Supplementary material
1. Landsat TM/ETM + Characteristics
Landsat series provides the longest temporal coverage from present to back in 1972 upon the launch of Landsat-1. Four different sensors were deployed on the different Landsat Plaforms. These includes Thematic Mapper (TM) on-board Landsats 4 and 5, and Enhanced  Thematic Mapper Plus (ETM+) on-board Landsats 6 and 7 (Table 1).
Table 1. Features of TM and ETM + sensors on-board Landsat 5/7
	
	Thematic Mapper (TM)
	Enhanced Thematic Mapper Plus 
(ETM+) 

	Orbit
	16 day/705 km
	16 day/705 km

	Swath width
	185 km 
	185 km

	Bands
	1 (0.45-0.52µm) 
2 (0.52-0.60µm) 
3 (0.63-0.69µm) 
4 (0.76-0.90µm) 
5 (1.55-1.75µm) 
6 (10.4-12.5µm) 
7 (2.08-2.35µm) 
	1 (0.45-0.52µm) 
2 (0.52-0.60µm) 
3 (0.63-0.69µm) 
4 (0.76-0.90µm) 
5 (1.55-1.75µm) 
6 (10.4-12.5µm) 
7 (2.08-2.35µm) 
panchromatic band 8 (0.50-0.90µm) 

	Resolution
	30 m (bands 1-5,7) 
120 m (band 6) 
 
	30 m (bands 1-5,7) 
60 m (band 6) 
15 m/18 m (band 8)



Table 2. List of Landsat satellite images used for MODIS snow products validation, their cloud coverage and the area mapped within each image.
	S. 
No.
	Landsat Scene Identifier
	Sensor
	Date
	WRS-2
Path
	WRS-2
Row
	Cloud 
Cover (%)
	Area Mapped (Km2)

	1
	LE71490362001097SGS00
	ETM+ 
	7-Apr-2001
	149
	36
	0
	32465

	2
	LE71500362001120SGS00
	ETM+
	30-Apr-2001
	150
	36
	2
	32489

	3
	LE71480352001138SGS00
	ETM+
	18-May-2001
	148
	35
	2
	32812

	4
	LE71510352001143SGS00
	ETM+
	23-May-2001
	151
	35
	1
	33178

	5
	LE71490352002100SGS00
	ETM+
	10-Apr-2002
	149
	35
	2
	33027

	6
	LE71490362002100SGS00
	ETM+
	10-Apr-2002
	149
	36
	0
	32465

	7
	LE71470352002102SGS00
	ETM+
	12-Apr-2002
	147
	35
	4
	33982

	8
	LE71500352002155SGS00
	ETM+
	4-Jun-2002
	150
	35
	1
	32594

	9
	LE71470362002214SGS00
	ETM+
	2-Aug-2002
	147
	36
	1
	33636

	10
	LE71490362002276SGS00
	ETM+
	3-Oct-2002
	149
	36
	1
	32465

	11
	LE71490352003119EDC00
	ETM+
	29-Apr-2003
	149
	35
	1
	33027

	12
	LT51500362009262KHC00
	TM
	19-Sep-2009
	150
	36
	0
	32489

	13
	LT51490362010146KHC00
	TM
	26-May-2010
	149
	36
	1
	32465

	14
	LT51490362010290KHC00
	TM
	17-Oct-2010
	149
	36
	0
	32465





2. List of Hydro-Meteorological Stations Used in the study
Following stations has been used in the analysis. Their data length used, responsible data collection agency, geographical coordinates, altitude and basin is mentioned in the table. 
Table 3. List of Meteorological Stations
	S.
No.
	Station Name
	Period From
	Period To
	Agency
	Longitude
	Latitude
	Altitude
Meter asl
	Basin

	1
	Garhi Dupatta
	01/01/1961
	12/31/2011
	PMD
	73.62
	34.22
	813
	Jehlum

	2
	Kotli
	01/01/1961
	12/31/2012
	PMD
	73.9
	33.52
	615
	Jhelum

	3
	Muzaffarabad
	01/01/1961
	12/31/2012
	PMD
	73.48
	34.37
	702
	Jhelum

	4
	Chillas
	01/01/1962
	12/31/2012
	PMD
	74.1
	35.42
	1251
	UIB

	5
	Bunji
	01/01/1961
	12/31/2012
	PMD
	74.63
	35.67
	1372
	UIB

	6
	Skardu
	01/01/1961
	12/31/2012
	PMD
	75.68
	35.3
	2210
	Shigar

	7
	Dir
	01/01/1981
	12/31/2012
	PMD
	71.85
	35.2
	1370
	Kabul

	8
	Drosh
	01/01/1981
	12/31/2012
	PMD
	71.78
	35.57
	1465
	Kabul

	9
	Saidu Sharif
	03/01/1974
	12/31/2012
	PMD
	72.35
	34.73
	962
	Swat

	10
	Kakul
	01/01/1960
	12/31/2012
	PMD
	73.25
	34.18
	1309
	near-Jhelum

	11
	Astore
	01/01/1962
	12/31/2012
	PMD
	74.9
	35.37
	2168
	Astore

	12
	Gilgit
	01/01/1960
	12/31/2012
	PMD
	74.33
	35.92
	1460
	Gilgit

	13
	Peshawar
	01/01/1960
	12/31/2012
	PMD
	71.58
	34.02
	360
	Kabul

	14
	Murree
	01/01/1961
	12/31/2010
	PMD
	73.38
	33.92
	2168
	near-Jhelum

	15
	Jhelum
	01/01/1960
	12/31/2010
	PMD
	73.72
	32.93
	234
	near-Jhelum

	16
	Gupis
	01/01/1961
	12/31/2010
	PMD
	73.4
	36.17
	2156
	Gilgit

	17
	Chitral
	07/01/1964
	12/31/2010
	PMD
	71.83
	35.85
	1500
	Kabul

	18
	Balakot
	07/01/1961
	12/31/2010
	PMD
	73.35
	34.38
	981
	Jhelum

	19
	Bursil
	01/01/1995
	03/15/2012
	WAPDA
	75.167
	34.90083
	4239
	Jhelum

	20
	Kelash
	01/01/1995
	12/31/2012
	WAPDA
	71.655
	35.70361
	2920
	Kabul

	21
	Khunjrab
	01/01/1995
	12/31/2012
	WAPDA
	75.41917
	36.84111
	4440
	Hunza

	22
	Khod Pass
	01/01/1995
	03/16/2012
	WAPDA
	72.6
	36.51667
	3624
	Kabul

	23
	Naltar
	01/01/1995
	12/31/2012
	WAPDA
	74.183
	36.16667
	2898
	Hunza

	24
	Ramma
	01/01/1995
	09/30/2012
	WAPDA
	74.812
	35.35917
	3179
	Astore

	25
	Rattu
	03/29/1995
	03/16/2012
	WAPDA
	74.8
	35.15
	2718
	Astore

	26
	Shangala
	01/01/1995
	12/31/2012
	WAPDA
	72.591
	34.88083
	2240
	Swat

	27
	Hushe
	01/01/1995
	12/31/2012
	WAPDA
	76.367
	35.42389
	3075
	Shyok

	28
	Ushkore
	01/01/1995
	12/31/2012
	WAPDA
	73.399
	36.04556
	3051
	Gilgit

	29
	Yasin
	01/01/1995
	10/06/2010
	WAPDA
	73.5
	36.40111
	3280
	Hunza

	30
	Zanipass
	01/01/1995
	07/23/2009
	WAPDA
	72.171
	36.33611
	3839
	Kabul

	31
	Ziarat
	01/01/1995
	12/31/2012
	WAPDA
	74.46413
	36.75608
	3020
	Hunza

	32
	Saif ul Maluk
	01/01/1996
	12/31/2012
	WAPDA
	73.693
	34.88139
	3230
	Jhelum

	33
	Dainyor
	01/15/1997
	07/31/2012
	WAPDA
	74.371
	35.92611
	1479
	Hunza-Gilgit

	34
	Shendoor
	01/01/1995
	12/28/2012
	WAPDA
	72.55
	36.09083
	3712
	Gilgit

	35
	Shogran
	01/01/1995
	12/31/2009
	WAPDA
	73.486
	34.62
	2740
	Jhelum

	36
	Deosai
	08/17/1998
	12/31/2011
	WAPDA
	75.538
	35.0875
	4149
	UIB
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Table 4. List of Discharge stations. Note: * the gauge data is not operational now

	S.
No.
	Basin Name
	Discharge Site
	Period
From
	Period
To
	Agency
	Latitude
	Longitude
	Altitude (Meters)

	1
	Astore
	Doyian
	Jan-74
	Dec-11
	WAPDA
	35.545000
	74.704167
	1583

	2
	Gilgit
	Gilgit
	Jan-70
	Dec-11
	WAPDA
	35.926389
	74.306944
	1430

	3
	Hunza
	Dainyor
	Jan-66
	Dec-11
	WAPDA
	35.927778
	74.376389
	1370

	4
	Jhelum
	Azad Pattan
	Jan-95
Jan-08
	Dec-03
Dec-12
	WAPDA
	34.729722
	73.602778
	485

	5
	Kabul
	Nowshera
	Jan-90
Jan-08
	Dec-02
Dec-12
	WAPDA
	34.006944
	71.980556
	282

	6
	Shigar
	Shigar*
	Jan-85
	Dec-01
	WAPDA
	
	
	

	7
	Shyok
	Yogo
	Jan-74
	Dec-07
	WAPDA
	35.183333
	76.100000
	2469

	8
	Swat
	Chakdara
	Jan-90
	Dec-11
	WAPDA
	34.644444
	72.025000
	676

	9
	UIB
	Besham Qila
	Jan-69
	Dec-12
	WAPDA
	34.924167
	75.381944
	580



3. NDVI and NDSI
Normalized difference vegetation index (NDVI) and normalized difference snow index (NDSI) are calculated using top of the atmosphere reflectance from TM/ETM+ optical dataset as given below:
 
 
where Bands 2-4 in equations refer to the top of the atmosphere reflectance for corresponding LandSat TM/ETM+ bands.
4. Brightness Temperature
Radiances for thermal band 6 for LandSat TM and band 6-1 for ETM+ were converted to brashness temperature (BT) using inverse of Planck function using:
 
Where BT is in degree kelvin, CVR1 is radiance at each cell of the thermal band and  is the emissivity with its typical value of 0.95 used here. K1 and K2 are sensor specific pre-defined constants. The value of K1 is 607.76 and 666.09 and of K2 is 1260.56 and 1282.71 for TM and ETM+ sensors, respectively.
