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ARTICLE INFO ABSTRACT

Article history: As Iran is located in the middle part of the northern hemisphere, as well as complexity of
Received: 31 January topographic conditions caused a various climate on a local scale. Changes in the climatic variables
2022; such as temperature and precipitation have affected the hydrological conditions of the basin
Accepted: 12 April 2022 directly and indirectly. Gharaghom Basin is located in the northeastern part of Iran on the border
Auvailable online 30 April between Iran, Afghanistan, and Turkmenistan. Harriroud and Keshafroud as the main rivers in the
2022 basin originate from the Hindu Kush Mountains in Afghanistan and Binalood in Khorasan
Province, respectively. This research studied the seasonal effect of climatic variables on
hydrological characteristics in the upstream mountainous regions of Gharaghom Basin. The trend
analysis of Mann _Kendall (MK) was used to detect the trend of temperature and precipitation
during different seasons. Although the lowest monthly significance is related to the precipitation

variable, the highest significance for all stations has corresponded to the minimum and maximum
temperature variables respectively. The minimum temperature has much more affected than the
maximum temperature due to climate change and global warming has caused an increase in the
monthly minimum and maximum temperature in the most seasons in different parts of the Basin.
We expect an increasing trend of minimum temperature following the reduction of snow and solid
precipitation, melting snow, and ice resources in mountainous upstream parts of the basin. The
main disorders were not statistically significant in the behavior of seasonal and monthly
precipitation trends and all significant trends in precipitation almost showed decreasing trends
corresponding to winter. The results of this paper are robust in agreement with the other research
report in case of an increasing trend in minimum and maximum temperature respectively in the
most regions of mid-latitudes and disorders in precipitation behavior in endanger water resources
of upstream mountainous regions.
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1. Introduction mountainous regions, plays an important role in
the management of watersheds. Climate change

Iran has diverse weather conditions due to its does not necessarily mean a simultaneous change

geographical location in the middle latitudes of
the Northern Hemisphere along with complex
topographical conditions. On the other hand,
determining the climatic trends and changes in
climatic variables, especially in the upstream and
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in precipitation and temperature, but the existence
of this change and proof of the significance of the
trend is necessary (Hejazizadeh and Parvin, 2008).
At the global level, climate change and its effect
on mountainous areas upstream of watersheds are
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important. In this regard, examining the changes
and analyzing the trends of the main variables of
the hydroclimate in the mountainous areas of the
Gharaghom watershed in different seasons can
play an important role in the management of this
watershed and make it possible to make the
necessary predictions for the future of this
important watershed in to meet the challenges
ahead with the least Manage related costs.

2. Methodology

Based on the recommendations of the World
Meteorological Organization, the review of long-
term climate statistics can show their changes and
characteristics in areas with different degrees of
roughness to a large extent (Hejazizadeh and
Parvin, 2018). To investigate climate change in
the Gharaghom watershed located in the northeast
of Razavi Khorasan, the climate data recorded by
4 climate stations located in the study area (Fern,
Golmkan, Mashhad, and Neishabur) on a daily
scale, including the variables of precipitation,
temperature (average, maximum, minimum) in the
recent thirty-year statistical period including
1989-2019 was prepared from the Meteorological
Organization (Table 1). Then, using trend analysis
with the non-parametric Mann-Kendall test
(Kendall, 1970), changes in temperature and
precipitation variables were investigated in
monthly, seasonal, and annual time scales.

3. Results

As a result of climate change, the minimum
temperature is much more affected by climate
change, and global warming causes an increase in
the minimum and maximum temperatures of most
seasons and months of the year in different parts
of the catchment area. In other words, in the
mountainous areas of the Gharaghom catchment
area, the decrease in the frequency of cold
temperatures, the increase in the frequency of hot
temperatures, and the decrease in the temperature
range, in general, provide unfavorable conditions
for the water resources upstream of the catchment
basin and snow and ice reserves.

4, Discussion
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The trend of seasonal and monthly rainfall shows
mainly decreasing irregularities in these stations,
and this increase or decrease of rainfall in most
months and seasons is not statistically significant.
Almost all the significant trends of rainfall are
related to the winter season and have a significant
decreasing trend which leads to the reduction of
water resource reserves for the mountainous areas
upstream of the basin. The impact of climate
change on the increasing trend of the minimum
temperature in all stations is quite evident and
significant. The increasing trend of minimum
temperature in all stations in the spring, summer,
and autumn seasons is increasing and significant
and has a trend with a high slope and speed, and it
has the same behavior in most stations in winter.
The increase in maximum temperature is also
evident and significant in the behavior of monthly
and seasonal trends of most stations, and a few
months have a decreasing trend, which is mostly
not significant (except November in Mashhad,
which has a decreasing and significant trend in
maximum temperature). The monthly and
seasonal variables in Neishabur compared to other
stations have a more balanced behavior towards
climate change and fewer trends in this station
have become statistically significant. In general,
with the coincidence of the increasing trend of
seasonal temperature with the decreasing trend of
seasonal precipitation in most of the studied
stations, it is possible to expect the expansion of
the territory with dry climates in the catchment
area, which is related to the upstream and
mountainous areas of the catchment area with a
serious decrease in resources. Blue is relevant in
the future. The results of this study with the
research conducted on the recorded data of Iranian
stations about the faster-increasing trend in the
minimum temperature and then the maximum
temperature in most of the middle latitudes, as
well as the irregularity in the behavior of
precipitation and the relative decrease of
precipitation especially in mountainous areas, and
middle latitude (Naseri et al., Y+ Y); Kanani et al.,
2019; Babaian et al., 2013); It matches very well.
On the other hand, the comparison of the results
of the analysis of the temperature trends of the last
decades in the Gharaghom watershed is in good
agreement with the results of the forecasting
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studies of seasonal temperature anomalies in Iran
under radiative forcing scenarios. So Iran's
temperature forecast indicates the maximum
seasonal abnormality of temperature in winter and
spring corresponding to mountainous areas
(Ahmadi et al., 2018; Hesirchian et al., 2017).
Therefore, the increase in winter and spring
temperatures is considered as a big threat to water
resources, especially in the mountainous areas
upstream of the Gharaghom watershed.

5. Conclusion

In the summer, the high areas of the catchment
basin have the maximum temperature anomaly,
which leads to the lack of water resources in the
basin and the occurrence of hazards caused by it.
Based on this, it is suggested to conduct such
studies using network and satellite data,

Akbari-Azirani and et al

considering the inevitable occurrence of climate
change and also the lack of sufficient stations in
the inaccessible mountainous areas of the Abriz
basin, for management planning related to
management fields. During the occurrence of
natural hazards such as drought, flood, heat wave,
crop and garden cultivation management, fuel and
energy consumption, and success in projects
related to land preparation, etc. should be
prioritized.
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