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Learning Objectives ﬂ

 |dentify remote sensing data and models relevant to flooding

 Monitor conditions before, during, and after a storm using remote sensing and
modeled data

 Understand how remote sensing and modeled data can be used in decision-
making activities

h NASA’s Applied Remote Sensing Training Program




Flooding Impacts

A 2015 report by the UN stated that 2.3
billion people were affected by
flooding between 1995-2015*

* The report also indicated that flood
trends are affecting larger areas and
becoming more severe

Percentage of occurrences of natural disasters
by disaster type (1995-2015)

2

* UNISDR

NASA’s Applied Remote Sensing Training Program

Numbers of people affected by weather-related disasters (1995-2015)
(MB: deaths are excluded from the total affected.)

B Flocd
B Drought
B Storm

B Extreme temperature
B Landslide & Wildfire

56%
2.3

billion

*Data Source: National
Hurricane Center
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Flooding Impacts in the U.S.
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Flood Fatalities in the U.S. Over the Last 30 Years
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Chart Data Source: National Weather Service
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ARSET Trainings of Interest ﬂ

 Advanced Webinar: Using NASA Remote Sensing for Flood Monitoring &
Management
— ARSET offered an advanced, online training in March 2016

— Four hour training
— Available at: https://arset.gsfc.nasa.qov/disasters/webinars/advfloodwebinar

* Applications of Remote Sensing to Soil Moisture and Evapotranspiration
— Introductory, online training provided in September 2016

— Five hour training
— Avallable at; https://arset.gsfc.nasa.qov/water/webinars/apps-et-smap

h NASA’s Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/disasters/webinars/advfloodwebinar
https://arset.gsfc.nasa.gov/water/webinars/apps-et-smap

Potential Problems to Address Before/During/After a Flood ﬂ

« What are the areas at risk for flooding?

« How can flood risk maps be supplemented with satellite data?
« What areas are currently flooded?

 How fast is the water rising/receding?

 What is the flood extent?

« What is the flood damage?

h NASA’s Applied Remote Sensing Training Program
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FEMA Flood Risk Maps — USA

HOW IS A FLOOD MAP MADE? - e Hold the Flood Risk Review and Resilience Meetings

. ® a project is required, s
. Identify Area to Map or Re-Map WHYNhgg[l)J -l['g ﬂRcE?hT ‘&H.,N L i=="“ gtatg, |(Jmat| and(:ribaldofFfiEcms

 FEMA provides flood
maps to communities | s i
. . A watershed is reviewed for W Q iden_lify areas more prone to flood_ing and
to set minimum QY st || TV WU I i (2 e

update/re-map the watershed. Population Growth Better Changlng products such as the Flood Risk Report, Flood

ﬂ 0]0) d p | a.l N St an d ard S & Development  Sclence  Conditions Depth Grids, and Areas of Mitigation Intefest.
o -
: Community leaders host events to g The Resllience

inform residents of their Meeting Is a

[ O n | C Ove rS th e U S community's current risk of flooding. collaborative discussion with
L] u i e local residents about the risks
i of flooding. It provides a
e Select the Project Area

PROJECT NECESSARY

platform for risk

o communication and mitigation
h L] : s 2 | planning. Resources such as
L tt DS . //I I l S( : . fe I I l a . q OV/ ‘ A watemh?d 1S sel?me'j for Danpver_y_ based %terShed . .a/f"’ the Resilience Newsletter and
: on evaluations of risk, need, availability of An area o ridge of land that [ - P the Digital Flood Map
: ‘..... Database are created.

separates waters flowing to
different rivers, basins, or seas.

elevation data, regional knowledge of issues,

D O rtallse arC h and input from the state, community, and

other stakeholders.

The project team reviews the Flood UPDATES REQUIRED
- Maps and Flood Insurance Study (FIS),
\ making updates where necessary.

H —

NO UPDATES NEEDED)

- P
] o Gather Information

FEMA, state, local, and tribal officials collect current and historic flood-related data including:

: I
Dt - Q
e === fF--
e n
L]
L]
Hydrology Infrastructure Hydraulics Land use Existing maps such as:
+ Floodplain
+ Base map

v Flood Map, if existent

NASA’s Applied Remote Sensing Training Program 8



https://msc.fema.gov/portal/search

FEMA Flood Risk Map for Houston, Texas

PIN
MAP PANELS
IM~ oo DIHAZA
SRR
OTHER AREAS
SPECIAL m

OTHER AREAS OF
FLOOD HAZARD

5
b = B D@Lé:;s#.
meseem wrl L L- esr I
USGS The National Map Orth |maEery Data refreshed October 2017

OTHER
FEATURES

GENERAL
STRUCTURES
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' Approximate location based on user input

Digital Data Avaiabie

Mo Digital Data Avadable
Unmapped
L=mdmmumdzmx

Effective LOMRS

Area of Undetermined Flood Hazard 2o 0
[~ ] otherwise Protected area
muﬁummm
:Mu-mmm

 Zone &, V. 499
 With BFE or Depth

Regulatory Floodway a—un.u:t.
0.2% Annual Chance Flood Hazard, Areas
of 1% annual chance flood with average

depth less than one foot or with drainage
areas of less than one square mile zoo x

Future Conditions 1% Annual
[N cyvance Flood Hazard zooe x

" Area with Reduced Flood Risk due to
Il Levee. See Notes, Zone X

" 47 4 Area with Flood Risk due to Levee zone 0

202 (Cross Sections with 1% Annual Chance
— 375 \Water Surface Elevation
(- — — Coastal Transect
- 43 Base Flood Elevation Line (BFE)
Limit of Study
Jurisdiction Boundary
-— — Coastal Transect Baseline
= = Profile Baseline
Hydrographic Feature

=== == Channel, Culvert, or Storm Sewer
tiniiey Levee, Dike, or Floodwall




Global Flood Risk Maps — World Resources Institute (WRI)

https://www.wri.orq/

« Aqueduct Global Flood Analyzer —_
— https://www.wri.org/resources/maps/aque e %

2010

duct-global-flood-analyzer
— Assess river flood risks:
— By country, river basin, or state
— By population, GDP, or urban damage
— Current or future (2030)

 Agueduct Water Risk Atlas

— https://www.wri.org/our-
work/project/agueduct

— Online mapping tool that lets users combine
12 key indicators of water risk to create
global overall water risk maps

NASA’s Applied Remote Sensing Training Program



https://www.wri.org/resources/maps/aqueduct-global-flood-analyzer
https://www.wri.org/our-work/project/aqueduct
https://www.wri.org/
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Terrain, Roads, and Population Data for Planning I :

e Terrain data from the Shuttle Radar Topography Mission (SRTM) can be accessed
at https://earthdata.nasa.gov/. Covers land surfaces between 60°N and 56°S
latitude, 30 m spatial resolution. Raster size is 1 degree tiles.)

 ASTER Global Digital Elevation Maps (GDEM) can also be accessed at
hitps://earthdata.nasa.qov/. Covers land surfaces between 83°N and 83°S

latitude, 30 m spatial resolution)

 NASA’s Socioeconomic Data and Applications Center (SEDAC) makes global
man-made impervious surface & settlement extent data available, generated
from Landsat (global coverage, 30 m spatial resolution)

— http://sedac.ciesin.columbia.edu/mapping/gmis-nhbase/explore-view/
Importing data from both of those sites into geospatial software (e.g., QGIS)
allows you to identify areas susceptible to flooding

o All above sites require a NASA Earth Observing System Data and Information

hSystem (EOSDIS) login to download data

NASA’s Applied Remote Sensing Training Program 12 .



https://earthdata.nasa.gov/
https://earthdata.nasa.gov/
http://sedac.ciesin.columbia.edu/mapping/gmis-hbase/explore-view/

Data Acquisition: SRTM Global 1 Arc Second DEM I :

* Log into NASA'’s Earth Data Search: https://search.earthdata.nasa.gov/search
— (If you don’t have an account, you will need to create one)

— Type “srtm 1 arc second” into the search box
— Hover your mouse over the spatial icon and select “Rectangle

— For coordinates enter “SW: 27.5, -97.5 NE: 30.5, -89.5”
* This places a bounding box around the TX and LA coast

N
Il

s EARTHDATA

srtm 1 arc second o o

1 Rectangle: SW: 27.5,-97.5 NE: 30.5,-89.5

Browse Collections

Features

Map Imagery
Mear Real Time

Customizable

h NASA’s Applied Remote Sensing Training Program



https://search.earthdata.nasa.gov/search

Data Acquisition: SRTM Global 1 Arc Second DEM I :

— In matching collections at the bottom of the screen select “NASA Shuttle Radar
Topography Mission Global 1 arc second V003”

— There should be 24 granules selected for download. Click “Download All.”
— Select Data Access Method and click Submit

Select Data Access Method

Stage for Delivery Customize Product

ST e
24 Granules © Add to project

& Download All 24 Granules
O cess these granules again with different options

h NASA’s Applied Remote Sensing Training Program




Data Acquisition: SRTM Global 1 Arc Second DEM

o Click “View/Download Data Links” * Bring downloaded files into QGIS and

« This takes you to a FTP site to download merge these into a single mosaic file to
each file using the links provided get a seamless dataset for study area

=
=0

110 S PRPPDAMBRNS |09 -K-6-5 #*¥I=-00-

RE V. 2 8 .‘: N-B O ¢ Mesasse GG AL w
Direct Download ‘:?’ L T K wWHus s GG AN B ¥
Click the "View/Download Data Links" button to view or download a file containing links to your data.

Vo ‘::“!. wT 5o 1

- BEH

NASA Shuttle Radar Topography Mission Global 1 arc second V003 % |- 4

G | 25 mmin,

@

L

Vr

¢

Elevation
(m)

-5
Collection granule links have been retrieved 0
Pleas click the button o download these inks. [ NI 20
40
o http://e4fl0] crusgs gov//MODV6 Dal D/SRTM/SRTMGL1.003/2000.02.11/N29W098 SRTMGL 1 hgt.zip 60
o http://edf0] crusgs gov//MODV6 Dal D/SRTM/SRTMGL1.003/2000.02.11/N27W097 SRTMGL | hgt.zip 80
o http://e4fl0] crusgs.gov/MODV6 Dal D/SRTM/SRTMGL1.003/2000.02.11/N28W097 SRTMGL 1 hgt.zip
o T T T e e s e 100 :
Coonginase | 1081 L 3001 & Mg [100% Botanon Beecer @ DPEGAIE @
120
140
160
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Data Acquisition: Impervious Surface Data

* Log into NASA’s Socioeconomic Data and Applications Center (SEDAC):
http://sedac.ciesin.columbia.edu/mapping/gmis-hbase/explore-view/

— (If you don’t have an account, you will need to create one)
— Using the window “Impervious Surface Percentage (GMIS)” click on “Download

View”

@ Shapefile
@ Rectangle / Polygon

Display Data Layers

L @ GPWva: Population Density - 2015

— Click on the bubble next to “Tile” and then click “Download by Tiles”

NASA’s Applied Remote Sensing Training Program



http://sedac.ciesin.columbia.edu/mapping/gmis-hbase/explore-view/

Data Acquisition: Impervious Surface Data

s« B2 Global Man-made Impervious Surface & Settlement Extent from Landsat

 Download data from tiles 14R el BTSSR T e
and 15R by clicking on each R '
tile, checking the box for | | :

AEE IR 12R 1IR W4R | 15R | 16R | 17R | 18R | 18R 2TR (28R | 29R JORSPIRN J2R 13R JI4R ISR J6R ITF SRTINR 40R | 41RL 42R | AR ASaSR 4ER ATR 48R 4%R SO0R 51R | 52R | SR | 54R
o)

Percentage (GMIS)” and click e el e el e =
usaven 4P| 155 Tib 17P 180 190 20| 20P a1p (3P garioam faw 320 3P 3@ 35F See regpte ase Jop BRGNS | o GRPEIRIGE o Case. asp | S0P | S7P | 52P S3P | S4P
* Open the files using QGIS

 For more information on
Global Man-made Impervious — "= e o e S ol .
Surface (GMIS) dataset, refer
to the link below:
http://sedac.ciesin.columbia.
edu/data/set/ulandsat-gmis-
vl
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http://sedac.ciesin.columbia.edu/data/set/ulandsat-gmis-v1

SRTM DEM + Impervious Surface Data: Hurricane Harvey

NEERRRY0P2L 8NP PRALLBEER|ME K o-%EE# T = 0-
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SRTM DEM + Impervious Surface Data: Hurricane Harvey

LEE# s T
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SRTM DEM + Impervious Surface Data: Hurricane Harvey
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Soil Moisture ﬂ

* Flood severity can be impacted by how wet solls are before a rainstorm
— High soil moisture can increase the chance of inundation

 The National Weather Service’s flash flood guidance is updated at least every 24
hours based on surface soil moisture

 NASA’s Soil Moisture Active Passive (SMAP) mission makes measurements of surface
soll moisture globally every 3 days

h NASA’s Applied Remote Sensing Training Program




NASA'’s Soil Moisture Active Passive (SMAP) Mission ﬂ

 Measures moisture in the top 5 cm of
the soil globally every 3 days

« Uses a microwave remote sensing
iInstrument

» Easily accessible data:
— surface soil moisture (9 km, 36 km)
— root zone soil moisture (9 km, 36 km)

surface soil moisture:
top 5 cm of the soill

root zone soil moisture:
top 1.0 m of the soill

h NASA’s Applied Remote Sensing Training Program 23 .




Accessing SMAP Data

wsa \N/ORLDVIEW

@Layers EEvents _";Data A

Place Labels
© OpenstreatMap contributors,
Natural Earth

Coastlines / Borders / Roads
@ | © Openstreethiap contributors,
Natural Earth

Surface Soil Moisture 9 km
(L4, 122 Instantaneous)
1| SMAP / Model Volue-Added

0.080 mi/m? 5= 1.700 m¥m?

BASE LAYERS

Corrected Reflectance (True

Color)
Terra / MODIS

+ Add Layers Start Comparison

gy

DAYS

2017 AUG 27 { D> I

=

https://worldview.earthdata.nasa.qov/
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DC| National Snow & Ice Data Center NSIDC Home

Download Data

Name Last modified Size

@ Parent Directory
}E‘ SMAP_L4 SM_aup 201708Z7T0O30000 Vw4030 001.h5 2018-10-08 17:42 B5M
|44 SMAP_L4 SM_aup_201708Z7T0O30000_Vv4030_D01.h5.iso.xml 2018-10-08 17:42 114K
|| SMAP_L4 5M_aup_20170827T030000 Vw4030 001.03 2018-10-08 17:41 20K
FF SMAP_L4_SM_aup_20170827TOG0000_Ww4030_D01.h5 2018-10-08 17:42 B6M
|44 SMAP_L4 5M_aup_20170827T0OE0000_Vv4030_D01.h5.isoxml 2018-10-08 17:42 114K
|| SMAP L4 5M aup 20170827T0E0000 Vw4030 001.02 2018-10-08 17:42 20K
HOF) SMAP_L4 SM_aup_20170827T0S0000_Vw4030_001.h5 2018-10-08 17:42 B6M
|22]  SMAP_L4_SM_aup_20170827T030000_Vw4030_001.h5.is0xml 2018-10-08 17:42 106K
|| SMAP_L4_SM_aup_20170827T0S0000_Vv4030_001.0a 2018-10-08 17:42 20K
HOF) SMAP_L4 5M_aup_20170827T120000_Vv4030_001.h5 2018-10-08 17:42 B&6M
[20] SMAP_L4 5M_aup 20170B27T120000 Vw4030 001.h3.isoxml 2018-10-08 17:42 114K
| | SMAP_L4_SM_aup_20170827T120000_Vv4030_001.0a 2018-10-08 17:41 20K
}E‘ SMAP_L4_SM_aup_20170827T150000_vv4030_001.h5 2018-10-08 17:43 BEM
CHIAD 14 EM 20n 304 TARTTTH SARAN WANFA AR hE fen vl B AANR 1747 114w

https://nsidc.org/data/smap/smap-data.html

24



https://worldview.earthdata.nasa.gov/
https://nsidc.org/data/smap/smap-data.html

Accessing SMAP Surface

% Layers E Events :_ Data A\

OVERLAYS

Coastlines
© OpenstreetMap contributors

Corrected Reflectance (True

Colar)
Terra # MODIS

Hazards And Disasters

All

Absolute Dynamic Topography
Aerosol Index

Aerosol Optical Depth

Aerosol Albedo

Amphibian Richness

Areas of No Data (mask)

Drought

Corrected Reﬂectaw "
Dams

Drought Hazard

Land Surface Reflectance

Land Surface Temperature

Precipitation‘Estimate

Floods
Corrected Reflectance
Cloud Fraction
f{@W_Layer Fl .
Cloud Phase L |
Cloud Pressure é
Cloud Effective Raﬁﬁ%
Smoke Plumes

Aerosol Optical Depth

Carbon Monoxide

NASA’s Applied Remote Sensing Training Program

Il Moisture

Air Quality
Aerosol Index
Aerosol Optical Depth
Carbon Monoxide
Corrected Reflectance

Dust

Fires and Thermal Anomalies

Dust Storms
Aerosol Optical Depth
Dust

Corrected Reflectance

Land Surface Reflectance

Severe Storms
Corrected Reflectance
Cloud Fraction

Cloud Multi Layer Flag
Cloud Phase

Cloud Pressure

Cloud Effective Radius

Vegetation

Forests, Mangrove

Ash Plumes

Aerosol Optical Depth

Corrected Reflectance

Fires and Thermal Anomalies. =
N

Land Surface Reflectance

Sulfur Dioxide

Volcane Hazard

Fires

Aerosol Index

Aerosol Optical Depth

Fires and Thermal Anomalies
Carbon Monoxide

Corrected Reflectance

Earth at Night

i
Shipping
Corrected Reflectance

Brightness Temperature

Land Surface Reflectance

Temperature

Other

Areas of No Data (mask)

Blue Marble

Land Surface Reflectance

Precipitation Estimate

Precipitation Rate

Reservoirs

Soil Moisture

Snow Cover

Snow Water Equivalent

Soil Moisture

GCOM-W1 f AMSRZ

GLDAS

MERRA.2

NLDAS

SAC-DVAquarius

SMAP / Model Value-Added
SMAP / Radar

SMAP / Radar/Radiometer

50il Moisture 9 km (L2, Passive, Day, Single Channel Algorithm, H-pal)
Soll Molsture 9 km (L2, Passive, Day, Single Channel Algorithm, V-pol)
Soil Moisture 9 km (L2, Passive, Day, Dual Channel Algorithm)
50l Moisture 9 km (L2, Passive, Night, Single Channel Algorithm, H-pol)
Soil Molsture 9 km (L2, Passive, Night, Single Channel Algorithm, V-pol)
Soil Maisture 9 km (L2, Passive, Night, Dual Channel Algorithm)
50il Moisture 36 km (L2, Passive, Day, Single Channel Algorithm, H-pol)
Soil Molsture 35 km (L2, Passive, Day, Single Channel Algorithm, V-pol)
Soil Maisture 36 km (L2, Passive, Day, Dual Channel Algorithm)
50l Moisture 36 km (L2, Passive, Night, Single Channel Algorithm, H-pol)
Soll Molsture 36 km (L2, Passive, Night, Single Channel Algorithm, V-pol)
Soil Maisture 36 km (L2, Passive, Night, Dual Channel Algarithm)
Soll Molsture 9 km (L3, Passive, Day)
Soil Moisture 3 km [L3, Passive, Night)
Sail Maoisture 36 km (L3, Passive, Day)
Soil Melsture 36 km (L3, Passive, Night)

Orhital Tracks:
Ascending/Night

¥ Descending/Day




Accessing SMAP Root Zone Soil Moisture

¥151 \K/ORLDVIEW
% Layers E Events ;’_ Data A\

OVERLAYS

Coastlines
© OpenstreetMap contributors

Corrected Reflectance (True

Colar)
Terra # MODIS

Hazards And Disasters

All

Absolute Dynamic Topography
Aerosol Index

Aerosol Optical Depth

Aerosol Albedo

Amphibian Richness

Areas of No Data (mask)

Drought

Corrected Reﬂecta#c! .

Dams

Drought Hazard

Land Surface Reflectance . -
Land Surface Temperature

Precipitation‘Estimate

Floods

Corrected Reflectance

Cloud Fraction ¥

Wyer -
Cloud Phase i
Cloud Péssure i

Cloud Effective Rat.ig‘%

Smoke Plumes

Aerosol Optical Depth

Carbon Monoxide
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Air Quality
Aerosol Index
Aerosol Optical Depth
Carbon Monoxide
Corrected Reflectance
Dust

Fires and Thermal Anomalies

Dust Storms
Aerosol Optical Depth
Dust

Corrected Reflectance

Land Surface Reflectance

Severe Storms

Corrected Reflectance
Cloud Fraction

Cloud Multi Layer Flag
Cloud Phase

Cloud Pressure

Cloud Effective Radius

Vegetation

Forests, Mangrove

Ash Plun

Aerosol Opti
Corrected Re
Fires and Thi
Land Surfact
Sulfur Diexit

Volcane Haz

Fires
Aerosol Inde
Aerosol Opti
Fires and Thi
Carbon Mon
Corrected Re.
Earth at Night

Land Surface Reflectance

Precipitation Estimate

Precipitation Rate

Reservoirs

Soil Moisture

Snow Cover

Snow Water Equivalent

Urban Rural Extents Below 10m Elevation

g

B A

g
Shipping
Corrected R

Brightness T
Land Surfac

Other

Areas of No

Blue Marble

Soil Moisture

GCOM-W1 / AMSR2
GLDAS

MERRA-2

NLDAS
SAC-D/Aquarius

SMAP / Radar

SMAP / Radar/Radiometer
SMAP / Radiometer

SMAP / Sentinel-1

v Root Zone Soil Moisture 9 km (L4, 12z Instantaneous)
Root Zone Soil Moisture Uncertainty 9 km (L4, 12z Instantaneous)
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Value-Added)" layer displays model-derived global estimates of root zone soil moisture of the top 100




Visualizing SMAP Soil Moisture on Worldview ﬂ
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Downloading and Displaying SMAP Soil Moisture Data

NASA VWORLDVIE\WW SMAP Soil Moisture (L3 - Radiometer - 9km) for Aug. 24, 2017

€ Layers M¥evers Epata A
@ SMAP L3 RADIOMETER GLOBAL DAILY 36
KM EASE-GRID SOIL MOISTURE (FTNITooT

Soil Moisture 9 km (L3, Passive, Day)
SMAR / Radiometer

NOT AVAILABLE FOR DOWNLOAD (7)
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SMAP Soil Moisture Before and During Hurricane Harvey

SMAP so0il moisture retrieval 20170821 and 20770822 in m3/m3 SMAP soil moisture retrieval 20170825 and 20170826 in m3'ma3

a3
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Global Flood Monitoring System (GFMS)
http://flood.umd.edu/

* Provides global maps, time series, and Interactive Features
animations (50°S-50°N) of:

— Instantaneous rain rate every 3 hours with A

K >
abOUt a 10 hour |atency mN_od tction/lnteni&gr(:‘epe"tzhofglove threshold [mm]) '

— accumulated rain over 24, 72, and 168 o [T G e i [41

hours ol g3 o % ],

— streamflow rates and flood intensity at ;ggf ‘ ' ot o

1/8th degree (~12 km) and 1 km e —

_ Near real_time and arChiVeS Since 2013 120W 9o SOW 30w Q IO0E BOE 90E 120E 150E 180 T2: z1zoaaprz016
Note: TRMM is no longer flying, but TRMM-based TR I
calibration is used to provide near real-time rainfall from - | m
a constellation of national & international satellites for e

flooding applications. Near real-time IMERG data
vailable from: ftp://jsimpson.pps.eosdis.nasa.gqov
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http://flood.umd.edu/
ftp://jsimpson.pps.eosdis.nasa.gov/

GFMS
http://flood.umd.edu/

Pan the map

A

- P

\J

[®]

/ Map Navigation

Zoom in/out
4—/

Flood Detection/Intensit
03

depth above threshold [mm])
OCJOCtZGIﬁ

[ — ——y—s
o R s 5

40MN1%

o

30N Zoom in
20N (ttt]
10M 4 Zoom out
EQ_ - - . . . .
i) e o Select individual grid
205 iﬁ:&sﬁi";:;,::’;“:::ﬁm/ point for time series data
305 4 below)
4054 §1.76 524
T1: o3zo7octzoe . .
ol T2: 217070012016 ftphtdlﬁef?;:a?a;le |/ PlOt dlffere nt Va”ables
Sew Lme series v riooad Detaction (Uepth) I

Streamflow 12km res.
Streamflow above Threshold
Streamflow Tkm res.
Surface storage 1km res.

Inundation map 1km res.

I T

[Plot different variable: Routed runoff 12km res.
Flood Detection (Depth) Rainfall (Inst.)
Plat Rainfall (1-day)
Rainfall (3-day)
Previous time step << >> Next time step Rainfall (7-day)
Start time:  03Z070ct2016 End time: 21zo7octz06 Animate An | m atl O n
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GFMS: Flooding from Hurricane Harvey
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GFMS: Flood Forecasts

102w 100W 8w

Feb2019

Flood Detectnon/lntenmg gdepth above threshold [mm])
570

[ 1]

Zoom in

[111]

Zoom out

Plot time series for an

individual point (lat, lon):
(Tips: Zoom in enough to
click the point or define it

below) - :
2= =1 Click on "next time
fIEL 1522 Stepn tO VleW 4_5
~~ | day forecasts

[Plot different variable:
| Flood Detection (Depth) B

Start time: 15225Aug2017  End time: 15229Aug2017

Q.01 14d 20 50 120 200 [mm]
—_  Plot |
e

( An'g ate |

' Reset |
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MODIS-Based Inundation Mapping ﬂ

« MODIS provides observations 1-2 times Mississippi River Flooding 2016
per day

e Certain bands indicate water on
previously dry surfaces:
— Band 1: 620-670 nm
— Band 2: 841-876 nm
— Band 7: 2105-2155 nm

« Mapped with respect to a global
reference database of water bodies

e MODIS cannot see the surface in the
presence of clouds

MODIS (Aqua)  MODIS (Terra)

Mar 15, 2016 May 13, 2016
h NASA’s Applied Remote Sensing Training Program 35 .



MODIS NRT Global Flood Mapping

http://o0as.qgsfc.nasa.qov/

» Based on MODIS reflectance at 250 m  S=48H 4G RTﬂG|Gl)rjj[_pj’§f
resolution composited on 2, 3, and 14 - B B
days e

* Flood maps available on 10°x10° tile ap—

Sunn

« Permanent and surface flood water pin e

data available

Cloud or terrain shadows can be e -1
m iSi nterpreted aS Su rface Water i e HOTE: THIS IS AN EXPERIMENTAL PRODUCT AMD 5

11-Mow-2004: AroGIS Online Map available.
10-Mow-2014: MODIS flocd product evaluation repert available.

Provides near real-time (up to the
previous day) flood mapping since Jan
2013
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http://oas.gsfc.nasa.gov/

MODIS NRT Global Flood Mapping: Available Quantities

http://o0as.qgsfc.nasa.qov/

Products Available Downloads
MODIS Flood Map MFM [ png

MODIS Flood Water |[MFW]shapefile (.zip) | KMZ
MODIS Surface Water | MSW|shapefile (.zip) | KMZ
MODIS Water Product| MWP| geotiff

README pdf | txt

h NASA’s Applied Remote Sensing Training Program
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http://oas.gsfc.nasa.gov/

MODIS NRT Global Flood Mapping: Houston Area, Post Harvey

http://o0as.qgsfc.nasa.qov/

Tile 100W 30N

30wy Compositn | 2Dey Composte 1 Duy Compostn | 14 Duy Compostta |

* August 2017 » Products

SMTWTFS
12345

67 89 101112
MODIS Surface Water | MSW | shapefile (.zip) |KMZ
1314 15 16 17 1819 )]

021222324 2526 "”'““""lw" o
27282930 31

=%

MODIS Flood Map | MFM |prg
MODIS Flood Water | MFW

(.zip) | Mz

!!!!!!!!!!!!!!!!

Tie 100WOI0N

o e [

Refarsnca water
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o

P o

US NPS Workd Privsical Magp ~
) "
it
S seely

@ et oty el B R SR
Emental Wi 3011 UBA gl
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it | | )
s Kkt e KB G
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g e

h

Please note: 1-day products are more likely to suffer incorrect water detections in areas of cloud shadow. Use with caution!

Note: MODIS cannot see the
urface when clouds are present
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Aug. 31, 2017

Current floodwater
Input: LANCE MODIS

Cloud |:|
MODIS / MOD35

Reference water
MODA44W lakes
NaturalEarth rivers

Urban areas

Background:
US NPS World Physical Map

Inundated Surface
Post-Hurricane Harvey


http://oas.gsfc.nasa.gov/

Dartmouth Flood Observatory (DFO) ﬂ

http://floodobservatory.colorado.edu/

Current Conditions

() U Se S 'ﬂ O O d m ap p | n g b ase d O n M O D | S (Red: Reported majoi' j-Irfads dur_ing past 20 days. White squares: Current Conditions displays)
reflectance i : “

— same as MODIS NRT

* Also uses Landsat 8, EO-1, and ASTER
Images
— uses COSMO-SkyMed and Sentinel-1
synthetic aperture radar (SAR) when
available

B 17

« Current flood events are analyzed with
multiple data sources, including media
report
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http://floodobservatory.colorado.edu/

-

DFO: Flooding Due to Hurricane Harvey
https://floodobservatory.colorado.edu/Events/2017USA4510/2017USA4510.html

Flood Map (Hurricane Harvey)

Red is flooding mapped from NASA
MODIS, ESA Sentinel 1, ASI Cosmo
SkyMed, and Radarsat 2 data. Blue is a
reference normal water extent.
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NASA Disasters Portal
https://disasters.nasa.gov/home

- " 7 =0
MNASA Earth Science g C ‘éA
el

MNASA Applied Sciences Program | www.nas / N A

DISASTERS rrocu 152

g
DISASTERS RESILIENCE RESOURCES

Earthquakes

£ . ORGANIZATION

NASA Tests Tsunami Detection
Prototype
The circles in Fig. 2 indicate the data uncertainty

; signals beyor

Fires NASA Disasters Mapping Portal will

lown for scheduled maintenance on

- : inesday, February 13th from 9:30am
Industrial Accidents ,
:30pm ET. Please contact us if you

Landslides > any questions.

i Oil Spills
Severe Weather

On November 30,

cent Responses

Tropical Cyclones
1 Collapse in Brumadinho,

\/olcanoes
Winter Weather

zil
aska Earthquake 2018
November 2018 California Wildfires
Super Typhoon Yutu 2018
Hurricane Willa 2018

Bl About the NASA
# Disasters Program

The Disasters Applications area
promotes the use of Earth
observations to improve prediction of,
{ preparation for, response to, and
nd

S ARIA Wildfire
-Damage Proxy Map:

NASA’s Applied Remote Sensing Training Program 41



https://disasters.nasa.gov/home

ARIA Flood Extent Map

https://disasters.nasa.qgov/hurricane-harvey-2017/aria-flood-extent-map-harvey-sentinel-1-sar-data

* This map is derived from Synthetic Aperture Radar
(SAR) amplitude images from the Japan
Aerospace Exploration Agency's (JAXA) ALOS-2
PALSAR-2 satellite, taken before (Jul 30, 2017) and 2% &l .
after (Aug 27, 2017) Hurricane Harvey made el
landfall R ;

e The map covers an area of 135 km?. Each pixel
measures about 538 ft?. Local ground observations
provided anecdotal preliminary validation.

 This flood proxy map should be used as guidance
to identify areas that are likely flooded, and may
be less reliable over urban areas. ALOS-2 data
were accessed through the International Charter

Text Credit: ARIA; Credit: NASA/JPL-Caltech/JAXA/METI/Google Earth

© 2017 Goagle
a 510, NOAA, US. Navy, NGA, GEBCO
Image Landsat /| Copernicus

) "ftorpus' ChristiD'“
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https://disasters.nasa.gov/hurricane-harvey-2017/aria-flood-extent-map-harvey-sentinel-1-sar-data
https://aria.jpl.nasa.gov/node/64

Synthetic Aperture Radar (SAR) Imagery For Flood Detection

https://arset.qsfc.nasa.qov/disasters/webinars/intro-SAR

e SAR is an active sensor operating < The backscatter signalis Backscattering
IN microwave frequencies — primarily sensitive to Mechanisms
collect backscattered signal surface structure

* The scale of the objects /’! ngOth
. . urface
on the surface relative to |

Commonly Used Frequency Bands

Fr::::ncy Frequency range Application Example th e W aV el e n gth d et erm | n e ..‘.

- VHF | 300KHz - 300MHz | Foliage/Ground penetration, biomass how rou g h or smooth th ey _
e | st = mne || g appear to the radar signal

& hand 4GHz - B8GHz ocean, agriculture and how bright or dark . )
S noun | mmommTe theywilappearonthe o foudh

- Ka-Band 27GHz - 47 GHz high resolution radars Image

| ‘ ‘:-B‘ar\l.dil &

Py =
/o
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https://arset.gsfc.nasa.gov/disasters/webinars/intro-SAR

. freely accessible

Radar Data from Different Satellites

freely accessible & reliably repeated acquisition plan

E= 1978

B 1991-2011 B 2002-2012 ® 2006-2011 B+§1995-2013

The Legacy:

SeaSAT ERS 1/2 ENVISAT ALOS-1 Radarsat-1
B«B2007 B H2007 e 2014 |F& 2014 = 2018 22018

N 0007

—— ;’ Py e
TanDEM-X Radarsat-2 COSMO- Sentinel-1 | SAOCOM PAZ SAR
SyMed m= 001 B 2021

B+l 2019

The Future:

Biomass

Credit: Franz Meyer,
University of Alaska RC M
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SAR Applications

Wetland Ecosystems
Vegetation Studies
Disaster Monitoring
Ground Subsidence
Cryosphere

Oceans

N o 0ok o0bdhPE

Urban Area/Infrastructure Change

Unlike optical sensors, such as MODIS
and VIIRS, microwave SAR can see

through clouds!

NASA’s Applied Remote Sensing Training Program

Classification Based on SAR Observables

i oW

— T
HHEN @

class 0 class 1 class2 class3 class4

Green: not inundated
Yellow & Orange: inundated vegetation
Blue (light & dark): open water




TS

« Sentinel-1 SAR data are available from: e« Processing SAR images is complex and

Sentinel 1 SAR Image Processing

— https://vertex.daac.asf.alaska.edu/ requires advanced training

« Sentinel-1 SAR data can be processed ¢ For more information see
by using Sentinel-1 Application Toolbox — https.//arset.gsfc.nasa.gov/disasters/
(SNAP) webinars/intro-SAR

 SNAP is an open source toolbox and
can be downloaded from:

— http://step.esa.int/main/download/

ARSET hosted an advanced webinar on SAR data and

applications in July 2018

.-. . NASA’s Applied Remote Sensing Training Program


https://vertex.daac.asf.alaska.edu/
http://step.esa.int/main/download/
https://arset.gsfc.nasa.gov/disasters/webinars/intro-SAR

Sentinel 1 SAR Images: Before and After Hurricane Matthew ﬂ

Inundation in Coastal North Carolina
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Sentinel-1 Preprocessing on Google Earth Engine

 Google Earth Engine uses the following preprocessing steps (as implemented by the Sentinel-1
Toolbox) to derive the backscatter coefficient in each pixel.

* Apply orbit file
— Updates orbit metadata with a restituted orbit file.

 GRD border noise removal
— Removes low intensity noise and invalid data on scene edges. (As of January 12, 2018)

 Thermal noise removal
— Removes additive noise in sub-swaths to help reduce discontinuities between sub-swaths for
scenes in multi-swath acquisition modes. (This operation cannot be applied to images produced
before July 2015)
« Radiometric calibration
— Computes backscatter intensity using sensor calibration parameters in the GRD metadata.

» Terrain correction (orthorectification)

— Converts data from ground range geometry, which does not take terrain into account, to ¢° using
the SRTM 30 meter DEM or the ASTER DEM for high latitudes (greater than 60° or less than -60°).

NASA’s Applied Remote Sensing Training Program 48 .



https://sentinel.esa.int/web/sentinel/toolboxes/sentinel-1
https://qc.sentinel1.eo.esa.int/aux_resorb/
https://code.earthengine.google.com/dataset/USGS/SRTMGL1_003
https://asterweb.jpl.nasa.gov/gdem.asp

Google Earth Engine for Classifying Flood Extent with Sentinel-1

new_flooding * Get Link I Save v. Run Immt v

/f Load Sentinel-1 images to map a flooding in Kerala in 2018.

// This script was originally written by Simon Ilyushchenke (GEE team}
// Default location

var geometry = /* color: #d63088 */ee.Geometry.Point([76.48, 9.531);
var pt = geometry

// Load Sentinel-1 C-band SAR Ground Range collection (log scaling, WV co-polar)
var collection = ee.ImageCollection('COPERNICUS/S1_GRD'}.filterBounds({pt)
filter{ee.Filter.listContains('transmitterReceiverPolarisation', 'VH'})

1@ .filter{ee.Filter.eq('instrumentMode', 'IW'})}

11 .filter{ee.Filter.eq('orbitProperties_pass', 'DESCENDING'}}

12 .select{'VH'};

-
WD~ oL b e

14 // Filter by date
15 wvar before = collection.filterDate('2018-87-04', '2018-07-86').mosaic();
16 wvar after = collection.filterDate('2818-88-21"', '2018-88-23').mosaic()};

18 // Threshold smoothed radar intensities to identify "flooded" areas.

19 war SMOOTHING_RADIUS = 186;

20 var DIFF_UPPER_THRESHOLD = -=3;

21 wvar diff_smoothed = after.focal_median{SMOOTHING_RADIUS, ‘'circle’, 'meters')
22 .subtract{before.focal_median(SMOOTHING_RADIUS, 'circle', 'meters'});

23 war diff_thresholded = diff_smoothed.1lt(DIFF_UPPER_THRESHOLD) ;

25 // Display map

26 Map.centerObject{pt, 13);

27 Map.addLayer({before, {min:-3@,max:@}, 'Before flood')};

28 Map.addLayer({after, {min:-30,max:8}, 'After flood'};

29 Map.addLayer(after.subtract(before), {min:-10,max:18}, 'After - before', @);
30 Map.addLayer{diff_smoothed, {min:-18,max:1@8}, 'diff smoothed', @8);

31 Map.addLayer({diff_thresholded.updateMask(diff_thresholded),

32 {palette:"@@@eFF"},'flooded areas - blue',1);
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Flood Mapping Results

s IR e | = [ - BEN

Filt ints ¥/ Load Sentinel-1 images to map a flooding in Kerala in 2018.
il i // This script was eoriginally written by Simon Ilyushchenko (GEE team)
~ Owner (1)

// Default location
- users/erikap/sentinel_kerala var geometry = /* color: #d63000 x/ee.Geometry.Point{[76.40, 9.53]);
I Kerala_Sentinel

o
2
3
4
;1 5 wvar pt = geometry
: 6
I Sentinel1 Composite ;

// Load Sentinel-1 C-band 5AR Ground Range collection (log scaling, VWV co-polar)

B UntitledFile var collection = ee.ImageCollection('COPERNICUS/S1_GRD'}.TilterBounds(pt)
5 X 9 .filter(ee.Filter.listContains('transmitterReceiverPolarisation', 'VH'))
[ UntitledFile2 1@ .filter{ee.Filter.eq('instrumentMode', 'IW'))
[ new_flooding of. 11 .filter{ee.Filter.eq('orbitProperties_pass', 'DESCENDING'))
~ Writer ;; .select('VH');

No accessible repositories. 14 i/ Filtar bu data

H e ~MW
+
Alappuzha
@RI
[Soogle (] Changanasser

2= o |EARMDIGUAE]
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Financial Loss Potential Index for Hurricane Harvey, Sept. 15t 2017

https://disasters.nasa.gov/hurricane-harvey-2017/financial-loss-potential-index-hurricane-harvey-v3-sept-1st-2017
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https://disasters.nasa.gov/hurricane-harvey-2017/financial-loss-potential-index-hurricane-harvey-v3-sept-1st-2017

Global Disaster Alert and Coordination System
http://www.qgdacs.org/

Integrated Data and Information Portal Includes:

contact us register

GDACS is a cooperation framework between the United Nations, the European Pt
G D A c S Commission and disaster managers worldwide to improve alerts, information @
exchange and coordination in the first phase after major sudden-onset disasters. p—_—

 Near real-time and past
storm information

Global Disaster Alert and Coordination System

HOME ALERTS VIRTUAL OSOCC MAPS & SATELLITE IMAGERY SCIENCE PORTAL ABOUT GDACS

 Data and maps from
models and satellites

ar Coast Of Central Chile Tropical Cyclones KENI-18 Im

| « Media reports and
o - impacts

- £ ) Sk
s
- T R e e A o <
g AR Nl
Mgy SRR g~ o
i f (e )
. B . =
% o P
™ %

Map of disaster alerts in the past 4 days. Last 24 hours events are highlighted in yellow. Small earthquakes are shown as green boxes. European Union, 2015. Map produced by EC-JRC
The boundaries and the names shown on this map do not imply official endorsemey i

EARTHQUAKES TROPICAL CYCLONES FLOODS
Near Coast Of Central Chile # KENI-18 m Fiji|Tonga|Vanuatu
W (6.2M) - 10 Apr 10:19 (138kmih) - 11 Apr 00:00 ead -09Apr 00:00

Wl South Gaeoraia and the South Sandwich
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http://www.gdacs.org/

International Charter Space & Major Disasters ﬂ

 Worldwide collaboration making satellite data available for disaster management
« Composed of global space agencies & space system operators

« 34 contributing satellites

« Available at: https.//disasterscharter.org/
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