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Snow is considered as one of the climatic elements of water supply for life. 
Therefore, this study was conducted aimed to investigate the trend of changes in 
snowmelt in Iran and its impact on changes in the Mediterranean wave of 
westerly winds. For this purpose, we provided snowmelt and geo-potential height 
data of 500, 600, and 700 hPa atmospheric levels from the European Center for 
Medium-Range Weather Forecasts (ECMWF) version ERA5 with a spatial 
resolution of 0.25 * 0.25 ° for 1979-2019 January, February, March, April, 
November, and December. First, the trend and slope of monthly snowmelt 
changes in Iran were evaluated using non-parametric Mann-Kendall statistical 
tests and Sen.’s slope estimator. Then, using the percentile method, 25% and 75% 
percentiles of monthly snowmelt values in Iran were determined. The relationship 
between the changes in the Mediterranean wave of the westerly winds and the 
months with snowmelt values lower and higher than 25% and 75% percentiles 
was measured. Finally, the Middle East Synoptic Index (MESI) and decade 
expansion were used to analyze the impact of the monthly decreasing trends of 
snowmelt of the Mediterranean wave changes of the western winds in Iran. The 
results showed that in January, February, March, April, and December, the mean 
monthly snowmelt in Iran has a decreasing trend. In addition, a relationship was 
between the Mediterranean wave heights of the westerly winds in January, 
February, March, November, and December with the mean snowmelt of lower 
and higher than 25% and 75% percentiles, respectively. Also, the results showed 
changes in the height of the Mediterranean wave of westerly winds. It seems that 
these changes are among the factors affecting the decreasing trend of snowmelt in 
Iran, which is especially evident in the third and fourth decades (since 1999 
onwards) in January, February, March, November, and December. 
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V<P25  �V>P75 U#) �K (m.  

,��+�< $��=  MESI ,��K 
V<P25 

�<�"&6 MESI ,��K 
V>P75 

500  39,740  33,257  26,774  

600  33,304  27,168  21,031  

700  25,090  20,255  15,421  
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 S�(07: �<��">(� a+� ���&���  dI�� X�&� �K ,MESI ��� �� ) ����+< ,�
V<P25  �V>P75.�"� U#) �K (  

,��+�< $��=  MESI,��K V<P2 �<�"&6 MESI ,��K V>P75 
500  3,803  11,139  18,476  

600  4,661  10,511  16,361  

700  12,890  14,403  15,917  
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 S�(08: �<��">(� a+� ���&���  dI�� X�&� �K ,MESI ��� �� ) ����&(>�
V<P25  �V>P75.�"� U#) �K (  

 $��=

,��+�<  

MESI ,��K 
V<P25 

�<�"&6 MESI  ,��K
V>P75 

500  12,628  20,442  28,257  

600  12,432  18,985  25,538  

700  12,629  17,832  23,036  
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 S�(09:  $� H^�) �>��7�MESI   �gK�� ��22  $��= ��500 �600  �700 .�.�8&�
+"8
  

�>+<�E   ghiTTTTTL 
500 

L500 gjiTTTTTT  L500 klm.lTTTTTTT  ghiTTTTTL600   L600 gjiTTTTTT  L600 klm.lTTTTTTT  ghiTTTTTL700  L700 gjiTTTTTT  L700 klm.lTTTTTTT  

1  13,35  5,03  3,65 -  12,48  5,89  1,57 -  11,36  6,6  0,31  

2  17,22 -  8,73 -  16,41  17,67 -  9,83 -  12,16  17,53 -  10,63 -  7,85  

3  5,7 -  2,28  0,49  5,28 -  1,39  0,02 -  4,94 -  0,41  0,74 -  

4  2,62  3,23 -  10,33 -  4,55  1,6 -  8,49 -  6,18  0,06 -  6,2 -  

�>�+A   ghiTTTTTL500  L500 gjiTTTTTT   500 klm.lTTTTTTT  ghiTTTTTL 600  L600 gjiTTTTTT  L600 klm.lTTTTTTT  ghiTTTTTL700   L700 gjiTTTTTT  L700 klm.lTTTTTTT  

1  13,46  14,77  10,32  13,15  12,72  9,23  12,49  10,68  7,8  

2  28,04 -  5,88  13,68  26,25 -  1,62  9,9  24,6 -  2,13 -  6,01 -  

3  3,07 -  1,31  11,51 -  4,01 -  0,64  8,85 -  4,64 -  0  6,12 -  

4  19,41  21,44 -  12,44 -  19,24  14,23 -  10,08 -  19,22  7,68 -  7,46 -  

X���   ghiTTTTT L 
500  

  500 gjiTTTTTT    500 klm.lTTTTTTT  ghiTTTTTL 600  L600 gjiTTTTTT  L600 klm.lTTTTTTT  ghiTTTTT L700  L700 gjiTTTTTT  L700 klm.lTTTTTTT  

1  2,92  12,63  17,26  18,56  11,12  13,87  15,81  9,4  10  

2  8,38 -  14,14  12,67  8,94 -  9,55  9,37  9,55 -  5,46  5,79  

3  9,13 -  8,97 -  13,88 -  7,7 -  7,11 -  10,93 -  5,81 -  5,12 -  7,32 -  

4  0,29 -  16,94 -  18,02 -  1,2  12,84 -  13,94 -  2,52  9,1 -  9,72 -  

H>��6   ghiTTTTTL500    500 gjiTTTTTT    500 klm.lTTTTTTT  ghiTTTTTL 600  L600 gjiTTTTTT  L600 klm.lTTTTTTT  ghiTTTTTL 700  L700 gjiTTTTTT  L700 klm.lTTTTTTT  

1  4,34  7,46  0,04  3,38  5,86  0,94  2,44  4,4  1,42  

2  22,7  3,54  6,97  18,95  2,85  5,21  14,85  2,44  3,33  

3  6,99 -  1,4 -  7,37 -  5,16 -  0,41 -  5,34 -  3,35 -  0,57  3,03 -  

4  20,81 -  10,7 -  2,1 -  17,67 -  8,95 -  2,59 -  14,28 -  7,53 -  2,74 -  

����+<  ghiTTTTTL500    500 gjiTTTTTT   500 klm.lTTTTTTT  ghiTTTTTL 600    600 gjiTTTTTT  L600 klm.lTTTTTTT  ghiTTTTTL 700  L700 gjiTTTTTT  L700 klm.lTTTTTTT  

1  3,51  14,24  2,86 -  1,85  11,24  1,29 -  0,04  8,35  0,06  

2  4,43 -  8,17  7,25 -  3,64 -  7,01  5,15 -  2,77 -  5,92  3,19 -  

3  1,93  6,16 -  7,09  0,81  5,8 -  4,74  0,14 -  5,28 -  2,94  

4  5,26 -  12,62 -  2,47  3,22 -  9,85 -  1,77  1,36 -  7,24 -  0,88  

��&�

�K  

ghiTTTTTL500    500 gjiTTTTTT   500 klm.lTTTTTTT  ghiTTTTTL 600    600 gjiTTTTTT  L600 klm.lTTTTTTT  ghiTTTTTL 700    700 gjiTTTTTT  L700 klm.lTTTTTTT  

1  12,54  9,26  15,47  8,93  7,88  12,9  6,07  6,68  10,78  

2  2,09  7,64  1,19  2,99  6,02  0,99  3,55  4,48  1,06  

3 10,01  6,95 -  1,26  8,79  5,95 -  0,29 -  7,53  5,03 -  1,69 -  

4 21 -  9,4 -  16,73 -  18,07 -  7,72 -  12,75 -  15,49 -  6,25 -  9,59 -  
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M.I., Lúpez – Moreno, J.I., Lorentz, S., Sch�odler, H., Schwaiger, K., Ville, M., Woods, R., (2011), Climate change and 
mountain water resources: overview and recommendations for research, management, and policy. Hydrology and Earth 
System Sciences, 15, 471 – 504. DOI: 10.5194/Hess-15-471-2011. 
Wang, R., Kumar, M., Link, T.E., (2016), Potential trends in snowmelt – generated peak streamflows in a warming climate. 
Geophysical Research Letters, 43, 5052 – 5059. doi:10.1002/2016GL068935. 
Zheng, X., Wang, Q., Zhou, L., Sun, Q., Li, Q., (2018), Predictive contributions of snowmelt and rainfall to streamflow 
variations in the Western United States. Advances in Meteorology, Volume 2018, Article ID 3765098, 1 – 14. 
https://doi.org/10.1155/2018/3765098. 
https://www.britannica.com/science/snow-weather.  



 

References  
References (in Persian) 
Alijani, B., (1987), Relationship between spatial dispersion of Middle East cyclonic pathways with high-level systems. 
Geographical Researches, 2, 1 (4), 125 – 143. [In Persian] 
Alijani, B., Nezamati, H., (2017), Spatial and Temporal Analysis of the Mediterranean Trough. Geography and 
Environmental Planning, Volume 28, Issue 2, pp 79 – 92. http://dx.doi.org/10.22108/gep.2017.97959.0. [In Persian] 
Alijani, B., Saligheh, M., Darand, M., Jahedi, A., (2021). Mean Zonal and Meridional Variations of Westerlies in wet and dry 
periods in western,  Iran. Journal of Nivar, Volume 45, 112 – 113, Serial Number 112, pp 77 – 91. DOI: 
10.30467/NIVAR.2021.276760.1183. [In Persian] 
Azizi, G., Rahimi, M., Mohammadi, H., Khoshakhlagh, F., (2017). Spation-temporal variations of snow cover in the southern 
slope of central Alborz. Physical Geography Research Quarterly, Volume 49, Issue 3, pp 381 – 393. DOI: 
10.22059/JPHGR.2017.217393.1006943. [In Persian] 
Alizadeh, M., Hesari, B., Mir Yaghoubzadeh, M.H., Mohammadpour, M., (2019), Analysis of snow change trends in the 

catchment area of Lake Urmia. 14th National Conference on Watershed Management Sciences and Engineering of IRAN. [In 

Persian] 
Bahrami Pichachchi, H., Noruzolashdi, R., Raeini Sarjaz, M., (2019), Investigation of Climatic Fluctuations in Reducing the 
Snow Cover Level of North Central Alborz Using Remote Sensing Techniques. 3rd National Conference on Water Resources 

Management in Coastal Plains Mazandaran – Sari, 10 October 2019, https://civilica.com/doc/950872. [In Persian] 

Darand, M., (2014), Analysis of variations in extreme temperature and precipitation in Oromieh indices as the signs of 
climate change. Journal of Water and Soil Conservation, Volume 21, issue 2 – Serial Number 2, pp 1- 29. doi: 
20.1001.1.23222069.1393.21.2.1.8. [In Persian] 
Ebrahime, H., Ghani, A., Malakoti, H., (2012), Trend of Snow Cover Detection Using Satellite Data From MODIS over 
Snow-Rich Areas in Iran. Journal of Nivar, Volume 36, 78 – 79, 79, 3 – 10. [In Persian] 
Fattahi, E., Moghimi, S., (2019), Investigation of snow cover Changes affected by climate change In North West of Iran. 
Research in Geographical Sciences, 2019, 19 (54), 47 – 63. http://jgs.khu.ac.ir/article-1-2828-en.html. [In Persian] 
Ghasemi, E., Fattahi, E., Babaiei, O., (2013), Estimating the Impact of Climate change on snowmelt Runoff on the feature. 
Journal of Climate Research, Volume 1392, Issue 13 – Serial Number 13, 2013, pp 111 – 122. [In Persian]  
Halabian, A., (2017), Trend Analysis of Maximum and Minimum Temperature Variations in Iran Plateau. Journal of Arid 
Regions Geographic Studies, 8 (30): 61 – 75. http://journals.hsu.ac.ir/jarhs/article-1-1300-fa.html. [In Persian] 
Keikhoravi Kiany, M.S., Masoodian, S.A., (2016), Identification of Spatial Variations of Snow-covered days over Iran based 
on Remote Sensing. Journal of Geography and Environmental Hazards, Volume 5, Issue 1 – Serial Number 17, 2016, pp 69 – 
86. DOI: 10.22067/GEO.V5I1.49715. [In Persian] 
Musazadeh, H., Shahabi Fard, F., Qaderi Dormian, M.A., (2015), Determining the snow cover level of South Khorasan 
province using MODIS sensor images in the water year 2013 – 2014. Water Harvesting and Watershed Management 
Congress. [In Persian] 
Manzari, P., Jafari, R., (2017), Monitoring the snow cover of Fereydunshahr city using MODIS sensor images. The first 
International  Conference of SILK GIS. [In Persian] 
Madani, L., Madani, F., (2019), Investigation of the application of remote sensing and GIS in the study of changes in snow 
pits and glaciers in Sabalan. 11th International River Engineering Conference. [In Persian] 
Motamedi, A., (2019), Investigation of snow cover of Dez catchment in the last 19 years (the water year 2000 – 2001 to 2018 
– 2019). 3rd Iranian National Conference on Hydrology, 17 – 19 Sep. 2019- University of Tabriz. [In Persian] 
Naghizadeh, H., Rasooli, A.A., Sari Sarraf, B., Jahanbakhsh, A., Babaian, I., (2018), The Variability of the Snow Depth in 
the Northern Zone of Iran is based on the ECMWF Database of the ERA-Interim Edition. Journal of Geography and 
Environmental Hazards, Volume 8, Issue 2 – Serial Number 30, pp 211 – 229. DOI: 10.22067/GEO.V0I0.78609. [In Persian] 
Raziei, T., Mofidi, A., Zarin, A., (2006), The 500 hPa atmospheric centers of action and circulation patterns over the Middle 
East and their relationship with precipitation in Iran. Journal of the EARTH AND SPACE PHYSICS, Volume 35, Issue 1, pp 
121 – 141. DOI: 10.22059/JESPHYS.2009.79975. [In Persian] 
Raispour, K., (2018), Monitoring of snow cover changes in Iran using NDSI algorithm in TERRA/MODIS images. The 2nd 
National Conference on Climatology of Iran, May 9th, 2018 Ferdowsi University of Mashhad. [In Persian] 
Solaimani, K., Darvishi, S., Shokrian, F., Rashidpour, M., (2019), Monitoring of temporal-spatial variations of snow cover 
using MODIS image (Case Study: Kurdistan Province). Iranian Journal of Remote Sensing & GIS, Volume 10, issue 3, 
Winter 2019, pp 77 – 104. [In Persian] 
Sadeghi, A., Rostami, A.A., Abdullahi, A.R., (2019), Snowfall Fluctuation Analysis (Case Study: Zanjan Synoptic Station). 
Third National Conference on Hydrology of Iran, Tabriz. [In Persian] 
 
References (in English) 

Alijani, B., (2002), Variations of 500 flow patterns over Iran and surrounding areas and their relationship with the climate of 
Iran. Theoretical and Applied Climatology, 72, 41 – 54. 



 
 
 

2  ------------ ---------------------- - - -------------------  Journal of Natural Environmental Hazards, Vol.11, Issue 34, December 2022 

 
Adam, J.C., Hamlet, A.F., Lettenmaier, D.P., (2008), Implications of global climate change for snowmelt hydrology in the 
twenty-first century. Hydrological Processes, 23, 962 – 972. https://doi.org/10.1002/hyp.7201. 
Ashfaq, M., Ghosh, S., Kao, S.C., Bowling, L.C., Mote, P., Touma, D., Rauscher, S.A., Diffenbaugh, N.S., (2013), Near – 
term acceleration of hydroclimatic change in the western U.S. Advancing Earth and Space Science, 118, 10676 – 10693, 
https://doi.org/10.1002/jgrd.50816. 
Barnett, T.P., Adam, J.C., Lettenmaier, D.P, (2005), Potential impacts of a warming climate on water availability in snow-
dominated regions. Nature, Vol 438, 303 – 309. DOI: 10.1038/nature04141. 
Bulut, H., Yesilata, B., Yesilnacara, M.I., (2008), Trend analysis for examining the interaction between the Atatno rk Dam 
Lake and its local climate. Natural and Engineering Sciences, 1 (3), 115 – 123. 
Brown, R.D., Mote, P.W., (2008), The response of Northern Hemisphere snow cover to a changing climate. Climate, 22, 
2124 – 2145. DOI: 10.1175/2008JCLI2665.1. 
Dr�́pela, K., Dr�́pelov�́., (2011), (Application of Mann-Kendall test and the Sen’s slope estimates for trend detection in 
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