis indicates that
Iran’s thermal seasons have been changed significantly during the studied period in point of view of
starting, ending, and length. According to the results obtained from fitting Sen’s Estimator on the
data time series, the decreasing rate of the starting time of the thermal season during the study period
is 4.5 days per decade. This indicate that Iran is beginning to start its spring season earlier than its
predecessor. In spatial view, the decreasing trend of start of thermal season is observed in the
stations located in the northern regions of the country, the southern coasts of the Caspian Sea, the
northwest region, the Alborze mountain range, and the south-east region. The increasing time of
ending of thermal season is statistically significant over 45 percent of country area. The decreasing
rate of the starting of thermal season are significantly more than increasing rate of the length and
ending of thermal period.

Conclusion

Using data from 49 station across Iran, we have detected variability and changes in the occurrence of
the thermal seasons in Iran during the period from 1370 to 1392. According to the results, we found
substantial variation in start, end, and length of thermal season length over Iran country. Analysis
presented in this study showed that the more decreasing rate of the time of beginning of the warm
season has been leads to increasing the thermal season length over Iran. The increasing of thermal
season length will have more effect on the total growth period and maturity (planting to harvesting),
irrigation, flowering, and the phonological stages of the plant. These changes will play a very
important effect on many human activities, especially agriculture. Due to the increasing the length of
thermal season, the adaption strategies including changes in cultivar patterns or changes in planting
time can be adopted based on the changes in intensity of variation in the length of thermal seasons to
reduce the negative effect of these changes.

Keywords: Shift of thermal seasons, Climate change, Cluster analysis, Trend Analysis, Iran.
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