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Figure 2 - Snow cover (SCA) in April in four time periods: 2000 (top-left row), 2007 (top-right row), 2013 (bottom-left
row) and 2019 (bottom-right row)
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Figure 2- Study area (top-left row), snow cover (SCA) in August and September in eight time periods: 2000 (top-

middle row), 2002 (top-left row), 2006 (middle-left row), 2008 (middle-middle row), 2011 (middle-right row), 2014
(bottom-left row), 2017 (bottom-middle row) and 2019 (bottom-right row)
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Table 1- Mann-Kendall test statistics and NDVI Sen slope
Parameter Mann-Kendall statistic (Z) Sen slope (B) p-value
March and April snow cover -0.190 -534.245 0.239
August and September snow cover -0.343 -1.616 0.032
Precipitation 0.167 2.578 0.304
Snow water equivalent (SWE) 0.205 0.898 0.204
Snow to precipitation ratio -0.095 -0.044 0.566
Snow water resources (SWR) -0.019 -0.068 0.928
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Figure 3 - Trend of changes in parameters of snow cover area (SCA) in March and April (top-left line), SCA in August
and September (top-middle line), (snow water equivalent) SWE (top-right line), precipitation (bottom-left line), snow
to precipitation ratio (bottom-middle line) and snow water resources (SWR) (bottom-right line)
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Table 2 - Mann-Kendall test statistics and Sen slopes of annual, seasonal and monthly temperature
Lo ailalo g ad ca¥lo pw ol g JI0S- 0 u,.o)T ‘sLbo)Loi =Y Joos

Parameter Mann-Kendall statistic (Z)  Sen slope (B) p-value
Annual 0.267 0.058 0.097
Spring 0.105 0.020 0.526
Summer 0.086 0.029 0.608
Max temperature Winter 0.314 0.117 0.050
March 0.210 0.084 0.194
April -0.038 -0.021 0.833
August 0.029 0.012 0.880
September 0.005 0.003 1.000
Annual 0.033 0.008 0.856
Spring 0 0.001 1.000
Summer -0.171 -0.037 0.291
Min temperature Winter 0.210 0.040 0.194
March 0.105 0.045 0.526
April -0.019 -0.018 0.928
August -0.182 -0.040 0.263
September -0.196 -0.051 0.227
Annual 0.248 0.037 0.124
Spring 0.067 0.011 0.695
Summer -0.043 -0.009 0.809
Mean temperature Winter 0.248 0.088 0.124
March 0.167 0.076 0.304
April -0.076 -0.019 0.651
August -0.076 -0.019 0.651
September -0.114 0.487 -0.024
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Figure 4 - Annual and seasonal change trends in maximum (left), minimum (middle) and average (right) temperature

parameters, from top to bottom, annual (first row), spring (second row), summer (third row) and winter (last row)
respectively.
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Figure 4 continued
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Figure 5- Monthly trend of maximum (left), minimum (middle) and average (right) temperature parameters, from
top to bottom, March (first row), April (second row), August (third row) and September (last row) respectively.
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Table 3- Stepwise multiple regression analysis between snow cover (SCA) and snow water resources (SWR) with
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Climatic parameter . R? .
) 2 .
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Abstract

Delayed and gradual melting of snow cover and resulting runoff plays a significant role in maintaining water
resources demand in subsequent spring and summer seasons. Sabalan mountain in northwestern Iran remains
snow-covered for approximately five months of the year. In this study, changes in the maximum and minimum
snow-covered area (SCA), snow water equivalent (SWE), the snow-to-precipitation ratio precipitation, also
annual, seasonal, and monthly minimum, maximum, and average temperature were examined using Landsat
images and ground data for a 21-years period (2000-2020). The relationship between changes in SCA and SWE
with precipitation and temperature variables was investigated by stepwise multiple regression. The findings
revealed that the minimum SCA, mainly observed in April, decreased by approximately 34 hectares over 21 years
at an annual rate of 1.62 hectares, (significance level of 5%). Among the climatic variables the maximum winter
temperature increased by approximately 2.5°C during the 21-year period, i.e. an annual rate of 0.12°C. The
regression model results indicated that the SWE was correlated to minimum and maximum SCA, and also the
annual minimum temperature and the maximum September temperature, with multiple correlation coefficients
(R) of 0.67 and 0.64 respectively. Furthermore, SWR showed a multiple correlation coefficient of approximately
0.94 with SWE, the maximum summer temperature, and the annual minimum temperature. The results of this
study demonstrated a significant reduction in snow resources at higher altitudes of Sabalan Mountain. Considering
the key role of snowmelt runoff in maintaining the water demand and long-term decreasing trend of glacier zone
area, the region would face substantial water management challenges.

Keywords: Climate, Mann-Kendall, Sabalan Highlands, Snow cover, Snow water resources
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