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Today, long-term forecasting of climate variables has received much attention in order to
be aware of the extent of change and, consequently, to take the necessary measures to
mitigate the adverse effects of climate change. In this study, minimum temperatures in
Kurdistan province were predicted using LARS-WG6 downscaling for the next three 20-
year periods (2040-2021, 2060-2041, 2080-2061). For this purpose, the HadGEM2-ES
general circulation model and three scenarios of RCP8.5, RCP4.5 and RCP2.6 were used.
To generate the time series of future periods, daily data for the statistical period 1989-2019
were used and the trend of its changes was analyzed using Mann-Kendall test. The results
showed that LARS-WG6 software simulates the minimum values of the minimum
temperature well with low error indicators. Also, based on the results of the HadGM2-ES
global model output in the study area, the minimum temperature in the future period will
be higher than the base period in all scenarios and periods. The intensity of this increase
under the RCP8.5 scenario is related to the last period of the century (2080-2061) and its
lesser extent is related to the period (2060-2041) under the RCP4.5 scenario. Examination
of seasonal averages also shows that spring has a lower temperature increase and autumn
has a higher temperature increase. The trend of changes shows that the trend is positive
and negative in both directions, so that in most stations and scenarios in different forecast
periods, spring will have the most positive trend and autumn will have the most negative
trend. Therefore, it can be concluded that the temperature will increase in future periods
and the effect of cold waves will decrease.
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Extended Abstract
Introduction

One of the important issues in the 21st century is the issue of global climate change and its effects on all aspects
of human living conditions and other living things on the planet (Elhami Moghaddam, 2014). Cold waves and
glaciers are among the most important phenomena studied in climatic studies that are caused by temperature
changes over time (Farajzadeh, 2014). Recently, with the occurrence of weather disturbances, one of the most
important climatic disasters that threaten human societies, especially in different parts of the country, are cold
waves and severe frosts that in some years cover large areas of the country. They include these glaciers with a
relatively stable and several-day cold wave that may have harmful effects (Karimi et al., 2012).

Data and Method

The purpose of this study is to predict the cooling waves of selected stations in Kurdistan province in three time
periods (2040-2021, 2060-2041 and 2080-2061). To achieve this goal, the LARS-WG6 exponential microscale
model and RCP scenarios were used. These scenarios include RCP4.5, RCP2.6 and RCP8.5. In the present
study, first daily data on minimum and maximum temperatures, precipitation and sundials for the years (1989-
2019) were prepared and arranged by the Meteorological Organization. Then, LARS-WG6 microscale model
was used to analyze the data. Data flow was determined using Mann-Kendall test in XLSTAT and Ecxel
software.

Results and Discussion

According to the results obtained in all stations, the minimum temperature for future periods will increase
compared to the base period according to all three scenarios studied in all months of the year. Accordingly, in
Sagez station, the intensity of changes in February is higher than other months. According to the seasonal
estimates, the intensity of changes based on all RCP scenarios is less in spring and more in autumn than in other
seasons. Scenario RCP8.5 shows the highest rate of temperature increase, which is more evident in the period
(2080-2061).

Sanandaj station has the lowest temperature in September in RCP2.6 and RCP4.5 scenarios and in September
and November under RCP8.5 scenario. Also, in this station, according to the scenarios of RCP2.6 and RCP4.5,
in spring, according to the scenario of RCP8.5, in winter, the temperature increases less, and in autumn,
according to all scenarios, the temperature increases the most. As it turns out, the RCP8.5 scenario shows the
largest increase in minimum temperature, which is most evident in the period 2080-2061.

The minimum temperature of Qorveh station will have the highest increase in September and November under
RCP2.6 scenario, in September under RCP4.5 scenario and in November according to RCP8.5 scenario.
Seasonal averages also confirm the trend of increasing minimum temperature. According to RCP2.6 and RCP4.5
scenarios, spring has the lowest temperature increase according to RCP8.5 scenario and winter shows the highest
temperature increase according to all scenarios. Meanwhile, RCP2.6 scenario shows the lowest temperature
changes compared to the other two scenarios.

According to the monthly averages of Bijar station, February has the most changes under all three RCP
scenarios. It can be stated that in RCP2.6 and RCP4.5 scenarios, spring has the lowest and autumn and summer
seasons have the highest temperature increase, and in RCP8.5 scenario, winter and summer seasons show the
lowest and highest temperature increase, respectively. x»ax, Meanwhile, RCP2.6 and RCP4.5 scenarios have the
lowest temperature changes compared to RCP8.5 scenario for near, middle and distant periods. As can be seen
from the graphs, the 2080-2061 period will be warmer than the other periods according to the RCP8.5 scenario.

Conclusion

Due to climate change and global warming, in this study using LARS-WG microscale model and the output of
HadGM2-ES global model under three scenarios of RCP4.5, RCP2.6 and RCP8.5 changed in the lowest
province in three the time periods 2040-2021, 2060-2041 and 2080-2061 were examined. The results obtained
from the study of LARS-WG model showed that this model of high efficiency for change at the lowest level in
the study area continues. Also, by achieving the output of the global HadGM2-ES model in the study area, the
low temperature will increase in the future period compared to the base period in all scenarios and periods,
which is more significant in February, September and November. It should be noted that the intensity of this
increase under the RCP8.5 scenario is related to the last period of the century (2080-2061) and to a lesser extent
related to the period (2060-2041) is under the RCP4.5 scenario. It will be warmer at the end of the century.
Examination of seasonal averages also shows that spring has a lower temperature increase and autumn has a
higher temperature increase. Based on this, it can be concluded that the weather will be warmer in future periods.
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