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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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Golmakan pr Tmax Tmin tashhad pr Tmax Trnin
month  Z pvalue  slop z pualue  slop z p-velluegition manth... 7 poalue  slop z palue  slop 7 pvalue  slop
Jan -1.4108 01583 -0.3817  3.1298 0.00174% 0.13789 1934 0.05311 0.05106 [fan -24811 00121 07632 L7081 QOOGTOG 011911 21581 003052 0.06047
Feb 0.064874  0.9483 007663  2.0919 0.03645 0.11236 1.3953  0.1629 006334 |Feb -0.30811 0758 -0.2993 1.0627 0.04968 010407 18814 005992 0.09643
Mar 10865 02773 04746 23514 00187 012194 3.0177 0.002547 0.0913 | Mar MLERLRT 05061 O.JRSA 16477 009941 O0A4RR 32113 0.001321  0.11374
Apr 1.0056 0.3146 03102 -0.40552 0.6851 -0.01771 0.4704 0.6381 0.01858 |[Apr 0.47028 06382 03041 073461 04268 00292 10056 0.3146 0.03764
May 15894  0.112 04972 2.1409 0.03229 008477 3.6497 0.000263 0.0957 |May 1573 01157 01261 21084 0035 007889 3746 QU001E 011805
Jun 17202 0.08539  0.1442 2352 0.01867 005386 2.4334 00149 004381 |Jun 0.098760 08611 -0.1617 L2805 D.0ZXED 0045061 33244 0.000886  D.06361
Jul 058054 05615 002771 2.8062 0.005013 006168 2.1574 0.03098 0.04207 |lul 011915 09052 002218 10787 0.04785 004177 37136 0.000204 0.06718
Aug 045506  0.6177 0.01843 072974 0.4655 0.01801 1.71%2 0.08558 0.03558 |Aug N.97R07 0328 -MO0361 0O5R3RT 055931 000518 27411 000512 0.048RT
Sep 035348 0.7237 -0.08653 1.8489 0.06447 0.05245 2.2388 0.02517 0.0657 |3€P 055205 05809 01114 0.55143 05813 001761 30027 0.002676 0.07954
Oct 042168 06733 03598 025957 0.7952 0.006055  0.8597 039 0.02835 |Oct U.64914 05162 0.3936 022706, 08204 -000S4E 21733 002876 0.06824
Nov 0.30811 0.758 0.1358 -1.0541 0.2919 -0.05058 -0.19462 0.8457 -0.00664 |Mov 0.40541 0.6852 0.191 2.0111  0.04431  0.08581  0.32437 0.7457 0.008196
Dec -2.4163 0.01568 -0.5339 1.5406 0.1234 0.06109 0.3738 0.7086 0.01296 Dec -1.8973 0.05779 -Q.6071  0.73057 0.465 0.02641 0.55143 0.5813 o0.01721
Spring 17676 0.07713  1.282 2.1244 0.03364  0.063 3.9573 7.58E-05 0.06873 |Spring 00892 03226 07161 13135  0.180 0.04486 40379 S30E05  0.0896%
Summer  2.0271 004266 01904  2.9676 0.003001 004452 3.9573 7.58E-05 004049 |Summer | O3SAR1 07717 01461 16179 04015 007741 44771 955F-06 D.059R3
Autumn 030811 0758 0.409 0.097312  0.9225 0.002642  2.2865 0.02222 0.03047 |Autumn 13135 0189 04731 13784 01681 002556  3.4865 0.000489 005199
Winter -2.0271 0.04266 -0.839  2.9352 0.003334 0.10378 2.4163 0.01568 0.04245 |Winter S25/84 QU08S2S  -Lbe96 251593 DOD0INE  0.08321 3 0.002689  0.05004
Golmakan Mashhad
Neyshabur pr Tmax Tmin Sarakhs pr Tmax Tmin
month 7 p-value  slop z p-value  slop z p-value  slop month z p-value  slop z p-value  slop z p-value slop
Jan -1.2846 01989 -0.5286 1.6776 0.09343 0.0509 15531 0.1204 0.0623|Jan -0.74605 04556 -0.1911 2.4468 0.01441 0.09894 1461  0.144 0.04411
Feb 017841 0.8584 -0.03203 1.4634 01433 005185 2052 0.04017 0.08304(Feb 076217 0446 0.5292 17782 0.07537 0.07545 13164  0.188 0.03498
Mar -0.3925 06947 -0.1834 2.1409 0.03228 0.12508  3.7294 0.000192 0.14883 | Mar 0.11352 09096 3.33e-03  2.5067 0.01219 0.11639  2.6433 0.008211 0.09982
Apr 0.89205 03724 0632 -0.30335 07616 -0.01629 21773 0.02946 0.05675 |Apr 0.016216 09871 0.1157 0.74605 0.4556 0.02679 10216  0.307 0.03504
May 0.78501 04325 01453 1.9268  0.054 010004 27301 0.006331  0.124|May 0.86045  0.3895 -0.07564 3.9908 6.58E-05 0.15809 4.0703 470E-05 0.1258
Jun -0.25095  0.8019 -0.07063 2.4264 0.01525 0.05101  3.4486 0.000563 0.11711|Jun 0.78708  0.4312 -0.08109 41363 3.53E-05 0.09542  3.1622 0.001566  0.0604
Jul 0.1641 08697 011372 11418 02535 003054 4.8357 133E-06 0.10527|Jul -0.14366  0.8858 -0.01077 4.5256 6.02E-06 0.10918  3.4405 0.000581 0.06545
Aug 032543 07448 004747 -1374 01694 -0.02214  2.8555 0.004297 0.07764 |Aug 012919  0.8972 -0.00213 3 0.002699 0.06892 2.076 0.0379 0.03%04
Sep 0.69073  0.4897 001767 0.16059 0.8724 002431 3.1063 0.0018%4 0.09799 [Sep -0.423 06723 -004834 3114 0.001846 0.08275 24328 0.01498 0.06707
Oct 1.0719 02837 03362 024977 08028 001293 24621 001381 0.10339(Oct 14069 0.1594 0.4086 0.82704 04082 0.0362 1.8973 0.05779 0.06457
Nov 11061 02687 04071 -1.4277 01534 -0.08306 0.87435 0.3819 0.02533 | Nov 19622 0.04974 0.4011 -1.4926 0.1355 -0.0651 -0.50284 0.6151 -0.01442
Dec -0.74932 04537 -0.6989 0.67796 0.4978 001667 030335 0.7616 0.01135|Dec -2.0595 0.03945 -0638 15765 0.1149 0.05731 -0.76881  0.442 -0.02112
Spring 053523 05925 05939 2.1052 0.03527 006961 3.9964 6.43E-05 0.10987 | Spring 0 1 004335 3.1298 0.001749 0.10043 4.0222 577E-05 0.0869
Summer 1.3559 01751 009056 1.6952 0.09004 0.0198 4.6387 3.51E-06 0.1|Summer  0.016842 09866 -0.09398 4.9305 8.20E-07 0.09117 4.5244 6.06E-06 0.05496
Autumn 13916 0164 0761 -0.94573 03443 -0.01527 3.7466 0.000179 0.07557 | Autumn 22217 002631 0.7614 0.69731 04856 0.01795 2.9193 0.003508 0.03907
Winter -14986 0134 -12595 1.4273 01535 003981  2.623 0.008715 0.05223Winter ~ -0.53514 05926 -0.2999 3.0177 0.002547 0.07723 12162 0.2239 0.01932
Neyshabour Sarakhs
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