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Extended abstract

Introduction

In the mountainous regions of Iran, a significant part of the precipitation is in the form of snow, which is
considered an important source of river flow. Accurate knowledge of the quantity of these resource is
necessary in terms of the ever-increasing value of fresh water and also in terms of the optimal use of water
resources. From a global point of view, snow monitoring and accurate information on the spatial distribution
of snow cover, are necessary for weather forecasting and hydrological and meteorological modeling. An
important feature of mountainous regions is the snow cover, which has a high reflectivity, has a great
influence on the local weather, reduces the net radiation at the surface and as a result, transfers energy. In
addition to being an important factor for ecosystem development, snow cover is very important for human
activities. Accurate estimation of the coverage level is considered as one of the central and fundamental
operations in the field of water resources management, especially in areas where snowfall is a major part of
precipitation. Revealing and determining different characteristics of snow and ice using remote sensing data,
which is widely used in hydrology, has created a new method to obtain the required parameters of hydrology.

Materials and methods

The Alborz Mountain range which is under study of the current research, separates the coastal plains of
Mazandaran Province from the interior of Iran. The eastern half of Western Alborz and all of Central Alborz
and a part of Eastern Alborz are within Mazandaran Province. In this way, along with other natural factors,
certain geographical conditions have emerged. In this region, snow plays a key role in the hydrological cycle
and hydroclimate, and a significant part of the total annual runoff in this region is the result of snowmelt. So
that global warming affects the management of watersheds and the downstream water requirements of its sub-
basins. First, MODIS sensor data was obtained daily with a spatial resolution of 500x500 meters from
NASA's National Snow and Ice Database (NSIDC). The received images are related to the period of 2000-
2018. To process the images, first pre-processing wacovered ars applied in the ENVI 5.3 software
environment. The NDSI index was used to monitor the snowed area. Mann-Kendall test, Sen’s slope
estimator, and Pettitt's homogeneity test were used to investigate the snow cover variation trend. Also, the
seasonal and annual anomalies of snow cover, temperature and precipitation in the study area were
investigated based on standard Z score.

Results and discussion

The results of the Mann-Kendall test and the Sen’s slope estimator method in the northern slope of Central
Alborz, show that the largest reduction of the snow covered area occurred in January and winter season,
respectively, equal to 220.39 and 50.41 km? each year. The results of Petit's homogeneity test, using the
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Change Point Analysis (CPA) method, in January 2010 for the snow-covered area and May 2014 and June
2010 for the monthly mean temperature, showed a climatic jump at 0.05 significant level. Also, the change
point in the snow-covered area time series of January has been descending, but the change point in the mean
temperature time series of May and June has been ascending. Comparing the snow cover conditions with the
mean temperature and total precipitation conditions, shows that in most cases the negative anomalies of snow
cover are consistent with the positive anomaly of temperature and the negative of precipitation. The obtained
results are a warning about the climate change in this region, which is known as the phenomenon of global
warming and meteorological drought. Surely, these changes have a direct effect on the reduction of water
resources for the agricultural and drinking sectors.

Conclusion

In general, the analysis of the snow-covered area variations in January during the studied 19 years, shows that
for an increase in the average temperature of 0.13°¢, the snow-covered area in this month decreased by 220.39
km? every year. Also, according to the results of Pettitt's homogeneity test in 2010 and 2014, it can be
concluded that global warming and meteorological drought caused a sudden change in the snow-covered area
and temperature in these years and months. The comparison of precipitation and temperature conditions with
the snow cover condition showed that in most years, the negative anomaly of snow cover was simultaneous
with the positive anomaly of temperature and the negative anomaly of precipitation. The greatest effect of
temperature increase has been observed in spring. Therefore, with the increase in temperature and the change
in climatic conditions, the winter precipitation that will turn into snow accumulation has decreased and can
affect the runoff caused by these precipitations in the spring season. Since this region has the ability to receive
snow from mid-autumn to early spring, information about the snow covered area in this region is essential for
many hydrological, meteorological, and climatological applications, as well as hydroelectric power generation
and flood forecasting.
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Table 2. Snow prone zones area of different years and months in km?, during 2000-2018 in northern slope of Central Alborz

Year/Month January Febuary March April May June November December
2000 7532.25 5596.25 1149.50 30.25 0 0 3569.50 4749.25
2001 4356.00 4174.50 1754.50 453.75 272.25 0 695.75 4779.50
2002 5566.00 5838.25 1633.50 514.25 90.75 0 665.50 8167.50
2003 7532.25 5895.45 5233.25 2994.75 847.00 242.00 211.75 1996.50
2004 4809.75 5082.00 4083.75 2057.00 514.25 90.75 1542.75 10315.25
2005 12705.00 8712.00 5354.25 1905.75 695.75 151.25 1905.75 998.25
2006 9226.25 4204.75 2964.50 1815.00 514.25 90.75 998.25 11646.25
2007 10890.00 8379.25 8258.25 2964.50 695.75 211.75 272.25 5051.75
2008 14066.25 10617.75 2752.75 514.25 90.75 0 2057.00 7562.50
2009 7018.00 6322.25 3569.50 2752.75 665.50 211.75 1331.00 7048.25
2010 2722.50 4809.75 3630.00 1240.25 242.00 30.25 786.50 907.50
2011 4598.00 9135.50 6624.75 2208.25 332.75 30.25 6806.25 5293.75
2012 7592.75 8923.75 5445.00 2420.00 332.75 121.00 877.25 6140.75
2013 5929.00 5717.25 3690.50 1119.25 332.75 121.00 2631.75 5233.25
2014 5324.00 4628.25 3448.50 1573.00 423.50 151.25 4930.75 4325.75
2015 3720.75 5082.00 4204.75 1331.00 302.50 30.25 2359.50 6503.75
2016 5112.25 3085.50 1996.50 302.50 90.75 0 1089.00 5142.50
2017 3569.50 10708.50 5172.75 1815.00 302.50 60.75 484.00 1300.75
2018 3055.25 4688.75 2389.75 1210.00 151.25 30.25 242.00 2662.00
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Table 3. Results of Mann-Kendall statistic (Z) and Sen slop estimator () for mean temperature, snow covered area and total monthly
precipitation for the studied months during 2000-2018

Parameters Snow cover mean (km?) Mean Temperature (°C)

Time series Z B Z B
January -0/31™ -220/39 0/28" 0/13
Febuary 0/01™ 6/05 -0/04"™ -0/02
March 0/14" 60/5 -0/04™ -0/01
April -0/01" -3/78 0/02™ 0/006
May -0/14" -9/07 0/62* 0/25
June 0/01" 0 0/43* 0/17
November 0/02" 10/08 0/09"™ 0/05
December -0/15™ -151/51 0/25™ 0/17

*: 0.05% significant level, ™: non-significant
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Table 4. Results of Pettitt tests for mean temperature and average snow covered area of the studied months during the statistical period
(2000-2018)

Mean temperature (°C)

Mean snow-covered area (km?)

Time series

K p-value K p-value
January 54 0.08 62%* 0.02
Febuary 20" 0.94 27 0.77
March 24 0.85 48™ 0.15
April 30™ 0.65 43ms 0.25
May 70° 0.00 38" 0.38
Tune 68" 0.01 4 0.26
November 30™ 0.63 28 0.70
December 44" 0.22 30 0.63
* 0.05% significant level ns: non-significant
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Fig. 2. Results of Pettitt tests for investigating the sudden change times of mean temperature and snow covered area of the study area,
during different months of 2000-2018 (The numbers on the arrows indicate the year of change, which is the result of the analysis of the
change point)
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Fig. 4. Snow cover variations (km?) for the existing basins in the northern slope of central Alborz
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Fig. 5. Investigating the snow-covered area variations (km?) in Haraz and Chalous basins in related to the mean temperature (°C) of the
Kiasar and Beldeh stations
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Table 5. Results of the Mann-Kendall Z statistic and the Sen’s slope estimator, to investigate the trend of spatial variations in the snow
covered area, total precipitation and the mean temperature of northern slope basins of Central Alborz

Mean snow-covered area (km?)

Total precipitation (mm)

Mean temperature (°C)

Basin 7 3 7 5 7 8
Haraz 0.10ns -9.37 -0.12ns -1.66 0.02ns 0.03
Chalous -0.02ns -4.41 -0.11ns -3.1 0.40* 0.08
Babolrood -0.11ns -1.89 -0.22ns -5.5 0.26ns 0.04
Tallar -0.11ns -2.68 -0.01ns -0.88 0.37* 0.04
Tajan -0.24ns -12.70 -0.14ns -3.56 0.33* 0.05

*: 0.05% significant level, ™: non-significant
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Table 6. Results of the Mann-Kendall Z statistic and the Sen’s slope estimator for snow covered variations, in the altitude classes of the

study area
Altitude classes 1600-500 m 2500-1600 m 5500-2500 m
. . Z B Z B Z B
Time serie (km? yr) (km? yr) (km? yr'h)
Autumn - - 0.07" -4.75 0.03"™ 6.48
Winter -0.06™ 0 -0.17™ -57.03 0.02™ 2.26
Spring - - - - ~0.05™ -7.32
*: 0.05% significant level, ™: non-significant
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Fig. 6. Seasonal and annual anomaly of snow cover, temperature and precipitation in the study area, based on
standard Z score
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