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Methodology

L HASA version 1

Select Susceptibility Hazard
Precipitation Historical ARI Map Map
Current Compare Compare
ARI ARI Susceptibility

LANDSLIDES @ NASA @ q . Ao



Step 1: Precipitation

Select Susceptibility Hazard
Precipitation Historical ARI Map Map
Current Compare Compare
ARI ARI Susceptibility

Requirements:
1) Access to code window of Earth Engine

2) Precip_Visualization_Code.txt

LANDSLIDES @ NASA @ q . Ao



Precipitation availability in Google Earth Engine (GEE)

Earth Engine Data Catalog Q_ search @ English ~  Signin

Home View all datasets Browse by tags Landsat MODIS Sentinel API Docs

ossetsoe 34 (1fferent datasets

Filter list of datasets

Link: https://developers.google.com/s/results/earth-engine/datasets/?g=precipitation

ERAS Daily Aggregates - Latest ERAS Monthly Aggregates - ERA5-Land Hourly - ECMWEF ERAS5-Land Monthly Averaged -  ERA5-Land Monthly Averaged
Climate Reanalysis Produced by Latest Climate Reanalysis Climate Reanalysis ECMWEF Climate Reanalysis by Hour of Day - ECMWF
ECMWEF / Copernicus Climate Produced by ECMWF / Climate Reanalysis

ERAS is the fifth generation ECMWF ERAS is the fifth generation ECMWF ERAS-Land is a reanalysis dataset ERAS-Land is a reanalysis dataset ERAS-Land is a reanalysis dataset
atmospheric reanalysis of the global atmospheric reanalysis of the global providing a consistent view of the providing a consistent view of the providing a consistent view of the
climate. Reanalysis combines model climate. Reanalysis combines model evolution of land variables over several evolution of land variables over several evolution of land variables over several
data with observations from across the data with observations from across the decades at an enhanced resolution decades at an enhanced resolution decades at an enhanced resolution
world into a globally complete and world into a globally complete and compared to ERAS. ERAS-Land has been  compared to ERAS. ERAS-Land has been  compared to ERAS. ERA5-Land has been
consistent dataset. ERAS replaces its consistent dataset. ERAS replaces its produced by replaying the land produced by replaying the land produced by replaying the land

predecessor, the ERA-Interim reanalysis.  predecessor, the ERA-Interim reanalysis.  component of the ECMWF ERAS climate  component of the ECMWF ERAS climate  component of the ECMWF ERAS climate



First, import precipitation data in GEE
https://code.earthengine.google.com/

LANDSLIDES @ NASA @ q . Ao


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

< c

Google Earth Engine

Searching and selecting precipitation

@ code.earthengine.google.com

Q IMERG

=

L % 9 & 0%

el

l Reset I Apps El ([T ET=GIEl Console ETS

Scripts Assets
Imerguene, Morocco o
Filter scripts... m Use print(...) to write to this console.
¥ Owner (3) i3 s GPM: Global Precipitation Measurement (GPM) v6 import » Visthae 5
» sias .
; 3::::;:&:3::2&:: ;ee GPM: Monthly Global Precipitation Measurement (GPM) v6
~ users/nbiswas/lhasav1_mekong OpenLandMap PreC|p|tat|o§ Mor?thly . s » [1600732800000, 1600819200000 ] 150N
& ADICalA TRMM 3B42: 3-Hourly Precipitation Estimates = >
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Importing precipitation

& “currentAR! - Earth Engine Code Editor X Q Ihasavi_mekong X I & &S freshwater - Google Drive X | E Concept note and agenda - Google Dot X ‘ +

@ code.earthengine.google.com

GPM: Global Precipitation Measurement (GPM) v6

Dataset Availability
2000-06-01T00:00:00 -
Dataset Provider

NASA GES DISC at NASA Goddard Space
Flight Center

Collection Snippet 1O

ee.ImageCollection("NASA/GPM _L3/1
MERG_V06")

See example

Tags
climate geophysical gpm
half-hourly imerg jaxa

nasa precipitation weather

DESCRIPTION BANDS TERMS OF USE CITATIONS DOIS

Global Precipitation Measurement (GPM) is an international satellite mission to provide
next-generation observations of rain and snow worldwide every three hours. The
Integrated Multi-satellitE Retrievals for GPM (IMERG) is the unified algorithm that
provides rainfall estimates combining data from all passive-microwave instruments in
the GPM Constellation.

This algorithm is intended to intercalibrate, merge, and interpolate all satellite
microwave precipitation estimates, together with microwave-calibrated infrared (IR)
satellite estimates, precipitation gauge analyses, and potentially other precipitation
estimators at fine time and space scales for the TRMM and GPM eras over the entire
globe. The system is run several times for each observation time, first giving a quick
estimate and successively providing better estimates as more data arrive. The final step
uses monthly gauge data to create research-level products. See IMERG Technical
Documentation for more details on the algorithm.

Documentation:
Algorithm Theoretical Basis Document
IMERG Quality Index
Caveats for IMERG extension into TRMM era

IMERG Technical Documentation

B % & & 0O
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Importing precipitation

@ code.earthengine.google.com

GPM: Global Precipitation Measurement (GPM) v6

Dataset Availability
2000-06-01T00:00:00 -
Dataset Provider

NASA GES DISC at NASA Goddard Space
Flight Center

Collection Snippet 1O

ee.ImageCollection("NASA/GPM L3/I
MERG_V@6")

See example

-

DESCRIPTION BANDS TERMS OF USE CITATIONS

Resolution
11132 meters
Bands Table

climate geophysical gpm
half-hourly imerg jaxa

nasa precipitation weather

Name

HQobservationTime

HQprecipSource

HQprecipSource Bitmask

Description

PMW source time

PMW source
sensor identifier

Bits 0-3: PMW source sensor identifier
o 0: No observation
o 1:TMI
o 2: (unused)

3: AMSR

4: SSMI

5: SSMIS

6: AMSU

7: MHS

8: SAPHIR

9: GMI

10: (unused)

min. into
half hour

DOIS




Importing precipitation

< C @& code.earthengine.google.com PowerPoint Presentation 2 % 9 * 0O %

servirglobal.net

GPM: Global Precipitation Measurement (GPM) v6

DESCRIPTION BANDS TERMS OF USE CITATIONS DOIS

o 14:CRIS

merged PMW

HQprecipitation o
precipitation

Kalman filter

IRkalmanFilterWeight .
weight for IR

Dataset Availability IRprecipitation IR precipitation

2000-06-01T00:00:00 -
Dataset Provider

NASA GES DISC at NASA Goddard Space
Flight Center

snapshot
precipitationCal precipitation -
calibrated

Collection Snippet |0 snapshot

ee.ImageCollection("NASA/GPM _L3/T precipitationUncal precipitation -
MERG_V@5") uncalibrated
See example
robability of liquid
Tags probabilityLiquidPrecipitation P o y ;
precipitation phase
climate geophysical gpm
calibrated-

randomError precipitation
nasa precipitation weather random error

half-hourly imerg jaxa



e

c

Importing precipitation

'Q *currentARI - Earth Engine Code Editor X Q Ihasavi_mekong X | L EIS_freshwater - Google Drive X ’ E Concept note and agenda - Google Do X ‘ +

@ code.earthengine.google.com

GPM: Global Precipitation Measurement (GPM) v6

Dataset Availability
2000-06-01T00:00:00 -
Dataset Provider

NASA GES DISC at NASA Goddard Space
Flight Center

Collection Snippet O

ee.ImageCollection("NASA/GPM L3/I
MERG_V06")

See example

Tags
climate geophysical gpm
half-hourly imerg jaxa

nasa precipitation weather

DESCRIPTION BANDS TERMS OF USE CITATIONS DOIS

Global Precipitation Measurement (GPM) is an international satellite mission to provide
next-generation observations of rain and snow worldwide every three hours. The
Integrated Multi-satellitE Retrievals for GPM (IMERG) is the unified algorithm that
provides rainfall estimates combining data from all passive-microwave instruments in
the GPM Constellation.

This algorithm is intended to intercalibrate, merge, and interpolate all satellite
microwave precipitation estimates, together with microwave-calibrated infrared (IR)
satellite estimates, precipitation gauge analyses, and potentially other precipitation
estimators at fine time and space scales for the TRMM and GPM eras over the entire
globe. The system is run several times for each observation time, first giving a quick
estimate and successively providing better estimates as more data arrive. The final step
uses monthly gauge data to create research-level products. See IMERG Technical
Documentation for more details on the algorithm.

Documentation:
Algorithm Theoretical Basis Document
IMERG Quality Index
Caveats for IMERG extension into TRMM era

IMERG Technical Documentation

B % & & 0%




* *ari_demo - Earth Engine Code Editor X
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Google Earth Engine

Q

{} lhasavi_mekong

@ code.earthengine.google.com

IMERG

Imported precipitation

X | E Concept note and agenda - Google Do X | —+

X | & ©is freshwater - Google Drive

W —

L % $ w0 :

em|m %

Filter scripts... NEW w

~ Owner (3)
» users/nbiswas/default
» users/nbiswas/lhasa-gee
~ users/nbiswas/lhasav1_mekong
B ARICalc
B ari_demo
B currentARI
B |hasav1
» Writer
~ Reader (8)
» users/fadwiputra/shared
~ users/google/datasets
B AAFC_ACLjs
B AHN_AHN2_05M_INT.js
B AHN_AHN2_05M_NON._js
B AHN_AHN2_05M_RUW.js
B ASTER_AST_L1T_003.js
B AU_GA_AUSTRALIA_5M_DEM.js
B AU_GA_DEM_1SEC_v10_DEM-H js
B AU_GA_DEM_1SEC_v10_DEM-S js

E A AniAn onThAAnn vid ia

o9~V R

& a

T Imports (1 entry) B

» var imageCollection: TmageCollection "GPM: Global Precipitation Measurement (GPM) v6"

WIUMING

4 NEW YURK

Chicago A
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% — S Kevboard shortcuts

-

Use print(...) to write to this console.

Welcome to Earth Engine!

please use the help menu above (@) to
learn more about how to use Earth
Engine, or visit our help page for
support.

Map Satellite
ra
L
North
Atlantic
Ocean
Map data 2022 Gooale. INEGI | 500 KM Ll Terms of Use



Rename precipitation variable

% lhasavi_mekong X | & ©is_freshwater - Google Drive

& “ari_demo - Earth Engine Code Editor X

< c

@ code.earthengine.google.com

IMERG

Google Earth Engine

X | E Concept note and agenda - Google Do: X |

~ — X

2 % 9 & 0%

oem %

s T s T Wl e W] T o

- Imports (1 entry) B
» var |[imerg

Filter scripts... m ‘) : ImageCollection "GPM:

~ Owner (3) 1
» users/nbiswas/default
» users/nbiswas/lhasa-gee
~ users/nbiswas/lhasav1_mekong
E ARICalc
B ari_demo
B currentARI
B Ihasav1
» Writer
~ Reader (8)
» users/fadwiputra/shared
~ users/google/datasets
B AAFC_ACLjs
B AHN_AHN2_05M_INT.js
B AHN_AHN2_05M_NON.js
B AHN_AHN2_05M_RUW.js
B ASTER_AST_L1T_003.js
B AU_GA_AUSTRALIA_5M_DEM.js
B AU_GA_DEM_1SEC_v10_DEM-H.js
B AU_GA_DEM_1SEC_v10_DEM-S js

Ermian onmaann v ia
WIUMING

Global Precipitation Measurement (GPM) v6"

/ 2 NEW YURK
o Chigago b

@ Q A~ v B NEBRASKA CTRI
ILLINOIS OHIO PENN o
NEVADA United States INDIANA o New York
UTAH DENJ
WEST
+ 2 RANSS MISSOURI VIRGINIA
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Olas Vegas OKLAHOMA TENNESSEE NORTH
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o ARIZONA SOUTH
NEW MEXICO MISSISSIPPI ARGUINE
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LOUISIANA
[ ad Houston
o, hY
FLORIDA

(4
%

Kevboard shortcuts

Use print(...) to write to this console.

Welcome to Earth Engine!

Please use the help menu above (@) to
learn more about how to use Earth
Engine, or wvisit our help page for
support.

Map Satellite
rAa
Ld
North
Atlantic
Ocean
Map data ©2022 Gooale, INEGI | 500 KM ] Terms of Use
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Draw a geometry or upload a study area shapefile

& “Precipitation_LHASAV1 - Earth Engine = X +

@ code.earthengine.google.com

Q

IMERG

~ Imports (2 entries) B

£V —

X

e % 9 * 0%

ol =

.) to write to this console.

Scripts [» TR ET 5 Precipitation_LHASAv1 * Get Link vl Save -- Run vl Reset vl Apps E (HELETA GG Console RER G
m ~  Useprint(.. i i

Filter scripts...

¥ Owner (3)

» users/nbiswas/default

» users/nbiswas/lhasa-gee

~ users/nbiswas/lhasav1_mekong
Bk ARICalc
B Precipitation_LHASAV1
B ari_demo
B currentARI
B Ihasav1

» Writer
~ Reader (8)

YLD

» users/fadwiputra/shared
~ users/google/datasets

& rr_:

+

?

m

N

rur

v @

" geometry (1 poly)

Bay of Bengal

') » var imerg: ImageCollection "GPM: Global Precipitation Measurement (GPM) v6"

» var geometry: Polygon, 4 vertices

e3lupdeon
¥

Rectangle drawing. 8  Exit Chiang Mai
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Copy and paste code to display precipitation

// Selecting appropriate variable
var precip = imerg.select('precipitationCal’);
// Selecting a date to visualize precipitation
var date = '2015-07-30';
// Converting date string into a ee formatted date
var precipDate = ee.Date(date).getRange('day');
//Filtering, summing, and dividing precipitation
var prcplday = precip.filterDate(precipDate).sum().divide(2);
// Using color palette to make visualization better
var palette = [
'000096','0064ff', '00b4ff', '33db80', '9beb4a’,
'ffeb00', 'ffb300', 'ff6400', 'eb1e00', 'af0000'];
// Visualization parameter using the color palette mentioned above
var precipitationVis = {min: 0.0, max: 100.0, palette: palette};
// Adding layer on the map
Map.addLayer(prcplday.clip(geometry), precipitationVis, "Precipitation")

LANDSLIDES @ NASA @ q . Ao



Displayed precipitation

- 2 % 9 » 0%

&« C' @ codeearthengipeeeate s s
New Script E DEEE DD

Google Earth Engine * Imports (2 entries) B3 N om %
scripts B Y LR » var imerg: ImageCollection "GPM: Global Precipitation Measurement ..
Filter scripts... ' ¥ var geome'tr‘y: Polygon, 4 vertices to write to this console.
e—— 1 // Selecting appropriate variable
» Writer 2 var precip = imerg.select('precipitationCal’);
~ Reader (8) 3
¥ irsens/ladwlinire syl 4 // Selecting a date to visualize precipitation
~ users/google/datasets 5  var date '9815-07-30" :
B AAFC_ACLjs = Ters ’
B AHN_AHN2_05M_INTjs & // Converting date string into a ee formatted date
:ﬁm—ﬁm;g:m—sgx!z 7 var precipDate = ee.Date(date).getRange('day');
iASTER_AST_UT__oos.jéJ 8 //Filtering, summing, and dividing precipitation

& AU_GA_AUSTRALIA_5M_DEN 9 wvar prcplday = precip.filterDate(precipDate).sum().divide(2);
BAUGADEM_1SECVIODEN 19  // Using color palette to make visualization better

B AU_GA_DEM_1SEC_v10_DEN
B CGIAR_SRTM90_V4.js 11~ var palette = [

B CIESIN_GPWv4_ancillary-dat 12 '@e00e96"', 'eeedff', 'eebdff', '33db8e', '9bebda’,
R CIEStLoE Wl populaton 'ffeboe', 'ffb3ee', 'ff6400', 'ebleee', 'afoeee’'];
G GPV_VY4 pooulalionc 94 s/ visualization parameter using the color palette mentioned above e
@ 9 ~ w B  comeym 15 var precipitationVis = {min: ©.6, max: 100.8, palette: palette}; _ Map Satelite
"eue 16 // Adding layer on the map recipitation ra
+ £ i 17 Map.addLayer(prcplday.clip(geometry), precipitationVis, "Precipitation")| L
, MAHARASHTRA Navn;,davg ;545 - pas il
Mumbai stuEeen, ] 3
TELANGANA { A
Hyderabado \
Iedsorerd
y ( outh
GOA .5 ANDHRA i Z J Chslna[Sea Manila
C]

... Now you are ready to use Precipitation!!
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L HASA version 1

Step 2: Current ARI

Select Susceptibility Hazard
Precipitation Historical ARI Map Map
Current Compare Compare
ARI ARI Susceptibility

Requirements:
1) Access to code window of Earth Engine
2) ARl _Calculation_Code.txt, available in SERVIR Landslide Page

LANDSLIDES @ NASA @ q . Ao


https://github.com/SERVIR/LHASA-Mekong

Antecedent Rainfall Index (ARI)

Day -0 Day -3 Day-4 Day = Day 6 Accumulation




Copy and paste code to calculate ARI from precipitation

var precipDate = ee.Date(date)
// Selecting days to consider for calculating ARI
var daysofWeek = ee.List.sequence(0,6,1);
// Declaring list of weightage for those days
var weight = ee.List([1.0,0.25,0.111,0.0625, 0.04, 0.02778, 0.02040816]);
// Summing up weightage
var ws = 1.511797;
// calculate the daily precipitation in this case we just use the immerg data
var ari = ee.ImageCollection(daysofWeek.map(function(m){
// parse M to a number
m = ee.Number.parse(m);
// set the date range
var startDay = precipDate.advance(m.multiply(-1),"day");
// Offsetting one day to make a 24 hour span
var endDay = startDay.advance(1,"day");
// get the weight
var w = ee.Number.parse(weight.get(m));
// get the rainfall of day x
var dayPrecip = ee.Image(precip.filterDate(startDay,endDay).sum()).divide(2);
// multiply with weight factor
var riDay = dayPrecip.multiply(ee.Image(w));
return riDay;
}).sum().divide(ws).rename('api').clip(geometry);
Map.addLayer(ari, {}, "Current ARI of " + date)

LANDSLIDES @ NASA @ q . Ao



Code to calculate ARI from precipitation

1 // Selecting appropriate variable
2 wvar precip = imerg.select('precipitationCal');
3
4 /) Selecting a date to visualize precipitation RG
5 wvar date = '2015-87-38";
6 // Converting date string into a ee formatted date e LIk vl e v. i 'I e 'l Aope E
7 wvar precipDate = ee.Date(date).getRange('day'); SVar BeoMeLry  POLygoi, 4 vercices i
8 //Filtering, summing, and dividing precipitation N /7 Salecting appropriate vapiable
9 wvar prcplday = precip.filterDate(precipDate).sum().divide(2); 2 var precip = imerg.select('precipitationCal’);
1@ // Using color palette to make wvisualization better i T i - .
11~ var palette = [ : \/,;r. Zai:t;ngzglsfg;;gl\;lsua ize precipitation
12 000096 ", '0@6ATT", '@ebaff’, '33db3@’, 'Obebda’, 6 // Converting date string into a ee formatted date
13 'ffeb@@', 'ffb3@e', 'ff6488"', 'eblebd', 'afooad']; 7 var precipDate = ee.Date(date).getRange('day');
14 // Visualization parameter using the color palette mentioned above 8 //Filtering, summing, and dividing precipitation o
15  wvar precipitationVis = {min: ©.8, max: 166.08, palette: palette}; s sdopomsecio,filiteciobetanasinbote) untialitddota <
16 // Adding layer on the map Myanmar hi/v/ OEP z';;
i 17 Map.addLayer(prcplday.clip(geometry), precipitationVis, "Precipitation™) (Burma) Ha.noi
18 8
19 // Selecting days to consider for calculating ARI Nageridas: Haipheld ";gg
i 28 wvar precipDate = ee.Date(date) G*Eéacu; Thanh Héa <
21 wvar daysofWleek = ee.list.sequence(6,6,1);
22 // Declaring list of weightage for those days n HAINA
23 var weight = ee.List([1.0,0.25,0.111,8.0625, 0.04, ©.02778, 0.02040316]); Vinh S,
24 /{ Summing up weightage =1
25 var ws = 1.511797;
26 [/ calculate the daily precipitation in this case we just use the immerg data E:f‘g
27~  war ari = ee.ImageCollection(daysaflleek.map(function(m){ y
28 // parse M to a number ) Mawlamyine
Yangon ewnoolec Hué
29 m = ee.Number.parse(m); 943 o v ommmg
38 // set the date range )
31 var startDay = precipDate.advance(m.multiply(-1),"day");
32 // Offsetting one day to make a 24 hour span N Quang Ngai
33 var endDay = startDay.advance(1,"day");
34 // get the weight Bangkok §,J\,fVietnam
35 var w = ee.Number.parse(weight.get{m)); NPNMNUNIRAT _Krong Qui Nhon
36 // get the rainfall of day x - l;i:{"mqai}?u %
37 var dayPrecip = ee.Image(precip.filterDate(startDay,endDay).sum()).divide(2); 'i‘;’-"g’;?"cti'.ly S
38 // multiply with weight factor AV ONG Cambodia
39 var riDay = dayPrecip.multiply(ee.Image(w)); - Nha Trang
48 return riDay; | PRACHUAP \ gggg‘ﬁ‘:‘;’{m 3 S
41 1)) .sum().divide(ws).rename( 'api').clip(geometry); AR KHIRIIKHAN o ‘i’H Chi
i Map.addLayer(ari, {}, "A4RI of " + date) Andaman Sea Siﬁ':nan:‘m Mir?h Cilt o]
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L HASA version 1
Step 3: Historical ARI

Select Susceptibility Hazard
Precipitation Historical AR Map Map
Current Compare Compare
ARI ARI Susceptibility

LANDSLIDES @ NASA @ q . Ao



Historical ARI: Methodology

o o P W
Antecedent Rainfall Index (ARI) = =0 P We

6

Accumulation
« /1.511797

Where W, = (t + 1)~*
Here, P = precipitation, t=days, w=weightage

LANDSLIDES @ NASA



Historical ARI: Methodology

/Iteratih

Start End

.Q......? 000

Current ARI Single day ARIs Histogram  Historical
ARI

Day = Accumulation

 /1.511797

©+-9:9-¢

+@=

+ @y + ¢

0 027
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Historical ARI Calculation

Write the code in a fresh GEE project
https://code.earthengine.google.com/.

First, follow page 7-14 to import precipitation
and draw geometry. Try to draw the geometry
close to or bigger than in you did on page 14.

LANDSLIDES @ NASA @ q . Ao


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

Historical ARI Calculation

& “Precipitation_LHASAV1 - Earth Engine = X +

C a code.earthengine.goog] New tab

Q Search places and datasets...

Google Earth Engine

v — X

B % & * 0O

ol =

Manage tasks

Scripts [T 1T Precipitation_LHASAv1 * Get Link vl Save v- Run vl Reset vl Apps E Inspector Console RELIG

~ Imports (2 entries) B

Filter scripts... © » var imerg:

~ Owner (3)
» users/nbiswas/default 1|
» users/nbiswas/lhasa-gee
~ users/nbiswas/lhasav1_mekong
B ARICalc o

TN . PR R 4 adiom L LIAOA. A
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Pattaya City
Bingnnen
RAYONG

ImageCollection "GPM:
» var geometry: Polygon, 4 vertices

O /' geometry (1 poly) Rectangle drawing. @  Exit
E = : mxEEN
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\
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Historical ARI Calculation
Historical Antecedent Rainfall Index Calculation code in GEE

H[[][*xxxxxxxx% Historical ARI Calculation for LHASA V1 implementation **xx*xx*

/] Step 1: declaration of the appropriate variables

var imerg = ee.ImageCollection("NASA/GPM_L3/IMERG_V06")
var precip = imerg.select('precipitationCal’);

(—

Saying that we will select precip variable

// declaring the days 0-6 of a whole week
var daysofWeek = ee.List.sequence(0,6,1);

(—

Saying that we will consider 7 last days

/Il declaring the weights for the individual days

var weight = ee.List([1.0,0.25,0.111,0.0625, 0.04, 0.0278, 0.02040816]));
// Sum of the weightage factors

var ws = 1.511797,

(—

Weightage for those days

I/ set time period of 20 years
var start = ee.Date.fromYMD(2001,1,1);
var end = ee.Date.fromYMD(2021,1,1);

Timeframe to calculate ARI using data of last 20
years

I/ set date bounds for ARI starting from 7th day
start = start.advance(7,"day");

var nDays = (end.difference(start,"day"));

var seq = ee.List.sequence(1,nDays,1);

—

Calculating the days from the 7t" and making a
list of it

LANDSLIDES @ NASA @ q . Ao



Historical ARI Calculation

/[l Step 2: Function to iterate through days to generate ARI Layers

var historical_ari = ee.ImageCollection(seg.map(function(n){ Mapping over the list to calculate

return ee.ImageCollection(daysofWeek.map(function(m){ Historical ARI
/[ parse to number for serverside computation
m = ee.Number.parse(m);
/[ set the day

a single day ARI

var startDay = start.advance(n,"day").advance(m.multiply(-1),"day");
var endDay = startDay.advance(1,"day");

Selecting a one-day span

11 getthe werghts
var w = ee.Number.parse(weight.get(m))

PN ANIIVS" O\

Selecting weight of that day

/[ select precip layers, filter based on date, sum, divide, clip /I_ - . _
var dailyrain= ee.lmage(precip.filterDate(startDay,endDay).sum().divide(2).¢lip(geometry)); | Select precip, filter, sum, divide, clip

/T multiply arf with Weignt factor

var riDay = dailyrain.multiply(w): AT U A U0 TR B

/I Returing rainfall index of that day % Returning rainfall index of that day
return riDay; AY
}).sum().divide(ws) < Summing 7 day’s rainfall index and
5)); dividing-by-weight
/TTT Step 3: calculate the 95th percentile
var ari95 = historical_ari.reduce(ee.Reducer.percentile([95])).clip(geometry); Getting the 95" percentile from the
precipitation histogram

A D) M) - ACA VW
SPACE FLIGHT CENTER




Historical ARI Calculation

/Il Step 4: Adding 95t percentile image in the map
Map.addLayer(ari95, {}, "95th Percentile ARI")

(—

Adding historical ARI in GEE Map

/Il _Step 5: Exporting 95 percentile map in GEE Asset

Export.image.toAsset({
Image: ari95,
description: 'p95thARI_Mekong',
assetld: 'p95thARI_Mekong',
region: geometry

b

Exporting historical ARI in GEE

You haven't selected any Cloud Projects yet. Click
"Add A Project” to access or upload assets.

SSSSSSSSSSSSSSS

. Ho Chi Phan Thiet

LEGACY ASSETS
M po5thARI_Mek
users/nbiswas ; g m
» SASWE -
\ 7 =l
O 9 ~ W B ceometryimports ind A Layers Map  Satellite
l 3
n e
HEHANBUER N A
wei \ 7 -t
: N Bangkok SRACHIN /_/A
\ njamw:mmas WAEG Jac3) Qui Nhon
K
\ (,ﬁLr:?a L t Siem Reap .
. f muug:]unu = Song Cau
2 Pattaya City (@] % Tuy Hoa
SPHETCHABURI MBI 1S Krong
\ > Battamhang
Myeik \\? A (hamatva
E \\ 9 Nha Trang
4 \ Cam Ranh
:»,‘ ; \ Phan Ran,
nﬂmsgmm ["\‘\/ s Thap Ch arn
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Complete Code to Historical ARI

GO gle Earth Engine Q, Search places and datasets... (7} | \a \

~ Manage tasks.

- I
Filter Scrip‘[s_,, (:_) 8 // set time period of 2@ years
9 wvar start = ee.Date.fromYMD(26061,1,1); . .
~ Owner (3) 10 var end = ee.Date.fromYMD(2021,1,1); Search or cancel multiple tasks in the Task

» users/nbiswas/default — Manager & .
. 12 // set date bounds for ARI starting from 7th day
» users/nbiswas/lhasa-gee

13 start = start.advance(7,"day");

¥ users/nbiswas/lhasav1_mekong 14  var nDays = (end.difference(start,"day”)); UNSUBMITTED TASKS
B ARICalc 15 var seq = ee.list.seguence(l,nDays,1); M p95thARI_Mekong m
I Precipitation_LHASAv1 - i? print(seq)
B ari_demo 15
B currentARI 19 - var historical_ari = ee.ImageCollection(seq.map(function(n){ % Ingest image: "projects/ea i
[ lhasav1 20~ return ee.ImageCollection(daysofleek.map(function(m){
lprecipVisARI 21 // parse to number for serverside computation B pgSthARI—MEang v 25m
' 2 et ey (B posthARLMekong |
» Writer o // set the day p95thARI_Mekong X om
~ Reader (8) 24 var startDay = start.advance(n,"day”).advance(m.multiply(-1),"day"); M stDeviation < 3m
b users/fadwiputrafshared 25 var endDay = startDay.advance(l,"day");
N y lick/EE102 i 27 var weight = ee.Image.constant(1l).divide(((ee.Image.constant(m).add(1).multiply(ee.Image.constant
~ users/mvizzari/Tassi_Vizzari_RS$2020 29 var ariDay = ee.Image(precip.filterDate(startDay,endDay).sum().divide(2).clip(geometry)); —
.1_RS_2020_COMPOS|TE Elz] // multiply ari with weight factor ! stDeviation v 12m
B 2_RS_2020_CLASSIFICATION 31 ariDay = ariDay.multiply(weight);
ntor/ul-ap 2 return ariday; CEE I - -
- users/nclinton/ui-api-101 LS .
33 })).sum().divide(ws)}));
» (A) Add layer button 34
» (B) Floating inspector 35 wvar ari95 = historical_ari.reduce(ee.Reducer.percentile([95])).clip(geometry);

i 36 print(arigs)

» (C) Inspector panel ' . )
i 37 Map.addLayer(ari9s, {}, "95th Percentile ARI")

» (D) Fancy controls

38
~ users/nowfel_mahmud/default 39 ~ Export.image.toAsset({
B ARSET_SAR_S1 40 image: arigs,
IAquamonitor Dynamic 41 descr‘lptlc‘m: p95thARI_.~‘1el‘<ong B
B Aquamonitor Dynamic 02 42 assetId: 'p95thARI_Mekong®,
q . ¥ ; 43 region: geometry
B Aquamonitor Static a1 });
B Aquamonitor Static 02 =
B Aauamonitor Static 03 v A — ’

-

rd Aasdd

SPACE FLIGHT CENTER
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Historical ARI Calculation

C # code.earthengine.google.com

Task: Initiate image export

Task name (no s *

p95thARI_Mekong

Coordinate Reference System (CRS)

EPSG:3857

Scale (m/px)

1000

CLOUD STORAGE EE ASSET

Earth Engine Asset.
users/nbiswas/ ~ P95thARI_Mekong

Pyramiding policy

MEAN




Historical ARI Calculation

<« C' & code.earthengine.google.com

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

Ll 0 Docs | Assets _ Get Link vI Save v. Run vI Reset vI Apps EI Inspector Console RELRE

a
Fil’[erscripts__. (:) 8 // set time period of 28 years
9 wvar start = ee.Date.fromYMD(26061,1,1);
~ Owner (3) 18 var end = ee.Date.fromYMD(2021,1,1);

11
12 // set date bounds for ARI starting from 7th day
13 start = start.advance(7,"day");

» users/nbiswas/default
» users/nbiswas/lhasa-gee

~ users/nbiswas/lhasav1_mekong 14  var nDays = (end.difference(start,"day"));
B ARICalc ) 15 var seq = ee.List.sequence(l,nDays,1);
B Precipitation_ LHASAV1 i1le print(seq)
B ari_demo bt
- 18
B currentARI 19 - var historical ari = ee.ImageCollection(seq.map(function(n){
ki lhasavl 20~ return ee.ImageCollection(daysofleek.map(function(m){
lprecipVisARI 21 // parse to number for serverside computation
» Writer 22 m = ee.Number.parse(m);
23 // set the day
~ Reader (8) 24 var startDay = start.advance(n,"day").advance(m.multiply(-1),"day");
» users/fadwiputra/shared #0025 var endDay = startDay.advance(1,"day");
» users/google/datasets i 26 // get the weights
, y lick/EE102 i 27 var weight = ee.Image.constant(1).divide(((ee.Image.constant(m).add(1).multiply(ee.Image.constant
users, gor‘e ic N - . 28 // calculate ari for day
¥ users/mvizzari/Tassi_Vizzari_RS2020 29 var ariDay = ee.Image(precip.filterDate(startDay,endDay).sum().divide(2).clip(geometry));
B 1_RS_2020_COMPOSITE 30 // multiply ari with weight factor
& 2_RS_2020_CLASSIFICATION 2 2riDay = aribay.nultiply(ueight);
. A return ariDay;
- us?;\s)fit:jl:ﬂton!ukl) api-101 33 1)).sun().divide(ws)}));
4 ayer utton 34
» (B) Floating inspector 35 wvar ari95 = historical_ari.reduce(ee.Reducer.percentile([95])).clip(geometry);
» (C) Inspector panel 136 print(ariss)
i 37 Map.addLayer(ari95, {}, "95th Percentile ARI")
» (D) Fancy controls =
~ users/nowfel_mahmud/default 39+ Export.image.tolsset({
B ARSET_SAR_S1 fute] image: arigs,
lAquamonitor Dynamic 41 description: "p95thARI_Mekong',
. . 42 assetId: 'p95thARI_Mekong',
I Aquamonitor Dynamic 02 s St .
B Aquamonitor Static a4 })Pegwn' e
3
B Aquamonitor Static 02
B Aquamonitor Static 03 v J D
g =
Haiphon i
o9~ v R Geometry Imports ) phong Haikou
Navoyidaw BOm
_—— —_—— L o
“1@1 o CHIANG RAI Thang Héa

- —_ I ane

2 4 & » 0%

- Manage tasks.

el %

Search or cancel multiple tasks in the Task

Manager (4.

M p95thARI_Mekong

* Ingest image: "projects/earthengine-lega...
M p95thARI_Mekong
p95thARI_Mekong

M stDeviation

M stDeviation

4

Layers

<1m

< <«

25m

3m

8m

12Zm

12Zm

LS N N NS

5m

Map Satellite




C

@ code.earthengine.google.com/tasks

Historical ARI Calculation

Google Earth Engine

Earth Engine Task Manager

Use this page to search and cancel multiple tasks. This page will display tasks that have been
submitted until 10 days after they have completed, failed, or cancelled.

Q, Search

v oV VY VY VY VYV

Showing 9 of 9 tasks

p95thARI_Mekong

p95thARI_Mekong
p95thARI_Mekong
stDeviation

mean

max

stDeviation

mean

©2022 Google Terms of Service

Acceptable Use Policy

Privacy

Contact Us

! -g- <1m
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8m

12m
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Historical ARI Calculation

&« C @ code.earthengine.google.com 2 % 9 *& 0O "&‘ :

GO gle Earth Engine Q, Search places and datasets... (7} | sb
[scrpts Docs T | TITES TR TN TS T [ | spector consoee [T

() | ADDAPROJECT 8 // set time period of 20 years 4| |Manage tasks.
9 wvar start = ee.Date.fromYMD(2801,1,1); . .
CLOUD ASSETS 10 var end = ee.Date.fromYMD(2621,1,1); ;gi;;:poé cancel multiple tasks in the Task
. . 11 .
You haven't selected any Cloud PrOjeCtS yet. Click 12 // set date bounds for ARI starting from 7th day
"Add A Project” 1o access or upload assets. 13 start = start.advance(7,"day");
14 var nDays = (end.difference(start,"day")); u pgSthARI_Mekong & <1m
LEGACY ASSETS 15 var seq = ee.list.sequence(l,nDays,1);
~ users/nbiswas i 16 print(seq) * Ingest image: "projects/earthengine-lega...
» SASWE b
» Ihasa ) 19 - var historical_ari = ee.ImageCollection(seq.map(function(n){
» reservoirs 20~ return ee.ImageCollection(daysofleek.map(function(m){ B PratIARI_vieruily
mNERegionboundary 21 // parse to number for serverside computation M stDeviation
il Precipitation_Stations 2 m = ee.Number.parse(m);
M Susc_Mekong 23 /] set the day .
= 24 var startDay = start.advance(n,”day").advance(m.multiply(-1),"day");
ii VSPolygons #0025 var endDay = startDay.advance(1,"day");
DR 26 // get the weights i
M p95thARI_Mekong i1 27 var weight = ee.Image.constant(1).divide(((ee.Image.constant(m).add(1). multiply(ee.Image.constant [l BSUEE e 12m
B 28 // calculate ari for day
29 var ariDay = ee.Image(precip.filterDate(startDay,endDay).sum().divide(2).clip(geometry)); 5m
3e f// multiply ari with weight factor
31 ariDay = ariDay.multiply(weight);
32 return ariDay;
33 1)).sum().divide(ws)}));
34

35 wvar ari95 = historical_ari.reduce(ee.Reducer.percentile([95])).clip(geometry);
i 36 print(arigs)
i 37 Map.addLayer(ari95, {}, "95th Percentile ARI")

38
39 ~ Export.image.tofsset({
48 image: arigs,
41 description: 'p95thARI_Mekong',
42 assetId: 'p95thARI_Mekong',
43 region: geometry
44 1);
4 4
' Haiph -
aijphon "
] Q A~ v B Geometry Imports 1 P 9 Haikou Layers Map Satellite
S o Navoyidaw ?ﬁg?ﬁ
=1§ sor CHIANG RA [Thanh tida .

M —~ |l ancs ra




LHASA version 1
Step 5: Susceptibility Map Ingestion

Select Susceptibility Hazard
Precipitation Historical AR Map Map
Current Compare Compare
ARI ARI Susceptibility

Requirements:
Susceptibility Code.txt, available in SERVIR Landslide Page
Susceptibility _map_clipped.tif- Download the NASA Landslide Susceptibility map, and clip to your

region of interest.

LANDSLIDES @ NASA @ q . Ao


https://github.com/SERVIR/LHASA-Mekong
https://gpm.nasa.gov/sites/default/files/downloads/global-landslide-susceptibility-map-1-30-20.zip

Susceptibility Map
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Importing susceptibility map in GEE

1. Download the NASA Landslide Susceptibility map, and clip to
your region of interest.
2. Import the Susceptibility Map your current GEE project

LANDSLIDES @ NASA @ q . Ao


https://gpm.nasa.gov/sites/default/files/downloads/global-landslide-susceptibility-map-1-30-20.zip

< c

Google Earth Engine

Importing susceptibility map in GEE

@ code.earthengine.google.com

Q, Search places and datasets...

% 3 * 0%

ol ¢

e I - [
Filter scripts... m (:) |

~ Owner (3)
» users/nbiswas/default
» users/nbiswas/lhasa-gee
~ users/nbiswas/Ihasav1_mekong

v- Run vl Reset vl Apps EI (HE e dll Console RET G

Use print(...) to write to this console.

Welcome to Earth Engine!
Please use the help menu above (€)) to learn more about how to use
Earth Engine, or visit our help page for support.

B ARICalc
B Precipitation_LHASAV1
I ari_demo
B currentARI
B Ihasav1
B precipVisARI
» Writer
~ Reader (8)
» users/fadwiputra/shared -
WASHINGTON MONTANA DAKOTA 0 e D .
NI AR "N - L1 e Ottawa‘D oMomreal ! & Map Satellite
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LI RANSAS MISSOURI VIVI:([;ISNTM
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Importing susceptibility map in GEE

2 % 9 * 0%

& New Script - Earth Engine Code Editor X +

< C @ code.earthengine.google.com
om %

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

m Get Link vI v- Run -I Reset vl Apps l§l L5 =Gl Console ERED &
Use print(...) to write to this console.

Lo L TE ) Assets

ADD A PROJECT -
Welcome to Earth Engine!
You haven't selected any Cloud Projects yet. Click Please use the help menu above () to learn more about how to use
“Add A Project” to access or upload assets. Earth Engine, or visit our help page for support.
LEGACY ASSETS
~ users/nbiswas
» SASWE
» lhasa
» reservoirs
iti NERegionboundary
il Precipitation_Stations
iti VSPolygons
iti VSPolygons_2 o
WASHINGTON MONTANA DAKOTA | = = T i
o9~V B i AL e 0“3‘”30 OMO“‘;eal L Az Map Satellite
SOUTH WISCONSIN ‘\‘ T ,»"“;" MAINES |0 VA SCOTIA
OREGON . LSRG MICHIGAN | orgno / P
-+ WYOMING Chicago /“ _“) NEW YORK LJ
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g.o 3 Gulf of
% 5 Mexico
Mexico
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O Alavien Ol Santn Keyboard shortcuts Map data ©2022 Google, INEGl = 500 KM Ll Terms of Use
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& New Script - Earth Engine Code Editor X +

< C @ code.earthengine.google.com

Google Earth Engine

Scripts Docs RS

(") ADD A PROJECT

Image Upload

Q, Search places and datasets...

= 1

GeoTIFF (.tif, .tiff) or TFRecord (.tfrecord + .json)

Table Upload

Shape files (.shp, .shx, .dbf, .prj, or .zip)
CSV file (.csv)

Image collection

Folder
. A "
+
Honplulu

HE
= (WIS

Importing susceptibility map in GEE

<

I
]
X

B % S » 0O

em

v- Run -l Reset vl Apps E HE =Gl Console ERED &

Use print(...) to write to this console.

Welcome to Earth Engine!
Please use the help menu above (@) to learn more about how to use

Earth Engine, or visit our help page for support.

WASHINGTON MONTANA DAKOTA | e g ;
MINNESOTA 224 - PE 5
o X Ottawao Montreal | Map Satellite
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Importing susceptibility map in GEE

& New Script - Earth Engine Code Editor X +

< C @ code.earthengine.google.com

Upload a new image asset

Source files

SELECT

Please drag and drop or select files for this asset.
Allowed extensions: tiff, tif, json, tfrecord or tfrecord.gz.

Asset ID

users/nbiswas/ v | Asset Name

Properties

Metadata properties about the asset which can be edited during asset upload
and after ingestion. The "system:time_start" property is used as the primary date
of the asset.

Add start time Add end time Add property

Advanced options

Pyramiding policy
MEAN " @

Masking mode

None v o

Learn more about how uploaded files are processed.

CANCEL UPLOAD




Importing susceptibility map in GEE

¢ Open X A —

™ » This PC » Desktop » MASA_USRA » SERVIR_ Training2 [4] = Search SERVIR_Training2

Organize = Mew folder

L Mame Date modified Type

3 Quick access
Documents
‘ Downloads o

[ ARl _Calculstion_Codetxt TXT File

back.png PNG File

55,05V /872022 9:28 A Microsoft Bxcel C...

B Pictures * Day1_Introduction_LHASAv1p1_GEE_Mishan.pptx b Microsoft PowerP...

@ Lhasa_Mekor # Day1_Precipitation_AR|_Mishan.pptc / : Microsoft PowerP...

@ LHASA_GCP # @ Day2_Historical_ARI_Calculation.pptx :14 Microsoft PowerP...

B Desktop @ Day2_Susceptibility_ingestion_Nishan.pptx /872022 9:39 A Microsoft PowerP...

Day3 LHASA version2.pptx : Microsoft PowerP...

@ GoogleEarthEngine_Intro_2021.ppte :0 Microsoft PowerP... 26,482 KB
logo.png : PN File 591 KB
w Precip_Visualization_Code.txt / 04 TKT File TKE
@& OneDrive Ej Susc_Mekong.tfw 22 8:50 A TFW File TKBE
Susc_Mekong.tif 250 AM TIF File 497 KB
Ej Susc_Mekeng.tif.auxxml 8/ %50 AM XML Document 2KE
@ AppData Ej Susc_Mekong.tif.vat.cpg CPG File TKE
Bl Desktop Ej Susc_Mekongtif.vat.dbf DEF File 1KB
Documents E Susc_Mekong.tif.vat.dbf.GS617-DUBS.1724.176... LOCK File OKB
5] Susc_Mekong.tif.vat.dbf.G5617-DUBS.5728.176... LOCK File 0KB
£ Susc Mekongtif.vat.dbf.GS617-DUBS.15704.17.. LOCK File 0KB
E Susc_Mekong.tif.vat.dbf.GS617-DUBS.17796.17... LOCK File 0KB
Ej Susc_Mekong.tifxml XML Document TKE

@ GIS
@ Projects
@ SERVIR_Training:

@ OneDrive - NASA

@ Microsoft Teams
[z Pictures
@ Recordings

@ Whiteboards

3 This PC
_J 3D Objects
[2 Desktop
Documents
‘ Downloads
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File name: | Susc_Mekongtif ~| [ Aites )

Masking mode

None v o

Learn more about how uploaded files are processed.

CANCEL UPLOAD
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Upload a new image asset

Source files

Please drag and drop or select files for this asset.
Allowed extensions: 1iff, tif, json, tfrecord or tfrecord.gz.

Susc_Mekong.tif

Asset ID

A Name

users/nbiswas/ + Susc_Mekong

Properties

Metadata properties about the asset which can be edited during asset upload
and after ingestion. The "system:time_start” property is used as the primary date
of the asset.

Add start time Add end time A

Advanced options
Pyramiding policy

MEAN M)

Masking mode

None v o

-

CANCEL UPLOAD
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Upload a new image asset

Source files

Please drag and drop or select files for this asset.
Allowed extensions: 1iff, tif, json, tfrecord or tfrecord.gz.

Susc_Mekong.tif

Asset ID

A Name
users/nbiswas/ + | Susc_Mekong
Properties

Metadata properties about the asset which can be edited during asset upload
and after ingestion. The "system:time_start" property is used as the primary date
of the asset.

Add starttime  Add end time  Add property

Advanced options
Pyramiding policy

MEAN -
MEAN  ~ @

Masking mode
None
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» lhasa
» reservoirs
iti NERegionboundary
il Precipitation_Stations
iti VSPolygons
iti VSPolygons_2

O 9~ Vv R
-+
Hong\h.:lu

Hiln

X

ADD A PROJECT
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Q, Search places and datasets...
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v- Run vl Reset vl Apps E Inspector Console RELRG

ADD A PROJECT

E3 -

CLOUD ASSETS
You haven't selected any Cloud Projects yet. Click
"Add A Project” to access or upload assets.

= 1

-

Manage tasks.

Search or cancel multiple tasks in the Task Manager (4.
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@ codeearthengine.google.com/tasks

x  +

Google Earth Engine
Earth Engine Task Manager

Use this page to search and cancel multiple tasks. This page will display tasks that have been
submitted until 10 days after they have completed, failed, or cancelled.

Q, search Showing 8 of 8 tasks

Bulk cancel mode
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< & #& code.earthengine.google.com

Asset details

Image: Susc_Mekong

DELETE ~ SHARE [JiMPORT @i Edit (click to preview)

DESCRIPTION BANDS PROPERTIES

Image ID 1]
users/nbiswas/Susc_Mekong

Date

Start date: |yyyy-mm-dd hh:mm:ss

End date: |yyyy—mm—dd hh:mm:ss

File Size 628.04KB
Number of Bands 1

Last modified 2022-03-08 14:42:24 UTC

This raster represents the susceptibility map of the Lower Mekong Region)

®

Markdown syntax is supported.
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Asset details DELETE  SHAREJ] IMPORT

Image: Susc_Mekong
DESCRIPTION BANDS PROPERTIES

No description.

Image D |7

users/nbiswas/Susc_Mekong

Date

Start date: NA

End date: NA

File Size 628.04KB
Number of Bands 1

Last modified 2022-03-08 14:42:24 UTC
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CLOUD ASSETS
You haven't selected any Cloud Projects yet. Click
"Add A Project” to access or upload assets.
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» reservoirs
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GetLink « Save Run + Reset «

Apps
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CLOUD ASSETS

You haven't selected any Cloud Projects yet. Click
"Add A Project” to access or upload assets.
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= ~ Imports (1 entry) B ~ Manage tasks.
» var susc: Image users/nbiswas/Susc Mekong (1 band)

Search or cancel multiple tasks in the Task Manager

1 Map.addLayer(susc, {min:@,max:5,palette:"yellow,orange,red,purple"}, "Susceptibility Map")
2 Map.center‘Object(susc)l Z.
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Step 4 and 6: ARI and Susceptibility Comparison

Step 2 Moderate
Hi

High-Hazard
Nowcast

No Nowcast {

Select Susceptibility Hazard
Precipitation Historical ARI Map Map
Current Compare Compare
ARI ARI Susceptibility

LANDSLIDES @ NASA @ q



Sharing pre-calculated ARI in GEE

Add these lines below the earlier code:

// Adding pre-calculated historical ARI

var historical_ari = ee.Image("users/nbiswas/lhasa/ari95_mekong");
// Adding pre-calculated historical ARl on the map
Map.addLayer(historical_ari,precipitationVis, "Historical ARI");

IS [Py - e e W] I

' O m // Adding im i rted sus pt $bility Map - Useprint(..
i 45 usc = .Image("users/nbiswas/Susc_Mekong")
46 // Add ng 1 ayer on th ap
i 47 Map.addLaye ( {min:L iS5 p l tte:"yellow,orange,red,purple"}, "Susceptibility Map")
48 //Iptgp 1ltdht 1ARI
49  var historical_ari ee.Image ("use s/nbiswas/lhasa/ari95_mekong");
50 // Adding pre-calc 1tdh storical ARI on the map
51 Map.addlLaye (h storical_ari,precipitationVis, "Historical ARI");
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Comparison of ARI and Susceptibility

[]]]]][***x55 5550w 00055 % Anplying decision tree algorithm * %%k ks ok x

// Checking the area where current ARl is greater than historical ARI
var heavy_rain = ari.gt(historical_ari).rename('Heavy Rainfall’); <:

ARI> 95t Percentile of Historical Precip

// Current ARI>historical ARl and Susceptibility value greater than 2 is moderate hazard zone
var moderate = heavy_rain.and(susc.gt(2)).rename('Moderate_Nowcast’);

-

Comparing with
Susceptibility map

// Current ARI>historical ARl and Susceptibility value greater than 4 is high hazard zone
var high = moderate.and(susc.gt(4)).rename('High_Nowcast');

(—

Comparing with
Susceptibility map

LANDSLIDES @ NASA @ q rf Ao




Step 7: Hazard Map Visualization

Select Susceptibility Hazard
Precipitation Historical ARI Map Map
Current Compare Compare
ARI ARI Susceptibility

LANDSLIDES @ NASA @ q . Ao



Hazard Map Visualization: Adding layers on the Map

// Adding layer on the map
Map.addLayer(prcplday.clip(geometry), precipitationVis, "Precipitation")

(—

Adding precipitation layer

// Adding current ARI Layer
Map.addLayer(ari, precipitationVis, "Current ARl of " + date)

(—

Adding current ARI layer

// Adding historical ARl Map
Map.addLayer(historical_ari,precipitationVis, "Historical ARI");

-

Adding historical ARI layer

// Adding Susceptibility Map layer on the map

Map.addLayer(susc, {min:0,max:5,palette:"yellow,orange,red,purple"}, "Susceptibility Map")

¢ Adding susceptibility map

// Adding heavy rain on the map

Map.addLayer(heavy_rain,{min: 0.0, max: 1.0, palette: ['red’,'blue']}, "Heavy Rain");

<: Adding heavy rain map

// Adding moderate hazard map layer on the map

Map.addLayer(moderate,{min:0, max:1, palette:'yellow'},'moderate-hazard’); :ll

// Adding high hazard map layer on the map
Map.addLayer(high,{min:0, max:1, palette:'red'},'high-hazard');

Adding moderate hazard map

Adding high hazard map

LANDSLIDES @ NASA @ q




= Imports (2 entries) B
» var imerg: ImageCollection "GPM: Global Precipitation Measurement (GPM) v6"
i * var geometry: Polygon, 4 vertices [ B
// Selecting appropriate variable
var precip = imerg.select( precipitaticnCal’);
// Selecting a date to visualize precipitation
var date = '2015-87-3@8";
// Converting date string into a ee formatted date
var precipDate = ee.Date(date).getRange( day’);
//Filtering, summing, and dividing precipitation
var prcplday = precip.filterDate(precipDate).sum().divide(2);
// Using color palette to make visualization better
var palette = [
096", '0064AFf", '@0bdff', '33dbB0', "9bebda’,
bee', 'ffb3ea’, 'ffedee’, 'abLa@@ ‘afeooe’ ];
// Visualization parameter using the cclor palette mentioned above
var precipitationVis = {min: @.0, max: 100.0, palette: palette};
// Adding layer on the map
Map.addLayer(prcplday.clip(jgeometry), precipitationVis, “"Precipitation™)

‘

var precipDate = ee.Date(date)
// Selecting days to consider for calculating ARI
var daysoflleek = ee.list.sequence(@,6,1);
// Declaring list of weightage for those days
var weight = ee.List([1.0,0.25,0.111,0.0625, 0.04, 8.02778, 0.02840816]);
// Summing up weightage
var ws = 1.511797;
/f calculate the daily precipitation in this case we just use the immerg data
= var ari = ee.ImageCollection(daysofheek.map(function(m){
/f parse M to a number
m = ee.Number.parse(m);
/f set the date range
var startDay = precipDate.advance(m.multiply(-1),"day™);
/f Offsetting one day to make a 24 hour span
var endDay = startDay.advance(l,"day");
// get the weight
var w = ee.lNumber.parse(weight.get(m));
/f get the rainfall of day x
var dayPrecip = ee.Image(precip.filterDate(startDay,endDay).sum()).divide(2);
/f multiply with weight factor
var riDay = dayPrecip.multiply(ee.Image(w));
return riDay;
) .sum() . divide(ws). renama('api').clip(geometry)j
Map.addLayer(ari, {}, "Current ARI of " + date)

// Adding pre-calculated historical ARI

var historical_ari = ee.Image(“users/nbiswas/lhasa/ari95 mekong”);
// Adding pre-calculated historical ARI on the map
Map.addLayer(historical_ari,precipitationVis, "Historical ARI");

// importing susceptibility Map

var susc = ee.Image( users/nbiswas/Susc_Mekong™)

// Adding layer on the map

Map. addLayer(susc, {min 0, max: ,,palette ”'EllCU,cranﬂ=Jr dlptrple”}, ”Sus eptibility Map™)
// Chacking the area where CUPFDHt ARI is greater than historical ARI

var heavy_rain = ari.gt{historical_ari).rename( 'Heavy Rainfall');

// Adding heavy_rain on the map

Map.addLayer(heavy_rain,{min: ©.0, max: 1.0, palette: ['red’, 'blue’]}, "Heavy Rain™);

// Current ARI>historical ARI and Susceptibility value greater than 2 is moderate hazard zone
var moderate = heavy_rain.and(susc.gt(2)).rename( Moderate Nowcast');

// Adding moderate hazard map layer on the map

Map.addLayer(moderate,{min:@, max:1, palette: 'yellow'}, moderate-hazard');

// Current ARI>historical ARI and Susceptibility value greater than 4 is high hazard zone
var high = moderate.and(susc.gt(4)).rename( High_MNowcast");

// Adding high hazard map layer on the map

Map.addLayer(high,{min:®, max:1, palette:'red’}, high-hazard");

LANDSLIDES @ NASA
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summary

* Imported susceptibility data in GEE
* Imported precalculated ARl in GEE
 Compared ARI and susceptibility

* Prepared LHASA hazard map and Visualized in GEE Map

Select Susceptibility Hazard
Precipitation Historical AR Map Map
Current Compare Compare
ARI ARI Susceptibility

L HASA version 1

LANDSLIDES @ NASA @ q . Ao



Optional add-on: Exposure Analysis

Steps:

Open code window of GEE

Import study area in GEE (need to have a polygon shapefile)
Open complete model code

Import study area inside code

Select a date

Run LHASA Model

Visualize hazard map

Exposure analysis

Visualize exposure layers

©CoNSUTAE WD
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Step 8: Exposure analysis

///////////************************ POpu|ati0n Exposure AnalySiS 3k 3k 3k 3k 3k 3k 5k %k 3k ok Sk sk sk sk sk sk k 3k

// Selecting population data source (WorldPop population density data)

var worldPop = ee.ImageCollection("WorldPop/GP/100m/pop")

// Filter data for Thailand and year of 2020

var WP_2020 = worldPop.filter(ee.Filter.inList('country',['THA'])) filter(ee.Filter.equals('year', 2020));

// Selecting appropriate variable

var population = WP_2020.select('population’).mosaic().clip(geometry);

// Multiplying moderate hazard layer with population to see population who are exposed to moderate hazard zone
var moderate_popexp = moderate.multiply(population).rename('Moderate_popexp');

// Adding moderate hazard population exposure layer on the map

Map.addLayer(moderate_popexp,{min:0, max:1, palette:['white’, 'blue’,'yellow’, 'orange']},'Moderate Exposure');
// Multiplying high hazard layer with population to see population who are exposed to high hazard zone

var high_popexp = high.multiply(population).rename('High_popexp');

// Adding high hazard population exposure layer on the map

Map.addLayer(high _popexp,{min:0, max:1, palette:['white','yellow', 'orange’, 'red']},'High Exposure');

LANDSLIDES @ NASA @ q . Ao



Step 8: Exposure analysis
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Step 8: Exposure analysis
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print ()

v Owner (4) 68 // Selecting population datasource (Worldpop population density data) to_wme to
» users/nbiswas/def... i 69 var worldPop = ee.ImageCollection("WorldPop/GP/180m/pop") this console.
v users/nbiswas/EIS 70 // Filter data for Thailand and year of 2020
Riai inodis 71  var WP_zege = worldPt.ap.'Filter.*(ee.Filter.inList(‘country',['THA'])).Filter(ee.Filter.equals('year", 2020));
T 72 // Selecting appropriate variable
» users/nbiswas/lhas... 73 var population = WP_20820.select('population').mosaic().clip(geometry);
v users/nbiswas/lhas... 74 // Multiplying moderate hazard layer with population to see population who are exposed to moderate hazard zone
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IDay2 76 // Adding moderate hazard population exposure layer on the map
AR 77 Map.addLayer(moderate_popexp,{min:©, max:1, palette:['white', 'blue','yellow', 'orange']},'Moderate Exposure');
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Step 9: Visualize exposure layers
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