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Abstract

Climate change and its intensifying impact on the hydrological
cycle have been acknowledged in recent years. Considering the
importance of available snow to the water resources recharge,
especially in semiarid regions, evaluating climate change
impacts on snow cover area (SCA) has gained significant
attention. In this study, a methodology is presented which is
capable of evaluating the impact of climate change on SCA.
To collect historical data, MODIS snow products are used. To
evaluate the impact of climate change on SCA, the turning
points of SCA time series are detected using the Standard
Normal Homogeneity Test; and the trend of historical data is
analyzed using Mann-Kendall and Sen’s slope tests. To project
the future SCA (2021-2099) under climate change considering
precipitation and temperature as inputs an Artificial Neural
Network-based model is developed. The proposed
methodology is tested in sub-basins in Iran. Analyzing the
present SCA (2000-2020) the results showed that the SCA’s
turning points are only detected in two sub-basins of Tashk-
Bakhtegan-Maharloo in 2007 and Gavkhooni in 2008,
respectively. Moreover, a significant decreasing trend of SCA
is detected during winter in the majority of sub-basins.
According to the results, most sub-basins will experience a
significant reduction in their future SCA under all climate
change scenarios. In other words, compared to the historical
SCA, the average future SCA will increase by 100 percent in
RCP 4.5 scenario while decreasing by 20 percent in RCP 8.5
scenario.

Keywords: Snow Cover Area, Climate Change, Artificial
Neural Network, Remote Sensing, Trend Analysis.
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Percentage of snow cover area to sub-
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Fig. 1- Spatial distribution of the mean snow cover area in Iran
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Table 1- Climatological characteristics of selected sub-basins
e Grades ;5 ol Slasudo - Jgaa

Sub-basin Name @2]3?) Average(g]rsslpltatlon Average (tfcr:r;perature
11 Aras 40510 441.62 7.43
12 Talesh-Anzali Wetland 6938 1018.52 10.85
13 Sefid-Rud 59983 514.28 10.88
14 Rivers between Sefid-rud and Haraz 10971 1390.33 14,53
15 Haraz-Gharesu 18487 1042.57 17.78
16 Gharesu-Gorgan 13300 485.86 17.83
17 Atrak 27113 317.25 16.42
21 Western Border 39992 454.23 16.37
22 Karkheh 52065 383.05 16.05
23 Great Karun 67425 376.67 16.86
30 Urmia 52679 379.09 8.90
41 Salt Lake 93316 329.00 12.14
42 Gavkhouni 41651 189.86 13.64
60 Sarakhs 44245 27181 15.56
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Data collection

Gathering historical remotely-sensed data such as snow cover area ,air
temperature and precipitation time-series

Gathering future air temperature and precipitation time-series under different
climate change scenarios of RCP 4.5 and RCP 8.5

Trend analysis

<

Using Mann-Kendal and Sen’s slope methods to
analyze snow cover area’s trend

)

it -( Turning point detection ) —neg

Using Standard Normal Homogeneity Test to
detect a sudden change in historical snow cover
area time-series

;
!
!
!

/

A 4

{(

Developing Artificial Neural Network models for different sub-basins to
predict Iran’s snow cover arca in the future under climate change

End
Fig. 3- Flowchart of the proposed methodology
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Table 2- Annual maximum snow cover area for some sub-basins (km?)
(@20 yoghS) Badgs 15 5 (S 2 Slpt S iy b 6¥Lw ST =Y Joua

Sub-basin
Year Sefid-Rud Great Karun Urmia Salt Lake
(Code 13) (Code 23) (Code 30) (Code 41)
2000 31048 22778 13819 32621
2001 32083 21257 23370 20094
2002 43578 19277 40361 36410
2003 34593 17000 31036 20157
2004 29806 25518 28436 22806
2005 49532 33921 38185 50817
2006 42879 29155 36810 41464
2007 51514 33402 40909 45150
2008 52117 34207 35807 87710
2009 26061 19289 18983 11373
2010 6472 13270 9960 4442
2011 50359 25010 37406 49272
2012 39303 18197 25141 17791
2013 40524 14040 37149 24409
2014 34828 35935 36508 40794
2015 40389 15970 29955 31156
2016 21885 19132 23900 11454
2017 45697 15979 40281 30830
2018 22043 6138 17339 9684
2019 26638 15208 25489 15525
2020 36540 22009 40640 22291

Table 3- The mean and standard deviation of snow cover area before and after the turning point
ConSs dladl 5l aay g Jid B Glndgy dilale ghan Jlire SB1y2l g eSSk Y Jgu>

Before After
Sub-basin The year of turning point Mean Standard Mean Standard
(km?) deviation (km?) (km?) deviation (km?)
42 2008 1688.15 3204.35 781.47 1759.31
43 2007 1308.09 2772.95 476.89 1646.90
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Table 4- Performance indices of developed ANN models for different sub-basins
BliSe (BASg> 1§ (Egman mas S (63 Sdos Olasuiv —F Joua

Sub-basin Data group RMSE (km?)  Correlation coefficient NSE
1 Calibration 3039.05 0.93 0.85
Validation 2042.01 0.92 0.85

12 Calibration 269.003 0.86 0.72
Validation 448.850 0.88 0.71

13 Calibration 4435.14 0.94 0.87
Validation 4662.61 0.93 0.87

14 Calibration 502.42 0.94 0.88
Validation 466.33 0.95 0.88

15 Calibration 741.67 0.94 0.88
Validation 807.11 0.94 0.88

16 Calibration 407.02 0.86 0.69
Validation 442.18 0.70 0.47

17 Calibration 1327.90 0.81 0.64
Validation 1116.02 0.87 0.63

21 Calibration 1329.47 0.91 0.83
Validation 1901.27 0.90 0.81

29 Calibration 1498.31 0.90 0.81
Validation 1567.37 0.91 0.80

23 Calibration 3415.81 0.91 0.81
Validation 3199.66 0.91 0.81

30 Calibration 3462.75 0.94 0.89
Validation 3221.23 0.94 0.89

a1 Cali_brat_ion 4151.46 0.92 0.85
Validation 4242.89 0.94 0.84

42 Calibration 1242.86 0.88 0.75
Validation 1150.78 0.87 0.75

60 Calibration 2298.90 0.86 0.67
Validation 1241.15 0.82 0.67
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Fig. 7- Simulated snow cover area of sub-basins a) 14 b) 15
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1- Mann-Kendal

2- Sen’s Slope

3- Representative Concentration Pathway

4- Standard Normal Homogeneity Test

5- Artificial Neural Network

6- Climate Hazards Group InfraRed Precipitation with
Station

7- National Centers for Environmental Prediction
8- National Center for Atmospheric Research

9- The Community Climate System Model, Ver. 4
10- The Normalized Difference Snow Index

11- General Circulation Model

12- Feed Forward Neural Network

13- Sigmoid
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