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Objective

To present NASA remote sensing observations and
concepts used for flood monitoring and mapping;

and introduce socioeconomic data useful for flood
management
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Outline
]

= Key Concepts for Using Remote Sensing Observations for
Flood Monitoring

= Hydrological Parameters Relevant to Flood Monitoring

= NASA Earth Science Missions and Sensors Relevant to
Flood Monitoring

=  NASA Flood Monitoring Web-Tools (selected tools will be
covered in detail today)

= NASA Socioeconomic Data for Flood Management

= |ntroduction to the UN Disaster Risk Reduction: Global
Assessment Report 2015
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Key Concepts for Using Remote Sensing
Observations for Flood Monitoring

There are two basic concepts of using remote
sensing observations for flood monitoring

1) Use of satellite-derived rainfall to infer flooding
conditions or use the rainfall and surface weather data in
a hydrology model to derive streamflow or runoff to
monitor flooding conditions.

2) Use satellite-derived land-cover observations to detect
flood water on previously dry land surface.



Hydrological Parameters Relevant to Flood
Monitoring



Hydrological Information
Crucial for Flood Monitoring

Rain Rate and Accumulated Rain Amount
o Snow Melt Rate

2 Soil Condition: soil moisture, temperature, land cover
o Reservoir/River Level

o Storm Water Drainage System (urban floods)

o Terrain



NASA Satellites and Atmosphere-land Models
for Flood Monitoring

Rain Useful for direct observations
Surface Temperature . .y

Soil Moisture of flooding conditions and/or
Snow/Ice for inputs to hydrology

Clouds models

Terrain*

Ground Water
Land Cover”
Evapotranspiration

"Terrain Data are available from the Shuttle
Radar Topography Mission

(I I Iy Iy Iy Iy Ay MR N

Run off *Land Cover is used for detecting inundated
surface surface

All these quantities are available from satellite observations as well as from models
Quantities in green are derived from satellite observations

Quantities in red are from land and atmosphere-land models in which satellite
observations are assimilated




NASA Earth Science Missions and Sensors
Relevant to Flood Monitoring



NASA Satellites for Flood Monitoring
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TRMM: Tropical Rainfall Measuring Mission
GRACE: Gravity Recovery and Climate Experiment
GPM: Global Precipitation Measurements

SMAP: Soil Moisture Active Passive

Landsat (07/1972-present)
TRMM (11/1997-present)
GPM (2/27/2014-present)
Terra (12/1999-present)
Aqua (5/2002-present)
SMAP (1/31/2015-present)

GRACE (3/2002-present)



NASA Satellites for Flood Monitoring

= The focus of this training will be
on TRMM/GPM and Terra/Aqua
Data Used for Flood Monitoring

Landsat (07/1972-present)

TRMM (11/1997-present)

= The training will include web-
based tools that provide access
to TRMM and Terra/Aqua
observations for near-real time
flood monitoring and inundation

mapping

GPM (2/27/2014-present)

Terra (12/1999-present)

Aqua (5/2002-present)

SMAP (1/31/2015-present)

TRMM: Tropical Rainfall Measuring Mission GRACE (3/2002-present)
GRACE: Gravity Recovery and Climate Experiment

GPM: Global Precipitation Measurements
SMAP: Soil Moisture Active Passive

10



TRMM: Most Used for Flood Monitoring and Modeling
GPM: Successor of TRMM will Replace TRMM in Late 2015

Review

TRMM (11/1997-Present)

GPM (2/2014-Present)

a2 One active and two passive rain
Sensors:

Precipitation Radar (PR)

TRMM Microwave Imager (TMI)
Visible and Infrared Scanner (VIRS)

a2 There are 16 TRMM orbits a day
covering the global tropics
between 35° S to 35°N.

a  Spatial resolution varies from:
5 1o 45 km

a2 One active and one passive rain
Sensors:

Dual Frequency Precipitation Radar (DPR)
GPM Microwave Imager (GMI)

a2 There are 16 TRMM orbits a day

covering global tropical and
higher latitudes between 65°S to
65°N

a2 Spatial resolution varies from:

4 to 32 km

http://[pomm.nasa.qov/ TRMM

http://[pmm.nasa.qov/IGPM
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Terra and Aqua Satellites Carry a Suite of Sensors
MODIS is used for Inundation Mapping

Review

Terra (12/1999-Present)

Aqua (5/2002-Present)

a2 Multiple Passive Sensors:

Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER)

Clouds and Earth’s Radiant Energy System (CERES)

Multi-angle Imaging Spectroradiometer (MISR)
Measurements of Pollution in the Troposphere

(MOPITT)
Moderate Resolution Imaging

Spectroradiometer (MODIS)

a2 Polar, Sun-Synchronous Orbit,
Global Coverage, Twice-daily
Observations 10:30 AM/PM
Descending Orbits

http://aqua.nasa.gov

o Multiple Passive Sensors:

Atmospheric Infrared Sounder (AIRS)
Advanced Microwave Sounding Unit (AMSU-A)

Advanced Microwave Scanning Radiometer for
EOS (AMSR-E)

Clouds and the Earth's Radiant Energy System
(CERES)
Moderate Resolution Imaging

Spectroradiometer (MODIS)

o Polar, Sun-Synchronous Orbit,
Global Coverage, Twice-daily
Observations 1:30 AM/PM
Ascending Orbits

http://aqua.nasa.gov
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Hydrological and Land Parameters
from TRMM, GPM, Terra & Aqua/
MODIS for Flood Monitoring

TRMM Precipitation Radar (PR) Rain Rate, Vertical
TRMM Microwave Imager (TMI) Rain Rate Profile,
Visible Infrared Scanner (VIRS)
GPM Dual-frequency Precipitation Radar (DPR)  Rain Rate, Vertical
GPM Microwave Imager (GMI) Rain Rate Profile,
Terra and MODerate Resolution Imaging Snow Cover,
Aqua Spectroradiometer (MODIS) Vegetation Index,

_ . _ Leaf Area Index,
(Note: MOIDS is one of several sensors flyingon | 4 Cover, Cloud

these satellites) Cover

Products useful for Flood Monitoring
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NASA Flood Monitoring Tools
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Flood Monitoring: TRMM/GPM
Inundation Mapping: Terra & Aqua/MODIS

TRMM/GPM provide direct observations of surface
rainfall. The rainfall data:

1) are used to infer flooding conditions
li)are used in conjunction with a hydrology model to
derive streamflow or runoff

MODIS provides observations of land-surface
characteristics. MODIS reflectance from various bands
indicates the presence of water on land surface.
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TRMM-based Flooding Tools

TRMM Current Heavy Rain, Flood and Landslide Estimates Tool
(http://trmm.gsfc.nasa.qov/publications dir/
potential_flood hydro.html)

Extreme Rainfall Detection System — Version 2 (ERDS2) (http://
www.ithacaweb.org/projects/erds/)

Global Flood Monitoring System (http://flood.umd.edu/)
Dartmouth Flood Observatory and Global Disaster Alert and

Coordination System (GDACS) : Experimental River Discharge
Data using TRMM Imager
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MODIS-based
Inundation Mapping Tools
-]

2 MODIS NRT Global Flood Mapping
(http.//oas.gsfc.nasa.gov/floodmap/)

12 Dartmouth Flood Observatory

(http://floodobservatory.colorado.edu/)

17



Summary of Flood Tools

Flood Tools Using TRMM and Hydrologic Models

Most of these tools have interactive, near-real time flood mapping capability with flood
potential and/or streamflow/run-off

Flood Tool

NASA-
TRMM

ERDS

GFMS

Satellite/
Instrument
Or

Model

TRMM/
TMPA-RT

TRMM/
TMPA-RT

TRMM/
TMPA-RT

MERRA

Quantities | Hydrological

Used as Model

Inputs

Rain Rate NRC-CN!?

Rainrate = 777

Rain Rate VIC- UMD
DRTR?

Surface

Temperature

Winds

1Natural Resources Conservation Service (NRCS) runoff curve number (CN) method
2The University of Washington Variable Infiltration Capacity (VIC) land surface model coupled with the
University of Maryland Dominant River Tracing Routing (DRTR) model



Summary of Flood Tools

MODIS-based Flood Inundation Mapping Tools

These tools have interactive, near-real time inundation mapping capability

Flood Tool Satellite/ Quantity Used
(Instrument

MODIS NRT Terra and Aqua/ Reflectance
MODIS Bands 1,2, 7
DFO Terra and Reflectance

Aqua / MODIS Bands 1, 2,7



Summary of Flood Tools

Flooding Monitoring Output

Flood Tool Rainfall Flood River Inundation
(Used as potential/ | Discharge/ Y ET)
Input) Intensity Streamflow
NASA- X X
TRMM
ERDS
GFMS X X X
MODIS/NRT
DFO X
(Experimental
limited
number of
river basins)

» MODIS provides surface inundation only, can not view the surface in the presence of
clouds, mountain and cloud shadows may get interpreted as water

» TRMM Rain, used along with hydrologic model and other weather and surface data
provide quantitative river streamflow and runoff information but regional calibration
and validation are recommended with regional stream gauge data




Summary
More About the Flood Tools

Flood Monitoring Spatial Coverage and Comment
Tool Resolution

NASA-TRMM NRT 50°S-50°N Includes GFMS, Landslide
12 Km Potential
GFMS 50°S-50°N Will be available at 1Km
12 Km resolution. Predictive capability
will be added soon
MODIS NRT Global May not be effective in presence
250 M of clouds
DFO Global Same as MODIS NRT. River
250 m and discharge data derived from TMI
Experimental 10 km and AMSR/AMSR2*

*AMSR : Advanced Microwave Scanning Radiometer flying on Aqua satellite (2002-2011) and
and AMSR2 is flying on Global Change Observation Mission (GCOM-W) satellite (May 2012 to
present)



NASA Socioeconomic Data for Flood Management
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NASA Socioeconomic Data and Applications Center (SEDAC)

http://sedac.ciesin.columbia.edu/

SOCIOECONOMIC DATA AND APPLICATIONS CENTER (SEDAC)

A Data Center in NASA's Earth Observing System Data and Information System (EOSDIS) — Hosted by CIESIN at Columbia University

@ DATA MAPS THEMES RESOURCES COMMUNITIES ABOUT HELP

NASA Remote sensing data and tools are useful for the
flood warning and preparedness phase

NASA also provides socioeconomic data that can be
used along with the flood monitoring tools to facilitate
the post-flooding rescue and recovery phases

These data are available from SEDAC for visualization
and download
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SEDAC Data Search

http://sedac.ciesin.columbia.edu/

Y SOCIOECONOMIC DATA AND APPLICATIONS CENTER (SEDAC)

A Data Center in NASA's Earth Observing System Data and Information System (EOSDIS) — Hosted by CIESIN at Columbia University |

Search SEDAC | Data ~

COMMUNITIES ABOUT ~ HELP

- AGRICULTURE
- DATA SETS - CLIMATE

j - DATA COLLECTIONS | CONSERVATION Data Search By

- GOVERNANCE
- FEATURED DATA USES Themes

- HAZARDS
- CITING OUR DATA - HEALTH

- INFRASTRUCTURE
- LAND USE
- MARINE AND COASTAL

Data Search By o
Data Set List . POVERTY

* - REMOTE SENSING
- SUSTAINABILITY
- URBAN
- WATER

(ol |
VAR

.'"’é“"»’r-

\]
.

xR

r
.4.
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SEDAC Data Mapping and Other Resources

http://sedac.ciesin.columbia.edu/

A Data Center in NASA's Earth Observing System Data and Information System (EOSDIS) — Hosted by CIESIN at Columbia University

R SOCIOECONOMIC DATA AND APPLICATIONS CENTER (SEDAC)

Search SEDAC Data v Q LOGOUT

COMMUNITIES ABOUT ~ HELP

THEMES ~

- MAP GALLERY - GUIDES
. MAP VIEWER . MULTIMEDIA 1Ir\/|ult|ple Options
- MAP SERVICES - NETWORKS O.r Dajta .
Visualization
- MAPPING TOOLS - NEWS
. PUBLICATIONS :
Information and
- RELATED SITES Documents
- REMOTE SENSING about the
- TOOLS Datasets
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Data Sets (1289)

SEDAC Data Sets

http://sedac.ciesin.columbia.edu/

e T
Follow Us: €3 | Share: 2 u® 563

There are 189 Data

. \ Sets for 16 Thematic

arc

Sort By
All Fieds: Areas
|§u[:'}‘. All Fields.. 7
Globd Annual PM2.5 Grids from MODIS, MISR  Population Exposure Estimates in Proximity to

| search | more fields  and SSRWIFS Aerosol Optical Depth (AOD), v1 Nuclear Power Plants, Locations, v1 (1956-2012)
- (1998-212) Energy Infrastructure

Ll Satellite-Werived Environmental Indicators Overview To provide a global data set of point locations

glgncullurc (36) OVervigw  smvemee— To provide a continuous surface Download ' and attributes describing nuclear power plants

imate (44) Downldhd 6 \ < 4 Documents
Conservation (59) N g » of concentrations (micrograms (1) WMS and reactors.

Framework Data (17)
Governance (14)
Hazards (40)

Health (25)
Infrastructure (10)
Land Use (29)
Marine and Coastal (16)
Population (54)
Poverty (12)

Remote Sensing (29)
Sustainability (96)
Urban (22)

Water (25)

Year Published

Select a Year...

per cubic meter) of fine
particulate matter of 2.5
3 micrometers or smaller (PM2.5)
for health and environmental research.

Populafion Exposure Estimates in Proximity to U.S. EPA National Priorities List Sites with

Nucle

Power Plants, Country-Level CIESIN Modifications, v2 (2014)

Aggrgeates, v1 (1990, 2000, 2010) Superfund Site Footprints

Energp Infrastructure Overview ...

erview To provide estimates of total, urban and rural DDownload
ownload . 3 i 1 ocuments
populations and land areas in proximity to (1) Maps

nuclear power plants. (1) WMS

ocuments

To provide an easily accessible,

ol corrected EPA data set of the

geo-referenced locations
displayed as points for all the
National Priorities List (NPL)

Superfund sites in the United States, Puerto

Rico, and other territories.
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Mapping T

SEDAC has developt
variety of mapping tc
both web-based and ¢
alone, to visualize, qu
and analyze various 1
layers that are create«
its geospatial data ho
This page provides a
all SEDAC mapping
In addition, tools dev
by other projects

that integrate SEDA(
map layers and demo
interoperability with
SEDAC map service:

SEDAC Map Tools

http://sedac.ciesin.columbia.edu/maps/tools

The Columbia University Superfund Research Program “NPL Superfund Footprint: Site,
Population, and Environmental Characteristics” Mapper was created to provide researchers,
regulators, and the general public with an innovative tool to better visualize and understand the
characteristics of vulnerable populations, built and natural features, and environmental exposures
near the National Priorities List Superfund sites. Its purpose is to help improve the evaluation of

Superfund sites and more effectively address related environmental health concerns.

CHANGE Viewer

The Climate and Health Analysis for Global Education Viewer (CHANGE Viewer) was built using
NASA World Wind, an open source, 3-D geo-visualization tool. CHANGE Viewer allows the
exploration of climate science, human, and socio-economic data sets made available through the
Data Library.

More advanced tools

This map viewer and standalone software application (Microsoft Windows-based) uses a powerful
data-viewing engine and tools to enable the visualization and integration of hundreds of
socioeconomic and environmental variables and layers, including a range of satellite-based data.

also included.

NASA Worldview

This tool developed by NASA's EOSDIS allows you to interactively browse global satellite
imagery within hours of it being acquired. Users can overlay and visualize a subset of SEDAC map
layers in conjunction with satellite images - for example, the NASA MODIS imagery showing
active fires, integrated with the SEDAC GRUMP population density layer.

Interactive and easy to use
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Multiple Layers

Overlays

(@ National Boundaries
Base Layers

(*) Population Density 2000

SEDAC Map Viewer

http://sedac.ciesin.columbia.edu/maps/client

X

-

—

—

£ 1 10k Jd I0Ed e Ik 1 e I )

\

No Data

1-5

51-25

25.1 -50

50.1 - 100

100.1 - 250

250+ (persons/sq km)

Overlays
@ Natonal Boundaries

Base Layers
@ Population Densty 2000
No Data
15
51-25
251-50
B so1-100
100.2 - 250
B 250+ (persons/sq km)

Map Layer » Population Density 2000

Theme Selection

#0508 Population 2 K

Agriculture
Climate
Conservation
Governance
Hazards

Health

Land Use
Marine and Coastal
Population
Poverty

Remote Sensing
Sustainability
Urban

Wate
-

Global and Regional

Selections
Region:
Global

North America
Central America
South America
Africa

Europe

Asia

South Asia
Oceania
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SEDAC Population Data for Flood Management

http://sedac.ciesin.columbia.edu/theme/population

Gridded Population of the World (2005, 2010, 2015)
Population Count and Density

Population Density Grid Future Estimates, v3 (2005, 2010, 2015)

@Ovewiew Data Download [ Map Services ‘ Metadah

__—

Map Layer » Population Count Future Estimates 2010
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SEDAC Infrastructure Data Sets for Flood Management

http://sedac.ciesin.columbia.edu/data/sets/browse?facets=theme:infrastructure

]
Global Roads
Global Dams and Reservoirs

Nuclear Power Plant Locations, Population Exposure
Estimates in Proximity

Map Layer » Global Reservoir and Dam Database: Dams
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Introduction to the UN Disaster Risk Reduction
Global Assessment Report 2015
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UNISDR Global Assessment

http://risk.preventionweb.net/capraviewer/main.jsp?countrycode=g15

800 : Risk Data Platform v'\+ e

@l @ risk.preventionweb.net/capraviewer/main.jsp?countrycode=g15 c | Q_ search *B8 3 a =

v Global Assessment Report on Disaster Risk Reduction 2015 )
G R T Risk Data Platform CAPRAViewe| ‘ @ U N ISD R -

Risk Exposure Earthquake Cyclone Surge Flood T inami Volcano Events All Layers

GAR Risk Data Platform - [g15] Q @ Q - B Background: | Bing map

Visible layers:
[Q] Multi-hazard Average Annual Loss o

*No Data
0.01

40
1600
62000

Information
about Annual

Losses

USD $ million

|_| Earthquake Average Annual Loss

|_| Cyclone wind Average Annual Loss

[_) Storm Surge Average Annual Loss

|_| Multi-hazard Relative Average Annual Loss %

|_| Earthquake relative Average Annual Loss %

[_] Cyclone wind relative Average Annual Loss %e

\:\ Storm Surge relative Average Annual Loss %

[_] Tsunami relative Average Annual Loss %

|_| Flood relative Average Annual Loss %

|_| Volcano relative Average Annual Loss %

|_| Earthquake Probable Maximum Loss - 500 years

|_| Cyclone Probable Maximum Loss 100 year

|_| Tsunami Probable Maximum Loss 500 years

oooeo0eeoeeeeeeee

|_| Storm Surge Probable Maximum Loss 100 yr.

ANTARCTICA

5000 km Q
2000 mi

35456997 17877,
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Flood-related Losses in Latin America
http://risk.preventionweb.net/capraviewer/main.jsp?countrycode=g15
S

|| Exposed economic stock

C] Exposed population

O Exposed urban stock

C] Exposed rural stock

[_] Catalog of Earthquakes1970-2014
() Cyclone tracks (1969-2009)

[} Multi-hazard Average Annual Loss
|| Social Expenditure

[") Gross Fixed Capital Formation

O Earthquake Average Annual Loss
|| Cyclone wind Average Annual Loss
C] Storm Surge Average Annual Loss
O Tsunami Average Annual Loss

Q Flood Average Annual Loss

[ *NoData

" In Millions of US $

710
13000

USDS$ million

["] Volcano Average Annual Loss

[ Multi-hazard Relative Average Annual Loss %
(") Earthquake relative Average Annual Loss %:
[ Cyclone wind relative Average Annual Loss %
C] Storm Surge relative Average Annual Loss %

C] Tsunami relative Average Annual Loss %.

(") Flood relative Average Annual Loss %s

[ Volcano relative Average Annual Loss %e

O Earthquake Probable Maximum Loss - 500 years
() Cyclone Probable Maximum Loss 100 year

[~ Tsunami Probable Maximum Loss 500 years

[_) Storm Surge Probable Maximum Loss 100 yr.

7] Panulatinn 2014
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UNISDR Global Assessment

http://risk.preventionweb.net/capraviewer/main.jsp?countrycode=g15
]

Probabilistic Riverine Flood Return Period Based on SRTM and Streamflow Data

v Global Assessment Report on Disaster Risk Reduction 2015
G R T Risk Data Platform CAPRAViewer @ U N ISD R -

Exposure Earthquake Cyclone Surge Flood Tsunami Volcano Events All Layers Results Download Help About

GAR Risk Data Platform - [g15] » ‘ q @ o @

Visible layers: l MEXICO 2. Coan Atiantic
|| Flood hazard 25 years '-’ \ e ‘,e P Ocean
™ Fiood hazard 50 years \;;_3 D
] ;NoData ~ PaCiﬁC

i Ocean

ee

Caribbean Sea

cms.
("] Flood hazard 100 years
|_| Flood hazard 200 years

|_| Flood hazard 500 years
|_| Flood hazard 1000 years

eeee

Useful for Flood
Risk Management
and Planning

1000 km
1000 mi

ooir=r Slide 21 nf 24 RE%
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UNISDR Global Assessment

http://risk.preventionweb.net/capraviewer/main.jsp?countrycode=g15

Probabilistic Riverine Flood Return Period Based on SRTM and Streamflow Data

Gv R Global Assessment Report on Disaster Risk Reduction 2015
T Risk Data Platform CAPRAViewer

Risk Exposure Earthquake Cyclone Surge Flood Tsunami Volcano Events All Layers

GAR Risk Data Platform - [g15]

MEXICO -~ & am ;
s Yo — Data and Information

v \‘\13 s Caribbean Sea
Download

Visible layers:
|_| Flood hazard 25 years
@ Flood hazard 50 years o

1 ; No Data

14

90
800

’ -
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POAREY

cms.

("] Flood hazard 100 years

|_| Flood hazard 200 years

|_| Flood hazard 500 years

eeee

|_| Flood hazard 1000 years

Useful for

developing Sga e
decision support wm;w,
systems along i
with remote-
sensing based
observations s
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Next:

Introduction to MODIS-based Inundation Mapping
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