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Preliminary Field Report of Landslide Hazards Following 
Hurricane Helene

By Kate E. Allstadt, Sara K. McBride, Jonathan W. Godt, Stephen L. Slaughter, Kelli W. Baxstrom, Steven 
Sobieszczyk, and Anna Stull

Executive Summary
This report reflects our knowledge regarding the 

widespread landslide activity associated with Hurricane 
Helene observed during the U.S. Geological Survey’s (USGS) 
mission assignment to North Carolina in October 2024. The 
material in this report was originally prepared for the Federal 
Emergency Management Agency under mission assignment 
DR-4827-NC. The data and commentary in this report are 
reflective of a report provided to the Federal Emergency 
Management Agency (FEMA) on October 18, 2024, as well 
as information provided in briefings at the Buncombe County 
Emergency Operations Center. The report has been modified 
for public dissemination.

This assessment was based on systematic visual 
examination and mapping of landslide locations from aerial 
and satellite imagery, visual and photographic observations 
from low-level helicopter overflights and conversations with 
local landslide experts from the North Carolina Geological 
Survey and Appalachian Landslide Consultants PLLC, and 
more than 50 years of combined landslide hazard professional 
experience of the mission-assigned field team. No systematic 
field investigations were done by the USGS.

While responding to the event, the USGS did not 
identify any landslides that posed an immediate major threat 
to recovery personnel in parts of nine counties in North 
Carolina (Avery, Buncombe, Henderson, McDowell, Mitchell, 
Polk, Rutherford, Watauga, and Yancey); however, threats 
from renewed landslide activity may remain heightened in 
localized areas for months or even years. Known areas of the 
most abundant landslide occurrence include Bat Cave, Lake 
Lure, Chimney Rock, Swannanoa, Black Mountain, Fairview, 
steep areas in Asheville, and the Blue Ridge Parkway. The 
USGS shared detailed locations of known landslides with the 
Emergency Operations Centers. The thousands of landslide 
scars on hillsides and landslide deposits on flatter ground may 
present some threat to recovery activities. Soil and rocks will 
continue to erode from newly exposed landslide scars and may 
pose a threat to people and infrastructure who are immediately 
nearby. In general, the steeper and taller the landslide scar, the 
greater the potential threat. This threat is heightened during 
periods of rainfall and increases with the duration and intensity 

of rainstorms. Very heavy rainfall, or repeated rainfall events 
during short periods, could also initiate new landslides on 
steep slopes. Excavation of landslide deposits, particularly 
excavation of those deposits directly adjacent to steep slopes, 
may also pose a threat to nearby people and equipment.

An interagency collaborative mapping effort led by the 
USGS that informed this assessment identified 1,155 landslide 
locations by the October 2024 briefings, but that number 
increased to 2,217 in a final reviewed version of the locations 
published in January 2025. Locations were mapped from 
satellite imagery, fixed-wing and helicopter surveys, media 
and social media, and field reports in the 3 weeks following 
the passage of the remnants of Hurricane Helene. USGS 
products outlined in this report are publicly available and 
include geotagged photographs from aerial reconnaissance, 
hazard models, an interactive view of mapped landslide 
locations, and landslide safety and education resources.

Introduction
Hurricane Helene made landfall in Florida late on 

September 26, 2024, and continued northward across the 
southern Appalachian region (North Carolina, Tennessee, 
Virginia, and South Carolina) in the early morning of 
September 27, 2024, producing record rainfall. The soils in the 
region were already saturated by preceding rainfall, including 
a 2-day predecessor rain event. The maximum 72-hour 
rainfall total (from 1200 coordinated universal time [UTC] on 
September 25, 2024, to 1200 UTC on September 28, 2024) 
measured in western North Carolina, including the predecessor 
rain event and Hurricane Helene, was 30.8 inches (National 
Weather Service, 2024). This series of storms unleashed 
widespread and destructive flooding, landslides, and damaging 
winds across the region.

In response to Hurricane Helene, on September 28, 
2024, the U.S. Geological Survey (USGS) Geological 
Hazards Science Center activated its Landslide Assessments, 
Situational Awareness, and Event Response Research 
(LASER) team (Allstadt and others, 2024b; USGS 2024d) to 
support early requests for assistance from the North Carolina 
Geological Survey (NCGS) and Tennessee Geological 
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Survey (Schaefer and others, 2024). The USGS LASER team 
coordinated a rapid interagency response effort composed 
of 38 USGS personnel and 14 personnel from nine partner 
agencies. During the next 4 weeks, the team facilitated 
interagency coordination calls; provided rapid hazard models 
(Martinez and others, 2024); conducted early aerial fixed-wing 
reconnaissance on October 3–5 (Rengers and Mirus, 2024; 
fig. 1); coordinated multiagency field reconnaissance; and 
coordinated a multiagency effort to map landslide locations 
and effects as remote sensing imagery, field reports, media 
and social media reports became available (fig. 1; Burgi and 
others, 2024, 2025). To make information publicly available 
and respond to agencies as quickly as possible, a dashboard 
of these mapped landslide locations (USGS, 2024c) and an 
accompanying ArcGIS web service were updated in realtime 
as new locations were mapped. The team also handled 
media requests, generated informational web pages (USGS, 
2024b), safety information, and social media posts (for 
example, USGS, 2024a, f), and shared critical information 
and assessments with emergency responders through daily 
situational reports.

On October 6, 2024, the USGS received the initial 
Federal Emergency Management Agency (FEMA) mission 
assignment statement of work, as follows:

The USGS will provide advance support, real-time 
analysis, and identification of increased landslide risk 
from pre-event conditions, including consideration of the 
consequences for infrastructure in landslide impacted areas. 
USGS services may include, but are not limited to, the 
following in direct support of disaster operations:

•	 Assessing landslide occurrence, severity, and scope of 
impacts from analysis of remote-sensing imagery.

•	 Conducting primary aerial reconnaissance and 
supplemental ground site visits to further refine 
landslide areas identified from remote-sensing imagery.

•	 Installing observing equipment to assist in monitoring 
surface and subterranean soil movement.

•	 Providing technical assistance within 
landslide-impacted areas to help inform infrastructure 
stabilization plans to mitigate landslide risk.

•	 Providing guidance and technical assistance as feasible 
to help define or describe additional mitigation work 
that could be or may need to be done, and provide 
language that could be used to generate scoping 
assessments for future permanent work.

To respond to this mission assignment, the authors of this 
report (referred to herein as the “field team”) were initially 
deployed on October 8, 2025, to the North Carolina State 
Emergency Operations Center (EOC) and then to the field, 
based out of the Buncombe County EOC, on October 13–25, 
2025. The field investigation was centered on nine counties in 
North Carolina where the most damaging landslides occurred 
and focused on those counties most affected (for example, 
Buncombe and Rutherford). However, the USGS LASER 
team and partners also conducted remote investigations in 
the six States most affected by Hurricane Helene. These 
remote investigations also formed a basis for the field team’s 
assessments. The remainder of this report details the methods 
and findings of the field team while on mission assignment and 
emphasizes response and recovery safety and ongoing hazards. 
Much of the content of this report was initially prepared 
on October 18, 2024, for FEMA under mission assignment 
DR-4827-NC. The authors have modified this report for 
public release to include more background information and 
to incorporate additional educational materials and briefings 
provided to FEMA and other emergency personnel during the 
response. The report also reflects some updated information 
that was not available at the time of its initial preparation 
(2024), such as updated landslide counts.

Regarding terminology, this report uses the term 
“mudflow” to refer collectively to two flow types technically 
known in the scientific community as (1) debris flows, a 
type of highly mobile, channelized landslide consisting 
of water-saturated, poorly sorted sediment (Hungr and 
others, 2014), and (2) hyperconcentrated flows, which 
are sediment-rich channelized flows with lower sediment 
concentrations than debris flows (Beverage and Culbertson, 
1964). Debris flows may transition into hyperconcentrated 
flows (or hyperconcentrated flows into debris flows) and 
eventually water flows as sediment concentrations change 
along the path (Pierson, 2005). The authors use the term 
“mudflow” rather than the proper scientific terms to match 
the colloquial usage by the media and emergency responders. 
In addition, the use of the word “debris” in debris flow could 
potentially cause confusion during an emergency response 
because the term is used by FEMA to refer to any material 
that needs to be removed after a disaster as “debris” (for 
example, demolition debris, vehicle and vessel wreckage, and 
vegetative debris).
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Figure 1.  A–B, Elevation map showing an overview of landslides triggered by Hurricane Helene in western North Carolina, northern 
South Carolina, eastern Tennessee, and parts of southern Virginia. Landslide locations shown are those that were mapped by the U.S. 
Geological Survey and partner agencies by the end of the rapid response mapping effort on October 23, 2024. Known landslides labeled 
as “major concern” because of potential fatalities, injuries, rescue, or evacuation needs are indicated by pink points. Inventory is 
overlain by aerial reconnaissance flight paths and photograph locations (refer to figs. 2–5).
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Methods and Data
Building on the information collected by the USGS 

LASER team and interagency partners described in the 
“Introduction” section, the mission-assigned field team 
conducted onsite field observations in coordination with 
geologists in North Carolina, by helicopter or on the ground, 
on October 13–24, 2024. Low-altitude helicopter flights were 
conducted on October 13 and 17, 2024. Geotagged oblique 
aerial photographs from those flights are now available for 
download online (Allstadt and others, 2024a), and a subset of 
representative photographs is viewable in the USGS Hurricane 
Helene Landslide Photo Viewer (https://arcg.is/​00C9X5). The 
field team’s ground reconnaissance was limited to specific 
sites requested by the EOC, although the team coordinated 
closely with partner agencies such as NCGS as they conducted 
field assessments of significant landslides.

The field team’s reconnaissance plans were based in 
part on the remote sensing-based mapping conducted by the 
USGS LASER team and interagency collaborators. Known 
landslide locations mapped by the end of the rapid mapping 
effort on October 23, 2024, are shown on figure 1. Ultimately, 
112 landslides of major concern because of potential fatalities, 
injuries, rescue, or evacuation needs (table 1; fig. 1) were 
shared with emergency managers for situational awareness 
as soon as they were identified by the USGS LASER team. 
A list of publicly available USGS resources, datasets, and 
information products relevant to the Hurricane Helene 
landslide is available in appendix 1.

Results
Hurricane Helene’s intensive rainfall (combined with a 

prior frontal storm) caused a substantial number of slopes to 
fail, triggering landslides, mudflows, and (to a lesser extent) 
rock falls, affecting the whole region (fig. 1). Storms like 
Hurricane Helene that trigger thousands of landslides, which 
are typically also associated with tropical cyclones, reoccur 
about every 25 years in the southern Appalachian region 
(Wooten and others, 2016). As far as the authors are aware, the 
land movement triggered by rainfall from Hurricane Helene 

may be among the most significant and damaging of those 
historical weather events. However, by October 18, 2024—the 
date the field team’s initial findings were reported to FEMA—
the team had not observed an ongoing risk of continued land 
movement that posed an immediate major threat to recovery 
personnel.

The field team contextualized this preliminary finding 
with three uncertainties: (1) the risk of ground movement may 
change with heavy rainfall events, which could remobilize 
landslides; (2) slope modification activities (for example, 
digging out debris that cover roads or properties) can heighten 
the risk of landslides (refer to the “Safety Considerations” 
section); (3) areas of high landslide risk may not have been 
observed because remote and aerial reconnaissance was 
limited by tree and cloud cover in some areas. Though the 
field team advised of these uncertainties immediately after 
the storm, they are still applicable at the time of writing 
this report (March 2025). The collection, processing, and 
dissemination of postevent Light Detection and Ranging 
(lidar) data, which could be used to characterize landslides 
hidden by tree cover, are still underway. Local and State 
agencies are still conducting ground-based observations that 
may help reduce uncertainties and provide a more granular 
understanding of specific areas. The increased susceptibility to 
landslides in locations destabilized during the storm decreases 
exponentially with time, but it may still persist and can take 
as long as 25 years to return to pre-event levels (Samia and 
others, 2017). NCGS received reports of some ongoing or 
reactivated slope movement following storms in the winter 
months following Hurricane Helene.

Most of the landslides the field team observed (for 
example, fig. 2A–D) were relatively small but numerous and 
sometimes clustered in high concentrations (fig. 2A). Because 
of the density of structures in or near steep areas, sometimes 
even small landslides destroyed or damaged multiple 
structures (figs. 2, 3). Most damage was caused by the 
landslide runout, but some structures or roads were undercut 
by slope failures below the structures or roads. Landslides also 
indirectly affected communities by damaging or destroying 
roads and other infrastructure (for example, fig. 2B, D). 
The combined effects of landslides and flooding severed 
transportation connectivity across the region.

Table 1.  Landslide categories, definitions, and total counts identified from Hurricane Helene by the U.S. Geological Survey Landslide 
Assessments, Situational Awareness, and Event Response Research (LASER) team as of October 23, 2025.

Category Definition Total

Major concern Potential situations with isolated people (for example, blocked single access road); potential fatali-
ties; multiple structures potentially destroyed; or potential evacuations required (for example, 
signs of new landslide activity, dammed river). Locations and information submitted to emergency 
managers in a daily situational report.

112

Watch Landslide damage to one structure, or a landslide with the potential to have an ongoing effect or 
become a larger landslide.

136

Recorded Landslides that have been recorded but likely do not pose an imminent threat. 1,645

https://arcg.is/00C9X5
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Figure 3.  Photograph showing a landslide that transitioned into a mudflow that damaged structures near Boone, North 
Carolina. Approximate coordinates of the photographer were 36.259°, −81.744° (Photograph by J. Godt, U.S. Geological 
Survey).



Results    7

The largest mudflows formed where many smaller 
landslides converged into channels and incorporated sufficient 
water and sediment to combine into massive, long runout 
mudflows. For example, one of the largest and deadliest 
mudflows originated from at least five coalescing landslide 
sources that traveled more than 1.5 miles along Flat Creek, 
where it destroyed a small community known as “Craigtown,” 
in Fairview, Buncombe County, North Carolina (fig. 4A, B). 
Thirteen residents were killed; 11 from the same family, and 
then two responders by a second surge (Medina, 2024). A 
similarly large mudflow occurred in Buck Creek near Marion, 
McDowell County, North Carolina, where landslides, many 
originating from near the Blue Ridge Parkway, coalesced 
into a large, destructive mudflow. The field team also visited 
another smaller but still damaging instance of this type of 
flow that occurred just on the other side of the ridge from 
Craigtown, where a mudflow damaged numerous structures at 
a conference and training center, filling several structures with 
mud and debris. An adjacent, smaller landslide impacted a 
cabin with six occupants, who were injured, but all survived.

Though the field team did not note an immediate major 
threat to life and property resulting from landslide movement 
that was continuing or imminent after the storm sequence 
ended, the team did observe many localized areas that may 
have the potential for ongoing hazards, either immediately 
or with future rainfall. These areas were too numerous for 
the field team to individually identify during the time-limited 
mission assignment, so the team instead briefed responders 
on what they could look for during response and recovery 
activities using the following event-specific examples of 
ongoing hazard (fig. 5A–E). Some immediate areas of 
potential hazard that the team suggested responders be aware 
of were below the steep exposed slopes left behind by fresh 
landslides (scarps) where remaining destabilized material 
could continue to come down, especially if seeps or springs 
are present, and near the edges of areas that have been 
undercut by a landslide or flood erosion (fig. 5C). Both cases 
were common along roads where repair crews may have been 
operating (fig. 5D). As described earlier in this section, we 
also determined that future heavy rainfall could reactivate 

sliding on slopes destabilized during Hurricane Helene, but 
specific problem areas the field team highlighted include 
areas partially destabilized where some of the source material 
was not evacuated (fig. 5A) or where cracks opened in slopes 
either above landslide sources or where a landslide started to 
form but did not fail catastrophically (fig. 5B). Fresh cracks 
indicate the slope has already started moving and allows for 
easier destabilization by future water infiltration. The field 
team also noted that concentrated areas of blown down trees 
may increase the susceptibility of those areas to future debris 
flows either immediately where root balls were ripped out of 
the earth, or in future years, because roots helping stabilize the 
soil can rot or deteriorate (fig. 5E). Guidance on recognizing 
ongoing landslide hazards is provided in the “Safety 
Considerations” section.

There is the possibility of acceleration or catastrophic 
failure of some known large, deep landslides with a history 
of prior deformation (for example, Hill and others, 2024), 
so the field team conducted helicopter reconnaissance over 
these sites. The team did not observe any obvious evidence 
of poststorm movement that could indicate acceleration. 
However, tree cover substantially impeded visibility, so 
on-the-ground field visits would be needed for confirmation.

The U.S. Army Corps of Engineers (Corps) requested a 
rapid landslide assessment of a maintenance road on Bee Tree 
Reservoir, a critical drinking water source for Asheville and 
parts of Buncombe and Henderson Counties. The reservoir 
was turbid and unpotable from upstream storm-related 
landslides and runoff, so the Corps was exploring the 
temporary installation of a pipeline from water sources that 
were upstream from the reservoir, which would run along the 
maintenance road. The Corps requested information about 
potential landslide hazards to staff along the maintenance 
road. The field team shared with the Corps that they observed 
no landslide activity that may pose an immediate threat to 
those individuals working on the road; however, workers in 
the scars of previous mudflows may be at risk from additional 
mudflows that could move down the channel, especially 
during periods of rainfall.
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Discussion
Based on the field team’s assessments of likely ongoing 

hazards discussed in the “Results” section, the team provided 
custom training materials and safety information to help meet 
the needs of responding agencies. Some of these products are 
summarized in this section.

Safety Considerations

The authors provided a one-page guide on landslide 
safety for homeowners (fig. 6). This guide was a collaborative 
effort between the USGS and NCGS and was intended for 
distribution to those individuals affected by landslides and 
those individuals living in areas susceptible to landslides. 
It was distributed to a variety of FEMA personnel and local 
experts and responders with the intent of further distribution 
to residents. The following is some additional safety 
consideration text that was provided to responding agencies.

When working in areas affected by landslides, consider 
the following “watch out” situations:

Rain.—Active rainfall or recent (within the past 
day) rainfall are the most likely conditions for landslide 
reactivation, primarily in existing landslide scars. Avoidance 
of these areas during and immediately following rainfall is 
suggested, but if work during rainfall is necessary, useful 
practices can include posting lookouts for ground movement, 
identifying and marking escape routes, and identifying and 
marking high areas within structures for refuge, if needed.

Changing ground.—New cracks or springs of water at the 
landslide scar, or more sand, dirt, and rocks tumbling down 
the landslide can be indicators of landslide reactivation or 
new landslide activity. A useful practice when these indicators 
appear can be to avoid work in the area until the landslide has 
been reevaluated for activity, and new ground features stop 
appearing.

Darkness.—Darkness hides upslope landslide scars, 
making situational awareness more challenging if a landslide 
were to reactivate. If possible, consider avoiding nighttime 
work near landslides. If work during nighttime hours is 
necessary, consider your distance from an existing landslide 
and the time that may be needed to react.

Mud.—If working in a muddy area that is slick or deep, 
useful practices can include identifying and marking escape 
routes, as well as placement of wood planks or plywood over 
the mud to harden escape routes.

Senses.—Do you see, hear, or feel something that 
catches your attention while you are working in a landslide 
area? Landslides are noisy and make the ground shake, they 
push through and break trees, and you can be warned of 
their impending arrival by streams either suddenly stopping 
their flow or rapidly increasing the mud in them. If you 
sense a potential landslide moving towards you, evacuate 
immediately. Move away from the sound and do not run 
downhill.

Guidance for Landslide Recovery Activities

While in North Carolina, the field team provided 
guidance and considerations for responders during landslide 
search and recovery activities on how and where debris is 
generated during landslides and their effects. The following 
plain-language text and accompanying diagram (fig. 7) are 
based on the authors’ collective experience from past landslide 
disasters.

Rapidly moving landslides are very powerful and can be 
compared to a bulldozer pushing trees, rocks, soil, and other 
material down a hill. Debris in the path of the landslide is 
picked up by the landslide and pushed downhill. Some debris 
picked up by the moving landslide may collect along the sides 
of the moving landslide, like debris piling up along either side 
of a bulldozer blade. When the landslide reaches the valley 
floor, it will lose speed and stop. The area at the bottom of a 
landslide can contain debris picked up by the moving landslide 
that is not deposited along the landslide margins.

•	 When a landslide strikes a structure, the contents of 
the structure can be incorporated into the landslide 
as debris.

•	 When a landslide strikes a vehicle, the entire vehicle 
can be incorporated into the landslide as debris.

•	 If a landslide stops in a flooded stream, the debris can 
be incorporated into the stream.

•	 Landslide movement can be rapid and can damage and 
destroy objects in its path.
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LANDSLIDE SAFETY

WATCH FOR 
WARNING SIGNS

HOW TO KNOW A 
LANDSLIDE IS COMING

If your home or property was damaged by a landslide from Hurricane Helene, be aware of the warning signs of 
future landslide activity.

Signs a landslide may be moving include:

Cracks forming at the top of the scar

New springs of water on the landslide scar

Increased dirt, sand, and rocks, tumbling
down the slope

LANDSLIDE THREAT - TAKE ACTION

MUDDY WATERS
If a creek suddenly becomes muddier it could 
mean a large amount of dirt and new material 
has entered upstream.

AT HOME

TOE

- CRACKING WOOD
- FALLING TREES
- SHAKING BRUSH
- KNOCKING ROCKS
- SOUNDS LIKE A 
LOW-FLYING JET

If you are in a single-story house, 
climb onto a kitchen counter, 
desk, or sturdy table and hold on.

If there is a second story to your 
home, go upstairs. Move toward 
the downhill side of the house. 
The landslide could push through 
windows on the uphill side.

If outdoors, run away from the 
sound to the right or left, avoid 
going uphill or downhill. 
Landslides quickly travel 
downhill and are much faster 
than you.

NO STREAMFLOW
If a stream stops flowing it could mean the 
channel was blocked by debris, creating a 
natural dam. If the dam fails, all the stored 
material could rush downstream.

OUTSIDE

SCAR

RUNOUT

FEEL HEAR

SEE

If you see one or more of these warning signs, 
talk to a local geotechnical consultant.

PAY ATTENTION 
TO THE WEATHER

Heavy or prolonged rainfall, rain 
falling on snow, or seasonal snowmelt 
can cause a landslide to move again or 
possibly trigger new landslide activity.

NC GEOLOGICAL SURVEY
Landslide Hazards

https://www.usgs.gov/programs/landslide-
hazards/landslide-preparedness-0

https://experience.arcgis.com/experience/
b55c8497d115400aa09d9cb7a27f5dc8/

U.S. GEOLOGICAL SURVEY
Landslide Preparedness

Landslides are noisy
and can cause the
ground to shake and
feel like a freight train
is passing.  

Figure 6.  A one-page pamphlet summary provided to the Federal Emergency Management Agency (FEMA) for education on landslide 
safety for homeowners (modified from U.S. Geological Survey, 2024e). NC, North Carolina
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EXPLANATION
Areas where debris 

usually is deposited 

Dirt or sediment

ORIGIN

ACCUMULATION

DEPOSITION

Area where landslide starts 
and picks up debris 

Area where landslide moves 
and picks up debris 

Area where landslide stops 
and drops remaining debris 

Figure 7.  Schematic diagram showing areas where debris transported by a landslide may end up. This diagram was intended to 
illustrate areas on a landslide to focus recovery efforts for missing people.
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Summary
Hurricane Helene produced widespread and damaging 

landslides that resulted in fatalities at some locations in North 
Carolina. Aerial field reconnaissance, increasing access to 
cloud-free imagery, and increasing local reports show that 
landslides are spatially clustered and separated by regions 
that are relatively landslide-free. The U.S. Geological Survey 
Landslide Assessments, Situational Awareness, and Event 
Response Research (LASER) team was initially activated 
to support State geologic surveys in the area, especially the 
North Carolina Geological Survey (NCGS). Subsequently, a 
smaller team of USGS scientists, the field team that produced 
this report, was sent to North Carolina to support a mission 
assignment for FEMA. The material in this report was 
originally prepared for the Federal Emergency Management 
Agency under mission assignment DR-4827-NC. The USGS 
continued to collaborate with the NCGS landslide team as 
they took over the role as the technical landslide leads for this 
response.

Initial findings indicate that although substantial 
rainfall from Hurricane Helene resulted in widespread and 
destructive landsliding in the southern Appalachian region, the 
landslide risk had largely decreased by the time of the field 
team’s assessment (October 2024). Future rainfall and slope 
modification activities have the potential to heighten the risk 
of landslide reactivation. High-risk landslides may have not 
yet been identified because of tree cover in areas where field 
observations have not yet been conducted.
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Appendix 1.  Resources and Information Products
This appendix lists resources and information 

products released by the U.S. Geological Survey (USGS) 
and collaborators during the landslide response to 
Hurricane Helene:

•	 USGS “2024 Hurricane Helene Landslide Hazards” 
web page—This web page serves as an event summary 
to communicate timely science information to USGS 
partners. This includes links to dashboard and available 
data releases (USGS, 2024a).

•	 USGS Landslide Inventory Dashboard—Collaborative 
effort by State, Federal, and other partners to populate 
landslides on a map using a variety of sources. The 
Hurricane Helene 2024 Landslide Observations 
dashboard was live and continuously updated during 
the response (USGS, 2025).

•	 “2024 Hurricane Helene Landside Response” 
ScienceBase landing page—A landing page linking 
to the data releases related to Hurricane Helene 
(USGS, 2024b).

•	 Landslide rainfall and susceptibility maps—Data 
release of two versions of preliminary landslide hazard 
estimate maps for Hurricane Helene using USGS 
and National Aeronautics and Space Administration 
(NASA) susceptibility models coupled with the 
National Weather Service (NWS) Greenville–
Spartanburg, South Carolina Forecast Office rainfall 
data (Martinez and others, 2024).

•	 Fixed-wing aerial reconnaissance photographs—More 
than 2,000 geotagged photographs acquired during 
October 3–5, 2024, aerial surveys from a fixed-wing 
aircraft (Rengers and Mirus, 2024).

•	 Helicopter aerial reconnaissance photographs—
Categorized geotagged photographs of landslides and 
flooding damage collected by helicopter October 13 
and 17, 2024, for the Federal Emergency Management 
Agency (FEMA) mission assignment (Allstadt and 
others, 2024).

•	 Normalized Difference Vegetation Index (NDVI) 
change map—A map depicting where vegetation was 
removed or damaged due to landslides, debris flows, 
flooding, and wind damage during Hurricane Helene 
(Burgi and others, 2024).

•	 USGS “Landslide Basics” web page—An education 
web page dedicated to helping the public understand 
landslides, landslide warning signs, and what to do 
after a landslide (USGS, undated).
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