Extraction of water bodies from Sentinel 1A images for Shivamogga, Sindhudurg and Wayanad 

1.1 Satellite imagery and Pre-processing
We used Sentinel 1A (SAR data) and Ground control points (collected during field visit).
Sentinel 1A raw data was downloaded using Alaska satellite facility (https://search.asf.alaska.edu/#/). It was downloaded in Level 1 Ground Range Detected (GRD) format. Level 1 GRD product has multiple viewing angles and is projected to ground range using an earth ellipsoidal model. The GRD product used is captured in Interferometric wide swath mode with a resolution of 20x22m and pixel spacing of 10x10m. It is C-Band data with VV and VH polarisation.      
Pre-processing of Sentinel 1A data                  	            
Raw data was processed using Sentinel Application Platform (SNAP). Sentinel 1A data was pre- processed as shown in the flowchart below.
[image: ]Pre-processing Sentinel 1A data involves applying an orbit file, thermal noise removal, calibration, speckle filter, slice assembly and subsetting the data. 
Applying an orbit file updates the orbit state vectors of each scene in the Meta data, providing accurate satellite position and velocity information. Thermal noise is an additive background energy that causes noise floor (Park2018). 
Thermal noise removal helps remove the additive noise in sub swaths and in turn helps in reducing the discontinuities between sub swaths for scenes in multi swath acquisition mode. 
The data is then calibrated to compute the backscatter intensity using sensor calibration parameters in GRD metadata. Calibrated data is speckle filtered to remove the grainy noise present in the SAR image. 
We used refined lee speckle filters to reduce the speckles in our images. If the study area is in two different scenes then the two scenes are mosaicked using a slice assembly tool and the final image is cropped using a subset tool in SNAP.
  
Extraction of water bodies from pre-processed Sentinel 1A data:      
Pre-processed data was used to extract water bodies using SNAP software. Water bodies were extracted using a threshold value. Figure 1 below shows the histogram of the backscatter image of January 2018. The histogram shows two peaks, one large and one small. Water bodies in the SAR image are dark in tone and hence they have low backscatter values (DeVries2020). Histograms may be bi-modal and uni-modal depending on the percentage of land and water in the study area which changes seasonally. Hence to separate water from other classes a threshold value was selected manually through trial and error for each study area and each month. Values less than the threshold were classified as water (value: 1) and values above the threshold were classified as not water (value: 0). Threshold values for each study area and each month are given in Table 1 below.
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[image: ]Figure1: Sentinel 1A Image histogram for the month of January 2018

In most cases, we found that these resulting thresholds were very similar, except during the monsoon season when area and number of water bodies increased and the threshold value decreased substantially (i.e. Wayanad in July 2017 and  June, July and August 2018; Shivamogga in July 2017 and  July and August 2018  and Sindhudurg in October 2017 and July 2018 - see Table 1 highlighted text). As a result, a common average threshold was applied to all months except the monsoon months (Table2).

Table2: Average thresholds applied to all months except monsoon months
	Year
	Region
	Average threshold, StDev

	2017
	Shivamogga
	-17.49, 0.38

	2018
	Shivamogga
	-16.97, 0.80

	2017
	Sindhudurg
	-17.37, 0.65

	2018
	Sindhudurg
	-17.85, 0.68

	2017
	Wayanad
	-17.97, 0.72

	2018
	Wayanad
	-17.75, 1.21



To produce a monthly water body map, we combined the waterbody pixels identified in one or the other image (i.e. a pixel was mapped as ‘water’ when it was identified as water in either image). We refer to our map as ‘S1A’ hereafter. 
Ground Control Points 
Reference points of water and not-water classes were collected in the months of August 2018, December 2017 and November 2018 for the study area Shivamogga, Sindudurg and Wayanad respectively with Open data kit (https://opendatakit.org/).
1.2 Study area: Corner lat longs, Imagery used and accuracy assessment of Sentinel 1A binary image and JRC monthly water history v1.1

1.2.1 Shivamogga
Shivamogga spatial extent is in crs-WGS84 lower left corner (longitude, latitude) - 74.6265540809999948°, 13.4593680700000000° and upper right corner (longitude, latitude) - 75.8799733970000005°, 14.6534985770000006°.
Table 3: List of Sentinel 1A raw data and their acquisition date which were used to extract water bodies in Shivamogga region for 2017
	SL NO
	IMAGE Id
	DATE

	1
	S1A_IW_GRDH_1SDV_20170103T004735_20170103T004800_014660_017D8E_6C9A
	03/01/2017

	2
	S1A_IW_GRDH_1SDV_20170103T004800_20170103T004825_014660_017D8E_D146
	03/01/2017

	3
	S1A_IW_GRDH_1SDV_20170115T004735_20170115T004800_014835_0182EA_8125
	15/01/2017

	4
	S1A_IW_GRDH_1SDV_20170115T004800_20170115T004825_014835_0182EA_BEC3
	15/01/2017

	5
	S1A_IW_GRDH_1SDV_20170208T004735_20170208T004800_015185_018DB9_BDB
	08/02/2017

	6
	S1A_IW_GRDH_1SDV_20170208T004800_20170208T004825_015185_018DB9_DBE5
	08/02/2017

	7
	S1A_IW_GRDH_1SDV_20170220T004733_20170220T004758_015360_01932B_C20F
	20/02/2017

	8
	S1A_IW_GRDH_1SDV_20170220T004758_20170220T004823_015360_01932B_041F
	20/02/2017

	9
	S1A_IW_GRDH_1SDV_20170304T004733_20170304T004758_015535_019876_FCE6
	04/03/2017

	10
	S1A_IW_GRDH_1SDV_20170304T004733_20170304T004758_015535_019876_FCE6	
	04/03/2017

	11
	S1A_IW_GRDH_1SDV_20170328T004734_20170328T004759_015885_01A2EF_0F4E
	28/03/2017

	12
	S1A_IW_GRDH_1SDV_20170328T004759_20170328T004824_015885_01A2EF_60C0
	28/03/2017

	13
	S1A_IW_GRDH_1SDV_20170409T004734_20170409T004759_016060_01A82D_4FB2
	09/04/2017

	14
	S1A_IW_GRDH_1SDV_20170409T004759_20170409T004824_016060_01A82D_96C3
	09/04/2017

	15
	S1A_IW_GRDH_1SDV_20170421T004735_20170421T004800_016235_01AD89_2BB9
	21/04/2017

	16
	S1A_IW_GRDH_1SDV_20170421T004800_20170421T004825_016235_01AD89_350E
	21/04/2017

	17
	S1A_IW_GRDH_1SDV_20170503T004735_20170503T004800_016410_01B2D5_A3A8
	03/05/2017

	18
	S1A_IW_GRDH_1SDV_20170503T004800_20170503T004825_016410_01B2D5_E890
	03/05/2017

	19
	S1A_IW_GRDH_1SDV_20170515T004736_20170515T004801_016585_01B827_F872
	15/05/2017

	20
	S1A_IW_GRDH_1SDV_20170515T004801_20170515T004826_016585_01B827_C124
	15/05/2017

	21
	S1A_IW_GRDH_1SDV_20170527T004736_20170527T004801_016760_01BD88_1A60
	27/05/2017

	22
	S1A_IW_GRDH_1SDV_20170527T004801_20170527T004826_016760_01BD88_CC12
	27/05/2017

	23
	S1A_IW_GRDH_1SDV_20170608T004737_20170608T004802_016935_01C2F8_7393
	08/06/2017

	24
	S1A_IW_GRDH_1SDV_20170608T004802_20170608T004827_016935_01C2F8_FC38
	08/06/2017

	25
	S1A_IW_GRDH_1SDV_20170702T004743_20170702T004808_017285_01CDA3_BF9C
	02/07/2017

	26
	S1A_IW_GRDH_1SDV_20170702T004808_20170702T004833_017285_01CDA3_07D7
	02/07/2017

	27
	S1A_IW_GRDH_1SDV_20170714T004739_20170714T004804_017460_01D2ED_4107
	14/07/2017

	28
	S1A_IW_GRDH_1SDV_20170714T004804_20170714T004829_017460_01D2ED_8221
	14/07/2017

	29
	S1A_IW_GRDH_1SDV_20170726T004740_20170726T004805_017635_01D848_3BD7
	26/07/2017

	30
	S1A_IW_GRDH_1SDV_20170726T004805_20170726T004830_017635_01D848_55F6
	26/07/2017

	31
	S1A_IW_GRDH_1SDV_20170807T004741_20170807T004806_017810_01DD9C_6925
	07/08/2017

	32
	S1A_IW_GRDH_1SDV_20170807T004806_20170807T004831_017810_01DD9C_E563
	07/08/2017

	33
	S1A_IW_GRDH_1SDV_20170819T004741_20170819T004806_017985_01E2EB_8A3E
	19/08/2017

	34
	S1A_IW_GRDH_1SDV_20170819T004806_20170819T004831_017985_01E2EB_3E64
	19/08/2017

	35
	S1A_IW_GRDH_1SDV_20170831T004742_20170831T004807_018160_01E830_EFE3
	31/08/2017

	36
	S1A_IW_GRDH_1SDV_20170831T004807_20170831T004832_018160_01E830_1B91
	31/08/2017

	37
	S1A_IW_GRDH_1SDV_20170912T004742_20170912T004807_018335_01EDA9_013E
	12/09/2017

	38
	S1A_IW_GRDH_1SDV_20170912T004807_20170912T004832_018335_01EDA9_7CE9
	12/09/2017

	39
	S1A_IW_GRDH_1SDV_20171006T004743_20171006T004808_018685_01F85B_30A1
	06/10/2017

	40
	S1A_IW_GRDH_1SDV_20171006T004808_20171006T004833_018685_01F85B_BBD8
	06/10/2017

	41
	S1A_IW_GRDH_1SDV_20171217T004742_20171217T004807_019735_0218DE_2DFB
	17/12/2017

	42
	S1A_IW_GRDH_1SDV_20171217T004807_20171217T004832_019735_0218DE_CB1B
	17/12/2017


*There were no data available in November 2017
Table 4: List of Sentinel 1A raw data and their acquisition date which were used to extract water bodies in Shivamogga region for 2018
	SL NO
	IMAGE Id
	DATE

	1
	S1A_IW_GRDH_1SDV_20180122T004740_20180122T004805_020260_02295E_BE1B
	22/01/2018

	2
	S1A_IW_GRDH_1SDV_20180122T004805_20180122T004830_020260_02295E_B4C8
	22/01/2018

	3
	S1A_IW_GRDH_1SDV_20180203T004740_20180203T004805_020435_022EF3_6484
	03/02/2018

	4
	S1A_IW_GRDH_1SDV_20180203T004740_20180203T004805_020435_022EF3_6484
	03/02/2018

	5
	S1A_IW_GRDH_1SDV_20180227T004740_20180227T004805_020785_023A24_FA0C
	27/02/2018

	6
	S1A_IW_GRDH_1SDV_20180227T004805_20180227T004830_020785_023A24_D496
	27/02/2018

	7
	S1A_IW_GRDH_1SDV_20180311T004740_20180311T004805_020960_023FA2_18C7
	11/03/2018

	8
	S1A_IW_GRDH_1SDV_20180311T004805_20180311T004830_020960_023FA2_1300
	11/03/2018

	9
	S1A_IW_GRDH_1SDV_20180323T004740_20180323T004805_021135_02452F_83AB
	23/03/2018

	10
	S1A_IW_GRDH_1SDV_20180323T004805_20180323T004830_021135_02452F_E8DB
	23/03/2018 

	11
	S1A_IW_GRDH_1SDV_20180404T004740_20180404T004805_021310_024AB8_BE8F
	04/04/2018

	12
	S1A_IW_GRDH_1SDV_20180404T004805_20180404T004830_021310_024AB8_8BDE
	04/04/2018

	13
	S1A_IW_GRDH_1SDV_20180416T004741_20180416T004806_021485_02502C_250E
	16/04/2018

	14
	S1A_IW_GRDH_1SDV_20180416T004806_20180416T004831_021485_02502C_3100
	16/04/2018

	15
	S1A_IW_GRDH_1SDV_20180428T004741_20180428T004806_021660_0255A4_F149
	28/04/2018

	16
	S1A_IW_GRDH_1SDV_20180428T004806_20180428T004831_021660_0255A4_70A4
	28/04/2018

	17
	S1A_IW_GRDH_1SDV_20180510T004742_20180510T004807_021835_025B32_72BF
	10/05/2018

	18
	S1A_IW_GRDH_1SDV_20180510T004807_20180510T004832_021835_025B32_15AA
	10/05/2018

	19
	S1A_IW_GRDH_1SDV_20180522T004808_20180522T004833_022010_0260C7_3190
	22/05/2018

	20
	S1A_IW_GRDH_1SDV_20180603T004743_20180603T004808_022185_026653_B71D
	03/06/2018

	21
	S1A_IW_GRDH_1SDV_20180603T004808_20180603T004833_022185_026653_E00E
	03/06/2018

	22
	S1A_IW_GRDH_1SDV_20180615T004744_20180615T004809_022360_026BC3_DD4B
	15/06/2018

	23
	S1A_IW_GRDH_1SDV_20180615T004809_20180615T004834_022360_026BC3_4BB5
	15/06/2018

	24
	S1A_IW_GRDH_1SDV_20180627T004810_20180627T004835_022535_0270E4_3260
	27/06/2018

	25
	S1A_IW_GRDH_1SDV_20180709T004745_20180709T004810_022710_027602_7043
	09/07/2018

	26
	S1A_IW_GRDH_1SDV_20180709T004810_20180709T004835_022710_027602_90D8
	09/07/2018

	27
	S1A_IW_GRDH_1SDV_20180721T004746_20180721T004811_022885_027B5E_BE80
	21/07/2018

	28
	S1A_IW_GRDH_1SDV_20180721T004811_20180721T004836_022885_027B5E_DB05
	21/07/2018

	29
	S1A_IW_GRDH_1SDV_20180802T004747_20180802T004812_023060_0280E6_67CE
	02/08/2018

	30
	S1A_IW_GRDH_1SDV_20180802T004812_20180802T004837_023060_0280E6_8F30
	02/08/2018

	31
	S1A_IW_GRDH_1SDV_20180814T004748_20180814T004813_023235_028685_F06C
	14/08/2018

	32
	S1A_IW_GRDH_1SDV_20180814T004813_20180814T004838_023235_028685_9E25
	14/08/2018

	33
	S1A_IW_GRDH_1SDV_20180826T004748_20180826T004813_023410_028C24_35A3
	26/08/2018

	34
	S1A_IW_GRDH_1SDV_20180826T004813_20180826T004838_023410_028C24_317A
	26/08/2018

	35
	S1A_IW_GRDH_1SDV_20180907T004749_20180907T004814_023585_0291BA_6EBE
	07/09/2018

	36
	S1A_IW_GRDH_1SDV_20180907T004814_20180907T004839_023585_0291BA_8750
	07/09/2018

	37
	S1A_IW_GRDH_1SDV_20180919T004749_20180919T004814_023760_029757_8FFA 
	19/09/2018

	38
	S1A_IW_GRDH_1SDV_20180919T004814_20180919T004839_023760_029757_C634
	19/09/2018

	39
	S1A_IW_GRDH_1SDV_20181001T004749_20181001T004814_023935_029D07_7D65
	01/10/2018

	40
	S1A_IW_GRDH_1SDV_20181001T004814_20181001T004839_023935_029D07_63E5
	01/10/2018

	41
	S1A_IW_GRDH_1SDV_20181013T004750_20181013T004815_024110_02A2C7_DAE4
	13/10/2018

	42
	S1A_IW_GRDH_1SDV_20181013T004815_20181013T004840_024110_02A2C7_CF4E
	13/10/2018

	43
	S1A_IW_GRDH_1SDV_20181130T004749_20181130T004814_024810_02BB28_BB17
	03/11/2018

	44
	[bookmark: _GoBack]S1A_IW_GRDH_1SDV_20181130T004814_20181130T004839_024810_02BB28_ADD8
	03/11/2018

	45
	S1A_IW_GRDH_1SDV_20181224T004749_20181224T004814_025160_02C77C_2AE8
	24/12/2018

	46
	S1A_IW_GRDH_1SDV_20181224T004814_20181224T004839_025160_02C77C_51C6
	24/12/2018




1.2.2 Sindhudurg
Sindhudurg spatial extents in crs-WGS84 lower left corner (longitude, latitude) - 73.3100730329999948°,15.6045449690000009° and upper right corner (longitude, latitude) - 74.2174613010000002°,16.6612332380000012°.
Table 5: List of Sentinel 1A raw data and their acquisition date which were used to extract water bodies in Sindhudurg region for 2017
	SL NO
	IMAGE Id
	DATE

	1
	S1A_IW_GRDH_1SDV_20170108T005508_20170108T005533_014733_017FBC_E175
	08/01/2017      

	2
	S1A_IW_GRDH_1SDV_20170108T005533_20170108T005558_014733_017FBC_CE53
	08/01/2017

	3
	S1A_IW_GRDH_1SDV_20170120T005508_20170120T005533_014908_01853D_5E34
	20/01/2017

	4
	S1A_IW_GRDH_1SDV_20170120T005533_20170120T005558_014908_01853D_289C
	20/01/2017

	5
	S1A_IW_GRDH_1SDV_20170201T005508_20170201T005533_015083_018A82_0A86
	01/02/2017

	6
	S1A_IW_GRDH_1SDV_20170201T005533_20170201T005558_015083_018A82_E419
	01/02/2017

	7
	S1A_IW_GRDH_1SDV_20170213T005507_20170213T005532_015258_019001_C224
	13/02/2017

	8
	S1A_IW_GRDH_1SDV_20170213T005532_20170213T005557_015258_019001_D0FA
	13/02/2017

	9
	S1A_IW_GRDH_1SDV_20170309T005509_20170309T005534_015608_019AA7_24B1
	09/03/2017

	10
	S1A_IW_GRDH_1SDV_20170309T005534_20170309T005559_015608_019AA7_4A97
	09/03/2017

	11
	S1A_IW_GRDH_1SDV_20170321T005509_20170321T005534_015783_019FDB_533F
	21/03/2017

	12
	S1A_IW_GRDH_1SDV_20170321T005534_20170321T005559_015783_019FDB_2D29
	21/03/2017

	13
	S1A_IW_GRDH_1SDV_20170402T005509_20170402T005534_015958_01A50A_E6FD
	02/04/2017

	14
	S1A_IW_GRDH_1SDV_20170402T005534_20170402T005559_015958_01A50A_0A9A
	02/04/2017

	15
	S1A_IW_GRDH_1SDV_20170414T005510_20170414T005535_016133_01AA5B_DEF8
	14/04/2017

	16
	S1A_IW_GRDH_1SDV_20170414T005535_20170414T005600_016133_01AA5B_895F
	14/04/2017

	17
	S1A_IW_GRDH_1SDV_20170426T005505_20170426T005530_016308_01AFBA_BF58
	26/04/2017

	18
	S1A_IW_GRDH_1SDV_20170426T005530_20170426T005555_016308_01AFBA_5130
	26/04/2017

	19
	S1A_IW_GRDH_1SDV_20170508T005511_20170508T005536_016483_01B506_22F3
	08/05/2017

	20
	S1A_IW_GRDH_1SDV_20170508T005536_20170508T005601_016483_01B506_339C
	08/05/2017

	21
	S1A_IW_GRDH_1SDV_20170520T005512_20170520T005537_016658_01BA60_A5B2
	20/05/2017

	22
	S1A_IW_GRDH_1SDV_20170520T005537_20170520T005602_016658_01BA60_8226
	20/05/2017

	23
	S1A_IW_GRDH_1SDV_20170601T005512_20170601T005537_016833_01BFC8_BA26
	01/06/2017

	24
	S1A_IW_GRDH_1SDV_20170601T005537_20170601T005602_016833_01BFC8_BA95
	01/06/2017

	25
	S1A_IW_GRDH_1SDV_20170613T005513_20170613T005538_017008_01C534_3B9B
	13/06/2017

	26
	S1A_IW_GRDH_1SDV_20170613T005538_20170613T005603_017008_01C534_C6F0
	13/06/2017

	27
	S1A_IW_GRDH_1SDV_20170625T005514_20170625T005539_017183_01CA8B_237B
	25/06/2017

	28
	S1A_IW_GRDH_1SDV_20170625T005514_20170625T005539_017183_01CA8B_237B
	25/06/2017

	29
	S1A_IW_GRDH_1SDV_20170719T005511_20170719T005536_017533_01D526_CBBD
	19/07/2017

	30
	S1A_IW_GRDH_1SDV_20170719T005536_20170719T005601_017533_01D526_9E49
	19/07/2017

	31
	S1A_IW_GRDH_1SDV_20170731T005516_20170731T005541_017708_01DA81_DF34
	31/07/2017

	32
	S1A_IW_GRDH_1SDV_20170731T005541_20170731T005606_017708_01DA81_E139
	31/07/2017

	33
	S1A_IW_GRDH_1SDV_20170812T005516_20170812T005541_017883_01DFD4_A953
	12/08/2017

	34
	S1A_IW_GRDH_1SDV_20170812T005541_20170812T005606_017883_01DFD4_8715
	12/08/2017

	35
	S1A_IW_GRDH_1SDV_20170824T005517_20170824T005542_018058_01E522_59ED
	24/08/2017

	36
	S1A_IW_GRDH_1SDV_20170824T005542_20170824T005607_018058_01E522_DC95
	24/08/2017

	37
	S1A_IW_GRDH_1SDV_20170905T005518_20170905T005543_018233_01EA6F_BE23
	05/09/2017

	38
	S1A_IW_GRDH_1SDV_20170905T005543_20170905T005608_018233_01EA6F_8EAC
	05/09/2017

	39
	S1A_IW_GRDH_1SDV_20170917T005518_20170917T005543_018408_01EFE3_76A0
	17/09/2017

	40
	S1A_IW_GRDH_1SDV_20170917T005543_20170917T005608_018408_01EFE3_9524
	17/09/2017

	41
	S1A_IW_GRDH_1SDV_20170929T005518_20170929T005543_018583_01F539_5FEF 
	29/09/2017

	42
	S1A_IW_GRDH_1SDV_20170929T005543_20170929T005608_018583_01F539_106F
	29/09/2017

	43
	S1A_IW_GRDH_1SDV_20171023T005519_20171023T005544_018933_01FFEF_57A5
	23/10/2017

	44
	S1A_IW_GRDH_1SDV_20171023T005544_20171023T005609_018933_01FFEF_3D55
	23/10/2017

	45
	S1A_IW_GRDH_1SDV_20171104T005519_20171104T005544_019108_020540_B76A
	04/11/2017

	46
	S1A_IW_GRDH_1SDV_20171104T005544_20171104T005609_019108_020540_2957
	04/11/2017

	47
	S1A_IW_GRDH_1SDV_20171128T005518_20171128T005543_019458_02103B_1307
	28/11/2017

	48
	S1A_IW_GRDH_1SDV_20171128T005543_20171128T005608_019458_02103B_F3EB
	28/11/2017

	49
	S1A_IW_GRDH_1SDV_20171210T005517_20171210T005542_019633_0215B4_3D09
	10/12/2017

	50
	S1A_IW_GRDH_1SDV_20171210T005542_20171210T005607_019633_0215B4_6666
	10/12/2017



Table 6: List of Sentinel 1A raw data and their acquisition date which were used to extract water bodies in Sindhudurg region for 2018
	SL NO
	IMAGE Id
	DATE

	1
	S1A_IW_GRDH_1SDV_20180103T005516_20180103T005541_019983_02209D_2E85
	03/01/2018

	2
	S1A_IW_GRDH_1SDV_20180103T005541_20180103T005606_019983_02209D_1925
	03/01/2018

	3
	S1A_IW_GRDH_1SDV_20180115T005516_20180115T005541_020158_022624_A417
	15/01/2018

	4
	S1A_IW_GRDH_1SDV_20180115T005541_20180115T005606_020158_022624_E44E
	15/01/2018

	5
	S1A_IW_GRDH_1SDV_20180127T005516_20180127T005541_020333_022BAF_C23C
	27/01/2018

	6
	S1A_IW_GRDH_1SDV_20180127T005541_20180127T005606_020333_022BAF_A459
	27/01/2018

	7
	S1A_IW_GRDH_1SDV_20180208T005516_20180208T005541_020508_023147_E937
	08/02/2018

	8
	S1A_IW_GRDH_1SDV_20180208T005541_20180208T005606_020508_023147_4021
	08/02/2018

	9
	S1A_IW_GRDH_1SDV_20180304T005515_20180304T005540_020858_023C64_B329
	04/03/2018

	10
	S1A_IW_GRDH_1SDV_20180304T005540_20180304T005605_020858_023C64_716A
	04/03/2018

	11
	S1A_IW_GRDH_1SDV_20180409T005516_20180409T005541_021383_024CFF_E220
	09/04/2018

	12
	S1A_IW_GRDH_1SDV_20180409T005541_20180409T005606_021383_024CFF_566F
	09/04/2018

	13
	S1A_IW_GRDH_1SDV_20180503T005517_20180503T005542_021733_0257F4_477A
	03/05/2018

	14
	S1A_IW_GRDH_1SDV_20180503T005542_20180503T005607_021733_0257F4_BFF0
	03/05/2018

	15
	S1A_IW_GRDH_1SDV_20180527T005518_20180527T005543_022083_026319_A467
	27/05/2018

	16
	S1A_IW_GRDH_1SDV_20180527T005543_20180527T005608_022083_026319_E7EB
	27/05/2018

	17
	S1A_IW_GRDH_1SDV_20180608T005519_20180608T005544_022258_026899_E0A4
	08/06/2018

	18
	S1A_IW_GRDH_1SDV_20180608T005544_20180608T005609_022258_026899_C715
	08/06/2018

	19
	S1A_IW_GRDH_1SDV_20180620T005520_20180620T005545_022433_026DF2_95F4
	20/06/2018

	20
	S1A_IW_GRDH_1SDV_20180620T005545_20180620T005610_022433_026DF2_A0D9
	20/06/2018

	21
	S1A_IW_GRDH_1SDV_20180702T005520_20180702T005545_022608_02730D_5894
	02/07/2018

	22
	S1A_IW_GRDH_1SDV_20180702T005545_20180702T005610_022608_02730D_1FB5
	02/07/2018

	23
	S1A_IW_GRDH_1SDV_20180714T005521_20180714T005546_022783_027843_D6A3
	14/07/2018

	24
	S1A_IW_GRDH_1SDV_20180714T005546_20180714T005611_022783_027843_F355
	14/07/2018

	25
	S1A_IW_GRDH_1SDV_20180726T005522_20180726T005547_022958_027DC9_C81B
	26/07/2018

	26
	S1A_IW_GRDH_1SDV_20180726T005547_20180726T005612_022958_027DC9_EB48
	26/07/2018

	27
	S1A_IW_GRDH_1SDV_20180807T005523_20180807T005548_023133_02833F_6E06
	07/08/2018

	28
	S1A_IW_GRDH_1SDV_20180807T005548_20180807T005613_023133_02833F_1780
	07/08/2018

	29
	S1A_IW_GRDH_1SDV_20180821T130656_20180821T130716_023345_028A0A_0AE7
	21/08/2018

	30
	S1A_IW_GRDH_1SDV_20181224T004839_20181224T004908_025160_02C77C_F078
	24/12/2018


*There was no data available during the month of September, October, November and December 2018

1.2.3 Wayanad
Wayanad spatial extents in crs-WGS84 lower left corner (longitude, latitude) -75.7721755630000047°,11.4424705949999996° and upper right corner (longitude, latitude) - 76.4356712320000042°,11.9706799820000001°.
Table 7: List of Sentinel 1A raw data and their acquisition date which were used to extract water bodies in Wayanad region for 2017
	SL NO
	IMAGE Id
	DATE

	1
	S1A_IW_GRDH_1SDV_20170103T004800_20170103T004825_014660_017D8E_D146
	03/01/2017

	2
	S1A_IW_GRDH_1SDV_20170103T004825_20170103T004849_014660_017D8E_D1B4
	03/01/2017

	3
	S1A_IW_GRDH_1SDV_20170110T004004_20170110T004029_014762_018091_1867
	10/01/2017

	4
	S1A_IW_GRDH_1SDV_20170115T004800_20170115T004825_014835_0182EA_BEC3
	15/01/2017

	5
	S1A_IW_GRDH_1SDV_20170115T004825_20170115T004848_014835_0182EA_E0DA
	15/01/2017

	6
	S1A_IW_GRDH_1SDV_20170122T004003_20170122T004028_014937_018614_1720
	22/01/2017

	7
	S1A_IW_GRDH_1SDV_20170203T004003_20170203T004028_015112_018B56_11FD
	03/02/2017

	8
	S1A_IW_GRDH_1SDV_20170208T004800_20170208T004825_015185_018DB9_DBE5
	08/02/2017

	9
	S1A_IW_GRDH_1SDV_20170208T004825_20170208T004848_015185_018DB9_FB7C
	08/02/2017

	10
	S1A_IW_GRDH_1SDV_20170220T004823_20170220T004850_015360_01932B_45B9
	20/02/2017

	11
	S1A_IW_GRDH_1SDV_20170227T004002_20170227T004027_015462_019637_14DE
	27/02/2017

	12
	S1A_IW_GRDH_1SDV_20170304T004823_20170304T004850_015535_019876_C94D
	04/03/2017

	13
	S1A_IW_GRDH_1SDV_20170311T004005_20170311T004030_015637_019B84_C1FD
	11/03/2017

	14
	S1A_IW_GRDH_1SDV_20170323T004005_20170323T004030_015812_01A0B8_32E4
	23/03/2017

	15
	S1A_IW_GRDH_1SDV_20170328T004824_20170328T004851_015885_01A2EF_C063
	28/03/2017

	16
	S1A_IW_GRDH_1SDV_20170404T004005_20170404T004030_015987_01A5E9_04AF
	04/04/2017

	17
	S1A_IW_GRDH_1SDV_20170409T004824_20170409T004851_016060_01A82D_52D5
	09/04/2017

	18
	S1A_IW_GRDH_1SDV_20170416T004006_20170416T004031_016162_01AB45_8686
	16/04/2017

	19
	S1A_IW_GRDH_1SDV_20170421T004825_20170421T004852_016235_01AD89_B1B3
	21/04/2017

	20
	S1A_IW_GRDH_1SDV_20170503T004825_20170503T004852_016410_01B2D5_9DE6
	03/05/2017

	21
	S1A_IW_GRDH_1SDV_20170510T004007_20170510T004032_016512_01B5EC_764B
	10/05/2017

	22
	S1A_IW_GRDH_1SDV_20170515T004826_20170515T004853_016585_01B827_7957
	15/05/2017

	23
	S1A_IW_GRDH_1SDV_20170522T004007_20170522T004032_016687_01BB45_0C05
	22/05/2017

	24
	S1A_IW_GRDH_1SDV_20170603T004008_20170603T004033_016862_01C0AC_9CF5
	03/06/2017

	25
	S1A_IW_GRDH_1SDV_20170608T004827_20170608T004855_016935_01C2F8_CF4E
	08/06/2017

	26
	S1A_IW_GRDH_1SDV_20170702T004808_20170702T004833_017285_01CDA3_07D7
	02/07/2017

	27
	S1A_IW_GRDH_1SDV_20170702T004833_20170702T004859_017285_01CDA3_7A1E
	02/07/2017

	28
	S1A_IW_GRDH_1SDV_20170709T004022_20170709T004047_017387_01D0AC_8D61
	09/07/2017

	29
	S1A_IW_GRDH_1SDV_20170714T004829_20170714T004856_017460_01D2ED_5434
	14/07/2017

	30
	S1A_IW_GRDH_1SDV_20170721T004011_20170721T004036_017562_01D603_0A9C
	21/07/2017

	31
	S1A_IW_GRDH_1SDV_20170802T004024_20170802T004049_017737_01DB61_6946
	02/08/2017

	32
	S1A_IW_GRDH_1SDV_20170807T004831_20170807T004858_017810_01DD9C_31CC
	07/08/2017

	33
	S1A_IW_GRDH_1SDV_20170814T004012_20170814T004037_017912_01E0AC_E06E
	14/08/2017

	34
	S1A_IW_GRDH_1SDV_20170819T004831_20170819T004858_017985_01E2EB_3102
	19/08/2017

	35
	S1A_IW_GRDH_1SDV_20170826T004013_20170826T004038_018087_01E5FC_4997
	26/08/2017

	36
	S1A_IW_GRDH_1SDV_20170831T004832_20170831T004859_018160_01E830_9C5D
	31/08/2017

	37
	S1A_IW_GRDH_1SDV_20170907T004013_20170907T004038_018262_01EB4C_83C3
	07/09/2017

	38
	S1A_IW_GRDH_1SDV_20170912T004832_20170912T004859_018335_01EDA9_AECC
	12/09/2017

	39
	S1A_IW_GRDH_1SDV_20171001T004014_20171001T004039_018612_01F619_8540
	01/10/2017

	40
	S1A_IW_GRDH_1SDV_20171006T004833_20171006T004900_018685_01F85B_DFDE
	06/20/2017

	41
	S1A_IW_GRDH_1SDV_20171212T004013_20171212T004038_019662_021693_35FB
	12/12/2017

	42
	S1A_IW_GRDH_1SDV_20171217T004832_20171217T004859_019735_0218DE_B538
	17/12/2017


[bookmark: _gjdgxs]*There was no data available during the month of No
Table 8: List of Sentinel 1A raw data and their acquisition date which were used to extract water bodies in Wayanad region for 2018
	SL NO
	IMAGE Id
	DATE

	1
	S1A_IW_GRDH_1SDV_20180117T004012_20180117T004037_020187_02270C_270C
	17/01/2018

	2
	S1A_IW_GRDH_1SDV_20180122T004830_20180122T004858_020260_02295E_2349
	22/01/2018

	3
	S1A_IW_GRDH_1SDV_20180203T004830_20180203T004857_020435_022EF3_DC34
	03/02/2018

	4
	S1A_IW_GRDH_1SDV_20180210T004011_20180210T004036_020537_023230_61F3
	10/02/2018

	5
	S1A_IW_GRDH_1SDV_20180222T004011_20180222T004036_020712_0237C5_378C
	22/02/2018

	6
	S1A_IW_GRDH_1SDV_20180227T004830_20180227T004857_020785_023A24_03F1
	27/02/2018

	7
	S1A_IW_GRDH_1SDV_20180306T004011_20180306T004036_020887_023D4A_139E
	06/03/2018

	8
	S1A_IW_GRDH_1SDV_20180311T004830_20180311T004857_020960_023FA2_A139
	11/03/2018

	9
	S1A_IW_GRDH_1SDV_20180318T004011_20180318T004036_021062_0242D9_FF4C
	18/03/2018

	10
	S1A_IW_GRDH_1SDV_20180323T004830_20180323T004857_021135_02452F_440D
	23/03/2018

	11
	S1A_IW_GRDH_1SDV_20180404T004830_20180404T004857_021310_024AB8_3805
	04/04/2018

	12
	S1A_IW_GRDH_1SDV_20180411T004012_20180411T004037_021412_024DD9_7D5B
	11/04/2018

	13
	S1A_IW_GRDH_1SDV_20180416T004831_20180416T004858_021485_02502C_6ACC
	16/04/2018

	14
	S1A_IW_GRDH_1SDV_20180423T004012_20180423T004037_021587_02534E_551D
	23/04/2018

	15
	S1A_IW_GRDH_1SDV_20180505T004013_20180505T004038_021762_0258D8_D8A8
	05/05/2018

	16
	S1A_IW_GRDH_1SDV_20180510T004832_20180510T004859_021835_025B32_0894
	10/05/2018

	17
	S1A_IW_GRDH_1SDV_20180517T004013_20180517T004038_021937_025E66_F209
	17/05/2018

	18
	S1A_IW_GRDH_1SDV_20180522T004833_20180522T004900_022010_0260C7_1002
	22/05/2018

	19
	S1A_IW_GRDH_1SDV_20180603T004833_20180603T004900_022185_026653_4DC5
	03/06/2018

	20
	S1A_IW_GRDH_1SDV_20180610T004015_20180610T004040_022287_02697B_4724
	10/06/2018

	21
	S1A_IW_GRDH_1SDV_20180615T004834_20180615T004901_022360_026BC3_1AE1
	15/06/2018

	22
	S1A_IW_GRDH_1SDV_20180622T004016_20180622T004041_022462_026EC7_746D
	22/06/2018

	23
	S1A_IW_GRDH_1SDV_20180704T004016_20180704T004041_022637_0273E1_6A60
	04/07/2018

	24
	S1A_IW_GRDH_1SDV_20180709T004835_20180709T004902_022710_027602_6D92
	09/07/2018

	25
	S1A_IW_GRDH_1SDV_20180716T004017_20180716T004042_022812_02792A_5819
	16/07/2018

	26
	S1A_IW_GRDH_1SDV_20180721T004836_20180721T004903_022885_027B5E_5B0E
	21/07/2018

	27
	S1A_IW_GRDH_1SDV_20180802T004837_20180802T004904_023060_0280E6_7950
	02/08/2018

	28
	S1A_IW_GRDH_1SDV_20180809T004018_20180809T004043_023162_02842B_FC73
	09/08/2018

	29
	S1A_IW_GRDH_1SDV_20180814T004838_20180814T004905_023235_028685_010D
	14/08/2018

	30
	S1A_IW_GRDH_1SDV_20180821T004019_20180821T004044_023337_0289D5_A786
	21/08/2018

	31
	S1A_IW_GRDH_1SDV_20180821T130656_20180821T130716_023345_028A0A_0AE7
	21/08/2018

	32
	S1A_IW_GRDH_1SDV_20180902T004020_20180902T004045_023512_028F64_6EB4
	02/09/2018

	33
	S1A_IW_GRDH_1SDV_20180907T004839_20180907T004906_023585_0291BA_5F78
	07/09/2018

	34
	S1A_IW_GRDH_1SDV_20180914T004020_20180914T004045_023687_029500_99A4
	14/09/2018

	35
	S1A_IW_GRDH_1SDV_20180919T004839_20180919T004906_023760_029757_941B(1)
	19/09/2018

	36
	S1A_IW_GRDH_1SDV_20181001T004839_20181001T004906_023935_029D07_3105
	01/10/2018

	37
	S1A_IW_GRDH_1SDV_20181008T004021_20181008T004046_024037_02A06C_DFAF
	08/10/2018

	38
	S1A_IW_GRDH_1SDV_20181013T004840_20181013T004907_024110_02A2C7_34B4
	13/10/2018

	39
	S1A_IW_GRDH_1SDV_20181020T004021_20181020T004046_024212_02A61E_922A
	20/10/2018

	40
	S1A_IW_GRDH_1SDV_20181101T004021_20181101T004046_024387_02ABD0_26D9
	01/11/2018

	41
	S1A_IW_GRDH_1SDV_20181130T004839_20181130T004906_024810_02BB28_1D20
	30/11/2018

	42
	S1A_IW_GRDH_1SDV_20181224T004839_20181224T004908_025160_02C77C_F078
	24/12/2018

	43
	S1A_IW_GRDH_1SDV_20181231T004019_20181231T004044_025262_02CB2F_E4BF
	31/12/2018





1.3 Accuracy assessment
We used a total of 3202 reference points: 890 in Shivamogga, 705 in Sindhudurg and 1606 in Wayanad (Figure 2). ‘Water’ reference points included lakes, rivers, ponds, reservoirs, streams and inundated paddy fields. ‘Non – water’ reference points included built-up, forest, grassland, plantation, fallow land and agricultural land.
  

A
C
B

Figure 2: Distribution of ground reference points in A. Shivamogga, B. Sindhudurg and C. Wayanad
We evaluated the mapping accuracy through a percentage area based confusion matrix as per Stehman and Foody (2019) for the monthly surface water area maps that match the field survey month and year. We calculated overall, producer (i.e. 1 - omission error) and user (i.e. 1 - commission error) accuracy and their associated standard error. For both S1A and JRC maps, we masked out the reference points that, according to the JRC map’s quality tag, were obscured by cloud during the field data collection (i.e. for Shivamogga, 859 reference points were removed and none were removed for Sindhudurg and Wayanad ).

Table 9: Error matrix for Shivamogga water body map of August 2018. Cell values represents percentage of area. Standard Errors are in parenthesis for user and producer accuracy estimates. Overall accuracy estimates are 98.64% with a standard error of 0.34%. 
	Map
	Reference
	Total (%)
	User %  (SE)
	n

	
	Not water
	water
	
	
	

	Not water
	91.061
	0.619
	91.68
	99.32 (0.30)
	741

	Water
	0.736
	7.584
	8.32
	91.16(2.35)
	147

	Total % (SE)
	91.79 (0.34)
	8.2 (0.34)
	 
	 
	 

	Producer % (SE)
	99.19 (0.21)
	92.46 (3.11) 
	 
	 
	 

	N
	749
	139
	 
	 
	 



Table 10: Error matrix for Sindhudurg water body map of December 2017. Standard Errors are in parenthesis for user and producer accuracy estimates. Overall accuracy estimates are 99.58% with a standard error of 0.08%. 
	Map
	Reference
	Total %
	User % (SE)
	n

	
	Not water
	water
	
	
	

	Not water
	98.61
	0
	98.61
	100 (0)
	650

	Water
	0.42
	0.98
	1.39
	70.15 (5.63)
	67

	Total % (SE)
	99.02 (0.08)
	0.98 (0.08)
	 
	 
	 

	Producer % (SE)
	99.58 (0.08)
	100 (0)
	 
	 
	 

	N
	670
	47
	 
	 
	 



Table 11: Error matrix for Wayanad water body map of November 2018. Standard Errors are in parenthesis for user and producer accuracy estimates. Overall accuracy estimates are 99.84% with a standard error of 0.11%. 
	Map
	Reference
	Total %
	User % (SE) 
	n

	
	Not water
	water
	
	
	

	Not water
	99.06
	0.19
	99.25
	99.81 (0.11)
	1579

	Water
	0
	0.75
	0.75
	100 (0)
	27

	Total % (SE)
	99.06 (0.11)
	0.94 (0.11)
	 
	 
	 

	Producer % (SE)
	100 (0)
	79.96 (9.25)
	 
	 
	 

	N
	1576
	30
	 
	 
	 






Reference:
1. Park, J. W., Korosov, A. A., Babiker, M., Sandven, S., & Won, J. S. (2018). Efficient Thermal Noise Removal for Sentinel-1 TOPSAR Cross-Polarization Channel. IEEE Transactions on Geoscience and Remote Sensing, 56(3), 1555–1565. https://doi.org/10.1109/TGRS.2017.2765248
2. DeVries, B., Huang, C., Armston, J., Huang, W., Jones, J. W., & Lang, M. W. (2020). Rapid and robust monitoring of flood events using Sentinel-1 and Landsat data on the Google Earth Engine. Remote Sensing of Environment, 240(August 2019), 111664. https://doi.org/10.1016/j.rse.2020.111664
3. Stehman, S. V., & Foody, G. M. (2019). Key issues in rigorous accuracy assessment of land cover products. Remote Sensing of Environment, 231(April), 111199. https://doi.org/10.1016/j.rse.2019.05.018
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Date Threshold Date Threshold Date Threshold Date Threshold Date Threshold Date Threshold

03-01-2017 -17.19 22-01-2018 -18.07 08-01-2017 -17.76 03-01-2018 -18 03-01-2017 -17.76 22-01-2018 -17.19

15-01-2017 -17.74 03-02-2018 -18.546 20-01-2017 -17.23 27-01-2018 -17.68 15-01-2017 -17.65 03-02-2018 -17.85

20-02-2017 -17.46 27-02-2018 -18.26 01-02-2017 -17.17 15-01-2018 -18.85 08-02-2017 -17.75 27-02-2018 -18.06

04-03-2017 -17.68 11-03-2018 -17.04 13-02-2017 -17.45 08-02-2018 -17.82 20-02-2017 -18.44 11-03-2018 -17.06

08-03-2017 -17.08 23-03-2018 -16 09-03-2017 -17.61 04-03-2018 -19.24 04-03-2017 -18.18 23-03-2018 -17.52

09-04-2017 -17.23 04-04-2018 -16.01 02-04-2017 -17.97 09-04-2018 -17.8 23-03-2017 -17.24 04-04-2018 -18.12

21-04-2017 -18.43 16-04-2018 -16.56 14-04-2017 -18.99 03-05-2018 -17.74 09-04-2017 -17.96 16-04-2018 -18.86

03-05-2017 -17.88 28-04-2018 -16.67 26-04-2017 -17.57 27-05-2018 -17.85 21-04-2017 -18.82 10-05-2018 -17.37

15-05-2017 -17.05 10-05-2018 -16.86 08-05-2017 -18.19 08-06-2018 -17.11 03-05-2017 -18.76 22-05-2018 -17.1

27-05-2017 -17.2 22-05-2018 -15.28 20-05-2017 -17.6 20-06-2018 -18.45 15-05-2017 -17.21 03-06-2018 -16.31

08-06-2017 -17 03-06-2018 -17.48 01-06-2017 -17.14 02-07-2018 -15.54 08-06-2017 -17.71 15-06-2018 -14.34

02-07-2017 -13.67 15-06-2018 -16.49 25-06-2017 -17.33 14-07-2018 -17.47 02-07-2017 -15.54 09-07-2018 -13.36

14-07-2017 -15 27-06-2018 -16.49 19-07-2017 -17.1 26-07-2018 -17 14-07-2017 -18.35 21-07-2018 -17.57

26-07-2017 -17.28 09-07-2018 -13.48 31-07-2017 -17.36 27-08-2018 -17 07-08-2017 -18.24 02-08-2018 -15.45

07-08-2017 -17.58 21-07-2018 -18.08 12-08-2017 -17.64 14-08-2017 -17.62 14-08-2018 -13.82

19-08-2017 -17.65 02-08-2018 -15.31 24-08-2017 -16.29 31-08-2017 -17.96 07-09-2018 -17.64

31-08-2017 -17.83 14-08-2018 -14.45 05-09-2017 -15.27 12-09-2017 -17.67 19-09-2018 -18.76

21-09-2017 -17.01 26-08-2018 -15.29 17-09-2017 -15.49 06-10-2017 -18.09 01-10-2018 -17.13

06-10-2017 -17.68 07-09-2018 -16.28 29-09-2017 -15.65 17-12-2017 -18.15 13-10-2018 -18.6

17-12-2017 -17.83 19-09-2018 -16.64 23-10-2017 -17.58 30-11-2018 -18.69

01-10-2018 -16.42 04-11-2017 -16.37 24-12-2018 -17.93

13-10-2018 -16.78 28-11-2017 -16.71

30-11-2018 -16.12 10-12-2019 -16.33

24-12-2018 -17.65

Average -17.4889 Average -16.9708 Average -17.3695 Average -17.8469 Average -17.9756 Average -17.7506

Std deviation 0.387615 Std deviation 0.801282 Std deviation 0.646997 Std deviation 0.676749 Std deviation 0.719915 Std deviation 1.205731

Shivamogga 2017 - 

shiv17

Shivamogga 2018 - 

shiv18

Sindhudurg 2017 - 

sind17

Sindhudurg 2018 - 

sind18

Wayanad 2017 - 

waya17

Wayanad 2018 - 

waya18

Table 1 - Site and date specific backscatter thresholds


