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Mapping

SAR provides imagery on day-and-night;

Clouds, fog and precipitation do not have any significant effect;
Coverage area vast;

Time series and frequent revisit ;

Produce authentic flood inundation map;
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Tools and Methods

Sentinel-1 images

Calibration

!

Terrain correction

Landsat image

Flood map validation

A

SENTINEL
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Sentinel-1 SAR GRD: C-band Synthetic Aperture Radar Ground Range Detected, log scaling

Dataszet Availability
2014-10-03T00:00-00 -

Dataset Provider

European Union/ESA/Copemicus
Collection Snippet ([

ee. ImageCollection| "COPERNICUS/S
1 GREM)

See example

Tags
backscanering COpemicus 233
su polarization radar E&r

sentinel

DESCRIPTION  BANES MAGE PROPERTIES ~ TERMS OF US

1. W single co-polarization, vertical transmit/vertical receive

2. HH: single co-polarization, horizomtal transmit/horizontal receive

3. WV + VH: duak-band cross-polarization, venical transmit/horizontal receive
4. HH + HV: dual-band cross-polarization, horizontal tensmit/vertical receive

Each zcene alzo includes an additional ‘angle’ band that contains the approximate
incidence angle from ellipsoid in degrees at every point. This band iz generated by
interpolating the ‘incidenceAnagle’ property of the ‘genlocationGridPoint’ gridded field
provided with each asset.

Each scene was pre-processed with Sentinel-1 Toolbox using the following steps

1. Thermal noise removal

2. Radiometric calibration

3. Terrain correction using SATM 30 or ASTER DEM for areas greater than &0
degress [atituds, where SRTM is not available. The final terrain-corected valuss
are converted to decibels via log scaling (10%1log1 0(x)).

For more information about these pre-processing steps, piease refer 1 the Saminel-1

This collection is computed on-the-fly. if you want 10 use the underlying collection with
raw nower valies fwhich is undated faster] see COPFEMNICIIS/ST GRID FIOAT

ICIMOD




Exercise - 1

Creating a composite image for flood inundation mqpping using Sentinel-1 data

,; TN Mm‘ﬂu. (A

Open the link: https://tinyurl.com/24zbmzv4

https://code.earthengine.google.com/a9926a%4a5264dca7c8cé5eb754264c0
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Exercise - 1

Creating a composite image for flood inundation mapping using Sentinel-1 data
Delete the existing boundary and digitized a new study boundary

Google Earth Engine

Q, Search places and datasets...

~ users/kabiruddinbd/JPTM2024 - l___'__:!:mpor‘ts (1 entry) B
i 01 Create_Sentinel_1_RGB ) P "var‘ bnd: Polygon, 4 vertices [0 [
B 02 Extract VV and VH water and land v... T /] Coordinates provided to view map
& 03 Sentinel1_classification_Pixel =

Map.centerObject(bnd, 7);

-

Digitized a new study boundary

N ~ .  .Darbhanaa =
Q-'}' Q N b-:. D:::-:: Geometry Imports a ]
T T e Purnia
IleN4d Rename default name +° Cees Gon - A
“ i “ " 4 T B o' | ... Deoghar
geometry” to “bnd _ e R BN
: 3 5‘;‘- . ~ Dhanbad
Configure geometry import - JHARKHAN;T:"’?_,,.._...-M
_Name Color
:\bnd
Import as I[eH4 Run the code with new boundary
Geometry v

Let Link = I Save - ;: 'Rur'f.‘- v I Reset =~
Phili SENTINEL 3 Z -
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Exercise - 1

Creating a composite image for flood inundation mapping using Sentinel-1 data

01 Create Sentlnel 1 RGB Get Link vl Save - Run ~

79 // Create a Flood Image Composite using various bands
86 * var FloodImgComposite = ee.Image.cat([

81 vvFloodSmoothed.rename( 'VVFlood_Filtered'),

82 vhPreSmoothed.rename('VHPre Filtered'),

83 vvDifference.rename('VVDifference_Filtered'),

84 vvvhFloodRatio.rename('VVVH_Flood_Ratio'),

85 vhFloodSmoothed. rename( 'VHFlood Filtered'),

86 vvvhFloodSmoothed. rename( 'VVVH_Flood_Filtered’)
87 1)

88 .

89 i// // Create Flood Image Composite to the map

90

91~-i// Map.addLayer(FloodImgComposite.clip(bnd),
Q //  bands: I[ VVFlood_Filtered', VHPr'e_Fllter'ed',

93 |// min: [-25, -25, -16],

94 i// max: [@, e, le],

95 i// gamma: 1.5

9% 1i// }, 'FLood Image Composite');
97

et ™ /}gyg\ %—m ICIMOD




Exercise - 2

Flood inundation mapping using sentinel-1 for any chosen site/boundary and date

Flood Inundation Map of 2024
(Flood inundated areas on 21 August 2024
{

https://tinyurl.com/r789zje7

https://code.earthengine.google.com/00812066ce87114bd7ea5038694ddf0e

Philippine SENTINEL
eer ICIMOD -
Agency / :‘; : /




Exercise - 2

GO gle Earth Engine Q, Search places and datasets... @ [ ee-kabiruddinbd ﬂ
Scripts Docs R.GCRC 02 Sentinel1_classifica... <G8 I Save . Run vl Reset vl Apps .EI Inspector Console
» AFG * Imports (1 entry) B a
~ BGD » var bnd: Table "bnd buff" Searcl; or
: : : cance
g T | miltiple tass i che Task
i BD_500m_costa... 5 : A2 Manager@ or try the Tasks
::Mangrove 4 [/ Selecting the pre-monsoon or pre-flood Copernicus Sentinel-1 Page in the Cloud Consolef
in bd_buff_h 5 var SenImgPre = ee.ImageCollection('COPERNICUS/S1 GRD')
i bd_buff_h_clip 6 .filterDate('2024-81-81", '2024-84-38') UNSUBMITTED TASKS
=hA hff 7 .filterBounds(bnd): -
¢ ' » s« I ' b M Flood_Map_PB m *
i . con i .--"::' == w- asigur o T ASS‘AM o ‘1_.-"_ 2 2 ;e 3 Autonomous o FIKIC
409 ~ v B = Patna oDarbhanga il 4 '  Layers é‘{l Map Satellite
T s “"-_ T = NAGAL ND ————r i Eaes
DY prayagraj AT qzo;n BIHAR i Guwahatl P ) il I\E%l:ﬂl'lflm
4 i b IIOI:!.IEI armoEt P _IKohlma' Elaoshan s : :
s Toil : o L 'Gaya . =~y ;. / . ﬁ%],’-ﬁ_
- i T Iy Dehong Dai
Sy o Deogha;( i and Uingpo
; e s Au‘lon;}enc"ltous :
. i ' Prefecture. Lincang YUNNAN
f Jge— Dhanbad : i b=
> gl P e sEREIMC T A
JHARKHAND S oDurgapur Wy
§ Soi Lashi~ 4
ndia L “:125"‘ 'WEST BENGAL %! Legend
. ; Jamshedpu: Kolkata Mandalay ' [ Flood inundation area |
ICHHATT'SGARH " BIDIOI. ofece: Il Perennial water body
Doy B SR e T N © Myanmar.
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Exercise - 2

[l //Select the pre-flood Copernicus Sentinel-1 imagery

// Coordinates provided to view map
Map.centerObject(bnd, 7);

I/ selecting the pre-monsoon or pre-flood Copernicus Sentinel-1
var SenImgPre = ee.ImageCollection('COPERNICUS/S1 GRD')
h» [6] .filterDate{'2024-01-01', '2024-04-30")|

7 .filterBounds(bnd);

8

L = N

//Select the flooding time Copernicus Sentinel-1 imagery

30

31 // Selecting the flood Copernicus Sentinel-1

32 var SenImgFlood = ee.ImageCollection('COPERNICUS/S1_GRD')
by [33] .filterDate('2024-09-02"', '2024-10-087"')|

34 .filterBounds(bnd);

35 brint('Flood Image Collection:', SenImgFlood);

36 // Filtering flood time Copernicus Sentinel-1 image by metadata properties.

Philippi SENTINEL / 2
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Exercise - 2

I[eld //If needed adjust the sentinel-1 backscatter threshold

le4

185 // Flood masking and mosaicking the Sentinel-1 image

106 ~ var classifiedFloodPB = ee.ImageCollection(| h{:)
1187 vvFloodsmoothed. updateMask(vvFloodSmoothed. 1t ~ 1% Qdi)}v15uallze{Floodvlsuallzatlnn),

108 threSmnothed.updatEMask(threSmoothed.1tzf§4 U6))gvisualize(floodvisualization),

10 | vvthlnﬂdRatin.updateMask(vvthlﬂodRatiﬂ.1{?:2%5 pvisualize(floodVisualization),

116

111 waterMask PreFlood.visualize({palette: ['BLUE']})

112  ]).mosaic();

Note: Exercise — 3 will show how we can determine the appropriate
backscatter value

Phili SENTINEL
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Exercise - 2

Export the generated flood map

118

119 // ** Export the Pixel-Based Flood Map (Flood Map Pixel-Based PB)) **
120 + Export.image.toDrive({

b)

b

Legend :
B Fiood Inundation Area .. 1% . <

121 image: classifiedFloodPB, // Clipped Pixel-Based Flood Map

122 descrlpt;nn 'Flood Map PB',

123 folder: -' ‘} // a 1s the folder name, please specify the Google Drive folder name
124 FlleNamgPreflx 'Flood Map PB' // File name for the exported image

125 scale: -1@ « // Sentinel-1 resolutlen scale, recomanded to export 30 meter scale
126 region: bnd // study ara boundary

127 fileFormat: 'GeoTIFF',

128 maxPixels: 3e9 // Adjust this if necessary for larger regions

129 1});

G e Fp
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Exercise - 3

Determination of Copernicus sentinel-1 backscatter threshold to automatically
flood inundation mapping in GEE and comparison of sentinel-1 based flood
inundafion map with Landsat-8 image

Sentinel-1 image, Date: 2019-09-19
Lo b . A
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Exercise - 3

90°500°E 917070 917100°E

iandsat;r;lag; ‘oo % oo_;* , ] |mOge.
| - Extract VH and VV-band backscatter (dB) statistics for water

body and other samples.

- Insert water and land samples on the Landsat image/Sentinel

=z
o
o
154
3
&

- Find the interquartile range, mean and median value of
waterbodies on the VH and VV-band backscatter (dB)
- Use the VH and VV-band backscatter (dB) for mapping

Polarization mode: W Polarization mode: VH
w W
i i [ =
= = : g o o
E ! = ! T TEE
o —— 3 H
i I — y :
T . 1 g
E o | - ] 2| (]
E " E ¥ :
B [ 4
"}
& o ﬁ 4 % e 8 &
0 5 10 20km ol a 3 “
A @ waterbody & Other .
2 ;
I ¥ L

Ph|l|pp|ne SENTINEL Cihar Walerbodies . Other Walerhadies
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Exercise - 3

Go gle Earth Engine Q, Search places and datasets... @ M eekabiruddinbd 9
Scripts el TR T m Getlink ~ Save Run ~ Reset ~ Apps m
r users/Kabiruddinbd... . I . I I E

* Imports (3 entries) B ~ Use t to
~ users/kabiruddinbd... J ( ) print(...)

i » var water: FeatureCollection (1@ element - write to this console.
B 01 Create_Sentin... » var land: FeatureCollection (5 elements) i

| 02 Sentinel1_cla... & » var bnd: Polygon, 4 vertices [-] [C]
:
o P | 1 // Coordinates provided to zoom to a particular location in the S Vi ang Vi ]
03 Ext... e Ll L 7 P z P Polarization Int...
k04 Sentlnel‘lwcla... - 20 ] > - 114 o -

n
\:-u . = i

Q“P‘?xvt;rm

h Dhunat
-+

wnandaikona

| NS |
Ullapara
GRS
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Exer<:|se 3

03 Ext...
k 04 Sentinel1_cla.. ~

R e T e I it Il 2 )

™9 ~wm

Dhunat

lhi +
Color

| . #417af1

wnandaikona

Import as

PR

FeatureCollection -
Properties
Property Value b
q'c:\fassName 1 ) [}
+ Property

Philippi SENTINEL
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Exer<:|se 3

03 Ext...
k 04 Sentinel1_cla.. ~

R e T e I it Il 2 )

o

IR

h‘ Dhunat
g

wnandaikona

Import as
FeatureCollection -
Properties
Property Value

(className[{ 2 )

+ Property

Cancel

Color

#98ff00

q

Philippi SENTINEL
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Exercise - 3

Reset

~ Imports (3 entries) B S

» var water: FeatureCollection (10 elements)
»var land: FeatureCollection (5 elements) [
»var bnd: Polygon, 4 vertices |

/{ Coordinates provided to zoom teo a particular location in the study area
Map.setCenter(90.5284, 24.2916, 8);

[

1
2
3
// Pre-monscon or pre-flood Copernicus Sentinel-1 Date: 2019-85-20

// Flood inundation periods Copernicus Sentinel-1 Date: 2819-89-19

// Landsat image for comparison
49 var landsat = ee.Image('LANDSAT/LCO8/C02/T1 RT/LC@E_137043 26190928');
58 Map.addlLayer(landsat, {bands: ['B5"', 'B4', "B3'], min: 2164, max: 28285}, 'lLandsat 26 Sep 2019', false);

L A A

69 // Flood masking and mosaicking the Sentinel 1 image.

7@ ~ var FloodMap = ee.ImageCollection([

/TS vvFloodSmoothed. updateMask(vvFloodSmoothed. lt( 17}) .visualize(floodViz),
? vhFloodSmoothed.updateMask(vhFloodSmoothed. ltM) .visualize(floodViz),
. o ad Sprevv_smoothedmask.visualize({palette: ['BLUE™TYY,

74 1).mosaic();

75 Map.addLayer(FloodMap.clip(bnd), {3}, 'Flood Map');

Please change the backscatter value from line 71 and 72, and run code.
Task Visuolly compare the results with Landsat image.

Philippi SENTINEL -,_'T‘
@ A\ 4HA 1CIMOD Vs

var SenImgPre = ee.Image('COPERNICUS/S1_GRD/S1A_IW_GRDH_1SDV_20198520T120441 26196528T128506_ 027311 031480 _43CA');

6
7
8 wvar SenImgFlood = ee.Image('COPERNICUS/S1_GRD/S1A_IW_GRDH_1SDV_206198919T235547 28198919T235612 0629897 034072 BO42');
8




Exercise - 3
Insert point for water and land

.. S e S ST
(O~ v B '.sz pts)
SE s -3
1+ i Dhunat
| — Sgg%?r . :
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ExerCise - 3 Please change the backscatter value from line 72 and 73 and run
code. Visually compare the results with Landsat image.

69
mﬁﬂ:&rﬁg&ﬁgﬂm 70 // Flood masking and mosaicking the Sentinel 1 image.
o I min 114 p- 71~ wvar FloodMap = ee.ImageCollection([
g 72 vvFloodSmoothed. updateMask(vvFloodSmoothed.1t(-17)).visualize(floodViz),
Y i 73 vhFloodSmoothed.updateMask(vhFloodSmoothed . 1£(-21)}) .visualize(floodViz),
5 74 | Sprevv_smoothedmask.visualize({palette: ['BLUE']}),
B 75 ])-.mosaic(};
g -40 76 Map.addLayer{FloodMap.clip(bnd), {}, 'Flood Map');
2
o
o GOJ gle Earth Engine Q, Search places and datasets... @ M eekabiruddinbd a

Water VW VWV Water VH VH

Statistic Scripts [ o I Get Link ,I . Run -I Reset vI Apps E (LE D=0l Console
» usefs/Kapiruddinpa o == :

» users/kabiruddinbd/flo... 56 // Visualization parameters for the Sentinel b o Water Po.. Json
T S : ¢ -31.664114089.. ~

Water Points VW Min:

o+
Water Points VWV Max: ’
-15.942186064300624 §

Water Points VWV Mean:
-22.086 264130646891

Water Points vV Median:
-21.98514182857853 _

Water Points VH Min:

Philippine SENTINEL
== A\ HHA  1CIMOD
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Exercise - 4

Using the Random Forest classification technique for flood inundation mapping

GO gle Earth Engine Q,  Search places and datasets...

) Docs | Assets 04 Sentinel1_classification_RF * Gettink - JJ save - LR <]
P UseS/ N _ i _ bt KL - 22 preFloodVH VVDescend.select('VH').mean().rename('VHPre")
» users/kabiruddinbd/flood_paper 23 ]).focal_median(108, 'circle', 'meters');
» users/kabiruddinbd/frtc_wb 24
+ users/kabiruddinbd/frtc_wb, scripls 25 // Selecting the flood Copernicus Sentinel-1
» kabiruddinbd/ _h - i 26  var floodSentinell = ee.ImageCollection('COPERNICUS/S1_GRD')
users/| iruddin Grap 27 .filterDate('2824-88-21', '2824-88-22')
» users/kabiruddinbd/greenness 28 filterBounds(bnd);
» users/kabiruddinbd/JPTM2019 29
* users/kabiruddinbd/JPTM2024 B print{tloodsentine1l)
B 01 Create_Sentinel_1_RGB 31 // Filtering flood time Copernicus Sentinel-1 image by metadata properties.

T IR | U 7.V IS 5, SR Dy e 10

B N? Sentinel1 rlassification Pixel

~ an

Shanatpur
e bnd (1 poly) | T
-+ Angaria R140
1T U | flood (130 pts) [ ]
= " water (60 pts) .
128604
| ¥ land (130 pts) A
1ew |
Kalkini el ayﬂ_ . —
T 1
"' Haiderganj
; S
Gournadi
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Exercise - 5

Using the Random Forest classification technique for flood inundation mapping

s " Flood Map RF
| Flood Map Pixel Based ﬂ
+ Sentinel RGB Composite

huivan
w831

Char Parboti Bogadana #X!LPUR

o«

onid®

Chhattarua
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Useful article

IEE Bajracharj&x‘?‘
\ _ Py Rajesh Bahadur Thapa

P Mir A. Matin Editors
*\ - remote sensing

Article . al FlOOd Mappmg Us.lfsl%uhd/[;ﬂﬁ'rremporal Ea.rth 0 bse rVat i Ol:] :
Opera G AR Images: A C25¢ Science and Applications
adesh for Risk Reduction

from Bang! T ——
Kabir Uddin 1,+(0, Mir A.Mal H Progress in Disaster Science a nd En ha nced Resi | ien ce
2 Geqphysica'l ln.-'.\'\lult:..\-s""i . .
e ot in Hindu Kush

journal homepage: www.elsevier.com/locate/pdisas

Potential flood hazard zonation and flood shelter suitability mapping for my |\
. - s A 2 S A . .

o ay 2019; ACC disaster risk mitigation in Bangladesh usin; eospatial technolo e
Received: 1 M2y & . & seosp = IMaldyad heqgion

desh Kabir Uddin ™"*, Mir A. Matin*
Absuact‘. Bang‘a - o Cerstre for GO Box 3226, Kathmandu, Nepal
inte a t .

d frequencys A Decade of Experience fr ERV
floo dared! ArRTICLE INFO ABSTRACT a *_kafft’o '\pt’”ﬁ“‘tﬁ rUm S F\\”R
flood-damage

‘rational mett At niseory: Low-lying Bangiadesh is known as one of the most flood-prone countries in the workd. During the last few decades, the
an ope . Roccived 1 Fobruary 2021 i frequency, intensity, and duration of floods have increased. To ensure safety and save lives when people’s homes sub
su poﬁ a q\lle ar  Received in ruvined form S Sane 2021 merge because of flooding, it is urgent to relocate them 1o safe shelters during the flooding. In Bangladesh, the number
| sup ced ! SISt S SR of designated flood shelters is very less. To plan and prioritise the building of shelters, flood hazard zonation and the S
\ 2017 were us " A e oulit i an N 1che ;“ of bl r;‘ o for shelters are “'-::: d):]ﬂdrf risk m:lguunn, This study attempted lhr:‘r:.:ﬂ I A_‘A 0 D RV lRis'muAlAM
jer Map’ mos! ¢ a sod dy % - » a
‘-and cove . Keywords: 2020 using public domain Sentinel-1 Synthetic Aperture Radar (SAR) images were processed in the Google Earth En
beforc ﬂ.oodln' Automatic food mapping gine (GEE) and replicable methodology. Using a set of analytic hierarchy process (AHP) criteria associated with flood @ -
p the land cc Tl Bocnntn Aicrators (0o Aeowle e i Tand coner Lendform rorlation L " PE N A((ESS Sprlnger
o -_—
% fo
and 7.01%

rmation, the study e stly in the Sylhet e aLAN hazard response: Teroreree

o4 cover info cated mo to aid in osh.

www.mdpi.com/2072-4292/11/13/1581
https://link.springer.com/chapter/10.1007/978-3-030-73569-2_10

www.sciencedirect.com/science/article/pii/S2590061721000454
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