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Objective:

Provide Overview of NASA Remote Sensing
Observations-based Flood-related Tools




Outline

» Types of flood monitoring tools -- what are they?

-- Use of remote sensing and hydrologic models

» Introduction to global and regional, operational
and experimental, near-real time flood
monitoring tools

-- Based on TRMM-TMPA, MERRA, MODIS, AMSR



Remote Sensing and Flood Monitoring
Basic Concepts

 Satellite Observations

» Direct use in detection of surface water/inundation

» In observing flood-related weather quantities : Rainfall,
Temperature, Humidity, Winds

* Hydrologic Models

» Forced with satellite-based land and atmospheric measurements
[rain, air temperature and humidity, wind speed, radiation,
vegetation, soil type, terrain]

> Hydrological Models route water within a channel/river
basin/watershed region according to the atmospheric
and surface conditions, calculation of Streamflow — indicative of
flooding conditions



Hydrological Models

Mathematical representation
of water cycling processes in
the atmosphere-land system

Calculates run-off and
streamflow of water -- used
in detecting flooding

Evapotranspiration COnd |t|0nS
From Remote Sensing
easurements

or given atmospheric and
surface conditions --rain, air
temperature and humidity,

wind speed, solar radiation,

Wfdl type, terrai

Streamflow--the water discharge that occurs in a natural
channel. Measured in cubic meters per second -- volume of water
flowing per unit time (m?3/s)




Web Tools for Flooding Applications

Provide any or all of the following on global and/or
regional basis:

» Near-real time flood monitoring: Flood probability/potential,
extreme rain, streamflow, inundation extent)

» Flood forecasting: Flood probability/potential, extreme rain,
streamflow, inundation extent)

» Information about past flooding events
» Additional information (for example about —

weather, land-cover, roads, dams, population
density etc.)



>

Interactive Flood Tools

NASA-TRMM Current Heavy Rain, Flood, and Landslide Estimates
Global Flood Monitoring System (GFMS)

SERVIR Regional Visualization and Monitoring System

Global MODIS Inundation Mapping

Dartmouth Flood Observatory (DFO)

Global Disaster Alert and Coordination System (GDACS)/
Global Flood Detection System (GFDS)

All the tools include Interactive Maps and Regional
Sub-setting and zooming capability of flooding
events



Types of Flood Tools

» Tools based on Remote Sensing observations
and Hydrologic Models

» Inundation Mapping Tools based on MODIS

» Experimental Flood Mapping based on Passive
Microwave Brightness Temperatures

» Disaster Mapping



Flood Tools Using Remote Sensing and Hydrologic Models

Satellite/ | Quantity | Hydrological
Instrume

nt Or
Model

NASA- TRMM/ Rain Rate NRC-CN'
TRMM TMPA-RT

GFMS TRMM/ Rain Rate VIC- UMD
TMPA- RT DRTR?
Surface
MERRA Temperat
ureWinds
DFO TRMM/ 37 Ghz Global Runoff
TMI and Brightnes Model
Aqua/ S

AMSR-E Temperat
ure

SERVIR TRMM/ Rain Rate CREST?
TMPA- RT

INatural 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

3 The Couples Routing and Excess Storage (CREST) distributed hydrology model



Remote Sensing based Flood Tools

Flood Tool Satellite/ Quantity
Instrument | Used

MODIS NRT Terra and
Aqua/MODIS

DFO Terra and
Aqua/
MODIS

GFDS TRMM/TMI
and Aqua/
AMSR-E

GDACS TRMM/TMPA

TerraSAR-X

SPOT-5
Worldview-1/
2

Reflectance
Bands 1, 2, 7

Reflectance
Bands 1, 2, 7

37 Ghz
Brightness
Temperature

Rain rate

9.65 Ghz
Synthetic
Aperture
Radar
Reflectivity

Visible/near-IR
Images



Information Provided by the Flood Tools

Flood Tool Flood River Inundation
potential/ | Discharge/ Map
Intensity Streamflow
NASA- X X
TRMM
GFMS X X X
SERVIR X X
MODIS/NRT
DFO X
GDACS/ X X

GFDS



More About the Flood Tools

Flood Monitoring Spatial Coverage and Comment
Tool Resolution

NASA-TRMM NRT

GFMS

MODIS NRT

DFO

SERVIR

GDACS

GFDS

50°S-50°N
12 Km

50°S-50°N
12 Km

Global
250 M

Global
250 m and
10 km

Includes GFMS, Landslide
Potential

Will be available at 1Km
resolution. Predictive capability
will be added soon

May not be effective in presence
of clouds

Same as MODIS NRT. River
discharge data derived from TMI
» and AMSR

East Africa
1 km

Global — a few
meters to Kms

Global
10 km

Regional, Disaster monitoring tool
with multiple information layers

Disaster Alert tool. Uses US and
European satellite images,
including commercial satellites.
Post-flood images available for
selected cases

Flood Potential



Flood Tools based on Remote Sensing-based
Quantities and Hydrologic Models



TRMM Near-real Time Flood and Landslide Information Tool
(http://trmm.gsfc.nasa.gov/publications _dir potential_flood hydro.html)
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TRMM Near-real Time Flood and Landslide Information Tool
(http://trmm.gsfc.nasa.gov/publications _dir potential_flood hydro.html)

Point & Click 72 HR Point & Click 168 HR
Rain Values Rain Values

Point & Click 24 HR
Raln Values

20 FEB 2013 0900 UTC

(Observation Time of Last Data Processed)

Provides global maps (50°S-50°N) of:
 Heavy rain

« Accumulated rain over 24, 72 an 168 hours
« Potential Landslide




TRMM Near-real Time Flood and Landslide Information Tool
(http://trmm.gsfc.nasa.gov/publications _dir potential_flood hydro.html)

Click on the maps below for regional displays with more information
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TRMM Near-real Time Flood and Landslide Information Tool

(http://trmm.gsfc.nasa.gov/publications _dir potential_flood hydro.html)
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Global Flood Monitoring System (GFMS)
http://flood.umd.edu

S Global Flood Monitoring u ==
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Global Flood Monitoring System (GFMS)

University of Maryland

The GFMS is a NASA-funded experimental system using real-time TRMM Multi-satellite Precipitation Analysis (TMPA) precipitation information
as input to a quasi-global (50°N - 50°S) hydrological runoff and routing model running on a 1/8th degree latitude/longitude grid. Flood
detection/intensity estimates are based on 13 years of retrospective model runs with TMPA input, with flood thresholds derived for each grid
location using routed runoff statistics (95th percentile plus parameters related to basin hydrologic characteristics). The intensity value is the
calculated water depth above the flood threshold. Calculations of streamflow are also shown as well as streamflow values above a flood threshold
determined from retrospective model runs. In addition, the latest maps of instantaneous precipitation and totals from the last day, three days and
seven days are displayed. All the calculations are updated every three hours. Users can "zoom in" to regional areas, time sequence the maps over the
last few days or months and plot time sequences of data at a point.

The flood model is based on the University of Washington Variable Infiltration Capacity (VIC) land surface model (Liang et al., 1994) coupled with
the University of Maryland Dominant River Tracing Routing (DRTR) model (Wu et al., paper in preparation). The flood detection algorithm is
described in Wu et al. (2012). The real-time TMPA precipitation data product (Huffman et al., 2010) is obtained from the NASA Goddard
TRMM/GPM Precipitation Processing System (PPS). An initial evaluation of the new GFMS based on 15-yr (1998~2012) retrospective simulation
against gauge streamflow observations and reported flood event archives has been performed and presented recently in 2013 American
Meteorological Society(AMS) Annual Meeting. The PDF file of the slides from the talk is available here

MATAAC Antn Fmealee Tl d TVt ntl e Mot mannltes Fme ammens N mamn Avsnllahla faneoe haea

Provides global maps, time series, animation (50°S-50°N) of:
Instantaneous Rain
Accumulated rain over 24, 72, and 168 hours

Stream flow rates and flood detection at 1/8t" degree (~12
km) grid resolution




Global Flood Monitoring System (GFMS)

http://flood.umd.edu
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Global Flood Monitoring System (GFMS)
http://flood.umd.edu
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Global Flood Monitoring System (GFMS)
Regional Flood Intensity over Indonesia
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SERVIR

(https:/Iwww.servirglobal.net/Global.aspx)
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SERVIR - Regional

(https:/Iwww.servirglobal.net/Global.aspx)

SERVIR - Himalaya
Welp  Contact

SERVIR®#GLOBAL

ion and Monitoring System Current Conditions

MESOAMERICA

Thefe rgionct SERVIR fociy, SERVIR Mesoomaric, wos hosted o the
I Ponama from

20052011 and serve Cantal Americ ond he Domincan Republc

Batze &1 5awodor Honduros

% ViewRegion Home  View Regional Maps § Data \ n

S
A @

~ @\

0
w
=
=
Q
<
=
[0
(¢
a
[
=)
7}
14
w
[
)
<
a
&)

SERVIR-Mesoamerica s regioncl servicefhat providos sl of onalyels and vis hat nfgrote sofelifo and ofher geospafil dafa o support environmenfal moriforing and informod decision- SERVIR-Africa
imohln. T progrom footees o hafondl giotes 0nd el e auross Carfrl Arverkos o the CorBbeon, e ¥ ncrses Goowes o sofslle i 1o venofien natondl rdregiond
copaciies fohomess fhefull pfenfial o remafo sensing and geospafol fchnologis.

Features Current Conditions
Current Conditions.

P g
iy Rpatncy 02251

ACTIVITIES

Some of the parficular Issues that SERVIR-Mesoomerica addresses are fire defection, land-cover/land-us (LCLU) and LCLU
‘change, algal blooms, short-term weather forscasting, climate change, and natural disasters.
ae-mokmg narorgaat

&) DISASTER SUPPO|

icaraguo, ond

&) DISASTER SUPPORT ACTIVITIES



SERVIR Regional: More Than Flood Mapping

(https:/Iwww.servirglobal.net/Global.aspx)

Multiple GIS-based Layers

Browse Layers by Region

Current Conditions

. Rainfall: NRT 3-Hour (TRMM)

. Rainfall: Latest 1-Day (TRMM)

*

| Description | Legend

The evoiving SERVIR oring platform has been estoblished In Africa o improve sclentific knowledge and decision-making In @ range o
opplication areas (e.g. oster management, ogricultural development, cliimate change adaptotion, atc.)

Transparency

[ Roainfalk: Latest 30-Day (TRMM) Interactive Mapping




Inundation Mapping Tools based on MODIS



MODIS Inundation Mapping

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

National Aeronautics and Space Administration

Product Description
Data Download

Muttimedia

Future Upgrades & Enhancements
News/Status

To subscribe to our mailing list to
receive email notification of updates,
please, click here.

10° Flood M ap
Tile Produdtion

Erroneous flood detected
due to low solar zenith angle:
interpret with caution!

For more information, please contact floodmap at lists.nasa.gov

10°x10°



MODIS Inundation Mapping: Zoom on a region

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

Regional Mapping Pixel size 250 m

NASA EXPERIMENTAL
SCIENCE PRODUCT

MODIS Flood Map
18-20 Feb 2013
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Algorithm

Product Description

Data Download

Multimedia

Future Upgrades & Enhancements
News/Status
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MODIS Flood Map
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Products Available Downloads

MODIS Flood Map MFM | ong

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

README (for all products) |pdf txt

Check slide show for the last 10 days.

MODIS Inundation Mapping
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geotiff images
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Dartmouth Flood Observatory

Home http://floodobservatory.colorado.edu/
D —

Archive of
Large
Floods,
1985-Present

¢ Global
and
Regional
Analyses

Master Index
of
Inundation
Maps

The Surface
Water
Record

River Watch

Other Flood
Detection
Tools

Sample
Images and
Maps

Access to Experimental Satellite-based River Discharge Measurements




Dartmouth Flood Observatory: MODIS Flood Mapping

http://floodobservatory.colorado.edu/




Experimental Flood Mapping based on
Passive Microwave Brightness Temperatures



Dartmouth Flood Observatory: MODIS Flood Mapping

http://floodobservatory.colorado.edu/

River Watch Project provides river discharge based on
passive microwave remote sensing — TRMM/TMI and

AMSR 37 Ghz Brightness temperatures used togeth&r—————
with global run off model

140E010S Surface Water Record

This display shows areas of expanded surface water during recent flooding. It also provides the observed history of flooding, commencing in the year 2000. See the_Drought Display for areas of
reduced surface water.

Red is most recent flooding mapped. Water areas are accumulated over 10 days to remove obscuration by cloud cover. See alfo NRT Global MODIS Flood Mapping fo)) today's two-day composite,
including areas of cloud cover. Very recent flooding (past several days) may not appear on this map if cloud cover is heavy.

Light red is previous flooding in the current year.

Li > nce January, -
rk blue is the reference water (February, 2000, from the Shuttle Radar Topography Mission Water Body data). >

During flood events, and as the extent OF Iakes, TESeTvoirs, and rivers expand, red areas appear and increase in size. As flooding wanes and floodplains dry, red transitions to light red and then (in the
new year) to light blue.

impoundments constructed since yr 2000 appear permanently in red. 3)The observational record illustrated may not include all floods: prior to 2011 the records were obtained manually and focus

—LIGICL fi00d ey ents

Other information: See also the FAQ. Any clickable black dots on these displays link to the River Watch satellite discharge measurement sites. The shaded relief background is from topography
provided by NASA SRTM data. Recent GIS data (daily surface water information, as .shp file water boundaries) from the automated MODIS-LANCE NRT Flood processor are located (find appropriate
10 degree folder) at http:/icsdms colorado edu/publfiood observatory/MODISlance/ . GIS data (Mapinfo format) of the long term record of flooding are also available: at this location. Finally, see the
technical description, and the time series of annual flooding via a_powerpoint slide file.

Error notes: 1) In mountainous regions, terrain shadows mimic surface water and are mis-classified as water in our current algorithm. We are working to reduce such noise. 2) Reservoirs and




Dartmouth Flood Observatory: River Discharge Data
http://floodobservatory.colorado.edu/

From Water Balance Model and TRMM/TMI and AMSR-E
Brightness Temperatures

Daily Runoff Anomalies
{compared to mean, same date)

H 2 to 10x

T o1sxto 2x
0.85xto 1.15x 5%
0.3% to 0.85x e Updated Daily at 12:55 MST
0 to 0.3x Black dots are river measurement sites

Anomaly : difference from mean value
River Run-off anomalies show where flooding may be
occurring



Global Flood Detection System (GFDS)

http://old.gdacs.org/flooddetection

m Global Flood Detection System - Version 2 B8 JRC

CLOBESES

An experimental e to.g ave satellite observations. The purpose

is to identify 204 BETe floods with potential humanitarian consequences after they occur.

Regions

GFDS currently monitors around 10000 areas, defined in collaboration with partners. For these areas, the flood
signal is further processed to generate time series, flood maps and flood animations. See a full list of current floods
or search for areas by river, country or name.
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Full map view

oo} Enm] [Fiooas

@site 2306 in Australia (on river De Grey) (10.329374357056: Magnitude detected): Site 2315 )
(Australia) All data are available as global raster maps. The brightness temperature measured by AMSR-E and TRMM

sensors is normalized into a water signal (showing the amount of surface water in each pixel). For each pixel,
anomalies in surface water are calculated by comparing the values to the normal surface water (see methodology).

{site 10905 in Democratic Republic of the Congo (on river Lualaba) (8.04468607637613: The flood magnitude is defined as the number of standard deviations above the mean.
Maanide detected): Site 10440 ( River Lualaba) » . ——— —




Global Flood Detection System (GFDS)

http://old.gdacs.ora/flooddetection

m Global Flood Detectlon System Versmn 2 E-%.h%gsg
An experimental STaalaWa U == 5 vimay Bresesyspateaamacowave satellite observations. The purpose
is to identify 2oc-meewSlPe TIO0ds with potential humanitarian consequences after they occur.
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List of floods on the 2013-03-05 | Map | Satellite |

The flood magnitude is a measure of the size of the flood. Since lower
signals generally accounts for increased water coverage, extreme events,

Change date: 2013-03-05 | Go | or major floods, should represent anomalies in the time series of a given
site. The reference value for normal flow is calculated as the average
- i signal for the site since June 2002. Flood magnitude is defined as the
w0 Afghan.ls’[an number of standard deviations (sd) from the mean (avg). Read more...
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Global Flood Detection System (GFDS)
http://old.gdacs.org/flooddetection

Flood status report for Bangladesh

Flood status report for Bangladesl|
Status: Green. Current satellite observations show 4 out of 125 areas (3%) having critically high flood magnitude. g;tgr::db.cally R
The Bangladesh monitoring region consists of 125 areas that are analyzed daily, including the following rivers: Meghna, Ganges, Brahmaputra, .
Bramaputra, Bramaputra Trib. Select another monitored region:

| Bangladesh x| Show
This report does not provide early warning or forecasting information, but describes the current flood status of rivers based on the past 24h of satellite observations.

The status is determined by the number of areas with high flood magnitude (see below), as determined by the Global Flood Detection System based on passive microwave satellite observations of surface water. The status is set to "Red” if more than 10 areas or
more than 30% of areas have high flood magnitude. The status is set to "Orange” if more than 5 or more than 10% of areas have high flood magnitude. Otherwise, the status is set to "Green”.

Current Status of monitoring areas

Large Flood
Potential

7 e ' S s
oot Madhya ~  Jharkhand
5 Pradesh G A Ay A  West
U e e India gl o e Bengal
P LA g ~ Chhattisgarh ¢ ok
Py, A T :

R Dy ”

I’l

; ¥ v _ #,4- ¢ -y > §
- Maharastra : ag / (o
o N i R e B




Disaster Mapping Tool



Global Disaster Alert and Coordination System (GDACS)
(http:/lIwww.gdacs.org/)

Latest disaster alerts @ ) OPEN EMERGENC'ES

EARTHQUAKES gTropical Cyclone Haruna 21-reb
m United States (4.8M) 23 Feb 02.35UTC

updaled: 24-Feb-2013

m Algeria (4.5M) 22 Fet 12:30UTC
"T‘I Argentina (6.1M) 22 Fes 1201UTC

m China (4.5M) 22 Feb 03:34UTC

“ China (4.9M) 21 Feb 18:35UTC map of latest disaster alerts

Mor ]

m Solomon Is. (4.7M) 20 Feb 13:16UTC

m China (4.6M) 20 Feb 05:01UTC

Satellite maps. Rapid post-disaster maps

TROPICAL CYCLONES from various sources.

GEIGHTEEN-13 Off shore (130.4km/h) i
24 Feb 12:00UTC ‘

BRUSTY-13 Australia (175.4km/h)
24 Feb 12:00UTC

Global Flood Initiative

Beta pro g 7 , lood
monitoring

DHARUNA-13 Madagascar (185.1km/h)
24 Feb 12:00UTC

or{ Sy

GDACS platform. Resources for
developers

GTWO-1 3 Off shore (46.7km/h)
21 Feb 06:00UTC

GDACS monitor. View for operation rooms

Disasters in past 4 days.

See smaller and archived alerts...
Search alerts...

About thresholds and models
About earthquake selection

ister alerts in the past 4 days. Last 24 hours events are highlighted in yellow. Small earthquakes are shown as green boxes.

L I

Cooperative effort between the United
Nations, the European Commission and
disaster managers worldwide




Global Disaster Alert and Coordination System (GDACS)
TRMM/TMPA Accumulated Rainfall over Mozambique 23-30 January 2013




Global Disaster Alert and Coordination System (GDACS)

Flood Water Extent over Mozambique 24 January and 2"9 February
From Radasat-2 and TerraSAR-x
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Analysis with Radarsat-2 Data Acquired 2 February 2013 and TerraSAR-X Data Acquired 24 Janvary 2013
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Summary

» Several global and regional flood monitoring tools
available based on NASA remote sensing
observations

» Most tools have interactive, near-real time flood
mapping — flood potential, streamflow/run-off, or
Inundation

» Tools vary in spatial/temporal extent and
resolution

» Regional usage and evaluation by end-users very
important



Thank You!

Amita Mehta

amita.v.mehta@nasa.gov




