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ABSTRACT

HURRICANE HELENE

HURRICANE MILTON
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The National Aeyone}utlcs and Space Administration (NASA) DISE}SteTS Hurricane Helene caused significant flooding, landslides, power STV ST LR Hurricane Milton made landfall in Florida only days after
Rgsponse COOTdm?thH System (DRCS) leverages the best available outages, and damage across Florida, Georgia, South Carolina, North | EEalsse Poiangey ) P Hurricane Helene devastated the southeastern United
science and expertise to aid federal, state, local, and non-governmental Carolina, Virginia, and Tennessee, impacting a land area over |#fes 4 RESCERIA O P States, bringing significant flooding, wind damage, and |*¥P#¥% Al
organlzatlon (NGO) partners In addre.ssmg identified needs du1j1ng a 150,000 square miles. The DRCS collaborated directly with FEMA, .|| o - power outages for millions in central Florida. The DRCS oo
disaster response. During thf{ 2024 hurricane season, the DRCS actlyated state emergency management agencies from Florida, Georgia, North | @ oo 2ees oo provided Hurricane Milton response support between | o= ensirirandll I o
for seven hurricanes/tropical storms, providing openly available Carolina, and Tennessee, the American Red Cross, the United States | ™ . of | . . October 7-31, collaborating directly with FEMA, the State | - e — S — i
geospatial data through NASA's ].Dlsasters.l\/lappmg Portgl. Hurricanes Geological Survey (USGS), the National Oceanic and Atmospheric B S of Florida Geospatial Information Office, USGS, NOAA, |~ ; o |
Helene and Milton were major hurricanes that impacted the Administration (NOAA), and other federal agencies to enhance the American Red Cross, and other response partners. “
southeastern Umted States Wlthl.n weeks .of one anot.her. Impacts from situational awareness and provide decision-support products. The | = &= @& - FCEEE EESSE —w-
Helene and Milton to the region included inland flooding, record coastal DRCS provided support response from September 24 through |~ i Smnommmn i S,
torm sur ver a thousand landslid and regional power and . T " o | A o | SEE o
SLO 5 ge.’ O. c ous SHAES, €810 .po € October 24. Astronaut Photography
telecommunications outages. In response to Helene and Milton, DRCS T R e ~ | | — g
provided actionable information and products to stakeholders, including v S b mtemationa) Space Statton {5 gﬁx;‘;ﬁﬁiiS?scttoegdra]‘opyhi’h‘;fI]z?if:‘f?é &é;;f/f,,,
Synthe_tlc Aperture Radar (SAR) .analy31s for landslide and flood egetatlﬂn IStur ance georeferenced and shared for optical flood mapping applications. - %DC
detection, Black Marble nighttime lights products for assessing power oimm Dot | 1 The Advanced Rapid Imaging and | -
OUtageS, and NOrmallzed leference Vegetatlon IndeX (NDVI) al’lal}ISlS lgwo P s .. . Analysis (ARIA) and Observational * Image courtesy of the Earth Science and Remote Sensing Unit, NASA Johnson Space Center T FP(,F.',,[ERGZ,
for post-event vegetation change detection. NASA deployed the 0 B e g géi‘ii‘ifgts gz;l}iri‘sd'lggngfgrnteaRgsoi i i
Uninhibited Aerial Vehicle SAR (UAVSAR) instrument to collect data on 4 I ST AN I /"« NASA's Jet Propulsion Laboratory and %L//
flood extent, filling spatial, spectral, and temporal gaps in inundation ol e : : - w17 | California  Institute of Technology \ 1,
data. Additionally, astronauts aboard the International Space Station S e derived the disturbance maps using the
(ISS) collected hand-held digital camera photography along the paths of LR A T e T gapfnl?gﬂzef ISturf;r?gseat Algtntiniﬁog
Hurrlcar}e Helene and Milton to aid in response .effort.s. I—Ierg, we I S ) | products. The Disturbance product . ‘ .
summarize the DRCS responses to Helene and Milton, in particular P SOR AV | mapped per pixel vegetation disturbance Product gallery for the DRCS Hurricane Helene response.
. . . . o o e J : : o (o .
highlighting the information and products that were provided by the AR | (specifically, vegetation cover loss) from ]
DRCS and how they were utilized by partners to address immediate L B Y N AN N oy the Harmonized Landsat Sentinel-2 !
: | : ; Lh scenes from October 2. Hurricane Helene
response needs. X Y R NG
* The product contains modified Copernicus Sentinel data (2024) and is produced as part of the OPERA project, which is funded by NASA to address remote sensing S t or y M a p
- - - needs identified by_ the Satt_ellite Needs Working Group. Managec?l by 'JPL, OPERA funds and manages the DIST-ALERT-HLS product developed and produced by the
Dls asters Response c°ordlnatlon SIystem Global Land Analysis and Discovery (GLAD) laboratory at the University of Maryland. . : .
The NASA Disasters Program’s DRCS applies a whole-of-NASA approach Landslide Points Landslide Density e
that leverages Earth science, technology, and expertise to provide trusted | A Sentinel-1* SAR backscatter change approach developed in Google "~ sameom
and actionable information to organizations actively responding to The NASA Goddard Space Flight Center (GSFC) Earth Engine (Handwerger et al., 2022) detected areas with high landslide
. . . . . Landslides Team manually mapped landslides over density. This heatmap shows the density of possible land surface
dlsaSt.erS- The DRCS 1? request driven, WOl‘kll’lg Wlth .go.vernment affected areas in collaboration with the USGS Landslide disturbances (landslides) as observed on September 28, compared to a
agencies, NGOs and private sector partners to provide insights that Assessments, Situational Awareness, and Event pre-incident baseline. The red and yellow areas indicate potential zones of
inform decision making and reduce impacts on lives and livelihoods. Response Research (LASER) team. Sentinel-2 and other dense landsliding. This map should be used as a guidance to identify Color Infrared ComPOSlte I
optical imagery was used to aid in mapping. The team areas likely affected by landslides. This is a rapid response product
DRCS contributed almost 400 landslide points to the USGS created by the NASA GSFC Landslides Team, with no form of manual The Color Infrared composite was created using the
& landslides dashboard map (seen below). The image to correction performed. near-infrared, red, and green channels from the
LOC ations the rlght is a Sentinel-2* scene from October 7 used to * Contains modified Copernicus Sentinel data (2024) * Contains modified Copernicus Sentinel data (2024) processed by ESA. Created by NASA GSFC Landslides Team. l\/[ultiSpectral Instrument (MSI) on the European Space
b map landslides for this effort. processed by ESA }I;Iandwerg?r AL, ;—Igang M-H, Jones SY, Amatya Pl’l Kerréer dHR, Kir(s}chballurg D}]?.EZOZZ. (l}vene;elltingdlarllzdsli}clles den;ity AgenCY’S (ESA) Copernicus Sentinel-2* from pre—event
4 eatmaps for rapid detection using open-access satellite radar data in Google Earth Engine. Nat. Hazards Eart st. Sci.
T‘\ 'Goddard Space Coperni:us Publ?cations, 22(3): 755—753.https://doi.org/10.5194/nhess—22-%53-2022. ° ! (OCtOber 18, 2023) and pOSt'event (OCtOber 14, 2024),
Ames d . p zuses Hurricane Helene Landslide Observations Dashboard a.HOWIHg fOI‘ the ability tO SEe areas lmpaCted from the
Research Fllght Center Value
Center . W e orre storm.
@ Langlg};IﬁZiearch W Lo The near-infrared gives the ability to see through thin
Jet Propulsion 2 S R clouds. A Color Infrared composite depicts healthy
Laboratory Center DRCS Project Office . - l W vegetation as red, water as blue. Some minor

atmospheric corrections have occurred.
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* Contains modified Copernicus Sentinel data (2024) processed by ESA
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Land Information System (LIS)

disasters.nasa.gov/response maps.disasters.nasa.gov A ¥ rcentie 02m Soil Moisture Percentiles
® ® ® a ‘ nf - . < 2%
DRCS ACtlvatIOH LleCVCle —— e ‘ - M 2-sx The NASA Land Information System (LIS) is a high-performance land surface
fotal Lencolises 2 P af E f;i; modeling and data assimilation system used to characterize land surface states
A\ 2:004 \ [ ] 20-30% and fluxes by integrating satellite-derived datasets, ground-based observations,
r ooy % jg;g: and model re-analyses. The NASA Short-term Prediction Research and
. - . B s0-90% Transition (SPoRT) center at Marshall Space Flight Center (MSFC) developed a
Screening Activation Colg:c;?near:}on Deactivation Assessment Colorized SAR Data Classified Water Extents RGB comPOSltes & Surface Water Extent =‘?D-95% real-time configuration of the LIS (“SPoRT-LIS”), which is designed for use in
T e [T RN B e - . N . . — i;f% experimental operations by domestic and international users. For disaster
IR Havinan e Alaska Satellite Facility devgloped false color Red, Green, Blue (RGB) and .Radlometrlcally response, the LIS 0-200 cm Soil Moisture Percentile layer provides soil moisture
© . |meescmmcnsns || Terrain-Corrected (RTC) composites and surface water extent products of the Sentinel-1A/B* SAR o

estimates at approximately 3-km horizontal grid spacing over a 2-meter-deep

instrument, which assigns the co- and cross-polarization information to a channel in the composite. soil column and has been validated for regional applications and against U.S.

® o —ﬂ}) Wher} used to support a flooding event, areas in blue denote water p1jese'nt at the time of the g e Drought Monitor products. A unique feature of SPoRT-LIS is the incorporation

DRCS Response to the 2024 Hurncane season R , satellite overpass. Blue areas have low returns. in both VV and VH polarizations .(smooth surfaces .. | of daily, real-time satellite retrievals of Visible Infrared Imaging Radiometer

. . . . - such as calm water, but also frozen( crusted soil or dry sand), Green areas have high returns 1r.1 VH i”“""“'"“ﬂ‘“““ W oo Suite (VIIRS) Green Vegetation Fraction since 2012, which results in more
Dur1ng the 2024 Atlantic hurricane season, the DRCS activated for seven (volume scatterers such as vegetation or some types of snow/ice), and red areas have relatively S Sorings 3 representative evapotranspiration and ultimately soil moisture estimates than
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high VV returns and relatively low VH returns (such as urban or sparsely vegetated areas).

hurricanes and tropical storms (Beryl, Debby, Ernesto, Francine, Helene, using a fixed seasonal depiction of vegetation in the model. The present-day soil

and Milton, and Sara) working with requestors across 10 U.S. states, one @~ | This map shows flood extents derived from Sentinel-1 SAR decompositions in parts of North and zl, moisture analyses are compared to daily historical distributions to determine the
US. territorv. and two countries (U S and Costa Rica) “ umem | South Carolina. Pre-incident data was collected on September 16, and post-event data was YL ) soil wet/dry anomalies for the specific day of the year.
. y’ e ) S : -'Z“‘S:DT% | collected September 26, September 28, and October 3. * Image courtesy of the NASA Marshall Space flight Center SPoRT Center and NASA Land Informatzon System from October 2024.
: : e oV Contains modified Copernicus Sentinel data (2024) processed by ESA
The DRCS provided 67 products through the seven event galleries to f, s T T T
enhance situational awareness and inform response efforts relating to Classified Water Extent RGB Raster
applications such as: Baph 22 Qe 2 Badlanye Change B Water Extent & RGB Rasters

! | Loss in Luminosity

Where communities face power outages
- Extent of flooding and surface water extent during and after storms
* Potential landslide locations and ‘hotspots’ that impact communities

Nighttime Light Radiance Change

Nighttime lights imagery is often used for identifying nighttime lights from cities, fires, boats,
and other phenomena. At its highest resolution, this visualization represents the underlying

The NASA Jet Propulsion Laboratory UAVSAR collected synthetic
aperture radar imagery* over parts of central Florida from October
11-14 following Hurricane Milton.

and transportation routes data scaled to a resolution of 500m per pixel at the equator. These data were created by the | IESSEERGUENEESNINE BESCRENGEA RN Y The UAVSAR images can be used to identify flooding, especially in

e  Soil moisture to highlight areas more susceptible to ﬂooding Black Marble Scier.lce .Team* at NASA GSFC .jand were publishe.d o}aily frqm S.epterpber 18 e " vegetated areas and under tree canopy. The team produced
« Understan ding where ve g etation has been disturbed to highlight areas throughout the activation. The maps on the right compare pre-incident nighttime lights as | "qU_IC.lqOOk" images and a derived water extent product. Within the
. . . . . seen on September 22 (left) with a post-incident scene from October 2 (center). DRCS created classified water extent product (left), the blue color = open water
potentlally lmpaCted by hlgh winds and flash ﬂOOdll’lg an experimental radiance change map aggregated by zipcode (right) to localize possible power and flat surfaces (e.g., roads), the cyan color = inundated
outages and impacts. The radiance change product is under development. Currently it vegetation, and the pink color = urban areas that may be

Insights into the types of pTOdUCtS produced visualizes the perc.ent change in luminosity bejcween the August bgselinef anfi Octgber 2, inundated (low confidence). Within the RGB raster product (right)

aggregated at the zip code level. Red areas experienced the most loss in luminosity, while gray the green color = vegetated areas, the pink color = inundated

fOI' two recent l‘eSpOHSGS 9 indicates no date or cloud coverage. forest, fields, and urban areas, and the black color = open water

* Romdn MO, Stokes EC, Shrestha R, Wang Z, Schultz L, Carlo EA, Sun Q, Bell J, Molthan A, Kalb V, Ji C. Satellite-based assessment of electricity restoration efforts in Puerto Rico after Hurricane Maria. PloS one. 2019 Jun 28;14(6).e0218883. and Romdn MO, Wang Z, Sun Q, Kalb V, Miller SD, Molthan A, n m h I'f r r r n
Schultz L, Bell J, Stokes EC, Pandey B, Seto KC. NASA's Black Marble nighttime lights product suite. Remote Sensing of Environment. 2018 Jun 1,210:113-43. a d smooth surtaces ( OadS, ba € g ou d)

* UAVSAR data courtesy of NASA /JPL-Caltech
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