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Abstract

Snow, a key part of the water balance in mountains, supports flow in snow-fed streams. This study
aims to investigate snow cover variations and the effects of hydro-climatic variables on it in the Sabalan
mountain region of Ardabil province, Iran. Snow cover changes were assessed through interpretation
of Landsat satellite images. The Mann-Kendall test analyzed trends in temperature, precipitation, and
discharge, while Pearson correlation assessed their relationship with snow cover. The results showed
that snow cover decreased by 12.7% in the period between 1991 and 2003, and by 65.1% for the study
period (1991-2015). Discharge had a decreasing trend in all hydrometric stations except Lay station in
December, with significant reductions observed at Pole-Soltani and Nir hydrometric stations at 99%
and 95% confidence levels, respectively. Additionally, Meshgin-Shahr hydrometric station showed an
increasing trend in December discharge, while precipitation at Nir rain gauge station in January
increased significantly. Although the temperature of both Meshgin-Shahr and Nir meteorological
stations increased, correlation analysis did not identify a significant relationship between snow cover
and hydro-climatic variables in the region. The study reveals a significant decline in snow cover in the
Sabalan mountain region, with a 65.1% reduction from 1991 to 2015, indicating potential impacts on
water availability. Despite rising temperatures and varying trends in precipitation and discharge, no
strong correlation was found between snow cover and hydro-climatic variables. This suggests that other
factors, possibly local microclimates or land use changes, may influence snow dynamics. The results
revealed the complexity of snow-hydroclimate interactions and the need for integrated monitoring to
manage future water resources.
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Introduction

Snowmelt runoff plays a significant role in
the runoff and water yiled during spring and
summer in mountainous regions, which, despite
covering a small part of the Earth's surface, are
critical in the hydrological perspective of river
basins (Hanich et al, 2022). In many areas,
snow cover in mountains is the primary source
of overland and underground water supply,
making it important for agriculture, domestic
use, and underground aquifers (Sharma et al,
2012; Morshedi and Hoseini Boroujeni, 2021).
Additionally, snow is crucial for mitigating
natural hazards such as avalanches and floods
(Buhler et al, 2015). Snow is the product of
interactions among regional and global climate
systems, with variability in its amount having
significant  consequences.  Hydro-climatic
variations can have a direct impact on snow
cover variability, which in turn affects
snowmelt runoff and water cycle balances
(Sood et al, 2020). Therefore, identifying the
temporal and spatial properties of snow and
recognizing the effective parameters on snow
cover are essential for appropriate water
resource management (Ahmadi et al, 2014).
Elevation, slope, slope direction, sunlight, snow
depth, snow reflection, temperature, wind
speed, vapor pressure and precipitation are
among the most important variables that affect
snow cover and snowmelt amounts (Huang et
al, 2022). Climate change is one of the most
significant environmental challenges in recent
decades, causing fluctuations in weather
patterns in a region. Global warming is
currently considered a part of climate change
(Guan et al, 2023). Studies have shown that this
phenomenon has already affected biological
and physical systems worldwide, and its
impacts will continue to be felt in the future
(Moen and Fredman, 2007; Sood et al, 2020).
In recent years, snow cover has decreased in
most regions, especially during the spring and
summer. According to the Intergovernmental
Panel on Climate Change's 2008 report, rising
temperatures over decades have led to
significant changes in the hydrological cycle,
such as increased atmospheric vapor, changes
in precipitation intensity and patterns, changes
in extreme weather events, reduced snow cover,
and massive melting of ice and soil moisture,
leading to changes in runoff (Stern, 2007). As
previously mentioned, snow precipitation in
drainage basins is a stable and consistent source

of overland and underground water that sustains
the flow of rivers, streams, and ganats, and is
also used during dry seasons (Jafarli, 2019;
Song et al, 2022). Monitoring the status of snow
cover at snow gauge stations can be challenging
(Thakur et al, 2023), which has led to the use of
remote sensing technology to monitor and
evaluate characteristics of snow models at
regional and global levels. Numerous studies
around the world have applied this tool for
snow surveys (Lindsay et al, 2015; Marti et al,
2016; Xia et al, 2019; Aghelpour et al, 2020;
Singh et al, 2022; Thaler et al, 2023). The
relationship between hydro-climatic variables
and snow has attracted significant research
attention worldwide. Vahvilinin and Luhvanso
(2009) used the GISS model to assess climate
change effects on snow cover and discharge in
Finland, projecting a 2-6°C temperature rise
and increased precipitation. Results showed a
20-50% rise in flow and reduced snow cover in
southern Finland. Yang et al. (2003) found a
strong link between snow cover changes and
spring runoff in Siberia. Wang et al. (2015)
studied the Tuotuo River basin and observed
increased snow cover and variability at high
altitudes, with earlier snowmelt starts and
delayed ends due to warmer, wetter conditions.
Knowles (2015) analyzed climate data from
1950-2010 and reported a significant decline in
snow cover days. Tang et al. (2017) used
MODIS data (2001-2015) to study snow cover
in the Tian-Shan Mountains, revealing spatial
variability, with decreases up to 9.5% and
increases up to 2.81% in some areas. Ma et al.
(2019) studied snow-cover area and runoff
variation in the West Kunlun Mountains under
climate change. They analyzed 60 years of
temperature, precipitation, and snow data.
Results indicated rising temperature and
precipitation trends, especially in the Karakax
and Yurungkax basins. Snow-cover fraction
varied among the basins, and runoff depth
increased in all of them. Misra et al. (2020)
explored the influence of topography and
climate on seasonal snow cover and its role in
melt-runoff  within  ungauged Himalayan
basins. They emphasized how snow cover area
varies with elevation, slope, and aspect, and
indicates the importance of temperature lapse
rates in estimating melt-runoff. Aghelpour et al.
(2020) researched the effects of drought on
snow cover in Iran's Alborz Mountains using
MODIS sensor images and meteorological data
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from 2000 to 2014. Utilizing statistical models
and drought indices, they established a positive
relationship between drought and snow cover.
The study revealed that drought impacts on the
snow cover area persisted for up to six months,
with the highest impact occurring after two
months. Banerjee et al. (2021) analyzed 2000—
2020 trends in precipitation, temperature, and
snow cover in the central Himalayas, finding
increased precipitation (except in November)
and a strong correlation (R? = 0.78) between
snow cover and precipitation. Li et al. (2021)
linked snow depth (Nov—Mar) to spring runoff
increases in the Yellow River source region.
RoRler et al. (2021) observed show cover
variability and its impact on runoff and flooding
in northern Fenno-Scandia due to rising
temperatures. Chen (2023) reported a 9.34%
decline in glacier and snow-covered areas near
O'Higgins Lake between 2000 and 2020.
Previous studies across various mountainous
regions worldwide have demonstrated that
climate change significantly affects snow cover
and runoff regimes.

Research from Europe, Asia, and South
America has reported declining snow cover,
rising temperatures, and shifts in the timing of
snowmelt, all leading to altered surface water
availability. However, most of these studies
have been conducted outside Iran, and there is
limited research specifically examining the
impact of hydro-climatic variables on snow
cover in regions like the Sabalan Mountains.
Given the critical role of snow cover in
sustaining water resources in northwestern Iran,
especially for snow-fed rivers, there is a clear
need to analyze temporal trends and the
relationship between snow cover and climatic
factors in this area. Therefore, the present study
aims to fill this knowledge gap and provide
essential insights for regional water resource
management. Sabalan Mountain in Ardabil
province, Iran, is a vital water source, with its
snow cover crucial for regulating water supply.
Recent studies indicate that snow cover on
Sabalan is changing due to climate variations,
impacting drinking, agricultural, and industrial
water availability in the region. The region's
hydrology is dominated by snowmelt runoff
from the mountain, which feeds several rivers
and streams in the area. Recent studies show
that climate and land use changes are impacting

river flow regimes in the Sabalan Mountains
(Mostafazadeh and Mehri, 2018; Tavakoli et al,
2018; Namdar et al, 2020). Sabalan Mountain
is one of the pristine, protected, and
ecologically important regions of Ardabil
province. The main hypothesis of this research
is that snow cover in the Sabalan mountainous
region has significantly changed over time due
to variations in hydro-climatic variables such as
temperature, precipitation, and river discharge.
It is assumed that these changes in snow cover
directly affect the hydrology of snow-fed
streams in the region. The study tests whether
trends in these climatic and hydrological factors
are correlated with observed snow cover
variations, aiming to understand the driving
forces behind snow dynamics and their
potential impact on water resources.
Considering the important role of snow in
supplying water in mountain regions, the main
purpose of this study is to investigate changes
in snow cover and hydro-climatic factors
affecting these  changes (precipitation,
discharge, and temperature) within the Sabalan
mountain region.

Materials and Methods

Study area

Sabalan Mountain, which has a height of
4811 meters, is the third highest mountain in
Iran after Damavand and Alam-kuh. It is
located in the northwest of Ardabil Province, 35
km west of Ardabil and 25 km southeast of
Meshgin-Shahr, and is situated on the border
between the central part of Ardabil city and
Lahrud district of Meshgin-Shahr (Talebi
Khiavi and Mostafazadeh, 2021). The study
area is located between latitudes 38° 7' to 38°
36' north and longitudes 47° 36' to 47° 58’ east.
The topography of the study area includes
hillslopes of Sabalan Mountain, and the climate,
based on Emberger method, is semi-arid and
cold-to-frozen, with an annual precipitation of
around 360 mm (Ghafari et al, 2018; Asgari et
al, 2025). Precipitation is mostly observed in
autumn and winter, commonly as snowfall, and
increases with elevation while temperature
decreases (Sharifi et al, 2012). Figure 1 shows
the location of Sabalan Mountain in Ardabil
Province, along with the location of rainfall and
hydrometric stations.
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Fig. 1: Location of the study region and hydrometric and rain gauge stations in Ardabil Province

Methodology

- Delineation of snow cover using satellite
imagery

To analyze temporal changes in show cover,
five Landsat satellite images from May 1991,
1998, 2003, 2009, and 2015 were used. These
images, acquired from Landsat 4 and 7 satellites
over paths 33 and 34, were selected based on
minimal cloud cover and comparable seasonal

timing to ensure consistency in snow cover
interpretation. Table 1 presents the technical
specifications, including sun azimuth and
elevation angles, for each acquisition. The
consistent acquisition period in May helped to
capture the late-season snow cover extent
before complete melting. This approach
allowed for reliable comparison of snow cover
variations over the study period.

Table 1: Specifications of satellite imagery used for snow cover changes evaluation

Date 28.05.1991 07.05.1998

Landsat number/pass 33 Landsat 4 Landsat 4

Landsat number/pass 34 Landsat 4 Landsat 4
Sun Azimuth/Pass 33 115/640 128/278
Sun Elevation/Pass 33 58/959 58/914
Sun Azimuth/Pass 34 113/096 125/913
Sun Elevation/Pass 34 59/310 59/560

13.05.2003 13.05.2009 30.05.2015
Landsat 7 Landsat 7 Landsat 7
Landsat 7 Landsat 7 Landsat 7

130/517 131/069 129/734
61/781 62/139 65/916
127/895 128/426 126/599
62/483 62/851 66/593

The Sabalan mountain range, due to its
special geographical location, is located in 33
and 34 passes in Landsat satellite images, which

cover Ardabil province and parts of East
Azerbaijan  province, respectively. The
essential images were obtained from the United
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States Geological Survey. The Landsat satellite
is a valuable tool for monitoring snow cover in
mountainous areas, as it can provide high-
resolution images with a wide coverage area
(Hall et al, 2016). The image preparation steps
were accomplished in IMAGINE V.2014
ERDAS software to determine the snow cover
in different periods. The steps are presented as
follows: First of all, the gap among the used
images was corrected, then, the bands of images
regarding Ardabil and East Azerbaijan were
merged. The false color composite for images
including several bands was formed. False
color composites are often used to enhance the
visual contrast between different land covers
and facilitate the identification of snow cover
(Vidot et al, 2017). In the next phase, the photo
mosaics were prepared and the boundaries of
the images in 33 and 34 passes were assimilated
in a single layer; afterwards, the radiometric
modification and Supervised Classification
were applied to classify and determine the snow
cover and non-snowy areas (Lillesand et al,
2015). Based on collected and compared
spectral curves, the evaluation and merging of
the spectral curves of different land covers were
carried out and finally classified. Spectral
curves characterize the reflectance of different
land covers in different wavelengths and are
essential for image classification (Richards and
Jia, 2006). For verification of the image
classification, the Kappa index was delineated.
The Kappa index is a statistical measure used to
evaluate the accuracy of image classification
and is widely used in remote sensing studies
(Congalton and Green, 2019). Eventually, the
boundary of the area was crossed over satellite
images. This step likely involved the use of
geospatial software such as ArcMap to define
the study area and extract relevant data from
satellite imagery (ESRI, 2021).

-Data sources

The current study benefited the recorded
hydro-climatic data regarding  monthly
precipitation and temperature of Meshgin-
Shahr and Nir meteorological stations, and
discharge data of Atashgah, Lay, Nir and Pole-
Soltani hydrometric stations during 1991, 1998,
2003, 2005, and 2015 years.

-Mann-Kendall test for hydro-climatic
variables trend analysis

One of the advantages of this method is its
suitability for temporal series which do not
follow a particular statistical distribution.
Besides, mentioned  method  neglects

impressive of the extreme values observed in
some data series, as well (Partal and Kaya,
2005). To assess the variability of hydro-
climatic  variables, monthly data on
precipitation, temperature, and discharge from
the study hydrometric stations were analyzed
using the non-parametric Mann-Kendall test.
The non-parametric Man-Kendall test is one of
the methods for monitoring the change in the
data trend, which was first used by Man (1945)
and then in 1975 Kendall expanded it. The non-
parametric M-K test offers diagnostic accuracy
comparable to parametric tests without
assuming a specific data distribution
(Lettenmaier et al, 1994; Baig et al, 2021).

The test’s null hypothesis assumes no trend
and random data, while the alternative indicates
a trend (Ahmad et al, 2015; Towfiqul Islam et
al, 2020). Data are first ordered chronologically,
then each value is compared to subsequent ones
(Mohammad et al, 2022). The S statistic is
commonly used to measure this in time series
(Kisi and Ay, 2014; Parchami et al, 2024).

Eqg. 1)

n-1 n

S = Z Z sign(xj —xk)

i=1 j=i+1
Eq. 2)
+1 if(xj —xk) >0
sign(0) = { 0 if(xj —x)=0
-1 if(xj—x,) <0
In our study, with 20 data points, the normal
approximation (Kendall’s Z) is applied since n >
10. This requires calculating the variance of S,
VAR(S) (Chattopadhyay et al, 2012).
Eqg. 3)

Var(s) = % In(n —D@n+5) = ) (6~ 1)(26 + 5)]
=1

The equation accounts for tied values, where
"n" is the total data count, "m" is the number of
tied groups, and "tp" is the size of each group.
The Kendall test statistic (Z-value) is calculated
using S and VAR(S) (Chattopadhyay et al,
2012).

Eq. 4)
s—1 _
|(7VAR(S); ifS>0
_Jo; ifS=0
ZS_{ S+1 s <0
kVAR(S)' ifs <

If no relationship is found, the null hypothesis
of no trend is accepted.

Eqg. 5)
IMK| < Z,

Trends are significant if the Mann-Kendall
test statistic exceeds 1.96 (5%) or 2.56 (1%). A
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positive Z indicates an increasing trend, and a
negative Z indicates a decreasing trend.

- Analysis of snow cover changes with hydro-
climatic variables

In the same way, the values of hydroclimatic
variables (temperature, precipitation and flow
discharge) were analyzed. Hydroclimatic
variables influence watershed water balance
and help assess climate change impacts on
water resources (Tan et al, 2022). In the
analysis, it was tried to interpret the relationship
between climatic components and flow rate.
This step likely involved the use of statistical
methods such as correlation analysis to identify
the relationship  between  hydroclimatic
variables and streamflow (Chiew et al, 1998;
Mostafazadeh et al, 2023). In the following step,

the correlation diagram between snow cover
and the studied hydro-climatic variables was
plotted and analyzed using R programming (R
Core Team, 2024).

Results and Discussion

The purpose of this study is to investigate
snow cover changes in Sabalan mountain
region and the relationship between hydro-
climatic variables (precipitation, temperature,
and discharge) affecting snow cover changes.
Additionally, regarding snow  cover
information is also presented in Table (2). The
results of snow cover resulted from using
satellite images of various temporal periods are
presented in Figure 2.

Table 2: the snow cover area of Sabalan Mountain in study temporal periods

Year 1991 1998
Snow Cover
Area (km?) 155.47 131.04

2003 2009 2015
135.60 136.621 54.16

According to Figure 2, which visually
evaluates snow cover changes during the study
period, the extent of the snow-covered area has

(d
Fig. 2: Snow cover area in Sabalan mountain region in: a) 1991, b) 1998, c) 2003, d) 2015

decreased, and the snow cover has become
more  fragmented.  Notably, significant
variations in snow cover from 1991 to 2015 are
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observed, with a significant change between the
first and last periods, while changes in the
middle periods are less distinct. Table 2 shows
that the snow cover area has declined between
1991 and 2015, with a considerable difference
between the beginning and end of the study

period. However, the snow cover in the middle
years slightly increased, and changes in these
periods were not very noticeable.

The results of the verification test performed
in the IMAGINE V.2014 ERDAS software are
showin in Table 3.

Table 3: The accuracy assessment criteria in snow cover change detection in Sabalan mountain region

Year 1991 1998
Kappa Index 0.7073 0.8339
Total accuracy index 90.00 96.00

2003 2009 2015
0.7895 0.9091 0.9155
94.12 97.62 98.61

The Kappa index is a statistical measure of
agreement between observed and predicted
values in classification analysis. The Kappa
index values in this study suggest reasonably
accurate and reliable classification results.
Analyzing changes in snow-covered area extent
over time reveals key insights into snow cover
dynamics in the study region. Comparing the
snow cover extent in different years or seasons
can identify trends and patterns in snow cover

changes over time. Table 3 shows that all
classification errors are acceptable, with the
highest and least accuracy observed in 2015 and
1991, respectively, indicating good agreement
between the classification and real conditionsin
the study area. Trend analysis of hydro-climatic
variables  (discharge, precipitation, and
temperature) was conducted using the Mann-
Kendall test and MAKSENS software, and the
results are illustrated in Table 4.

Table 4: Mann-Kendall test values for hydro-climatic variables of the study meteorological stations

Variable Station November
Atashgah ns
) Lay ns
Discharge .
Nir *p-value<0.05
Pole-Soltani **p-value<0.01
o Meshgin-Shahr *p-value<0.05
Precipitation .
Nir ns
Meshgin-Shahr ns
Temperature . ns
Nir

December Test Z November  Test Z December
ns -0.77 -1.58
ns 0.84 -0.05
ns -2.37 -1.76
**p-value<0.01 -2.73 -2.94
ns 1.99 0.43
*p-value<0.05 0.00 -1.99
ns 1.46 0.62

ns
0.89 0.41

ns= not significant, *=p-value less than 0.05, **=p-value less than 0.01

The table displays the results of the Mann -
Kendall trend test for hydro-climatic variables
at various study stations. For the Discharge and
Precipitation variables, the table indicates
significant trends at some stations. For instance,
at Pole-Soltani station, there is a significant
decreasing trend in both November and
December, with a p-value of less than 0.01. At
the Meshgin-Shahr station, there is a significant
increasing trend in November for Precipitation
(p-value<0.05). However, for the Temperature
variable, there are no significant trends at any
station, as indicated by the lack of stars in the

table. Overall, the table suggests that certain
study stations have significant trends in hydro -
climatic variables. Nevertheless, it is essential
to note that the M-K test is a univariate test and
does not account for potential interactions or
dependencies among the variables (Hamed,
2008). Hence, further analysis may be
necessary to fully understand the implications
of these trends.

Figure 3 shows the results of changes in
discharge values compared with snow cover
extent corresponding to the related month.
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Fig. 3: Changes in river flow data simultaneous with the snow cover over different river gauge stations

Figure 3 illustrates changes in river flow data
and snow cover in the study area over time.
Concerning the changes in runoff, it can be
observed that Atashgah and Lay hydrometric
stations show a gradually increasing trend
during the study period, while Nir and Pole
Almas hydrometric stations do not follow a
specific trend. It is noteworthy that a decrease

in snow cover may result in a reduction in
runoff. The discharge trends at the Atashgah,
Nir, and Pole-Soltani hydrometric stations are
relatively  similar, indicating consistent
hydrological response in the study area. Figure
4 shows the results of changes in precipitation
values compared with snow cover extent
corresponding to the related month.
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Fig. 4: Changes in precipitation data simultaneous with the snow cover over different river gauge stations

The precipitation diagrams indicate a
decreasing trend over time at the Nir rain gauge
station. Figure 4 also shows that at the
Meshgin-Shahr rain gauge station, although
precipitation amounts fluctuated, a clear
decrease is observed in the later periods (2009 -
2015). These results suggest that the study area

is experiencing a decrease in precipitation,
which could have significant impacts on water
resources in the region. Figure 5 presents the
results of changes in precipitation values
compared  with  snow cover extent
corresponding to the related month.
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Figure 5 displays an increasing trend in
temperature at both Meshgin-Shahr and Nir
meteorological stations, indicating a warming
trend in the study area. This warming trend
affects snow cover, as presented in Figure 2,
where the snow cover amount gradually
decreases during the study period. The
significant temperature rises from 2009 to 2015
shows climate change’s impact on regional
snow cover and water resources. Discharge
values shows fluctuations over time, depending

on various factors such as precipitation as rain
and snowmelt in the study months. To further
evaluate the relationship among hydro-climatic
variables and snow cover in the study region, a
Pearson correlation test was conducted using
the R language programming as shown in
Figure 6. The Pearson correlation test can
provide insights into the strength and direction
of the relationships among the variables and
help to identify potential causal relationships
among them.
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Fig. 6: Correlation matrix and dependencies between snow cover and multiple hydro-climatological variables

Based on the results in Figure 6, there is a
positive correlation between snow cover and
discharge, but it is not statistically significant.
An increase in snow cover and consequently

snowmelt will lead to an increase in discharge,
but the delay in snowmelt during the month
under study may reduce the correlation between
these variables. Figure 6 shows that the
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correlation between precipitation and snow
cover is positive, indicating that the value of the
dependent variable increases with an increase in
the independent variable (precipitation).
However, the low amount of correlation
coefficient suggests that the increase in snow
cover as a dependent variable does not solely
depend on precipitation values and may be in
response to other independent parameters. A
negative correlation exists between temperature
and snow cover, indicating that temperature
influences snow cover changes. However, it
should be noted that the presented graphs and
correlation values are based on the data from
the surrounding stations of the study area. Due
to the difference in the direction of the range of
these values, the correlations may be somewhat
lower overall. Another important point is that
there is no precipitation and temperature
measurement station near the Sabalan crest in
the highlands of the study area, which can
significantly reduce the significance of the
independent variables affecting the snow cover.
It is obvious that if measurement stations
existed in the highlands, it would be possible to
achieve higher correlation relationships.
Generally, in the Sabalan mountain region, as
precipitation increases, snow cover also
increases, and with an increase in temperature,
snow cover decreases. Recent studies have
reported similar results to the current study
regarding the positive correlation between
snow cover and discharge in mountainous
regions.

Conclusion

The trend analysis of hydro-climatic variables,
including  precipitation, discharge, and
temperature, and their effect on snow cover in
the Sabalan mountain region resulted in the
following results. Snow cover variations in the
study region were observed using classified
images, and the Kappa index was used to verify
the results, which showed acceptable
coefficients. Discharge and precipitation
showed decreasing trends, while temperature
increased, reflecting expected climate change
effects. The significance of these variables was
examined at 95% and 99% confidence levels. In
some cases, the non-significant trend of the data
was due to the shortage or lack of data in the
present study. The hydro-climatic parameters
histogram and satellite image classification
demonstrated decreasing changes for snow

cover and precipitation, increasing changes for
temperature values, and fluctuating variations
for discharge. Correlation diagrams and the use
of Pearson's correlation coefficient indicated
that an increase in temperature led to a decrease
in snow cover, and a decrease in precipitation
also resulted in a decrease in snow cover.
Additionally, in three out of four hydrometric
stations, a decrease in precipitation led to a
decrease in discharge, which was confirmed by
their correlation coefficients. To evaluate the
changes, it is suggested to use simultaneous
data from snow gauges. The use of other
satellites in shorter periods of time would also
be helpful for better interpreting the results. As
temperatures continue to rise, snow cover is
expected to decrease, which will have
significant implications for river flow.
Therefore, it is essential to understand how
climate change will affect the relationship
between snow cover and meteorological
variables and how this will impact river flow
regime. Different rivers have different seasonal
patterns, and understanding how these patterns
interact with snow cover and meteorological
variables can provide insights into the complex
relationships between these variables and river
flow. The increasing frequency and intensity of
extreme events due to climate change can have
significant impacts on snow cover, river flow,
and water availability. Therefore,
understanding how extreme events affect the
relationship  between snow cover and
meteorological variables is crucial for
managing water resources in the future.
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