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The majority of glacial lakes around the world are located in remote Received 29 August 2018
and hardly accessible regions. The use of remote sensing data is there- ~ Accepted 6 January 2019
fore of high importance to identify and assess their potential hazards.

However, the persistence of cloud cover, particularly in high mountain

areas such as the Himalayas, limits the temporal resolution of optical

satellite data with which we can monitor potentially dangerous glacial

lakes (PDGLs). The ability of Synthetic Aperture Radar (SAR) satellites to

collect data, irrespective of weather and at day or night, facilitates

monitoring of PDGLs by without compromising temporal resolution.

In this study, we present a semi-automated approach, based ona radar

signal intensity threshold between water and non-water feature classes

followed by post-p ing including slopes,

and size thresholds, to delineate glacial lakes in Sentinel-1 SAR images

in Bhutan Himalaya. We show the capability of our method to be used

for delineating and monitoring glacial lakes in Bhutan Himalaya by

«comparing our results to 10 m resolution Sentinel-2 multispectral data,

field survey data, meteorological data, and a time series of monthly

images from January to December 2016 of two lakes. Sentinel-1 SAR

data can, moreover, be used for detecting lake surface area changes

and open water area variations, at temporal resolution of six days,

jproviding over optical llite data to continu-

ously monitor PDGLs.

1. Introduction

The majority of glaciers in the Himalayas have been retreating and losing mass over the
last decades (Bolch et al. 2012; Brun et al. 2017; Azam et al. 2018). As the glaciers have
receded, numerous supraglacial lakes have formed on the surface of the low gradient
debris-covered glaciers that have stagnant glacier tongues (Reynolds 2000; Bolch et al.
2008; Quincey et al. 2007; Benn et al. 2012; Nie et al. 2017). Supraglacial lakes have a
higher capacity to absorb incident solar radiations than the glacier ice and consequently
enhance melting and downwasting of the debris-covered ice (Sakai et al. 2000; Ragettli,
Bolch, and Pellicciotti 2016; Mertes et al. 2017). Most supraglacial lakes are perched
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Data and Software

In this exercise, we will use QGIS software. The following data are available:

* Sentinel-1 Interferometric Wide (IW) swath mode product.
* Radiometric Terrain Correction (RTC) data generated by ASF Vertex (check the Tutorial on
Searching and Obtaining Satellite Data). GLO-30 Copernicus DEM is also included here.
* Date: 27 September 2017, 02 September 2023
e  Spatial resolution 10m
e Sentinel-2 Level-2A product
*  Atmospherically corrected Surface Reflectance (SR) products from Level-1C products.
* Date: 17 October 2017, 16 September 2023
*  Spatial resolution: 10m (B2, B3, B4, B8, TCI, AOT, WVP), 20m (B5, B6, B7, B8A, B11, B12, AOT,
CLD, SCL, SNW, WVP), 60m (B1, B9, AOT, CLD, SCL, SNW, WVP)
* Glacial lake inventory data of Bhutan (Ukta et al., 2011)
* Data was produced using ALOS/AVNIR-2 data from the years of 2007 and 2010
* Full dataset is freely available from https://www.eorc.jaxa.jp/ALOS/en/dataset/bhutan_e.htm
* Area of Interest (AOI) shapefile
* Covered the area of Luggye Tsho, Thorthomi Tsho, Raphstreng Tsho, and Bay Tsho.



https://www.eorc.jaxa.jp/ALOS/en/dataset/bhutan_e.htm

Glacial Lake Mapping
Follow Along: Open Sentinel-1 RTC data (27 September 2017)
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1. Inthe Menu Bar, clickon Layer > Add (o o
Layer - Add Raster Layer.

2. In Data Source, click on the Browse
button and navigate to the file
S1A IW _20170927T120525 DVP_RTC
10 G _sdufem_5A29 VV.tif in the data
folder.

3. With this file selected, click Add, then
Close. The data you specified will now
load.

Raster dataset(s) 13_SENTINEL ASLA\BHUTAN TRAINING'Day 02\Data\Sentinel-1\51A_20170927\514_[W_20170927T120525 DVP_RTC10_G_sdufem_SA2g_vv.tifxml & || .. ‘

ccccc




Glacial Lake Mapping
Follow Along: Open Area of Interest (AOI)

1.
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(2} Data Source Manager | Vector

In the Menu Bar, click on Layer - Add
Layer Add Layer - Add Vector Layer.

ase [ Protocol: HTTP(S), doud, etc. () OGC AP

In Data Source, click on the Browse [..| [ o oo

button and navigate to the file aoi.shp in

the data folder.

With this file selected, click Add, then
Close. The data you specified will now
load.




Glacial Lake Mapping A&t

Follow Along: Clip the Sentinel-1 image ‘

() Clip Raster by Mask Layer X

. . . Parameters | Log
1. Click on Raster — Extraction — Clip ity G -

}- S1A_IW_20170927T7120525 DVP_RTC10_G_sdufem_5A29_ ¥V [EPSG:32645] - | |:|
Raster by Mask Layer. esloe
(0 a0i [EPSG:32645] - B3 % [

Selected features only
Source CRS [optional]

2. Inthe Input Layer, select | @
S1A IW 20170927T7T120525 DVP_RTC o -[@
10 _G_sdufem_5A29 VV b Advncedporameters ﬁ

Clipped (mask)

D:/03_SENTINEL ASIA/BHUTAN TRAINING/Day 02/Data/Sentinel-1/S1A_20170927/S1A_IW_20170927_W.bf all..

| Open output file after running algorithm

3. Inthe Mask Layer, select aoi.

GDAL/OGR console call

gdalwarp -overwrite -of GTiff -cutline "D:\\03_SENTINEL ASIAYBHUTAN TRAINING\\Day 02V\Datal\aoi\\aci.shp™ -d aoi -
crop_to_cutline "D:\\03_SENTINEL ASIAVEHUTAN TRAININGY\Day 02Y\\Data\\Sentinel-1115 1A_20170927\

\S1A_IW_20170927T120525_DVP_RTC10_G_sdufem_5A29_VV. tif" "D:/03_SENTINEL ASIA/BHUTAN TRAINING /Day 02/Data/
4. Save the result to e i e et

S1A_IW_20170927 VV.tif

5. Click Run. -

| 0% e ‘ Cancel
| Advanced ~ | |Run as Batch Process.. | Run ‘ ‘ Close ‘ | Help ‘




Glacial Lake Mapping

Follow Along: Save your work!

You can open the clipped image and observe
the object on the image. Can you visually
identify any glacial lakes here?

Now would be a good time to save your work.

1. Inthe Menu Bar, click on Project - Save
As

2. Save the map in the working folder and
call it glacier_lake mapping.qgs
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@ glacier_lake_mapping — QGIS
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DEERRY (2L HPPPRA L BELIOR @ %X
QEV./RBD - I - i

. @ B

g

w

v Q 3 v\lz +)px

Ry By L s L 0
Browser EE)
GRrY®O
Favorite es

b [%) Spatial Bookmarks

» [ Project Home

» [&] Home

» O ca

» [1 D\ (New Volume)

» [ EA (New Volume)

» [1 G\ (Seagate Backup Plus Drive)
@ GeoPackege

/£ Spatialite
@ Postgresal.
Layers. B®
@OV -RAL
Band 1 (Gray)
10.418123

I 33.12878

aoi
~ [ & S1AIW.20170927T120525_DVP_RTC10_G_sdufem_5
Band 1 (Gray)
3.333539

I -54.291279

~ [ ¥ Google Satellite

Coordinate | 816622, 3112954 | ¥ Scale | 1:47781

- 7\%'%7 170(_;'_1‘0 2

~ | @ Magnifier| 100% 3 Rotation i:n.n"

Y ® < e

‘E\ VI Render @EPSG:i32645 @




Glacial Lake Mapping

Follow Along: (Option 1) Determine a threshold value

We will determine the threshold based on the
histogram of the whole clipped image.

1.

Right-click on the S1A_IW_20170927_VV layer
in the Layers list and select the menu item
Properties in the menu that appears.

Select the Histogram tab

In the Raster Histogram window, click Compute
Histogram Compute Histogram button.

A histogram is calculated. Notice there are two
peaks: the left tail represents glacial lake pixels
with low backscatter, and the right tail represents
non-water pixels with high backscatter.

Determine the threshold by identifying the pixel
value in between water and non-water:; ~-17.5 dB

SENTINEL
A;Ey/{\

At Y
Q Layer Properties - STA_IW_20170927_VV — Histogram *
Raster Histogram
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Glacial Lake Mapping

Follow Along: (Option 2) Determine a threshold value
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We can also determine the threshold based on the

zse () Protocol: HTTP(S), doud, ete. () OGC APL

histogram of the specific known lakes. The available

Automatic

glacial lake inventory will be used here.

Vector Dataset(s) D:\03_SENTINEL ASIA\BHUTAN TRAINING\Day 02\Data\glacial lake alos avnir Pho_Chu_1704.shp

Open glacial lake inventory of Pho Chu:

Consult ESRI Shapefile driver help page for detailed on options

ENCODING |

1.

DEF_DATE_LAST_LPDATE |

In the Menu Bar, click on Layer - Add Layer

ADIUST_TYPE | <Defauit>

Add Layer - Add Vector Layer.

ADJUST_GEOM_TYPE | <Defait>

AUTO_REPACK | <Default>

DBF_EOF_CHAR | <Default>

In Data Source, click on the Browse button and
navigate to the file Pho_Chu_1704.shp in the
data folder.

With this file selected, click Add, then Close. The
data you specified will now load.

Note: In the paper, the Otsu algorithm was used to determine

e | Close

|| add || hep |

the threshold automatically. We’ll not do it now because we
cannot do this process directly in QGIS, but it is possible to
write a Python script to then run it in QGIS.
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Follow Along: (Option 2) Determine a threshold value ‘

H - . @ Reproject Layer %
The inventory data comes in another different ‘
H H . . Parame ters Log R iact |
projection: UTM Zone 46N. We will reproject rotiore eproject layer

This algorithm reprojects a vector layer. It creates
w layer wi me fea

the data first to match our satellite data’s | ho_Chu_1704 [E255:32644 R L) et st e e
p rOJ eCtI O n . U T M ZO n e 45 N . Tar:i:;:d ey e Attributes are not modified by this algorithm.
| Project CRS: EPSG:32645 - WGS 84 / UTM zone 45N - |§|

Convert curved geometries to straight segments [optional]

4. Inthe Menu Bar, click on Vector — Data | vt ot
Management Tools — Reproject Layer. Reprfected ﬂ

|.N TRAIMING/Day 02/Data/glacial lake alos avnir/Pho_Chu_45M.shp € | ..,l

5. Inthe Input Layer, select Pho_Chu_1704. Y openepa st s s

6. Inthe Target CRS, select Project CRS:
EPSG:32645 — WGS 84 / UTM zone 45N.

/. Save the result to Pho_Chu_45N.shp.

| 0% | Cancel
8 C | i C k R u n | Advanced ~ | |Run as Batch Process... G| Run | Close Il Help |
. .
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Follow Along: (Option 2) Determine a threshold valuggssyg

We will only select the glacial lakes that include in
the AOI. We will also exclude the Thorthomi Tsho
because it has almost no water features on this
specific image date.

G Save Vector Layer as...
Format | ESRI Shapefile

9. Inthe Tool Bar, click on Select Features by N e ————rY [
Area or Single Click ‘E| button. A ]
= G5 [Esads -GS T zone 41 20y
10. Select the lake polygons from Pho Chu_45N i — =1=
layer over the AOI (exclude Thorthomi Tsho) 2] Seve iy b e
using your Shift and left-click mouse. The e
selected polygon will be highlighted in yellow e
color. N
Farce multi-type
11. Right-click on the Pho_Chu_45N layer in the
Layers list, click Export = Save Selected 2SS
Features Ss... S
South |3082762.9467 |
12. Save the result to Pho_Chu_45N_filtered.shp. oot fon [ taver | [cavuto <] | soomatc -
13. Click OK. " oo @ L
V| Addsaved fle Iap | OK cancel ||  Hep |




Glacial Lake Mapping

Follow Along: (Option 2) Determine a threshold value

We will create a 90m buffer around the
glacial lakes to include the non-water area
surrounding the lakes.

14.1n the Menu Batr, click on Vector —

Geoprocessing Tools — Buffer.

15.In the Input Layer, select

Pho_Chu_45N filtered.
16.
17.
18.

In the Distance, type 90.
In the End cap style, select Flat

Save the result to
Pho Chu_45N_buffered.shp.

19. Click Run.

: SENTINEL ’
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Q Buffer

Parameters Log

-

- AN=

Input layer

(- Pho_Chu_45N_filtered [EPSG:32645]

Selected features only

Distance

| 50.000000 @ (2] |meters ~| &
Segments

s GI
End cap style

‘Flat = |
Join style

|Round = |
Miter limit

| 2.000000 2]

Dissolve result
p Advanced Parameters
Buffered

bay 02/Data/glacial lake alos avnir/Pho_Chu_45M_buffered.shp & | | ..,|

Buffer

This algorithm computes a buffer area for all the
features in an input layer, using a fixed or dynamic
distance.

The segments parameter controls the number of
line segments to use to approximate a quarter
circle when creating rounded offsets.

The end cap style parameter controls how line
endings are handled in the buffer.

The join style parameter specifies whether round,
miter or beveled joins should be used when
offsetting corners in a line.

The miter limit parameter is only applicable for miter
join styles, and controls the maximum distance
from the offset curve to use when creating a
mitered join.

[ 0%

| Advanced = | |Run as Batch Process...

@ | Cancel
| Run Close | Help
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Follow Along: (Option 2) Determine a threshold value ‘

(2} Clip Raster by Mask Layer K

We will use this buffered lakes to clip the image. This I @ A

Input layer
step ensures the normalization of the frequency of B 1AW _20:70327 W puffered ke [PSG:326%5] §
- . Mask layer
occurrence of water and non-water pixels to obtain a e Sl A

bl m Od al h |Stog ram . Selected features only @
Source CRS [optional]

20. Click on Raster — Extraction — Clip Raster by Torget GRS opions] .
Mask Layer. @

p Advanced Parameters
Clipped (mask)

3_SENTINEL ASIA/BHUTAN TRAINING,Day 02/Data/Sentinel-1/51A_20170927/51A_IW_20170927_vV_bufferedLakes. tif ==
21.n the Input Layer, select SIA_IW_20170927_\VV LT T
22.In the Mask Layer, select p—
P h O C h u 45 N b uffe re d gdalwarp -overwrite -of GTiff -cutiine "D:/03_SENTIMEL ASIA/BHUTAN TRAINING/Day 02/Data/glacial lake alos avnir/

Pha_Chu_45M_buffered. shp™ -d Pho_Chu_45N_buffered -crop_to_cutline "D:\\03_SENTINEL ASIAV\BHUTAN TRAINING\\Day 024
\Datal\Sentinel-11\S1A_20170927\\51A_TW_20170927_VV.tif" "D:/03_SENTINEL ASIA/BHUTAN TRAINING,Day 02/Data,
Sentinel-1/S14_20170927/S1A_IW_20170927_VV_bufferedLakes. if"

23. Save the result to
S1A IW_20170927 _VV_bufferedLakes.tif

24. Click Run. :

0% Cancel

Advanced * | |Run as Batch Process... @ \ Run Close Help
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Follow Along: (Option 2) Determine a threshold value ‘

@ Layer Properties - 514_IW_20170827_WV_bufferedLakes — Histogram x

We will determine the threshold based on the histogram of

the buffered lakes image. Raster Histogram

300

25. Right-click on the
S1A IW_20170927_VV_bufferedLakes layer in the
Layers list and select the menu item Properties in the
menu that appears.

26. Select the Histogram tab

27 . In the Raster Histogram window, click Compute

200 |

Frequency
4

—
=)
=]

e "®<p &~

Histogram - button i 1“ W M‘“
9 Bl IS ' i m}‘i "M%ﬂ,‘i‘ ‘,[|‘| Wﬂgﬁp
ke
28.A histogram will be calculated. Notice there are two L : e — — ‘ I?J"'“.“’“‘. -
histogram peaks: the lower value refers to water * = R ’ ’

pixels, while the higher value refers to non-water

I
i
@

pixels. @ presactons _
Set min/max style for Band 1 -
29. Determine the threshold by identifying the pixel value - = N

in between water and non-water: ~ -15 dB

Style - oK Cancel Apply Help
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Follow Along: Create a binary map bases on the threshold value

(2} Raster Calculator x

We will use the threshold value from the second STAN ARSI DIP RICIO G s | et e e rad o e b ok 0
option's result: -15 dB. The average threshold SR e S
value given in the paper is -14.52 dB, which is not Spatia Extent

far from our result. e e e

¥Xmin | 316850.00000 = X max |326470.00000 =

¥ min | 3111090,00000

1. Click on Raster — Raster Calculator. L
2. In the Raster Calculation Expression write: maces s miome | A\ @
" S]-A_IW_20170927_VV "< -15 V| Add result o project

¥ max | 3114780.00000

4 »

3. Inthe Spatial Extent, define the extent based > o

. + = ( min IF cos acos
on the aoi. . ; ) v | AO
< = = abs OR tan atan

= 1

4. Save the result to e oot e
S1A IW_ 20170927 _VV_lakel.tif "SLa_IN_20070527_WWEL" < - 15 9

= sqrt log10 In

5. Click OK. e

0K Cancel Help




Glacial Lake Mapping

Follow Along: Create a binary map bases on the threshold value




Post-Processing: Glacial Lake Mapping /}sgyg\

Follow Along: Eliminate pixels found in elevation > 5,600m

(2} Data Source Manager — Raster - [m] x

(®) File () Protocol: HTTP(S), doud, etc. () OGC APL
Source

Raster dataset(s) |:\03_SENTINEL ASIA\BHUTAN TRAINING \Day 02\Data\Sentinel- 1\5 14_20230920'514_IVW_20230920T120602 DVP_RTC10_6_sdufem FB38_dem.tf & || .. |

We will remove pixels found at elevations above
5,600m, where glacial lakes are hardly found
above this elevation threshold in the Himalayas
(Zhang et al., 2015)

w Options

Consult GTiff driver help page for detailed

Open the DEM

1. Inthe Menu Bar, click on Layer > Add Layer
- Add Raster Layer.

2. In Data Source, click on the Browse button
and navigate to the file
S1A IW_20170927T120525 DVP_RTC10 G
_sdufem_5A29 dem.tif in the data folder.

3. With this file selected, click Add, then Close.
The data you specified will now load.




Post-Processing: Glacial Lake Mapping
Follow Along: Eliminate pixels found in elevation > 5,600m

Clip the DEM based on AOI

4. Inthe Menu Bar, click on Raster —
Extraction — Clip Raster by Mask Layer.

5. Inthe Input Layer, select
S1A IW 20170927T120525 DVP_RTC10
_G_sdufem _5A29 dem

6. Inthe Mask Layer, select aoi.

/. Save the result to dem.tif

8. Click Run.

: SENTINEL ’
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(&) Clip Raster by Mask Layer

Parameters | Log

Input layer

| B 51a_1w/_20230920T 120602_DVP_RTC10_G_sdufem_FB38_dem [EPSG:32645]
Mask layer
| £ aci [EPsG:32645]

Selected features only
Source CRS [optional]

Target CRS [optional]

p Advanced Parameters
Clipped (mask)

|D:,f03_SE'~l'I'INEL ASIABHUTAN TRAINING/Day 02/Data/Sentinel-1/5 14_20170927 /dem. tif

v | Open output file after running algorithm

GDAL/OGR console call

Sentinel-1/514_20170527/dem. tif”

gdalwarp -overwrite -of GTiff -cutine "D:\\03_SEMNTIMEL ASIAY\BHUTAN TRAININGY\Day 02\\Data\\aoi\aci.shp™ - &oi -
crop_to_cutline "D:\\03_SENTINEL ASIAVBHUTAN TRAININGY\Day 02\\Data\\Sentinel-11\S 1A_20230920
\S1A_TW/_20230920T120602_DVP_RTC10_G_sdufem_FB38_dem. tif” "D:/03_SENTINEL ASIA/BHUTAN TRAINING Day 02/Data,

| - e
| Advanced ~ | |Run as Batch Process... ‘ Run

| Cancel

Close

| Hee |




Post-Processing: Glacial Lake Mapping

: SENTINEL ’
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Follow Along: Eliminate pixels found in elevation > 5,600m

Use Raster Calculator to remove elevation
above 5,600m.

9. Click on Raster — Raster Calculator.

10. In the Raster Calculation Expression write:
if ("dem@1" <5600 AND "dem@1" > 0,
"S1A IW_ 20170927 VV lakel@1", 0)

11.In the Spatial Extent, define the extent
based on the aoi.

12. Save the result to
S1A IW 20170927 VV_lake2.tif

13. Click OK.

ate
(&) Raster Calculator *®
Raster Bands Result Layer
S14_IW_20170927T120325_DVP_RTC10_G_sdufer Create on-the-fly raster instead of writing layer to disk
S1A_IW_20170927_VV_bufferedLakes@1
STA_IW_20170027_vw@1 Output layer 170927\S 1A_IW_20170927_WW_lake2 tif €1

STA_IW_20170927 VV_lakel1 @1
S1A_IW_20230920T120602 DVP RTC10 G sdufer ~ Outputformat | GeoTIFF
dem@1

Spatial Extent
Use Selected Layer Extent @
Xmin |316850.00000  |T| Xmax |825470.00000 |3
¥ min | 3111090.00000 - ¥ max | 3114780.00000 -
Resolution
Columns | 962 - Rows | 369 -
CQutput CRS EPSG:32545 - WGS 84 / UTM zone 48 = & 2
v | Add result to project
w Operators
( ¥ cos o
/ ) AND sin
b OR ta tar

sqrt log10 In

Raster Calculator Expression
if { "dem@l™ < 5600 AND "dem@l" > 0, "S1A_IW_20170927_WV_lakel@l", 0)

! | OK Cancel Help
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Post-Processing: Glacial Lake Mapping
Follow Along: Eliminate pixels found in elevation > 5,600m




Post-Processing: Glacial Lake Mapping
Follow Along: Eliminate pixels found in slope > 30 deg.

We will remove misclassified pixels in the
regions of steep slopes.

Calculate the slope from DEM:

1. Calculate Slope: Raster — Analysis —
Slope.

2. Inthe Input Layer, select dem
3. Save the result to slope.tif

4. Click Run.

SENTINEL
A;Ey/{\

e

G slop
Parame ters Log
Input layer
" dem [EPSG:32645]

Band number
Band 1 (Gray)
Ratio of vertical units to horizontal
1.000000
Slope expressed as percent instead of degrees
Compute edges
Use ZevenbergeniThorne formula instead of the Horn's one
p Advanced Parameters
Slope
D:/03_SENTINEL ASIA/BHUTAN TRAINING /Day 02/Data/Sentinel-1/51A_20170927/slope. tif

V| Open output file after running algorithm

GDAL/OGR console call

-

gdaldem slope "D:/03_SENTIMEL ASIA/BHUTAN TRAINING,Day 02/Data/Sentinel-1/51A_20170927/dem. tif™ "D: /03_SENTINEL

ASIA/BHUTAN TRAINING/Day 02/Data,/Sentinel-1/51A_20170927slope. tif” -of GTiff b 1 -5 1.0

[ 0%

Advanced ~ | |Run as Batch Process...

° | Run | Close

Help




Post-Processing: Glacial Lake Mapping
Follow Along: Eliminate pixels found in slope > 30 deg.

Use Raster Calculator to remove elevation
above 5,600m.

5.
6.

Click on Raster — Raster Calculator.

In the Raster Calculation Expression write:
if ("slope@1" < 30,

"S1A IW_ 20170927 VV _lake2@1", 0)

In the Spatial Extent, define the extent
based on the aoi.

Save the result to
S1A IW_20170927 VV_lake3.tif

Click OK.

SENTINEL
A;Ey/{\

e

@ Raster Calculator

Raster Bands Result Layer

STA_IW_20170927T120525_DVP_RTC10_G_sdufer Create on-the-fiv raster instead of writina laver to disk

STA_IW_20170927_WV_bufferedLakes@1

S1A_IW_20170927_W@1 Qutput layer 170927\51A_TW _20170927_WV_lake3. tif
S1A_IW_20170927_WW_lake1 @1

S1A_IW_20170927_WW_lake2@1 Output format | GeoTIFF
S1A_IW_20230020T120602_DVP_RTC10_G_sdufer Spatial Extent

dem@1

slope@1

¥min | 316350.00000

f'min | 3111090.00000 = ¥ max

Resolution
Columns | 862 = -
Output CRS EPSG:32645 - WGS 84 / UTM zone 4¢ ™ & &

| Add result to project

w Operators

{ min IF
! ) max AND
abs OR
sqrt
Raster Calculator Expression
if { "slope@l™ < 30, "S1A IW_20170827_VV_lake2@1l"™, 0) e

Use Selected Layer Extent

3114780.00000 =

-

Cancel Help




Post-Processing: Glacial Lake Mapping ):‘A

Follow Along: Eliminate pixels found in slope > 30 deg.




Post-Processing: Glacial Lake Mapping
Follow Along: Eliminate pixels found in NDVI > 0

We will use Sentinel-2 data on 17 October
2017 to calculate the Normalized Difference
Vegetation Index (NDVI) to remove vegetated
areas.

Open the Sentinel-2 data

1. Drag and drop the Sentinel-2 zip file to the

Map View or Layer List.
Select the first layer that contain B2 (Blue),
B4 (Green), B4 (Red), and B8 (Near

Infrared) bands.

Click Add Layers.

: SENTINEL ’
'J

e

() Select ltems to Add | 52B_MSILZA_20171017T043739_NOSD0_R033 T46RBS_20230824T075857.SAFE

D:\03 SENTINEL ASIA\BHUTAN TRAINING \Day
02\Data\Sentinel-2\528 20171017\578 MSIL2A 20171017T043739 NOSO0 R033 T46RBS 20230824T075857.SAFE. 7ip

|Sea| ch...

Tham Pimarrintinn

su SENTINEL2 L2A:/vsizip/D:/03_SENTINEL ASI... B

B SENTINEL2_L2A:/vsizin/D:/03_SENTINEL ASl... B

5" SENTINELZ_L2A:/vsizip/D:/03_SENTINEL ASL.. Bands B1, B9, ACT, CLD, SCL, SMW, WVP with 60m resolution, UTM 46N
T

lands B2, B3, B4, BE, AQT, WVP with 10m resolution, UTM 46N

o SENTIMEL2 L2A:/vsizip/D:/03_SENTINEL ASl.. True color image, UTM 46N

| Select Al H Deselect All |
p Options

| Add Lavyers ‘

ands B3, B6, BY, BBA, B11, B12, AQT, CLD, SCL, SNW, WVP with 20m resolution, UTM 46N

Cancel |




Post-Processing: Glacial Lake Mapping
Follow Along: Eliminate pixels found in NDVI > 0

Clip the Sentinel-2 data based on AOI

4.

In the Menu Bar, click on Raster —
Extraction — Clip Raster by Mask Layer.

In the Input Layer, select

S2B_MSIL2A 20171017T043739_N0500

_R033_T46RBS_20230824T075857.SAF
E.zip

In the Mask Layer, select aoi.

Save the result to S2B 20171017 .tif

Click Run.

: SENTINEL ’
'J

e

(2 Clip Raster by Mask Layer

Parameters | Log

X

Input layer

Q.

| " 528 MSIL2A_20171017T043733_NO5S00_RO33_T46RES_20230824T075857.5AFE — SENTINEL2 L 2A:fv

Mask layer

| £ a0i [EPsG:32545]

sizip/D:f03_SE * | |_

- g3 2, [

Selected features only
Source CRS [optional]

LY

Target CRS [optional]

p Advanced Parameters
Clipped (mask)

GDAL/OGR console call

crop_to_cutline "SENTINEL2_L 2A:

|D:/03_SENTINEL ASTA/BHUTAN TRAINING Day 02/Data/Sentinel-2/526_20171017/526_20171017.4f
v | Open output file after running algorithm

gdalwarp -overwrite -of GTiF cutine "D:\\)3_SENTINEL ASIAVBHUTAN TRAINING\\Day 02\\Data\aci\aei shp” -dl a
fusizip/D: f03_SENTINEL ASIA/BHUTAN TRAINING/Day 02/Data/Sentne) \ZJSZE zu17m17;
S2B_MSIL2A_20171017T043739_NOS00_R033_T46RBES_20230824T075857.5AFE. zip/

52B_MSIL2A_20171017T043739_N0500_R033_T46RES_20230824T075357. SAFE MTD_MSIL 24, xml: 10m:EPSG_32646" "Dt/
03_SENTINEL ASLA/BHUTAN TRAINING/Day 02/Data/Sentinel-2/528_20171017/528_20171017.4if"

@
all.|

Advanced ~ | |Run as Batch Process...

- e
‘ Run

| Cancel

Close

| Hee |




Post-Processing: Glacial Lake Mapping Mg\

Follow Along: Eliminate pixels found in NDVI > 0

Calculate NDVI using the following equation:
(B8:NIR — B4:RED) / (B8:NIR + B4:RED).

9. Click on Raster — Raster Calculator.

10. In the Raster Calculation Expression, write:
("S2B_20171017@4" -"S2B_20171017@1") /
("S2B_20171017@4" + "S2B_20171017@1")

11. In the Spatial Extent, define the extent based
on the aoi.

12. Save the result to ndvi.tif

13. Click OK.

e

Q Raster Calculator

Raster Bands

STA_IW_20170927T120525_DVP_RTC10_G_sdufer
STA_IW_20170927 VV_bufferedlakes@1
STA_IW_20170927_W@1
S1A_IW_20170927_VV_lakel@1
S1A_IW_20170927_VV_lake2 @1
STA_IW_20170927_VV_lake3@1
STA_IW_20230920T120602_DVP_RTC10_G_sdufer
52B_20171017@1

52B_20171017@2

52B_20171017@3

52B_20171017@4

52B_20171017@5

52B_20171017@6
52B_MSILZA_20171017T043739_N0O500_R033_T4€
52B_MSIL2A_20171017T043739_NO500_R033_T4¢
52B_MSILZA_20171017T043739_N0500_R033_T4€
52B_MSILZA_20171017T043739_N0500_R033_T4€
52B_MSIL2A_20171017T043739_N0500_R033_T4¢
52B_MSIL2A_20171017T043739_N0500_R033_T4¢
dem@1

slope@1

1 »

w Operators

+ (

i )
< = =
<= = 1=

Raster Calculator Expression

{ "S2B_20171017@4"™ - "S2B_20171017@1" )} / ({ "S2B_20171017@4™ + "S2B_20171017@1" ) e

Result Layer
Create on-the-fiv raster instead of writina laver to disk

Qutput layer 2\Data\Sentinel-2\526_20171017'\ndvi. tif €1
Qutput format GeoTIFF -

Spatial Extent

|Use Selected Layer Extent @

Xmin | 227240.00000 X max |237020.00000

[REL
LIREL

¥ min | 3109530.00000 ¥ max | 3113680.00000

Resolution
Columns | 978 - Rows | 415 =
Qutput CRS EPSG:32646 - WGS 84/ UTM zone 4 ~ A _:'3

v Add result to project

min IF cos acos

max AND sin asin

abs OR tan atan
= sqrt log10 In

! QK

Cancel Help




Post-Processing: Glacial Lake Mapping

SENTINEL
A;Ey/{\

Follow Along: Eliminate pixels found in NDVI > 0

Use Raster Calculator to remove pixels with
NDVI above zero.

14. Click on Raster — Raster Calculator,

15. In the Raster Calculation Expression write:
if ("ndvi@1" < 0,
"S1A_IW_20171017 VV_lake3@1",0)

16. In the Spatial Extent, define the extent
based on the aoi.

17.Save the result to
S1A_IW_ 20171017 VV_lake4tif

18. Click OK.

N
i

() Raster Calculator X
Raster Bands Result Layer

S1A_IW_20170927T120525_DVP_RTC10_G_sdufer Create on-the-fiv raster instead of writing laver to disk

S14 W 20170927 WV bufferedLakes@1

S14 W 20170027 Wl Outputlayer  |170927\51A_TW_20170927_W laked.tif

S14_IW_20170927_WV._lakel@1

S1A_IW_20170927_WV_lake2 @1 Output format | GeoTIFF

S1A_IW_20170927_WV_lake3 @1 .

S1A_IW_20230020T120602_DVP_RIC10_G_sdufer  —Paal Extent

528 20171017@1 —eeeeee

228 2017101702 |Use Selected Layer Extent

528_20171017@3 Xmin 81685000000 %] Xmax |826470.00000 |3

SIB_2017107@4

S2B_20171017@5 ¥min |3111090.00000 ||  ¥max |3114780.00000 |5

S2B_20171017@6

S2B_MSIL2A_20171017T043739_N0500_R033_T4€ .

S2B_MSILZA_20171017T043738_N0S00_R033_T4¢  Resolution

52B_MSIL2A_20171017T043739_NOS00_RO33_T4€ - -
S28_MSIL2A_20171017T043739_N0500_R033_T4¢ Columns | 962 - Rows | 369 -
52B_MSIL24_20171017T043739_NOS00_R033_T4€

S2B_MSIL2A_20171017T043738_N0500_R033_T4¢ Output CRS EPSG:32645 - WGS 84/ UTM zone 4t ~ & Y
dem@1
ndvi@1 | Add result to project
slope@1
w Operators
{ IF cos co:
- ! ) AND sin
< = = abs OR tan ta
<= = 1= ~ art log10 I
Raster Calculator Expression
if { "ndwifl" < 0,"S1&_IW_20170927_VV_lake3Bl", 0 )




Post-Processing: Glacial Lake Mapping Mn‘f\

Follow Along: Eliminate pixels found in NDVI > 0




Post-Processing: Glacial Lake Mapping Mg\

Follow Along: Vectorize potential glacial lake pixels

Q Polygonize (Raster to Vector) >

We will convert the raster of potential
glacial lake to polygons. irputtayer 9 -

= S1A_TW_20170927_WV _laked [EPSG:32645] > || ..

Band number

1. Click on Raster — Conversion — Band 1 (ray) -

Mame of the field to create

Polygonize (Raster to Vector)... o

Use 8-connectedness

p Advanced Parameters e
2. Inthe Input Layer, select vectored
D:/03_SENTIMEL ASIA/BHUTAN TRAINING/Day 02/Data/Sentinel-1/514_20170927 flake_20170927.shp -

S1A IW 20171017 VV_lake4 ot s e st

GDAL/OGR. console call
gdal_polygonize.bat "D:\\03_SENTINEL ASIAYBHUTAN TRAINING\\Day 02\\Data\\Sentinel-11\514_20170927)

3. Save the Vectorized result to
Iake 20 1 709 2 7 . S h p ésli_go\qiég;;gggzzgi?ok:;ﬁ;;I;.k—:_'s'gs?l.(;sghzaggﬂe"D:IOS_SENT[NEL ASIAIBHUTAN TR.#\INING,.’DE\-I 02||’Data,."SentineI—l\.r

4. C“Ck Run 0% ° Cancel
|

Advanced = | |Run as Batch Process...

Run | Close Help




Post-Processing: Glacial Lake Mapping

Follow Along: Remove non-water polygons

We will modify the polygons to clean the
results further. First, let's remove non-water
polygons.

1. In Toolbars, activate the editing mode by
clicking the Toggle Editing ¢ button.

2. InToolbars, click Select Features by
Value Ef button.

3. Inthe DN value, write O.
4. Click Select Features, then Close.

5. In Toolbars, click Delete Selected
button to delete non-water polygons.

: SENTINEL ’
'J

Rl

e

(=) lake 20170927 — Select Features

@ -

o o]

a | | Equal to (=).|

Reset Form | |Elash Features| | Show in Table | |zoorn to Features | ' Select Features El | Close |




SENTINEL

Post-Processing: Glacial Lake Mappin )
Follow Along: Remove non-water polygons

Q *glacier_lzke_mapping — QGIS - x
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

NEBREX 02LPRPP Q. BeLNOR ME#TE =-

RNQV.ARER 4/ B - LI R G : RQQ a4 .4
BV ARRARP S HFRRV -V V[E Ee Y ® v

G Bra-Br B @A L o CEV R NG R T T B 0N

Browser @®
GReYme
avorites
patial Bookmarks
» [ Project Home
» [@ Home
» Oy
» [ DA (New Volume)
b [ E\ (New Volume)
» [ G4 (Seagate Backup Plus Drive)
@ GeoPackage
/7 spatialite
@ Postgresal

MS SQL Server 2
Layers ®

4o TVE-AD
2

927
W S1AIW 20170927 VV laked
W ndvi
¥ s28 20171017
I S2B_MSILIA_20171017T043739_N0S00_K
I SIA W 20170927 VV lake3
¥ siope
I S1A IW 20170927 VV lake2
¥ dem
I S1A W 20230920T120602 DVP_RTC10.
I S1AIW 20170927 VV lakel
I S1A W 20170927 VV. bufferedlakes
[ Pho_Chu_45N_buffered
Pho_Chu_ 45N filtered
Pho_Chu_45N.
W Phro_chu_1704
W i
I S1A.1W 20170927 WV
I S1A W 20170927T120525 DVP_RTC10_
I Google Labels
I Google Satellite

»
3

Type to locate (Ctri+) Coordinate | 817034, 3112929 |9 Scale | 1:1634% || @ Magnifir|100% |2/ Rotaton [0.0° [2][Virender @epscizess @




Post-Processing: Glacial Lake Mapping
Follow Along: Calculate area, perimeter, and compactness ratio (CR)

Calculate area of each polygon in the attribute
table.

1.

Right-click on the layer, then click Open
Attribute Table =

In the Table Toolbars, click Open Field
Calculator El button.

In Output field name, write area.

In Output field type, select Decimal number
(real).

Expand the Geometry and double-click $area.

The text will be added to the Expression box.

Click OK.

: SENTINEL ’
'J

e

Q lake_20170927 — Features Total: 480, Filtered: 480, Selected: 0

/|2 B ED
123pN v |=| £ | [123DN

DM

w e |~ o e [ B[ w [ [

1
1
1
1
1
1
1
1
0 1
1

i
~~ Show All Features

JE AT E DD

- m} X
EREE 5 @&

~ || Update All || Update Selected

(2 lake 20170927 — Field Calculator
Only update 0 selected features
V| Create a new field

Create virtual field

Output field name  area

Output field type | 1.2 Decimal number (real)

Output field length | 10

Expression Function Editor

+ | Preisi

ion | 3

3

8 chalts

Sarea

=+ LA D e
Feotre (1 -
Preview: 99.81945861433633

6«3 -existing field
Q se Show Help eian Sarea
feature = rns the area of the current feature. The

area calculated by this function respects
both the current project's ellipsoid setting
and n

} Fields and Values $area
b Files and Paths
b Fuzzy Matching
b General *iarea—42
~ Geometry

affine_transf...

angle_at_ver...

apply_dash._...

a

azimuth




Post-Processing: Glacial Lake Mapping
Follow Along: Calculate area, perimeter, and compactness ratio (CR)

Calculate perimeter of each polygon in the
attribute table. The Polsby-Popper test will

/. Inthe Table Toolbars, click again Open
Field Calculator £ button.

8. In Output field name, write perimeter.

9. In Output field type, select Decimal
number (real).

10. Expand the Geometry and double-click
$perimeter. The text will be added to the
Expression box.

11. Click OK.

SENTINEL
A;Ey/{\

e

Q lake_20170927 — Features Total: 480, Filtered: 480, Selected: 0

/\Z B
122pN ~ |=| £ | [123DN
DM

14 |,

w e | o [ e [ B[ w e [

=

1
1
1
1
1
1
1
1
1
1

~~ Show All Features _

@ ¢ A TERP BREE & & @
|| Update All || Update Selected
99.819
199.64
() lake 20170927 — Field Calculator x
4292.46
Only update 0 selected features
29943V create anew field
49,82 || Create virtual l field
Output field name | perimeter
99.82
Qutput field type | 1-2 Decimal number (real)
232337 output fieldlength | 10
199.64] | Expression | Function Editor
ws [O8 L.t
5200.60 Sperimeter
798.58|
oinf
int_or
3
oje
erse E
tate
undness
— cale
/ L) W gments_to.
hared_paths
EEEEEE b hortest_line
3875521749 Pl 2
@ | O Cancel Help




Post-Processing: Glacial Lake Mapping

SENTINEL
A;Ey/{\

Follow Along: Calculate area, perimeter, and compactness ratio (CR)

Calculate CR of each polygon in the attribute
table. The Polsby-Popper test will be used to
measure the compactness of a shape.

12. In the Table Toolbars, click again Open Field
Calculator E button.
13. In Output field name, write CR.

14. In Output field type, select Decimal number
(real).

15. write this equation in the Expression box:
(4 * pi() * $area) / ($perimeter » 2)

16. Click OK.

N
o
() lake_20170927 — Features Total: 480, Filtered: 480, Selected: 0 — [m] X
/%8 B B & P TELSD EREEERE 2 & &8
123pN  ~ |=| £ | (123 || Update All || Update Selected
DM area — perimeter -
2 y 99817 0o
() lake 20170927 — Field Calculator x
3 1 99.81
Only update 0 selected features
4 1 9981 v/ create a new field te existing field
5 1 49.81 Create virtual field
Output field name | CR
6 1 99.81 et
Qutput field type | 1-2 Decimal number (real) =5
7 1 9981 output fied length | 10 | Predsion | 3 B
2 1 99.81 Expression | Function Editor
9 1 99.81 bllfl - | LlL Q se Show Help ion $perimeter
(4 * pi() * Sarea ) Geometry L s the perimeter length of the current
10 1 49,81 | tperimeser ~ 2 ) affine_transf... eature. calculates is
angle_at unction re: & current project's
1 1 99.81 apply_dash_.. ellips, ngs.
= Sarea or & or
Show All Features _ area ) p P '
aaaaa th .
bearina
boundary
bounds
bouncs_heig
bounds_width
buffer
buffer_by_m
centreid
close_line
closest_point
= L) collect_ge
ombine
Feature |1 - b’ cencave_hull
Preview : 0.7853981550254074 contains |~
@ | oK Cancel Help




Post-Processing: Glacial Lake Mapping /};g,g\

Follow Along: Remove areas of internal polygons voids < 400 m2

We will remove small size pixels that may not (e ] ’
. (D=l AKX [Q semch
correct represents a glacial lake. o,
1. Inthe Table Toolbars, click Select features g — =
using an expression & button. T S—
. @ lake 201 atures Total: 480, Filtered: 430, Selected: 322 k.z"'?"'k a x
2. Expand the Field and Values and double- |7 800 LESATEOP BERE E 05
click area. The text will be added to the e lefle ¢ ot ltese ) Q
39.963 0 [& SelectFeatires [+ [ Oose |

Expression box. Complete the expression:
"area" <400

3. Click Select Features, then Close.

4. Inthe Table Toolbars, click Delete
selected features @ button. -

"=|show All Features _

K]




Post-Processing: Glacial Lake Mapping
Follow Along: Remove areas of internal polygons voids < 400 m2

@ *glacier_lake_mapping — QGIS
Project Edit View Layer Seftings Plugins Vector Rester Detabase Web Mesh Progessing Help

DEEREX 0P2LPRPP "R . B tIOR GEXIE = &-
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@ postgresaL
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Post-Processing: Glacial Lake Mapping
Follow Along: Select and extract potential areas > 0.01 km2 and CR > 0.1

Potential lake areas will be selected based on the criteria on
the size of area and compactness ratio.

1.

2.

: SENTINEL ’
'J

e

(D=l

| Expression | Functon Edior
[a1t]

0000 AND "CI

In the Table Toolbars, click Select features using an
expression &, button.

Expand the Field and Values and double-click area
and CR to use them in the Expression box. Complete
the expression: "area" < 1000 AND “CR" > 0.1 |

(@ Iake_20170027 — Select by Exp

;;;;;;;

| Q search || Show Help

@ lake 201 atures Total: 480, Filtered: 430, Se\ecte° — a x
. FAEL ER-1 N e PP BERBEE =S &F
Click Select Features, then Close. [emom ,|=|E||1;

~ || Update Al || Update Selected

Dh

In the Table Toolbars, click Invert selection [l button. |
In the Table Toolbars, click Delete selected features j
button. 5
In Toolbars, click Toggle Editing ¢/ button to close the [
editing mode. Don’t forget to click Save button in the j

confirmation box.

"=|show All Features _

-

4

o S two values and evaluates to 11f the
left value is greater than the right value.

aaaaaa

EE

[

| sekectFeatires |*| [ Gose |



Post-Processing: Glacial Lake Mapping
Follow Along: Select and extract potential areas > 0.01 km2 and CR > 0.1

(@ *glacier_lake_mapping — QGIS
Project Edit View Layer Settings Plugins Vector Rester Database
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Post-Processing: Glacial Lake Mapping /};g,g\

Follow Along: Fill in the holes in the polygons ‘
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Post-Processing: Glacial Lake Mapping %
Final Glacial Lake Map
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Next... AgA

e

We've completed the exercise for glacial lake mapping using QGIS software.

e We used the Sentinel-1 RTC data on 27 September 2017 to extract glacial
lake features, with the additional data from ALOS/AVNIR-2 glacial inventory,
as well as Sentinel-2 data and GLO-30 Copernicus DEM for post-processing.

e You can also process the more recent Sentinel-2 RTC data on 02 September
2023 following the same step-by-step method. The result can be used to

perform multi-temporal analysis and evaluate the changes of glacial lake
between 2017 and 2023.
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THANK YOU
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