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NASA MISSION

Drive advances in science, technology, aeronautics, and
space exploration to enhance knowledge, education,
Innovation, economic vitality and stewardship of Earth.
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TECHNOLOGY INNOVATION BALLOONS : RESEARCH

$400M Invested Annually 13 Science Payloads 10,000 U.S. Scientists Funded
12 Student Experiments $600M Awarded Annually

P

EARTH-BASED INVESTIGATIONS SOUNDING ROCKETS SMALLSATS/CUBESATS SPACECRAFT

25 Major Airborne Missions 16 Science Missions 31 Science Missions 105 Missions
8 Global Networks 3 Tech/Student Missions 24 Technology Demos 85 Spacecraft
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DISASTERS PROGRAM

Disasters Applications promotes the use of Earth observations
to iImprove prediction of, preparation for, response to, and
recovery from disaster situations.
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DISASTERS ARE NOT NATURAL

There Is no such thing as a natural disaster only natural hazards.
Disasters often follow natural hazards.

A disaster’s severity and cascading impacts depends on how
much iImpact a hazard has on society and the environment.

The scale of the impact in furn depends on the choices we
make for our lives and for our environment.

Each decision and action makes us more vulnerable to
disasters or more resilient to them.
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New Zealand's Extreme Rainfall
S C O P E SAR Flood Proxy Map for Auckl Examined With IMERG
New Zealand
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Monitoring and Observing Local, Regional
and Global
Thailand Flooding 2017

Transforming data to information to tools hitos://disasters.nasa.ov/t

hailand-flooding-2017

Realtime Hydrolegic Conditions in Southeast Asia

Disaster Risk Reduction and Resilience
fhrough strategic information sharing with s i
critical decision-making end users
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https://disasters.nasa.gov/thailand-flooding-2017
https://disasters.nasa.gov/new-zealand-flooding-2017
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Recent Responses

Disasters Program 2018 Highlights Alaska Earthquake 2018

When disasters occur, our researchers become November 2018 California Wildfires
providers and distributors of images, data, and e .
super lypnoon yutu Ul e
damage assessments. The Disasters team and ¥ Willa 2018
urricane Willa 2018
network of partners and volunteers assist with
ricane Michael 2018

hazard assessment, evaluation of severity, and Hurricane Mich '

. e g g c |_:|',_'..',-;-,|:_' clanr Trlanac)s
identification of impacts near vulnerable U si Island, Indonesia

infrastructure, crops, and lifelines especially in Earthquake and Tsunami 2018

remote areas where observations are sparse to : > g Super Typhoon Mangkhut 2018

provide guidance for action. i Hurricane Florence 2018
Redttiors F i o jokkaido Japan Earthquake 2018

Manam Island Eruption August 2018

View All
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IS THERE A PROBLEM?

@® Distributed Volume @ Archive Volume
150 Archive Growth

100

Petabyes

Fiscal Year

'../’:\S

NASA Applied Sciences

DISASTE R
H

Kevin Murphy, ESDS, NASA




GEOSPATIAL ENABLEMENT

Turning [big] data into fargeted, impactful, decision-making
quality information.

Providing this information to the right people, in the right
format.

In a temporally relevant manner.
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® NASA Disasters Mapping Portal
& TOOLS  TRAINING  NEWS  PREVIOUS EVENTS

Featured Maps & Apps

MNASA Products:

Disasters Program

liforni diiras Recent NASA Products: MNASA Products:
ffires by Hurricane Florence ‘Hurricane Michael
Disasters Program Response ... NASA Products for the Califor... NASA Products for Hurricane ... NASA Products for Hurricane ...
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ENSURING AWARENESS & IDENTIFYING IMPACT

2

DISASTm V|S|ble Infrared Imagmg Radlometer Suite (VIIRS) on the Suoml NPP satelllte captured the data
WA g for a mosaic of Katia, Irma, and Jose as they appeared in the early hours of September 8, 2017.




HURRICANE HARVEY — EVENT RESPONSE TIMELINE

NASA, NOAA, ESA, International
- ’ S Stati d Charter dat
CharteriRadarSat-2 Flodd, ™ pace Station, an arter data
Map ; e # used collaboratively to map
y L ' flooding from SAR/optical

] SRS SR
e X "
[ u L "oxX' ap_

(AUG-SEPT 2017)

Use of NASA Black Marble HD
product to explore power outages
Forecasts for Harvey identify j = ; v during post-Harvey flooding
impacts to U.S. mainland, A i 1 3 e 4 Outdoor Lighting
NASA team activates for b y P o 4 in e — Modeling disaster € k] H
coordination calls, product .l : i e ' 4 impacts, insured losses, Ry 4N i e
generation, and end-user P e i B il in Houston metro & PR Y e
engagement : % 5 e rt:k‘-r T

Tk e ¢
| SO
T ik g
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E &
s : n |gh5ttt| meTI;;g_hts: Tr|e_)clak| ngPower O uEg&s
Houston,[TX - September 1, 2017 ouston, Post-Harvey
NASA Response Tier
Day1 Day 4 Day6 EV) Day9 Day 10 Day 11 ) Day 11 Day 19
August 23 August27 August27 August28 August 30 August31 September 1 CUAVSAR Flights= September 4 September 9
. . TN ENNIFRIEE
EIY c.:alls begin to NASA provides
coordinate NASA team .y
in generation of daily flights of
8 UAVSAR from

products, engagement
of funded Pls, and
coordination with
federal end user
partners including
FEMA, USGS, National
Guard, and others.

GPM maps the
record-setting
rainfall in SE Texas
from Harvey

NASA’s GPM helps track | - .
Harvey with data provided NASA team collaborations provide over a dozen detailed

to NOAA/NWS and NHC flood maps from SAR used by FEMA's geospatial team



URRICANE FLORENCE RESPONSE

NASA Products for Hurricane Florence

Home Sentinel-1 RGB Sentinel-1 Flood Map UAVSAR Imagery Black Marble Nighttime Imagery _

Purpose/Summary: Black Marble HD Nighttime City‘Imagery

From NASA Black Marble product G
suite, the images of nighttime ’ ' '
lights in Hurricane Florence areas
are based on data captured by
the Suomi NPP satellite, with an
equator crossing time of
approximately 1:30 am local
time. The data was acquired by
the Day/Night Band (DNB) of the
Visible Infrared Imaging
Radiometer Suite (VIIRS), which
detects light in a range of
wavelengths from green to near-
infrared, including city lights and
lights from other activity. The
NASA Black Marble standard
product is available on a daily
basis within 3-5 hours after
acquisition at 500m spatial ol i b =
resolution from January 2012 to Y\ e
present. The Black Marble high =y 35.074 -78.925 Degrees
definition (HD) product is being :
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CALIFORNIA WILDFIRES 2017
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CALIFORNIA WILDFIRES 2018

NASA Products for the California Wildfires in Fall 2018 NASA Disasters Mapping Portal [} W ¢ DISASTERSmoau

1] =

e

Home Population Impacted S .| Air Pollution Fuel for the Fire Power Outages Landsat 8 Imagery of Camp Fire

Date of Imagery: nsasies-: - Camp Fire Damaged Structuress Additional NASA Products
11/16/2018 at 6:00am PST — L

Summary:

The Camp Fire has damaged over 12,000 structures.
NASA's Advanced Rapid Imaging and Analysis (ARIA) team
at NASA's Jet Propulsion Laboratory in Pasadena,
California, created this Damage Proxy Map (DPM) depicting
areas that are likely damaged (shown by red and yellow
pixels) as a result of the Camp Fire. CalFire is in the process
of field verifying damaged structures, shown as red, yellow,
and green house icons.

This Damage Proxy Map can help emergency responders
identify areas that are likely severely impacted and
prioritize where to respond first during such a large event.
They can also identify critical infrastructure that may have
been impacted by the fire.

The map is derived from synthetic aperture radar (SAR)
images from the Copernicus Sentinel-1 satellites, operated
by the European Space Agency (ESA). The pre-event images
were taken before (November 5, 2018) and the post-event
image was acquired during the fire (November 16, 2018).

The color\‘fariation from yellow to reldindicatels _ ) . d _V i “,.-..;:L:,-;Al NASA Disaster; Prora RIA ESI NA 1
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Montecito Debris Flows Observed with UAVSAR

mage P ey CALIFORNIA
DEBRIS FLOWS
JAN 2018

Destroyed
@ M?jOf ;
e Minor .
Affected ~

Santa Barbara County risk map Santa Barbara County structure damage map
Produced February 9, 2018 Andrea Donnellan, Principal Investigator, NASA/JPL/Caltech




MID-ATLANTIC COMMUNITIES AND AREAS
Al INTENSIVE RISK DEI\/\ONSTRATION (CAIR)

Virginian
Pilot

The mid-Atlantic CAIR project demonstrates the abillity to
iInfegrate satellite derived earth observations and physical
models info actionable, trusted knowledge.


https://pilotonline.com/business/real-estate/article_2e87e451-5730-5950-ade8-4d222e26381f.html
https://pilotonline.com/business/real-estate/article_2e87e451-5730-5950-ade8-4d222e26381f.html
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R e e NASA Disasters Program
DlSﬁSTEE?pmm# Communities and Areas at Intensive Risk (CAIR)

M - Mid-Atlantic Demonstration Schematic

WX Forcing Large-Scale Model Sub-Grid Model

NASA-Unified WRF Model SCHISM Open Source Coastal

Hazard Simulation Ocean Mode > Street Level Flood Visualization

W Viivis |V ViEviS i

3 VIRGINL INSTUTUTE OF MARINE SCIENCE
VIBGINL INSTITUTE OF MARINE SCIENCE

DEM / Building Footprints
MODIS Flood Extent 3D Hydrodynamic Model Water Flow/Friction

(10m) VIIRS? Map larger hazards to local scale
e
MASON
Infrastructure Data

Building First Floor Elevations
un

Remote Sensing - _ OLD DOMINION
Bidirectional Validation Building-Level Impact Analysis
Intensive Risk Areas

Landsat Flood Depth Localized Subsidence Rates

(30m) FWDET Algorithm Sea Level Rise Rates Influence of Long-Term Hazard

= %4 Jet Propulsion Laboratory
ALABAMA Inﬂuence Of Long Term Hazard @ California Institute of Technology




COMMUNITIES & AREAS
AT INTENSIVE RISK (CAIR)

Mid-Atlantic Project
Sea Level Rise Projections

Virginia Institute of Marine Science
2018 SLR Report Cards — VA / NC

NASA Applisd Sciences'.. 7
DISASTERS Virginia Institute of Marine Science (VIMS)

Norfolk (Sewells Point), Virginia

Figure IV-3. Plot of 1969-2017 MMSL, decadal signal, linear and quadratic trends,
Norfolk, Virginia,

Wilmington, North Carolina

llllllll

Figure I'V-4. Plot of 1969-2017 MMSL. decadal signal linear and quadratic trends,
Wilmington, North Carolina.






AIRBORNE LIDAR — NORFOLK, VA




DISPLACEMENT/SUBSIDENCE DATA
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IMPACTFUL DECISION INFORMATION

Blue RY 4ty
2011 .

Hurricane Irene
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Reanalysis
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LOOKING FORWARD

OGC Disasters Interoperability Study

Lack of integrated policy and operationadl
framework

Are we taking full advantage of geospatial

services for resilient communities?

Inability with existing metadata
approaches to quickly discover and
understand information sources

Inability to properly fuse and synthesize
multiple data sources

Need for a persistent platform to organize
and manage disaster related geospatial
Information and tools
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Visual, Scalable, Flexible

Dorinican ¢
. - Republic.

Making Cascading Hazards and Risks

VISUAL
Driving Decisions with Data that is
SCALABLE

Y , Providing Tools and Building

el /' Capability to be FLEXIBLE
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HURRICANE IRMA — EVENT RESPONSE TIMELINE

SAR damage proxy maps generated from ESA
Sentinel 1 to identify changes resulting from
Irma’s winds and flooding

NASA team initiates

response in collaboration Preliminary mapping of
with end user partners flooding in Key West via
focused on preparedness Partners model likely flood and ESA Sentinel 1
and recovery from inundation impacts from Irma’s

Hurricane Irma predicted rainfall

Flood Detection/Int bove threshold [mm])
7

NASA Response Tier

Day 1 Day 2 Day 4 Day 6
Sept 5 Sept 6 Sept 8 Sept 10

Continuing from Harvey, s
daily coordination calls
and user engagement
with partners including
FEMA, National Guard,
USGS and others

GPM and constellation satellites " s
provide mapping of Irma’s track Daily NASA LIS captures
through the Caribbean, data to saturated soils and
NOAA/NHC, NRL flooding in FL/SE

(SEPT 2017)

ISS astronaut photography provides imagery of
impacts in Caribbean/Florida

Daily maps of
nighttime lights to
help understand
power loss and
recovery

Total Rainfall (MERG) 5-12 September, 2017

Wt 20 320 40 Womm

GPM/IMERG rainfall prod
across the impacted area

Day 15
September 19

/
uct measures ra

oS

infall

NASA team
contributed
numerous
SAR/optical flood
and damage maps
to FEMA along
with other ESA
and commercial
partners

7



HURRICANE MARIA — EVENT RESPONSE TIMELINE

Remote Sensing

Daily: FEMA Remote Sensing and
Geospatial Teams incorporate
NASA information into daily
briefings and use analysis to
understand recovery needs.

(SEPT-OCT 2017)

NASA Black Marble HD captures Puerto Rico

. outages, used by partners and major media
Flood modeling by partners for to keep public informed of local power

- - - Damage proxy maps
NASA team impacts in Puerto Rico conditions on neighborhood scales. extendegd tl; D);yminiga
o e " ESA Sentinel SAR imaging used to Baseine Septembar 2738 o ESAST d
Initiates . produce damage proxy maps for using ata
responsein affected regions in Puerto Rico

collaboration

with end user
partners focused
on preparedne

and recovery
from Hurricane

Puerto Rico .
Damage Proxy Map- -

Maria
MNASA Response Tier
Day1 Day 3 Day 4 Day5 Day 7 Day 14 Day15
Sept 18 Sept 20 Sept 21 Sept 22 Sept 24 Oct2 Oct3
Continuing from e I
Irma, daily

coordination calls
and user

engagement with
partnersincluding

i . TR
. ' N SR
others! GBM and constellation the NASA team _
satellites map Maria, using ESA and Multiple flood-mapped scenes from NASA Black Marble by NASA team damage proxy an
data for NOAA/NHC and Charter SAR and NASA and commercial partners National Guard teams for

flood information synthesizéd with
NRL optical assets combined by FEMA to assess flood daily situational awareness. other FEMA data to map impacts
extent



y NSP l RES ) NASA Solicitation and Proposal Integrated Review and Evaluation System

NASA DISASTERS ROSES PROPOSALS

Research Opportunifies in Space and Earth Science (ROSES)
A.37 Earth Science Applications

Disaster Risk Reduction and Response
Due Date delayed to 29 June 2018
hitps://nspires.nasaprs.com/external/solicitations/summary!init.

doesolld=7%/B?CEFS8BAC-CBF/-809C-51BD-8334579799C8%/D
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GNSS-AUGMENTED TSUNAMI EARLY WARNING

Tsunami early warning to augment the speed and accuracy of
the NOAA NTWC/PTWC response process

Irengery £2011 Termabdsbrion. Map deis ©3011 Geoosning Congulting, TEN



PACIFIC COMMUNITIES AND AREAS AT
INTENSIVE RISK (CAIR) INITIATIVE

Leveraging GNSS-Augmentation Success
Determine specific focus region
Engagement at local and regional level

Increase network of partners and
stakeholders
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SUBSEA — NASA AMES

Systematic Underwater Biogeochemical Science and Exploration
Analog (SUBSEA)

“SUBSEA science is focused on fluid venting isolated seamounts in
the deep ocean as analog environments to hydrothermal
systems on other Ocean Worlds”

Lolhi Seamount Cruise, Hawaii
Planned diversion to Kilauea volcono ocecm en’rry points
Providing data to USGS HVO VT -

SUBSEA



VolKilau: Volcano Rapid Response Campaign after the Kilauea eruptions
J.-P. Vermer(l) J. Diaz (2) and L. KaInaJs (3) ; (1) NIA/NASA Langley, (2) Univ. of Costa Rica, (3) Univ. of Colorado

50, Mass = 5368 9 t
Max 50, B.9 19.07 L

>0.1 ppm
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Nimmum: 20208 pom | =l B better prepared for the next large volcanic

L e 5 ppm Science Objectives
1= OO SOOI VO i B & H >3 - .
S | Kilauea .}1 | I Profile SO2, aerosol physical, optical and chemical |3 free
""""" B2l TRef oo »0.2 ppm properties for air quality and model validation released

-10e-08 ppm [ Validate satellite observations of SO2 and aerosols |balloon flights

4> eruption

SO2 concentration

Concentration { ppm) averaged between Omand 100m
Imegrated from 1100 04 Jun to 1200 04 Jun 18 (HST)
502 Release started at 0200 03 Jun 18 (HST)

at multiple loce

Univ. of Hawaii

w i-S.blg Island http://weather.hawaii.edu/vmap/

1200 03 Jun 18 AWRF FCRECAST INITIALIZATION
Deployment

v" Where: Downwind from fissures and Halemaumau crater
v" When: June 11th to June 17th 2018

MiniGas sensor SO2, H2S concentration

Source =+

Optical Particle Counter Aerosol size distribution, concentration

COBALD sonde Aerosol Backscatter at 470 and 940 nm
Aerosol Impactor Aerosol composition L

Halema‘uma‘u
Higher plume
2. Low level
1. Tethered cut down
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Glacier and Ice Surface Topography Interferometer (GLISTIN
Topography Difference Maps
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NASA/DOI Live Video Streaming Configuration
Hawaii Kilauea Eruption Support

I Aerial Video Sources

HDMI Output of Camera

HDMI Output of Controller

Teradek 600 Cube H.264 Encoder

P - -
L]
ki 3
v

- RE
Verizon USB

AN Mot ot AL NASA Teradek CORE Password Protected Hilo Emergency
DISASTERS SRR Server Video Feed Operations Center

& +
o u

Darlene Lim
Michael Downs

MNational Aeronautics and Space Administration




KILAUEA — SPACE BASED OBSERVATIONS

- P

s

Recent NASA Products for the 2018 Kilauea Eruption NASA Disasters Program  DISASTERSmau

ALOS-2 ASTER MODIS OMPS Sentinel-1 VIIRS

NASA Disasters Program:
Kilauea Eruption 2018

A collection of NASA's products used in response to the
Kilauea Eruption on Hawaii's Big Island.

Click on the tabs at the top of the page to learn about the
different ways NASA scientists use satellite data to study
volcanic eruptions.

For more information about the NASA Disasters Program,
click the following links:

NASA Disasters Mapping Portal

NASA Disasters Program Website
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