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Abstract

Drought as a natural phenomenon is one of the most important
challenges in water supply, especially in arid and semi-arid
climates such as Iran. In this study, the hydrological drought
has been investigated in the western sub-basins of Lake Urmia
using the Surface Water Supply Index (SWSI) from Oct. 2009
to Sep. 2019. For this purpose, annual precipitation data, snow
water equivalent, surface runoff, and reservoir storage (or
changes in groundwater storage) have been used. The
methodology of the study is based on the SWSI index, remote
sensing using Google Earth Engine, determining the snow
cover area using the NDSI index, and analyzing the drought
trend using the Mann—Kendall trend test. The results showed
that according to the weights of the components obtained by
the Analytic Hierarchy Process (AHP), precipitation is the
most important factor in the study area in hydrological
droughts. Also, according to the SWSI index, during the 10
water year period, wet, extreme drought, and severe drought
conditions have not occurred in the study area and generally,
in 54% of the cases near-normal conditions, in 19% of the
cases incipient drought conditions prevail and in the next ranks
are abundant and moderate drought conditions with
respectively 14% and 13% incidence. Also, the wettest water
year was from Oct. 2018 to Sep. 2019 and the driest water
years were from Oct. 2016 to Sep. 2017 and from Oct. 2011 to
Sep. 2012. In addition, in all studied sub basins except
Zolachay, the near-normal hydrological condition was the
most common condition during the study period. Also, the
results of Mann-Kendall non-parametric trend test showed that
only in the Baranduzchay and Rashkan-Talkhab sub basins, the
trend of hydrological drought time series has been increasing
(increasing humidity).

Keywords: Drought, Google Earth Engine, Mann-Kendall,
NDSI Index, SWSI Index, Urmia Lake.
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Table 1- Characteristics of the studied sub basins
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Latitude  Longitude
Zola Chay 2225 1976 38.1 44.6 10 Yalghoozaghaj Zola and Dirik
Kharkhareh Chay 488 1695 38.1 449 5 Tamar -
Shivsan Chay 572 1659 37.9 5 - -

Nazloo Chay 1880 1836 37.7 448 11 Abajalooye Sofla -

Rozeh Chay 457 1657 37.6 7 Pole Ozbhak -

Shahar Chay 712 1843 375 449 7 Kashtiban Shahar Chay
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Zarrineh Rood 11825 1887 36.5 46.6 29 Nezamabad Kazemi and Saroogh
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Table 2- Drought classification based on SWSI
SWSI ad i (wlw!w JUuSiis sovawdlS Y Jous

Class Criterion Drought description
A 4.00 or more Wet
B 3.99t01.99 Abudant supply
C 2.00t0-0.99 Near normal
D -1.00to0 -1.99 Incipient drought
E -2.00t0-2.99 Moderate drought
F -3.00t0 -3.99 Severe drought
G -4.00 and less Extreme drought

Table 3- Average rainfall in the studied sub basins (MCM)
(xSo yio s gabn) axdllne 390 33 ol (GAS P 5o 5 s 53 (S b brwgio =Y Jgun

Period
Oct Oct Oct Oct Oct Oct Oct Oct Oct Oct
Sub basins 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
to to to to to to to to to to

Sept Sept Sept Sept Sept Sept Sept Sept Sept Sept

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Zola Chay 808.1 645.2 593.1 940.5 541.2 792.3 807.9 5114 972.9 873.6
Kharkhareh Chay ~ 186.7 147.7 1218 153.0 101.1 161.1 156.3 96.4 165.3 166.7
Shivsan Chay 208.6 181.3 135.7 181.0 1234 1845 161.4 109.3 194.2 207.5
Nazloo Chay 698.7 621.1 486.0 663.2 466.0 634.7 6304 447.8 7224 8335
Rozeh Chay 193.9 157.2 126.4 152.3 126.2 167.2 159.7 109.5 172.8 2204
Shahar Chay 292.0 2494 218.8 278.1 2239 299.6 298.6 2144 305.5 386.4
Barandooz Chay 572.4 4745 508.6 630.6 497.0 652.4 664.9 551.3 667.9 883.0
Rashakan-Talkhab ~ 108.6 105.4 73.8 130.2 103.1 133.6 125.1 96.0 159.6 1974
Gadar Chay 686.3 665.7 563.2 8074 660.1 872.2 813.2 638.7 8410  1189.6
Mahabad Chay 665.9 615.0 4794 663.8 5225 678.6 626.6 489.6 7325 919.2
Simineh Rood 13559 1238.0 11421 14160 10851 16285 1561.1 11347 17104 2189.3
Leylan Chay 741.7 615.9 388.9 547.1 4949 612.6 577.1 3494 623.5 809.9
Zarrineh Rood 3311.7 26754 2652.0 2583.3 2289.1 27421 28782 2291.0 3499.9 4286.0
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Table 4- Runoff in the studied sub basins (MCM)
(xS yioygubeon) andllae 3,90 1 il (SS9 125 43 Sy (b AUy, —F Jos>

Period
Oct Oct Oct Oct Oct Oct Oct Oct Oct Oct
Sub basin 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
to to to to to to to to to to

Sept Sept Sept Sept Sept Sept Sept Sept Sept Sept

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Zola Chay 8.6 3.7 4.9 2.9 10.0 0.0 45 11.6 0.4 68.6

Kharkhareh Chay 0.0 0.0 1.6 0.0 0.0 0.3 0.0 0.0 0.8 04

Shivsan Chay 0.0 0.0 1.9 0.0 0.0 0.3 0.0 0.0 0.9 0.4
Nazloo Chay 178.1 164.7 69.2 159.8 43.7 55.9 145.8 165.4 112.3 337.2
Rozeh Chay 19.6 13.7 9.9 18.2 10.5 18.1 18.8 17.0 17.8 425

Shahar Chay 29.0 11.8 31.8 34.8 14.3 8.4 54 30.0 48.6 76.3
Barandooz Chay 210.2 144.6 127.0 164.4 87.1 117.9 148.6 202.6 159.4 306.9

Rashakan-Talkhab 11 0.8 1.0 16 1.0 1.0 1.8 2.3 4.2 2.7
Gadar Chay 154.1 110.6 124.4 189.7 56.1 117.8 2321 188.2 67.5 378.9
Mahabad Chay 335 25.8 325 53.0 17.8 13.3 251.1 104.6 75.4 364.2
Simineh Rood 1714 254.7 261.2 4034 157.8 220.0 506.7 287.0 2945 728.4

Leylan Chay 8.3 5.8 4.2 7.7 44 7.7 8.0 7.2 75 18.0
Zarrineh Rood 710.0 514.4 1183.1 218.6 103.3 166.2 1511.6 771.1 559.9 2040.9
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Table 5- Surface water resources in the sub basins with dams (MCM)
(xSo oy gaun) s (51,15 andllas 5590 33 911 (SRS 115 45 (b Of ailio B3 -0 Jouo

Period

Oct Oct Oct Oct Oct Oct Oct Oct Oct Oct
Sub basin 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

to to to to to to to to to to
Sept Sept Sept Sept Sept Sept Sept Sept Sept Sept
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Zola Chay 0.0 0.0 52 28.1 52 18.4 42.4 19.6 57.4 53.8
Shahar Chay 142.6 154.0 153.0 153.0 108.0 110.0 156.0 148.0 126.0 180.0
Gadar Chay 61.7 62.5 53.0 41.0 46.0 47.0 26.0 27.6 43.0 26.5
Mahabad Chay 66.0 69.2 51.4 55.3 43.0 448 97.0 77.6 88.2 92.0
Zarrineh Rood 381.0 393.0 425.0 334.0 288.0 296.0 365.0 313.0 3294 367.0
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Table 6- Groundwater volume changes in the sub basins without dams (MCM)
(Ko plosgelue) v 28U 3o 1l Gadgn 25 53 (w2 j O o Ol gk -7 Jgaa

Period
Oct Oct Oct Oct Oct Oct Oct Oct Oct Oct
Sub basin aquifer 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
to to to to to to to to to to
Sept Sept Sept Sept Sept Sept Sept Sept Sept Sept
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Kharkhareh — Galgachi, — gc 57 0gg 004 -042 -062 -033 -065 -049 108
Chay Mastakan
Shivsan Chay ~ Kahriz 307 -003 -137 -326 -139 -060 287 -091 -0.05 899
Ourmieh,
NezlooChay . >%® 400 015 -644 335 -1200 -185 991 -882 -1017 27.95
Hovarsin,
Mastakan
Rozeh Chay ~ Ourmieh  -252 -010 -370 173 -787 -116 642 -601 -7.08 18.34
Barandooz OL_erleh,
Chay Silvana, -2.38 025 -419 197 -833 -095 681 58 -7.66 19.68
Salmas
Rashakan- pochakan 030 072  -1.40 -080 -006 018 0.6 056 096 162
Talkhab
SimnehRood ~ O0%KaM o077 011 054 142 308 072 143 -408 038 557
Miandoab
Leylan Chay Miandoab  1.41 0.47 1.35 -0.70 -4.10 -0.63 1.20 -4.84 -0.30 5.37
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Fig. 3- Mean NDSI index during the study period
Table 7- Snow water equivalent in the studied sub basins (MCM)
(o pio ygake) alllao 3590 31 il (GoAS9> 15 43 B2 S3lae T -V Jgua
Period
Oct Oct Oct Oct Oct Oct Oct Oct Oct Oct
Sub basin 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
to to to to to to to to to to
Sept Sept Sept Sept Sept Sept Sept Sept Sept Sept
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Zola Chay 52.64 11.17 12.77 101.91 68.19 40.44 53.15 90.38 57.09 175.08
Kharkhareh Chay 2.26 1.59 1.46 7.62 2.54 1.23 7.18 5.91 2.53 14.41
Shivsan Chay 0.30 0.43 0.48 2.53 1.75 0.63 457 3.47 1.35 7.77
Nazloo Chay 21.16 18.36 15.91 74.01 34.18 18.73 77.68 50.95 30.76 138.53
Rozeh Chay 1.35 2.65 3.56 9.56 6.03 171 15.90 13.47 3.65 24.75
Shahar Chay 13.30 10.16 16.57 40.76 21.01 12.87 42.13 39.67 22.07 63.60
Barandooz Chay 15.40 14.29 17.72 33.79 20.03 9.89 42.00 51.98 24.78 74.11
Rashakan-Talkhab 0.14 0.73 0.44 0.40 0.55 0.18 191 1.92 0.98 149
Gadar Chay 17.37 16.46 26.89 51.56 42.62 14.28 85.75 103.96 51.21 150.94
Mahabad Chay 34.79 38.61 36.73 4.78 20.69 3.32 12.81 37.63 8.24 15.78
Simineh Rood 80.00 92.71 97.60 35.05 86.30 37.44 85.44 119.08 61.52 36.06
Leylan Chay 28.02 36.04 24.44 24.35 59.04 15.18 37.63 94.44 66.30 64.70
Zarrineh Rood 132.10 140.20 157.50 88.20 151.30 55.40 112.10 160.70 11580 326.40
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Table 8- Weight of parameters using AHP method
AHP (g, 31 5wl b B gial,ly (359 —A Jgs

Parameter .

Sub basin Darms OF C0n5|st_ency

Rainfall Runoff SWE Ratio
Groundwater

Zola Chay 0.701 0.042 0.092 0.165 0.018
Kharkhareh Chay 0.71 0.05 0.03 0.21 0.025
Shivsan Chay 0.677 0.031 0.102 0.19 0.029
Nazloo Chay 0.559 0.288 0.11 0.043 0.032
Rozeh Chay 0.656 0.179 0.031 0.134 0.019
Shahar Chay 0.557 0.066 0.311 0.066 0.031
Barandooz Chay 0.562 0.296 0.037 0.105 0.022
Rashakan-Talkhab 0.684 0.145 0.036 0.135 0.026
Gadar Chay 0.62 0.135 0.139 0.106 0.020
Mahabad Chay 0.681 0.172 0.101 0.046 0.017
Simineh Rood 0.581 0.284 0.029 0.106 0.016
Leylan Chay 0.646 0.032 0.066 0.256 0.027
Zarrineh Rood 0.65 0.103 0.02 0.227 0.019
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Fig. 4- Trend of SWSI index during the study period in sub basins
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Table 9- Analysis of SWSI drought index trend in sub basins in the study period
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Z 0.537 0.716 0.358 0.358 0.894 1252 1968 2147 1610 1431 1789 0.894 1.073
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Table 1- Frequency and Return period of Drought sub basins
Pl GBades 5 )3 JUSUS Sl 5L 093 9 (SlglS ) Jg
Drought description
Incipient Moderate Severe Extreme
Wet Abudant supply Near normal drought drought drought drought
. O e} e e} el el e}
Sub basin > 2 > 2 > =] > 2 > 8 > 2 > 2
2 5% 2 5% 2 5% 2 5% & &8 2 5w 2 5%
g S5 3 S3 g =g 3 2§ 3 23 3 2§ S %3
o co o co o co o co T co o co o co
b 5z b 5 b 52 bt sz 2 52 b 5 bt 52
(N © (N ° [ © L ° (N ° [ ° [N °
4 o4 4 o4 [vd 14 o4
Zola Chay - - 3 3 3 3 4 3 - - - - - -
Kharkhareh Chay - - 2 5 4 25 3 33 1 10 - - - -
Shivsan Chay - - 1 10 6 2 1 10 2 5 - - - -
Nazloo Chay - - 1 10 6 2 2 5 1 10 - - - -
Rozeh Chay - - 1 10 6 2 - - 3 3 - - - -
Shahar Chay - - 1 10 6 2 2 5 1 10 - - - -
Barandooz Chay - - 1 10 6 1.7 1 10 2 5 - - - -
Rashakan-Talkhab - - 2 5 4 3 3 3 1 10 - - - -
Gadar Chay - - 1 10 6 2 2 5 1 10 - - - -
Mahabad Chay - - 2 5 5 2 1 10 2 5 - - - -
Simineh Rood - - 1 10 7 1 1 10 1 10 - - - -
Leylan Chay - - 1 10 5 2 3 3 1 10 - - - -
Zarrineh Rood - - 1 10 6 2 2 10 1 5 - - - -
Mean - - 18 7 70 2 25 5 % 7 - - - -
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Table 2- Drought situation in the studied sub basins using SWSI Index
SWSI (ad i (wlw!p adllae 3590 3 il (s AGes JWSUid Cordg -T Joio

Period
Oct Oct Oct Oct Oct Oct Oct Oct Oct Oct
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Sub basin Index to to to to to to to to to to
Sept Sept Sept Sept Sept Sept Sept Sept Sept Sept
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Zola Chay Value of the index 0.41 -1.65 -1.85 2.32 -1.7 -0.76 0.36 -1.93 2.65 2.82
Class o] D D B D C C D B B
Kharkhareh ~ Value of the index ~ 2.82 -1.15 -1.83 0.36 -1.80 0.09 0.70 -2.24 1.36 2.80
Chay Class B D D C D C C E C B
Shivasan Value of the index 1.80 -0.26 -1.96 -0.52 -2.12 0.39 -0.20 -2.19 1.12 2.66
Chay Class C C D C E C C E C B
Nazloo Chay Value of the index 1.73 -0.30 -1.88 1.03 -2.82 -0.59 -0.08 -1.52 0.85 341
Class o] o] D C E C C D C B
Rozeh Chay Value of the index ~ 1.74 -0.81 204 034 227 3.47 1.02 -2.52 1.04 3.40
Class C C E C E C C E C B
Shahar Chay Value of theindex ~ -0.29  -0.39 -1.12 0.39 222 012 1.41 -1.92 1.09 3.41
Class C C D C E C C D C B
Barandooz Value of the index 0.36 -2.49 -1.79 0.74 -2.67 -0.49 1.25 0.13 1.54 3.41
Chay Class C E D C E C C C C B
Rashakan-  Value oftheindex  -0.73  -1.15 2.77 0.48 -1.74 0.68 0.75 -1.14 2.56 3.10
Talkhab Class C D E C D C C D B B
Gadar Chay Value of the index ~ 0.02 -0.77 -2.02 0.45 -1.62 1.29 0.79 -1.47 0.80 2.57
Class C C E C D C C D C B
Mahabad Value of the index 0.72 -0.90 -2.62 0.09 -2.07 0.28 0.49 -1.24 211 3.16
Chay Class C C E C E C C D B B
Simineh Roog  Value of theindex  -0.95  -0.79 -0.89 0.34 -2.90 0.33 1.53 -1.16 1.76 2.77
Class C o] C C E C C D C B
Leylan Chay Value of the index ~ 1.46 0.53 221 -167 -1.25 084 021  -170 1.74 2.77
Class C C E D D C C D C B
Zarrineh Value of the index 0.52 -0.75 -0.24 -1.35 -2.21 -0.69 0.74 -1.06 1.56 343
Rood Class C C C D E C C D C B
5- Analytical Hierarchy Process PYCHE I
6- Application Programming Interface :
7- Snow Water Equivalent 1- Supply Water Surface Index
8- Mann 2- Multi Process-Positive Mathematical Programming
9- Kendall 3- Normalized Difference Snow Index
10- Famine Land Data Assimilation System 4- Remotely-Sensed Ecosystem Health Assessment

VF oY lino F 0,lows qpiusad Jlw ¢l ol O qobio Colishing
Volume 18, No. 4, Winter 2023 (IR-WRR)
VOA



&lp-0

Abbaszadeh Tehrani N, Mohd Shafri HZ, Salehi S,

Chanussot J and Janalipour M (2022) Remotely-

Sensed Ecosystem Health Assessment (RSEHA)

model for assessing the changes of ecosystem health

of Lake Urmia Basin. International Journal of Image
and Data Fusion 13(2):180-205

Araghinejad S (2011) An approach for probabilistic
hydrological drought forecasting. lran-Water
Resources Management 25(1):191-200 (In Persian)

Asadi M, Rahimi M, Yazdani M and Peghahfar N (2018)
Analysis of seasonal and annual rainfall trends using
non-parametric methods (Case study: Kurdistan
province). The First National Environment
Conference, 22 May, Esfahan (In Persian)

Azizi G, Rahimi M, Mohammadi H, and Khoshaklagh F
(2017) Spatio-temporal variations of snow cover in
the southern slope of central Alborz. Physical
Geography Research 49(3):381-393 (In Persian)

Barua S (2010) Drought assessment and forecasting
using a nonlinear aggregated drought index. Ph.D.
Thesis, Victoria University

Bavera D and De Michele C (2009) Snow water
equivalent estimation in the Mallero basin using
snow gauge data and MODIS images and fieldwork
validation. Hydrological Processes: An International
Journal 23(14):1961-1972

Durand M and Margulis SA (2007) Correcting first-
order errors in snow water equivalent estimates using
a multifrequency, multiscale radiometric data
assimilation scheme. Journal of Geophysical
Research: Atmospheres 112(D13)

Garen DC (1993) Revised surface-water supply index
for western United States. Journal of Water
Resources Planning and Management 119(4):437-
454

Gorelick N, Hancher M, Dixon M, llyushchenko S, Thau
D, and Moore R (2017) Google Earth Engine:
Planetary-scale geospatial analysis for everyone.
Remote Sensing of Environment 202:18-27

Haji Azizi S, Kheirkhah Zarkesh MM, and Sharifi E
(2011) Suitable site selection for groundwater dams
construction using spatial and non spatial analytical
hierarchy process (case study: Tafts Pishkuh
catchments, Yazd province). RS and GIS for Natural
Resources 2(2):27-37

Hall DK, Riggs GA, and Salomonson VV (1995)
Development of methods for mapping global snow
cover using moderate resolution imaging

spectroradiometer data. Remote of

Environment 54(2):127-140

Hall DK, Riggs GA, Salomonson VV, DiGirolamo N E,
and Bayr K J (2002) MODIS snow-cover products.
Remote Sensing of Environment 83(1-2):181-194

Hassan QK, Bourque CP, Meng F-R, and Richards W
(2007) Spatial mapping of growing degree days: An
application of MODIS-based surface temperatures
and enhanced vegetation index. Journal of Applied
Remote Sensing 1(1):013511

Jabbar A, Othman AA, Merkel B, and Hasan SE (2020)
Change detection of glaciers and snow cover and
temperature using remote sensing and GIS: A case
study of the Upper Indus Basin, Pakistan. Remote
Sensing Applications: Society and Environment
18:100308

Jalao ER, Wu T, and Shunk D (2014) A stochastic AHP
decision making methodology for imprecise
preferences. Information Sciences 270:192-203

Janalipour M, Abbaszadeh Tehrani N, Shafri H, Salehi
S, Mohammadzadeh A, and Ghasemi S (2022)
Satellite-based monitoring of lake Urmia basin
health with focus on its ecosystem regulating
services by applying total ecosystem health (TEH)
model. International Journal of Environmental
Science and Technology 19(7):6151-6162

Khosravi M, Tawassi T, Raispoor K, and Omidi Ghaleh
Mohammadi M (2017) A Survey on snow cover
variation in mount Zardkooh-Bakhtyare Using
Remote Sensing (R.S). Journal of
Hydrogeomorphology 4(12):25-44 (In Persian)

Kim Y-O, Lee J-K, and Palmer RN (2012) A drought
outlook study in Korea. Hydrological Sciences
Journal 57(6):1141-1153

Kuchment LS, Romanov P, and Gelfan A (2010) Use of
satellite-derived data for characterization of snow
cover and simulation of snowmelt runoff through a
distributed physically based model of runoff
generation. Hydrology and Earth System Sciences
14(2):339-350

Kwon H-J and Kim S-J (2010) Assessment of distributed
hydrological drought based on hydrological unit map
using SWSI drought index in South Korea. KSCE
Journal of Civil Engineering 14(6):923-929

Maheras P, Balafoutis C, and Vafiadis M (1992)
Precipitation in the central Mediterranean during the
last century. Theoretical and Applied Climatology
45(3):209-216

Maroofi S (2003) Comparison of rainfall and river flow
data for regional drought studies. 3rd Regional

Sensing

VF oY lino F 0,lows qpiusad Jlw ¢l ol O qobio Colishing
Volume 18, No. 4, Winter 2023 (IR-WRR)

ATARN



Conference on Climate Change, 21 Nov, Esfahan (In
Persian)

Moghimi MM, kouhi E, and Zarei AR (2018) Drought
monitoring and forecasting, using RDI index and
Markov Chain mathematical model. Journal of
Irrigation and Water Engineering 8(3):153-165 (In
Persian)

Molotch NP and Margulis SA (2008) Estimating the
distribution of snow water equivalent using remotely
sensed snow cover data and a spatially distributed
snowmelt model: A multi-resolution, multi-sensor
comparison. Advances In Water Resources
31(11):1503-1514

Nolin AW and Liang S (2000) Progress in bidirectional
reflectance modeling and applications for surface
particulate media: Snow and soils. Remote Sensing
Reviews 18(2-4):307-342

Noroozi A and Mohammadi Z (2016) Survey of
hydrological drought and its effects on lenjan
agricultural region. Spatial Planning Scientific
Research Journal 6(2):97-116 (In Persian)

Nouri M, Morid S, Karimi N, and Gholami H (2021)
Spatial and temporal variation of temperature and
precipitation trends of aras transboundary river
basin. lran-Water Resources Research 17(3):104-
117

Nyokabi EW, Wambua RM, and Okwany RO (2021)
Evaluation of spatial and temporal hydrological
drought using surface water supply index in Malewa
river catchment, Naivasha. Journal of Engineering in
Agriculture and the Environment 6(1):1-8

On6z B and Bayazit M (2003) The power of statistical
tests for trend detection. Turkish Journal Of
Engineering And  Environmental  Sciences
27(4):247-251

Parhizkari A, Yavari Q, Mahmoodi A, and Bakhshi
Khaniki Q (2020) Evaluation of the potential effects
of establishing a local water market in the face of
drought and water shortage in Tehran Province. Iran-
Water Resources Research 16(2):151-163 (In
Persian)

Partal T and Kahya E (2006) Trend analysis in Turkish
precipitation data. Hydrological Processes: An
International Journal 20(9):2011-2026

Patel P and Dippallsrani MR (2020) Snow cover area
detection using NDSI and Band Ratio Method.
International Journal of Innovative Technology and
Exploring Engineering (IJITEE) 9(7):2278-3075

Pervez MS, McNally A, Slinski K, Jacob JP, Getirana A,
Budde ME, Rowland J, and Jayanthi H (2020)

Remote sensing and modeling of water availability
in Afghanistan from snow dominated highlands to
arid lowlands. AGU Fall Meeting Abstracts, Dec,
H010-0014

Poon SKM (2004) Hydrological modelling using
MODIS data for snow covered area in the northern
boreal forest of Manitoba. M.Sc. Thesis, Department
of Geomatics of Science, University of Calgary

Rahimi D and Mohammadi Z (2017) Assessing the
hydrological drought of Zayande Rood Basin.
Geographical Planning of Space 25(7):221-233 (In
Persian)

Rodell M, Houser P, Jambor U, Gottschalck J, Mitchell
K, Meng C-J, Arsenault K, Cosgrove B, Radakovich
J, and Bosilovich M (2004) The global land data
assimilation system. Bulletin of the American
Meteorological Society 85(3):381-394

Saaty TL (2008) Decision making with the analytic
hierarchy process. International Journal of Services
Sciences 1(1):83-98

Salomonson VV and Appel | (2004) Estimating
fractional snow cover from MODIS using the
normalized difference snow index. Remote Sensing
of Environment 89(3):351-360

Sekhon NS, Hassan QK, and Sleep RW (2010)
Evaluating potential of MODIS-based indices in
determining “snow gone” stage over forest-dominant
regions. Remote Sensing 2(5):1348-1363

Shaban A (2009) Indicators and aspects of hydrological
drought in Lebanon. Iran-Water Resources
Management 23(10):1875-1891 (In Persian)

Shafer B and Dezman L (1982) Development of surface
water supply index (SWSI) to assess the severity of
drought condition in snowpack runoff areas.
Proceeding of the Western Snow Conference, April,
Reno, Nevada

Shahrokh Vand S, Lashanizand M, and Khakpour M
(2009) A survey of hydrological droughts and its
relationship with precipitation in the basins of
Khorramabad Rivers. Environmental Based
Territorial Planning (Amayesh) 4(13):71-82 (In
Persian)

Sikandar A, Cheema MJM, Wagas MM, Waseem M,
Awan UK, and Khalig T (2020) Changes in snow
cover dynamics over the Indus Basin: Evidences
from 2008 to 2018 MODIS NDSI Trends Analysis.
Remote Sensing 12(17):2782

Veatch W, Brooks P, Gustafson J, and Molotch N (2009)
Quantifying the effects of forest canopy cover on net
snow accumulation at a continental, mid-Ilatitude

VF oY lino F 0,lows qpiusad Jlw ¢l ol O qobio Colishing
Volume 18, No. 4, Winter 2023 (IR-WRR)

V5



site. Ecohydrology: Ecosystems, Land and Water ~ Wambua R, Mutua B, and Raude J (2017)

Process Interactions, Ecohydrogeomorphology Characterization of temporal and spatial drought risk

2(2):115-128 events using surface water supply index (SWSI) in a
tropical river basin. MOJ Civil Engineering 2(2):43-
50

VF oY lino F 0,lows qpiusad Jlw ¢l ol O qobio Colishing
Volume 18, No. 4, Winter 2023 (IR-WRR)
it



