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Engagement Considerations

• Raise your hand (in person and online)
• State your name and organization before speaking
• Virtual attendees—feel free to keep cameras on
• Meeting notes will be shared publicly



Welcome and Introductions
Godt





Goal 2 – Coordinate landslide hazard mitigation, preparedness, response, and recovery efforts



Member Introductions
All



Joe Wartman
University of Washington
PROFESSOR OF CIVIL ENGINEERING; AND DIRECTOR, RAPID FACILITY

5 YEARS IN PROFESSIONAL PRACTICE + 20 YEARS IN ACADEMIA 



The RAPID Facility enables 
transformative research by 
providing investigators with 
the instrumentation, 
software, and support 
needed to collect, process, 
and analyze perishable data 
from natural hazard events 
and from disasters.

Research on regional-scale landslide 
hazard and risk assessment 



Landslide and Hazard Experience
• Teach the graduate-level course “Landslides and Slope 
Stability” at the University of Washington

• Advise federal, state, and local government officials, non-
governmental and non-profit organizations, and public 
authorities; additional geotechnical consulting experience.

• Conduct research on a range of topics related to landslides



Work with the USGS 
• USGS research program grantee (NEHRP)
• USGS panel reviews
• Interacted with USGS on major landslides events



Why Advisory Committee on Landslides?
• Contributed to and helped shape landslide bill (via Rep. S. 
DelBene and Senator P. Murry; WA)

• Solicited professional society endorsements of Bill (AGU, ASCE, 
EERI)
• …. I strongly believe in the tenets of the Landslide Act!



Gabriel Taylor
Washington State Department of Transportation
ASSISTANT STATE ENGINEERING GEOLOGIST

AT WSDOT SINCE 2005, IN THIS ROLE SINCE 2018



My work 
Emergency Response

Answer the phone at all hours and respond rapidly to transportation-related geohazards.  Most emergency responses are for 
winter-related landslides, rockfall, debris flows, and erosion. 
Conduct geologic reconnaissance and evaluate risks to public and infrastructure.  Provide immediate short-term 
recommendations (closures, barriers, repairs) and generally follow up with long-term recommendations.  Documentation.

Geotechnical design 
Programmed and emergency projects typically include geotechnical design for slope stabilization, earthwork, and fish passage.  
Most projects include desk study, subsurface investigation, geotechnical design, documentation, development of contract 
plans and specifications, and construction support.

Inventorying and Monitoring
Maintain a statewide inventory of unstable slopes (USMS) and implement monitoring systems where necessary and possible.

Research
Some State and/or Federally funded research (i.e., aggregate mapping, hydraulic scour, stabilization systems, InSAR)

Management
Manage and develop a small team of engineering geologists.



qField work: Emergency 
response, mapping, 
characterization, data 
collection, sampling, 
drilling, instrumentation, 
monitoring, boots in the 
mud!

qAnalysis: Laboratory 
testing, materials 
characterization, cross-
sections, 3D modeling, 
limit-equilibrium analysis

qConstruction: 
verification of conditions, 
field adjustments, 
documentation.

Landslide and Hazard Experience



Work with the USGS 
Just a little…

qSome interaction with CVO during the 
2023 SR 504 South Coldwater Creek Debris Flow

  and

qWe were recently awarded a USGS Landslide Hazard grant to study some landslide-prone corridors in 
Washington State with InSAR



Why Advisory Committee on Landslides?
I am excited to contribute my applied engineering geology background to the Committee.

I represent a State Agency and can share my thoughts on capabilities and resources of similar 
agencies.

I hope to learn about new monitoring and mapping technology and the development of 
landslide-related policy from the experience.  

I am honored to be here!  



Josh Roering
University of Oregon
PROFESSOR

25 YEARS



My Work 
1. Research: geomorphology, landscape evolution, hillslope processes, landslides, geomorphic 

controls on soil organic carbon
• Research tools: field observations and sensors, computer simulations, analog experiments, topographic 

analysis, remote sensing
• Field areas: Western Oregon, SE Alaska, New Zealand, Northern California, Taiwan
• Funding: NSF, NASA, USGS, Oregon Dept of Transportation, Binational Science Foundation (Israel)

2. Teaching: 
• Environmental Geology, Hillslope Geomorphology, Tectonic Geomorphology
• Earth & Environmental Data Analysis, Field Methods in Geology

3. Service (*current): 
• *Independent Research & Science Team (Oregon Private Forest Accord), UNAVCO Board of Directors, 

NSF EAR Committee of Visitors
• *Sponsored Research Advisory Committee, Department Head



Landslide and Hazard Experience
How does your research group interact with landslides, landslide hazards, or other natural hazards in your 
professional capacity?

o Perform basic research on geomorphic and landslide processes in an array of landslide-prone settings
o 1996 (Western Oregon): Forestry impacts on debris flow initiation following storms and fatal slides
o 2010 (California, New Zealand): Mechanics and kinematics of slow-moving landslides 
o 2020 (Cascadia): Chronology of landslide-dammed lakes to decipher climate and coseismic forcing
o 2023 (SE Alaska): Hydrologic and geomorphic controls on fatal Wrangell landslide initiation and runout

o Developing tools for mapping and characterizing landslides with lidar and remote sensing

o Developed community-led landslide warning system in Sitka, Alaska (sitkalandslide.org)

o Translating fundamental geoscience knowledge for risk reduction in 6+ SE Alaska communities



Work with the USGS 
Describe your history of working with the USGS, if any.  A few highlights: 

o 1995: Mapping Highway 50 (California) landslide complex (Mark Reid)

o 2010s: Integrating instrumental and remote sensing analysis of earthflows (Bill Schulz)

o 2018: Assessing post-fire debris flow susceptibility (Francis Rengers, Jason Kean)

o 2020: Machine learning for hydrologic response on steep hillslopes (Ben Mirus and Matt 
Thomas)

o 2021: Coupled slope stability and hydrologic modeling (Jon Perkins)

o 2025: Characterization of deep-seated landslide chronology for soil organic carbon inventory 
(Sean Lahusen)



Why Advisory Committee on Landslides?
Describe your interest in serving on the Federal Advisory Committee on Landslides.

o Strong interest in improving how we translate fundamental scientific discoveries for mitigating 
risk in landslide-prone communities, e.g., development & proliferation of susceptibility maps 
and early warning systems

o Interested in informing national and regional research priorities and funding mechanisms

o Interested in facilitating and expanding collaborations between academia, agency, and industry 
scientists, e.g., improve models and data for the insurance industry

o Interested in improving how we communicate with communities in landslide-prone regions



Nina Oakley
California Geological Survey
GEOHAZARDS CLIMATOLOGIST

2 YEARS



My Work 
I am an applied meteorologist and 
climatologist with expertise in extreme 
precipitation from small (mesoscale) to 
large (synoptic) scale
I support people within and outside my field 
to utilize weather/climate information in 
decision making and understanding of 
geohazards (landslides/debris flows)
Most of my career has been in academia 
conducting research and publishing on 
atmospheric conditions driving extreme 
precipitation and landslides/postfire debris 
flows in CA/western US



Landslide and Hazard 
Experience

~10 years applied research on landslides 
and postfire debris flows

Part of CA Watershed Emergency Response 
Teams, identify/evaluate postfire hazards, 
develop report, and communicate hazards

Postfire instrumentation and monitoring for 
flood/debris flow responses, forecasting 
and evaluating characteristics of storms 
producing responses



Work with the USGS 
Continuous collaboration on postfire 
hazard monitoring, “geometeorology” 
monthly meetings

Worked with USGS (LHP, GMEG) on 
applied research, previously funded under 
IPA award while at UCSD

Many research papers with USGS 
coauthors

Led USGS-funded project to host a 
conference on postfire debris flows in 
2024, with USGS team member



Why Advisory Committee on Landslides?
Landslide hazards are an interdisciplinary problem! I can 
offer a weather/climate perspective and support 
interdisciplinary collaboration for science advancement

Interested in helping guide landslide science and 
application/communication of it to protect life, property, 
and infrastructure



Leslie Jones
Alaska Geospatial Office, DGGS



Lorna G. Jaramillo Nieves, Ph.D.
University of Puerto Rico, Río Piedras
PROFESSOR

20 YEARS



Academia 
Teaching (Current semester)

◦ Undergraduate science courses to science and non-science students
◦ Geologic Processes, Disasters, and their Effects on Society (CIFI 4065)
◦ Undergraduate Research in Physical Sciences (CIFI 4996)

Research
◦ Current Projects

◦ Building Geological Hazard Capacity in Puerto Rico (2025-2026)
◦ Construction of 1918 Puerto Rico Tsunami Flooding Maps Based on Primary References

Other Academia Responsibilities
◦ Personal Committee Coordinator- Adjunct and Tenure Track Personnel Evaluation and Mentorship
◦ Science Outreach (Conferences, Radio and TV)
◦ University Life and Service



Landslide and Hazard Experience
Teaching

◦ Geologic Processes, Disasters, and their Effects on Society (CIFI 4065) 
◦ Site visits as case studies: 

◦ Villa España, Bayamón
◦ Cerca del Cielo, Ponce
◦ Cañaboncito, Caguas 
◦ PR-10, Utuado
◦ Unibón; Morovis

◦ Risk and Natural Hazards (PLAN 6003), Graduate Planning School, University of Puerto Rico, Río Piedras

Research
◦ Building Geological Hazard Capacity in Puerto Rico (2025-2026)

Hazard and Risk Outreach
◦ Publishing materials for the general public (two books)



Work with the USGS 
1999-2003 Graduate student contract (GS-09), USGS Southwest Field Office, Tucson AZ. 
Supervisor- Floyd Gray

◦ Described surficial deposits affected by erosion from active mine areas, enabling subsequent pollution 
and water quality studies. 

◦ Identified alteration zones in the Silver Bell Mountains, Arizona using remote sensing techniques in the 
visible and infrared regions. 

◦ Refined and added identification criteria into database regarding alteration spectra in watersheds 
associated with mineralized and mined regions for environmental assessment.

2020 USGS and the Puerto Rico Seismic Network Liaison
◦ Served as an expert advisor in the response and recovery phase resource meetings with the 

Government of Puerto Rico after the seismic sequence of December 2019 and January 2020.

2020-2024 Volunteer



Why Advisory Committee on Landslides?
Contribute to a safer society.

Learn from experts working in other fields and states.

Taking up a new challenge.



Kelly Hubbard
County of Santa Barbara

Director, Office Of Emergency Management

5.5 Years



Emergency Management

What I do…

¡ Collaboration in blue skies
• Prevention, Mitigation, Preparedness

¡ Disaster Response
• Information – briefings, situation status reports

• Support – resources, coordination

• Liaison – to the incident, state, federal partners

¡ Disaster Recovery
• Regional support resources (i.e. Local Assistance Center)

• Coordination and collaboration

Who I do it for… 
¡ County Government

• 23 departments

¡ Unincorporated County Residents
• Est 140,000 residents

¡ Operational Area
• All governmental agencies within County boundaries

• 120+ agencies





Landslide and Hazard Experience

¡ 24 years in Emergency Management

¡ Types of Agencies: 
• City

• Special District (Water & Wastewater)

• County

¡ Santa Barbara County
• 4 Wildland Fires with Debris Flow Risk

• Storm Risk Decision Teams

• Evacuations, damages and recovery

¡ Types of Disasters: 
• Wildfires

• Earthquakes

• Severe Floods, Winter Storms, Debris Laden Flows

• Rerouted River

• Tsunamis

• Mass Casualty

• Elections

• Power Outages

• Extreme Cold/Heat

• Infrastructure Failures



February 2025 Storm



Work with the USGS

¡ 4 Burn Area Emergency Reports (BAER)

¡ USGS Earthquake Sensor @ Emergency Operations Center

¡ Congressional Research Service Presentation with USGS (Dec 
2023)

¡ Montecito 2023 Storm Response analysis



Why Advisory Committee on Landslides?

¡ An opportunity to serve my community through greater 
research, data, tools, educational resources and coordination. 

¡ Lack of:
• Data on how to evaluate landslide risk

• Educational resources

• Recommendations on protective actions



Casey Hanell
Washington State Department of Natural Resources
STATE GEOLOGIST AND DIRECTOR, WASHINGTON GEOLOGICAL SURVEY

SINCE OCTOBER 1, 2019



State Geologist 
Lead and manage the Washington Geological Survey (WGS)      
Geology for a safe, resilient, and prosperous Washington



Landslide and Hazard Experience

Website: https://www.dnr.wa.gov/programs-and-services/geology/geologic-hazards/landslides

(Left) Counties in 
Washington that have 
completed or in 
progress landslide 
inventories. Inventory 
work has only been 
completed for 14% of 
the state and 34,683 
landslides have already 
been mapped. 



Work with the USGS 
Post-wildfire debris flowsLandslide Inventory



Why Advisory Committee on Landslides?
Some historic landslides in Washington State

Slide or area name Date

(A) SR 530 (aka Oso or 
Hazel) Mar. 2014

(B) Nile Oct. 2009

(C) Aldercrest–Banyon Feb–Oct. 1998

(D) Mount St. Helens May 1980

(E) Lake Roosevelt 1944–1953

(F) Tacoma Narrows Apr. 1949

(G) Ribbon Cliffs Dec. 1872

(H) Bonneville mid-1400s



Bill Haneberg
William C. Haneberg, LLC
GEOLOGICAL AND GEOHAZARDS CONSULTANT

2023-PRESENT



My work

Consulting at the geohazard-climate-policy nexus
• Combining applied research and professional practice

• Using digital terrain modeling for geohazard assessment

• Developing and applying GIS-based susceptibility, hazard, 
and risk models

• Applying machine learning to surficial geologic and 
geohazard mapping (including a US patent)

• Understanding the influence of geology, climate, and 
human activity on past, current, and future landslides

• Supporting policy and management decisions by 
contextually interpreting and translating geoscience 
information

Martin et al. (2015, OTC-25938)

Haneberg (2024, AGU)

Crawford et al. (2022, Remote Sensing)

Dortch et al. (2009, Quat Sci Rev)

Haneberg (2015, OTC-25785)

Composite Geocost Surface

Least-risk path



Landslide and Hazard Experience
1986 - 1989 University of Cincinnati

PhD research on rainfall-induced pore pressure changes in a landslide-prone slope along the Ohio River. Cincinnati Infrastructure Commission.

1989 - 1999
New Mexico Tech (New Mexico Bureau of Geology & Mineral Resources)
Senior engineering geologist and assistant director. Landslides, debris flows, land subsidence, and other geohazards. Faults and subsurface 
fluid flow. Basin-scale aquifer system characterization. Water resources and seismic hazards policy advising.

1999 - 2011
Independent Geologic and Geohazards Consultant (Haneberg Geoscience)
Early adopter of airborne lidar and digital photogrammetry for landslide and rock slope discontinuity mapping. Development of map-based 
probabilistic slope stability models. Himalayan landslide and geomorphological research. Jahns distinguished lecturer in engineering geology.

2011 - 2016
Fugro Geoconsulting
Senior consultant and quantitative geohazards team leader. Integrated geological-geophysical-geotechnical deepwater site investigation and 
hazard assessment. Regional probabilistic submarine slope stability modeling. Deepwater pipeline route optimization and risk minimization.

2016 - 2023
University of Kentucky (Kentucky Geological Survey)
Research professor, state geologist, and survey director. Established KGS DEAL lab to leverage statewide lidar and 1:24K geologic map 
coverage. Lidar change detection, machine learning for landslide susceptibility and surficial geologic mapping. Geologic controls on indoor 
radon. Stakeholder engagement and scicomm. Policy advising including KY GIAC and NGAC.

2023 - ?
Independent Geological and Geohazards Consultant (William C. Haneberg, LLC)
Digital terrain modeling for geohazard assessment. Development of efficient GIS-based landslide and debris flow models. Effects of logging and 
mountaintop removal coal mining on flood severity. Private sector advising on landslide, land-use, and climate policy issues.



Work with the USGS 

USGS NEHRP award 04HQGR0035USGS award 14-08-0001-G2108

USGS co-op agreement G20AC00416

USGS in-kind support Multi-agency city-state-federal co-op



Why Advisory Committee on Landslides?
• Belief in the inherent value and practical utility of publicly funded science and 

science-based policy decisions

• Combination of private sector and state geological survey applied research, 
professional practice, and policy insight
• Deep-water seafloor mass transport events to prehistoric Himalayan mega-landslides
• Small residential projects to major multi-hundred-million-dollar capital expenditure and 

asset integrity projects

• Previous rewarding experience on the National Geospatial Advisory 
Committee and state advisory bodies



William (Bill) Burns
Oregon Department of Geology & Mineral 
Industries (DOGAMI)
LANDSLIDE TEAM LEAD

21 YEARS @ DOGAMI)



Landslide Risk Reduction 
Risk reduction projects with communities (cities, counties) in Oregon 
ranging from lidar-based inventory to susceptibility, risk, and risk 
reduction.

Lead author on landslide method papers: SP-42 Inventory, SP-45 Shallow 
Suscep, SP-48 Deep Suscep, SP-53 Debris Flow Suscep, SP-55 Serial Lidar

Create public data: Lidar, lidar-based landslide inventories, historic 
landslide inventories, geology…encourages collaborative research on tough 
questions.

Collaborative research:  USGS, Universities, and other state agencies: 
Dating landslides to try and find a Jan 1700 coseismic, understanding post-
fire debris flows in the PNW, student internship mapping landslides for 15 
years, debris flow modeling, rainfall/soil water/landslide monitoring, 
landslide losses. 

Outreach/Education: Landslide warnings=Bill on TV, lots of 
talks/presentations, digital items



Landslide and Hazard Experience
PSU Scott Burns Landslide Master’s Student – 1996-1997 storms 
~10,000 landslides. Was part of several research teams collecting data.

Engineering Geologist at Consulting Firm in Portland ~8 years. Lots of 
site-specific evaluations, drilling, stabilization design, and construction 
monitoring.

DOGAMI, 21 years. Landslide Team Lead: Regional mapping with remote 
sensing data as primary method. A lot of computer/GIS analysis. 

Collect data as landslides occur. Internet, field checks. Remote sensing 
data and field campaign if widespread. 

Friends of the landslide inventory (2007), GSA EEGD Landslide 
Committee (brother to AEG landslide workgroup). 



Work with the USGS 
USGS Statemap: Annual, they map Qls, Qfan, add to SLIDO.

USGS LHP: 5-year collaborative landslide research in Oregon 2006-2011. Helped DOGAMI 
immensely and still helping today!

USGS CVO: Multihazard risk analysis of Mt Hood. 

USGS Earthquake: Landslide inventory mapping in the Portland metro.

USGS Earthquake: NEHRP collaborative research with UO (Roering) dating landslides to Jan 1700.

USGS LHP: Initiation and monitoring. Portland hills monitoring site + landslide inventory.

USGS LHP: 5-year collaborative research on post-fire debris flows in Oregon.

USGS LHP NLRRP: Y1 and Y2 successful proposals. 



Why Advisory Committee on Landslides?
I proposed the idea of a National Landslide Hazard Risk Reduction Program in my talk at the 
2015 AEG Landslide Forum, Time to Face the Landslide Hazard Dilemma: Seattle, WA, 1-year 
after Oso conference.
A national landslide inventory and some day (frequency/magnitude) hazard maps, has always 
been a dream of mine.

I love to work as close to the cutting edge as possible. Serial lidar, modeling debris flow hazard 
and risk. 
I have a wide range of experience (site-specific, research, methods, risk reduction) which helps 
see the entire range of the landslide risk reduction landscape. 

I think some of the risk reduction actions we need and can accomplish are not hard science, but 
adjacent, such as education/awareness, guidelines/standards, national meteorological 
monitoring network.



Jennifer Bauer, P.G.
Appalachian Landslide Consultants, PLLC
CO-OWNER/PRINCIPAL GEOLOGIST

13+ YEARS



Landslide Consultant
•Landslide mapping (NCGS, utilities)
•Rock and soil slope ratings for Geotechnical Asset Management (DOTs)
•Property evaluations (private landowners, buyers, HOAs)
•Landslide characterization and monitoring (commercial, private, transportation, utility clients)



NC Landslide Mapping 
2005-2011 - NC Geological Survey
2011-2018 - ALC/public & non-profit partners
2019-present - NC Geological Survey, ALC

~9,700 - Landslide Points - Before Helene



NC Landslide Mapping 
2005-2011 - NC Geological Survey
2011-2018 - ALC/public & non-profit partners
2019-present - NC Geological Survey, ALC

~9,700 - Landslide Points - Before Helene
2,015 - USGS LASER Helene points 
(as of 25 Feb 2025)



NCDOT GAM Slope 
Ratings – Helene

Colored lines 
indicate covered 
ground



Helene Landslide Evaluations



Landslide and Hazard Experience
How do you interact with landslides, landslide hazards, or other natural hazards in your 
professional capacity?
•Contract with the NCGS to map landslides
•Communicate with local governments about landslides
•Use the landslide maps to assist clients when purchasing property, deciding on homesites, or 
educating them about hazards
•Identify potential unstable slopes along roadways or along utility corridors or properties prior 
to construction or mitigation



Work with the USGS 
•Work with NC Geological Survey on one of the Cooperative Landslide Hazard Mapping and 
Assessment Grants for Haywood County, NC
•Spoken at sessions for congressional staffers about landslide hazards.
•Weekly calls post-Helene



Why Advisory Committee on Landslides?



October 2, 2024

“I just wanted to say thank you for both for your expertise 3 years ago when I asked you to 
provide help as I was buying properties in the Blue Ridge. 

Our house, and our family, were safe even though Burnsville had many catastrophic mudslides 
and floods. So many of the properties I had been wanting to purchase (that you steered me 
away from) had cataclysmic results, or are completely gone now. I cannot thank you enough - 
you truly saved us. Your work is important, and even if it’s only accentuated in big events like 
these, the daily tasks you do have long-lasting impacts.” 

-P.A.

Email from a client post-Helene



Henderson Co. 
property near 
Bat Cave in 2021 
- video from P.A.



Henderson Co. 
property near 
Bat Cave - ALC 
Landslide 
Susceptibility Map
- NCGS landslide 
inventory

Slope Construction Caution Area

Landslide Points

Landslide Outlines

Landslide Deposits



Henderson Co. 
property near 
Bat Cave in 2025 
- video from P.A.



Why Advisory Committee on Landslides?
•I want to help move the needle in the right direction and I think the Strategies laid out in the 
National Strategy for Landslide Loss Reduction are the path to do so.

•I have personal stories of how having landslide information has saved peoples lives. This can 
work if scaled up.



National Landslide Preparedness Act Updates
Godt, Riker

Desired outcome: The ACL is aware of 
the status of National Landslide 
Preparedness Act reauthorization and 
has an opportunity to ask questions 
about legislative language and 
proposed amendments.



National Landslide Preparedness Act reauthorization 118th Congress

H.R. 2250
• Added NASA to the Interagency Coordination Committee on Landslide Hazards
• Extended authorization to 2029
• Cleaned up a few typos and other bits
• Added definitions of ”Atmospheric River Flooding Event” and “Extreme Precipitation Event” (5-year return period)
• Directs Interior and Commerce to include an assessments of ARs and Extreme Precipitation Events to the National 

Strategy 
• National Landslide Hazards Database to identify areas in need of additional hazard and risk assessment

• Hydrologic changes such as erosion and drought
• AR and Extreme Precipitation Events
• Geologic activity such as volcanic eruptions, earthquakes, or tsunami
• Data-poor areas or poorly monitored areas

• Addition of Native Hawaiian Communities to the list of partners and stakeholders
• Directs the Secretary of the Interior to establish in each region of high landslide hazard a Regional Partnership with 

institutions of higher education
• To leverage applicable expertise
• Coordinate long-term landslide research
• Align interagency monitoring efforts

• Expands grant program to Hawaiian Communities and Institutions of Higher Education
• Increases USGS budget authorization to $40 million with $15 million for landslide early warning



Regional partnership with the University of Puerto Rico Mayagüez



Concept for a regional landslide observatory in Southeast Alaska 

• Several deadly, rainfall-induced landslides over the previous 15 years have 
generated substantial interest in landslide early warning as a risk-reduction 
strategy.

• Vast geography, complex topography, and isolated nature of communities 
present significant challenges to maintaining and operating a monitoring 
network.

• Relatively poor observational record and understanding meteorologic and 
geologic conditions that lead to landslide initiation compared to other parts of 
the US.

• Expansion highlights need for integrated IT infrastructure for display, 
interpretation, and alarming of landslide monitoring data.



USGS Volcano observatories as a model for landslides?



Reauthorization Discussion



Regional Landslide Partnerships and Monitoring
Godt, Riker, Hughes, Staley, All



Alaska	Landslide	Hazards	Project	Overview
Dennis	M.	Staley
U.S.	Geological	Survey

Alaska	Volcano	Observatory,	Anchorage	AK



The	Barry	Arm	Landslide

1.5 mi

3200’



Primary	Science	and	Operational	Objectives

In	2021,	Congress	authorized	the	USGS	to	work	in	Prince	William	Sound*	with	federal,	state,	and	local	
partners	to:

• conduct	data	collection	and	analysis	to	develop	a	site-specific	landslide	hazard	assessment

• provide	recommendations	to	support	a	long-term	monitoring	strategy

• develop	a	warning	system	to	alert	of	an	impending	or	actual	landslide	that	could	result	in	a	tsunami.

Since	then,	SE	AK	has	become	a	primary	area	of	concern:

• provide	actionable	information	to	NWS	and	partner	agencies/organizations	about	landslide	triggering	
conditions,	landslide	susceptibility,	and	landslide	hazards	in	southeast	Alaska

*	There	are	ongoing	and	complementary	efforts	in	Glacier	Bay



Landslide-Generated	Tsunami	Hazard	Assessment
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From Barnhart et al., 2021, U.S. Geological Survey Open-File 
Report 2021–1071, https://doi.org/10.3133/ofr20211071 

https://doi.org/10.3133/ofr20211071


Landslide	Surveillance



Experimental	Warning	System

Seismometer

Infrasound Array



Data	Collection	and	Analysis	–	Landslide	Inventory

SAR (displayed here): 43 landslides

Optical imagery (northwestern PWS): 61

Overlap: 14

= 90 large, slow-moving landslides

From Schaefer, et al., 2024, U.S. Geological Survey Open-File 
Report 2023-1099. https://doi.org/10.3133/ofr20231099

https://doi.org/10.3133/ofr20231099


Data	Collection	and	Analysis	-	Inheritance	and	Conditioning

2006
2017

3.25 kilometers



Primary	Objectives	-	SEAK

Photo	by	B.	Salisbury	(DGGS)

• Targeted	research	into	the	hydrometeorological	
conditions	that	contribute	to	landslide	initiation	in	
southeast	Alaska.

• Near	real-time	availability	of	data	from	monitoring	
sites	via	NWIS.

• Scientific	support	of	hazard	awareness	and	messaging	
at	NWS	Juneau	through	interpretation	of	monitoring	
data	and	event	reconstruction.

• Complement	ongoing	efforts	at	DGGS,	SSSC,	CCTH,	
and	Kuti	Project	to	identify,	download,	and	analyze	
geospatial	and	hydrometeorological	data	that	support	
monitoring	network	expansion,	landslide	inventories,	
and	hazard	assessment.

• In	partnership	with	DGGS,	formulate	plan	for	
strategic	and	sustainable	short-	and	long-term	
monitoring	in	SEAK.	



Data	Collection	–	Landslide	Inventory



Monitoring



Challenges:	Regional	Variability	and	Representativeness

From	Wilson	Et	al.	(2015)	Geologic	Map	of	Alaska,	Scientific	Investigations	Map	3340

Geology Avg.	Annual	Precipitation

From	Brettschneider	and	Trypaluk,	2016.	Bull.	Am.	Met.	Soc.	95,	1249-1256.



Challenges:	Local	Variability	and	Representativeness



Challenges:	Data	Availability	and	Access



Questions?



Puerto Rico 
Landslide Hazard 
Mitigation Office

01-Apr-2025
Federal Advisory Committee on Landslides

Stephen Hughes
Puerto Rico Landslide Hazard Mitigation Office

Geology Department
University of Puerto Rico at Mayagüez



Who are we?
• Mision: To conduct ongoing research and 

community engagement activities related
to landslide hazards in Puerto Rico.

• Vision: To provide science and 
preparedness for landslide hazards in 
Puerto Rico.Puerto Rico Landslide Haz. Mitigation Office at the Univ. of P.R. Mayaguez



Creation of the Puerto Rico 
Landslide Hazard Mitigation Office

• Landslides in Puerto Rico are 
common, and their severity ranges
from nuisance to life-threatening.

• There was no local organized effort
to carry out landslide science or
monitoring, or to train communities
in landslide hazard assessment, 
preparation, and response.

• SLIDES-PR Project launched after 
Hurricane Maria in 2017.



Derrumbe.net

• Rockfall

• Much more common
during seismic events

• More common in our
limestone geological 
formations
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• Rockfall

• Much more common
during seismic events

• More common in our
limestone geological 
formations

Landsliding in Puerto Rico

PR-2
Ponce/Peñuelas, PR

January 2020
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• Debris Flow

• Much more common
during atmospheric
events

• More common in our
volcanic/sedimentary
geological formations

Landsliding in Puerto Rico
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September 1998
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• Debris Flow

• Much more common
during atmospheric
events

• More common in our
volcanic/sedimentary
geological formations

Rio Grande de Manati
September 2017

Lago Dos Bocas
September 2017
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• Landslide

• Can be deeper

• They can limit access to
communities, 
communications, 
services, water, 
electricity

Landsliding in Puerto Rico

Mameyes, Ponce
October 1985
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• Landslide

• Can be deeper

• They can limit access to
communities, 
communications, 
services, water, 
electricity

Landsliding in Puerto Rico

Salinas/Cayey
November 2022
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Hughes, K.S., Bayouth García, D., Martínez Milian, G.O., Schulz, W.H., and Baum, R.L., 
2019, Map of slope-failure locations in Puerto Rico after Hurricane María: 
U.S. Geological Survey data release, https://doi.org/10.5066/P9BVMD74.
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U.S. Geological Survey data release, https://doi.org/10.5066/P9BVMD74.
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USGS 
Open-File Report 

2020-1022
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drawn susceptibility 
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Municipal maps
Interactive online map

USGS 
Open-File Report 

2020-1022

Replaces 1979 hand-
drawn susceptibility 
map for Puerto Rico. 
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Derrumbe.net

08-diciembre-2023
FEMA Asistencia Comunitaria

Taller regional

Stephen Hughes
Profesor

Departamento de Geologia
University of Puerto Rico at Mayagüez

Mapas a nivel municipal.
Mapa interactivo online.

USGS 
Open-File Report 

2020-1022

Replaces 1979 hand-
drawn susceptibility 
map for Puerto Rico. 
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Landslide Guide 
about landslides 
for residents of 

Puerto Rico
UPRM/USGS/CU-Boulder

Lindsay Davis, Jocelyn West, 
Raquel Lugo, Yahaira Alvarez
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Two stations 

01-Apr-2025
Federal Advisory Committee on Landslides

Stephen Hughes
Puerto Rico Landslide Hazard Mitigation Office

Geology Department
University of Puerto Rico at Mayagüez



Derrumbe.net

USGS 
Hydrometeorological 

Monitoring 
in Puerto Rico

Two stations 

01-Apr-2025
Federal Advisory Committee on Landslides

Stephen Hughes
Puerto Rico Landslide Hazard Mitigation Office

Geology Department
University of Puerto Rico at Mayagüez



Derrumbe.net

USGS 
Hydrometeorological 

Monitoring 
in Puerto Rico

Two stations 

01-Apr-2025
Federal Advisory Committee on Landslides

Stephen Hughes
Puerto Rico Landslide Hazard Mitigation Office

Geology Department
University of Puerto Rico at Mayagüez



Derrumbe.net

2021 Letter of Agreement
(Monitoring Stations)

2023 Collaborative 
Agreement

(Landslide Forecast)

2024 Collaborative 
Agreement

(LandslideReady Program)
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AÑAS

YABU

Puerto Rico Hydro-meteorological Stations

OROC

Puerto Rico 
Hydro-meteorological 
Monitoring Network

18 stations
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Derrumbe.net

Puerto Rico Hydro-meteorological Stations Puerto Rico 
Hydro-meteorological 
Monitoring Network

18 stations

Distinct soil types
Maintenance challenges
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Puerto Rico Hydro-meteorological Stations Monitoring station 
data always available 

via Derrumbe.net.
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Puerto Rico Hydro-meteorological Stations Monitoring station 
data shown on local 
news outlets with 

regards to flooding or 
landslide concerns. 
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Puerto Rico 
Hydro-meteorological 
Monitoring Network

Experience in 
Hurricane Fiona 

(2022)
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Puerto Rico 
Hydro-meteorological 
Monitoring Network

Experience in 
Hurricane Fiona 

(2022)
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PR-191
Naguabo, PR
September, 2022

Puerto Rico 
Hydro-meteorological 
Monitoring Network

Experience in 
Hurricane Fiona 

(2022)
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PR-191
Naguabo, PR
September, 2022

Puerto Rico 
Hydro-meteorological 
Monitoring Network

Experience in 
Hurricane Fiona 

(2022)
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Puerto Rico 
Hydro-meteorological 
Monitoring Network

Forecasting seems like 
an achievable goal. 
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Puerto Rico 
Hydro-meteorological 
Monitoring Network

Establishing 
antecedent soil 

moisture and rainfall 
thresholds for forecast 

product.
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Example dataset from Mulkiteo, Washington



Derrumbe.net

Puerto Rico 
Hydro-meteorological 
Monitoring Network

Establishing 
antecedent soil 

moisture and rainfall 
thresholds for forecast 

product.

 MS Thesis completed by 
Tania Figueroa in    
January of 2025
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TS/Hurricane 
Ernesto (2024)

Puerto Rico 
Hydro-meteorological 
Monitoring Network

18 stations

Experimental pilot 
forecast product 

running since Jan 2024

Puerto Rico Hydro-meteorological Stations
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PR-155  Coamo, PR

Derrumbe.net

TS/Hurricane 
Ernesto (2024)

Puerto Rico Hydro-meteorological Stations Puerto Rico 
Hydro-meteorological 
Monitoring Network

18 stations

Experimental pilot 
forecast product 

running since Jan 2024
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Puerto Rico 
Hydro-meteorological 
Monitoring Network

How to operationalize 
the forecast and build 
resiliency/redundancy

Challenges:

1) Keeping stations operating

2) Build a system that functions during 
anticipated power/communications 
failures

3) Landslide ALERT vs FORECAST

4) Who is the target audience?

5) How many stations is the right number?

6) Maintaining landslide report database

7) Continuity of office operations

01-Apr-2025
Federal Advisory Committee on Landslides

Stephen Hughes
Puerto Rico Landslide Hazard Mitigation Office

Geology Department
University of Puerto Rico at Mayagüez



Monitoring larger and deeper landslides:  Alturas de Bélgica in Guánica  June to September 2024
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Limestone bedrock landslide 
Alturas de Bélgica

Guánica, PR

 Request from the Puerto Rico 
House of Representatives 
Housing and Urban 
Development Committee
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Partners 
&

Collaborators
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Thanks
Email: 
kenneth.hughes@upr.edu

Cell:
787-208-6667

Office:
787-832-4040 x6844
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Cooperative Landslide Hazard Mapping and 
Assessment Grants Priorities 
Hall, Slaughter
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Cooperative 
Landslide Hazard 
Mapping and 
Assessment Grant 
Priorities

Guidance Criteria Direction - ACL

April 2025

Stephen Slaughter, Associate Program Coordinator for 
Landslide Hazards and Grant Project Officer  

Sarah Hall, AAAS Science & Technology Policy Fellow



NLPA

The National Landslide Preparedness Act

The Secretary shall consult annually 
with the Committee, States, units of 
local government, territories, and 
Indian tribes to establish priorities for 
the grant program under this 
paragraph.

104



Grant Background 

• Round One closed June 2024 and 
Round Two closed January 2025
• $1M annual federal assistance as a 

competitive grant
• Funding range $10k-250k 

• Eligible applicants: local, state, 
territorial, and Tribal governments



The NLPA states that the USGS Grant 
Program will prioritize projects that:

• Achieve the greatest landslide hazard and risk 
reduction

• Reflect the goals and priorities of the 
National Strategy for Landslide Loss 
Reduction

• Provide at least 50% match from non-Federal 
funds

• Include acquisition [or use] of enhanced 
elevation data (lidar)



Current Guidance Criteria

NLPA

Guidance Criteria

The Strategy

Landslide Hazards 
Program

FY26: Interagency 
Coordinating 

Committee on 
Landslide Hazards 

and Advisory 
Committee on 

Landslides

FY27: State, local, 
territorial, and 

Tribal governments



Landslide Grant Priorities for FY2024/25

• Planning
• Coordination
• Education/Outreach
• Mapping
• Assessments 

GC1: Landslide hazards 
mapping and assessment

GC2: Planning and 
coordination

GC3: Education and 
outreach

Guidance 
Criteria (GC)



GC1 - Hazard 
mapping and 
assessment

Examples include:
• Inventory using an established protocol and 

lidar
• Improving a pre-lidar inventory with lidar
• Landslide event database with emphasis in 

landslide spatial and temporal relationships
• Landslide runout mapping
• Assessment of land use/land management 

practices to landslide hazards
• Collection and analysis of landslide loss data
• Development of best-practice tools for local 

landslide/loss mapping, cataloging, etc.
• And others



GC2 - Planning 
and 

coordination

Examples include:
• Development of technical response protocols

• Roles and responsibilities
• Products and procedures

• Development of a working group to share:
• Land use best practice
• Lessons learned in landslide emergency response
• Preparedness planning and education
• Land-use/management practices

• And others



GC3 - Education, 
engagement, 
and outreach

Examples include:
• Development of educational, outreach and 

engagement materials (e.g., workshop 
curricula, grade school or college curricula, 
landslide guides for homeowners or 
planners, etc.)
• Host collaborative engagement 

opportunities (trainings, workshops, etc.) 
• Enact new practices for advancing messaging 

across agencies and sectors
• Develop new tools and products for 

increasing awareness of hazards and risk
• And others



Landslide Grant Statistics

Funds available:
Ø FY24 = $1M

• $1M appropriated

Ø FY25 = $1.09M total 
• $1M appropriated
• $90k from LHP

Funding Rate:
• FY24 = 60%
• FY25 = 46% 



Landslide Grant Statistics

Total request: $1.3M in 15 proposals submitted from:
15 State Agencies: 
• 13 State Geological Surveys
• 1 State Dept of Transportation
• 1 State Emergency Management Agency

Awarded $1M to fund 9 projects from State 
Geological Surveys
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$150,000 

$200,000 

$250,000 

$300,000 

$350,000 
FY24 Amount Requested

Median: $90,138 

Min: $10,000

Max: $299,250

FY 2024 FY 2025

Total request: $3.0M in 26 proposals submitted from:
19 State Agencies:

• 16 Geological Surveys
• 1 Department of Transportation
• 1 Emergency Management Agency
• 1 Climate Office

7 County or City Agencies: 
• Public Works, Emergency Management, Conservation

Awarded $1.09M to fund 12 projects from  state Geological 
Surveys and a Department of Transportation

FY25 Amount Requested
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Landslide Grant Statistics

FY 2024

FY 2025

Both

Proposal Funded:



Landslide Grant Statistics: Guidance Criteria

• ~80% aim to conduct 
Mapping and 
Assessments

• ~30-40% address at 
least 2 guidance 
criteria

• <20% of projects focus 
ONLY on Planning and 
Cooperation or 
Education and 
Outreach

FY24 and FY25: Proposed Projects

0%

20%

40%

60%

80%

100%

GC 1: Landslide
Hazards Mapping
and Assessments

GC 2: Landslide
Hazards Planning
and Cooperation

GC 3: Landslide
Hazards Education

and Outreach

Proposal requests with different Guidance Criteria 

FY24 Proposed (%) of 15

FY25 Proposed (%) of 26
N = 12

N = 23

N = 8
N = 6 N = 7

N = 10



Landslide Grant Statistics: Guidance Criteria

Mapping and Assessment

Education and 
OutreachPlanning and 

Coordination

Foundational:
Ø Mapping and inventory building, 

expansion, revision, or 
improvement

Research or Next Steps:
Ø Forecasting, rainfall thresholds, 

debris flow initiation, volume, 
return rates, triggers

Guidance: for decision 
makers of all levels
Ø Factsheets
Ø Story Maps
Ø Guidance 

documents for 
data products

Training: of the public 
or agency personnel
Ø Best practice 

methods
Ø Technical methods 
Ø Workshops

Interagency and Community 
Collaboration: 
Ø Working groups
Ø Needs assessment

GC 3: Landslide Hazard 
Education and Outreach:

GC1: Landslide Hazard 
Mapping and Assessment:

GC2: Landslide Hazard 
Planning and Coordination:



Mapping and 
Assessment

Education 
and 

Outreach

Planning and 
Coordination

4
1

4
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GC 1: Landslide
Hazards Mapping
and Assessments

GC 2: Landslide
Hazards Planning
and Cooperation

GC 3: Landslide
Hazards Education

and Outreach

Guidance Criteria of FY24 Funded Projects

Landslide Grant Statistics: Guidance Criteria and FY 2024 Funded Projects



Landslide Grant Statistics: Guidance Criteria and FY 2025 Funded Projects

Mapping and 
Assessment

Planning and 
Coordination

1
2

6

1

2

Education 
and 

Outreach 0%
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40%

60%

80%

100%

GC 1: Landslide
Hazards Mapping
and Assessments

GC 2: Landslide
Hazards Planning
and Cooperation

GC 3: Landslide
Hazards Education

and Outreach

Guidance Criteria of FY25 Funded Projects



Example with one focused GC: 
GC 1: Landslide Hazard Mapping and Assessment 

North Dakota Geological Survey: Mapping active landslides in the 
Belfield 1:100,000 Quadrangle: Phase 3 of an ongoing state-wide 
landslide inventory project. ~$10,000

Example including all three GCs: 
GC 1: Landslide Hazard Mapping and Assessment, 
GC 2: Planning and Coordination, and
GC 3: Education and Outreach:

Arizona Geological Survey: Geologic hazards mapping at First Mesa 
Consolidated Villages (FMCV), Hopi Tribe, Navajo County, AZ: 
A collaborative risk reduction project. ~$150,000
Ø Coordination and Planning: establish communication pathways 

and needs assessments
Ø Mapping, Data Collection, and Analysis: Digital Map product
Ø Education and Outreach: tool training and feedback from FMCV
Ø Reporting: GIS data release, Open File Report, Report for FMCV

Mapping and 
Assessment

Education and 
Outreach

Planning and 
Coordination

ND

AZ
Belfield Quadrangle, ND

First Mesa Consolidated Community, AZ

Examples: Guidance Criteria and FY 2024 Funded Projects

Image: https://firstmesaconsolidatedvillages.com/ 



Considerations
• Modify, streamline, or emphasize portions of the current 

Guidance Criteria
• Introduce a Rotating Guidance Criteria

• Prescriptive GC – e.g., runout mapping for urban 
areas; landslide guides for homeowners

• Regional emphasis GC – e.g., Appalachia hazard 
mapping

• GC that aligns with LHP research 
• Post-fire debris flows or other LHP project
• Landslide inventory compatible with USGS National 

Schema (in development)

• GC that aligns with other federal partners
• Federal lands hazard mapping - e.g., BLM, USFS, NPS

• GC for recent, significant landslide events
• Hurricane Helene landslide mapping



Questions 121



USGS-supported monthly virtual meetings of 
landslide hazard risk reduction professionals from 

across the country.

Trainings

Collective 
Creation

Sharing 
Ideas

Launched in November 2024 with monthly meetings 
beginning January 2025

For professionals working on landslide hazard risk reduction 
at the regional-local scale: 
• Facilitates the sharing of best-practice methods, 
• Enables collective and collaborative creation, 
• Provides opportunities for training. 

NLHRR Website



Geographic distribution: Expertise represented:

Geoscientist

Communication Specialist

GIS Analyst/Data Scientist
Grants Specialist

Liaison/Planner
Manager

Physical Scientist (non-Geo)
Social Scientist

Emergency Manager
Engineer

Academia (12%)
Community 
Organization (4%)

Federal Gov.(19%): 
USGS, NASA, NOAA, FEMA

Private (10%)

State-Local Gov. (54%): 
GS, DOT, EM, Planners

Sectors represented:

2025 Presentation and Discussion Topics:
Jan - The New National Landslide Susceptibility Map (Mirus)
Feb - Landslide Mapping, Schema, and Inventory Methods (Slaughter)
Mar - Landslide Event Response (Allstadt; Eckhoff)
Apr - Road and population exposure to areas susceptible to 
landslides (Wood)
May - Landslide Forecasting and Warning in Puerto Rico (Hughes and 
Schulz)

Interest Groups: Regionally or topically focused sub-groups
ü Landslide Mapping and Modeling
ü Landslide Event Response and Recovery
ü Landslide Mitigation and Preparedness
ü Landslide Forecasting and Warning
ü Landslide Outreach and Education
ü Eastern U.S. Region
ü Intermountain West U.S. Region
ü Landslide Loss

These groups are:
-- led and populated 
mainly by external 
partners
-- focused on applied 
work aligned with their 
professional missions



National Landslide Hazard Reduction Program 
Products Overview
Godt, Riker



Landslide Hazards Program

We conduct studies to advance the understanding of landslide processes and develop tools and 
methods to assess landslide hazard and risk. We work with partners to deliver actionable hazard 
information including landslide situational awareness and alerts. 



Definitions: 

Surveys, Investigations, and Research (SIR) – Funding appropriated by Congress to support USGS activities

External Assistance – Funds provided to governmental, academic, and non-profit entities to advance USGS objectives

Program Office – Responsible for program governance, including advisory bodies, interaction with Congress, budget oversight, and 
overall scientific direction 

Science Center – Responsible for project oversight, management of science staff, scientific integrity, and product management

Project – Responsible for data collection, research inquiry, partner interaction, and product delivery

Fundamental Science Practices (FSP) – Governance of USGS scientific integrity including peer review and product approval

Product – Data, map, model, method, tool, report, or other peer-reviewed scientific information  

Research Grade Evaluation (RGE) position – Scientific or technical job series (e.g. Geologist, Civil Engineer, other) position evaluated 
by peers on research contributions and stature 

Operational science position – Scientific or technical job series evaluated by supervisor 

Student position – Trainee position at a range of degree levels across job series



USGS Natural Hazards Mission Area

• Six Programs:

• Coastal/Marine Hazards & Resources

• Earthquake Hazards

• Geomagnetism

• Global Seismographic Network
• Landslide Hazards

• Volcano Hazards
• Coordinates the broader hazards mission of the 

USGS – floods, hurricanes, tsunamis, and wildfires
• Implements integrated science strategies for risk 

reduction through understanding multi-
hazard vulnerability and exposure 

• Coordinates USGS science response activities 
following disasters



USGS Natural Hazards
Dollars in Thousands ($000)

2024
Enacted

Natural Hazards Total 198,636

Earthquake Hazards Program 92,651

Volcano Hazards Program 37,500

Landslide Hazards Program 14,432

Global Seismographic Network Program 7,000

Geomagnetism Program 5,198

Coastal/Marine Hazards and Resources Program 41,855



Landslide Hazards Program Budget
(thousands $000)

2024
Enacted

Landslide Hazards total 14,432

Shared costs and LHP operations 1,984

External assistance including grants 2,200

Total allocation to Science Centers for projects 10,240

Alaska Landslide Hazards 2,771

Postfire Debris-Flow Hazard Assessments 1,227

Landslide Mechanisms and Forecasts 1.300

Landslide Geotechnics and Thresholds 1,193

Landslide Assessments, Situational Awareness, and Response 1,126

Landslide National Maps 916

Product development, user experience, and risk communication 802

Other projects 913
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Outlines USGS role in leading efforts to reduce 
landslide risk.

Sets out goals, provides a vision, and describes 
strategic actions to achieve those goals and 
vision.

Identifies involved parties and organizations, 
describes ongoing efforts, and lists specific 
actions and initiatives.



Goal 1 – ASSESS: Ensure that decision-makers 
have access to detailed, nationally consistent, and 
contextually relevant information on landslide 
hazard and risk  

Goal 2 – COORDINATE: Enable efficient and 
effective coordination of landslide hazard 
response, mitigation, and recovery efforts across 
federal, state, tribal, territorial, and local entities  

Goal 3 – PLAN: Ensure communities at risk, 
decision makers, and land managers understand 
and are prepared for landslide hazards  

Goal 4 - RESPOND: Ensure surveillance and 
responses to landslide events are effective, 
efficient, equitable, cooperative, and data-driven to 
protect life, property, and resources 



Characterize the societal risks posed by 
landslide hazards

Strategic Action 
1.1

Expand research and development to 
assess the where, when, and why 
of landslide hazards 

Strategic Action 
1.2

Develop a publicly accessible national 
landslide hazard and risk database

Strategic Action 
1.3

Provide publicly available reports of 
Significant Landslide Events

Strategic Action 
1.4

Establish an Interagency Coordinating 
Committee on Landslide Hazards 

Strategic Action 
2.1

Establish a formal Federal Advisory 
Committee on Landslide Hazards

Strategic Action 
2.2

Develop and maintain Cooperative 
Landslide Hazards and Risk Grants

Strategic Action 
2.3

Establish and support a National 
Landslide Hazard Risk Reduction 
(NLHRR) Working Group

Strategic Action 
2.4

Provide guidance, tools, and training to 
include landslide information in hazard 
planning

Strategic Action 
3.1

Develop landslide outreach to improve 
public knowledge and preparedness 
planning

Strategic Action 
3.2

Support existing warning systems to 
include landslides

Strategic Action 
4.1

Improve real-time response actions by 
having onsite technical experts

Strategic Action 
4.2

Goal 1 – Assess landslide hazard and risk Goal 2 – Coordinate across Federal, State, 
Tribal, Territorial, and Local levels

Goal 3 – Plan for landslide hazards Goal 4 – Respond to landslide events to 
protect life, property, and resources

National Landslide Strategy – Goals and Strategic Actions



U.S. Geological Survey Landslide Hazards Program



Who and what are vulnerable to landslides?

• Improve national-scale landslide hazard map

How do land use, management, and development 
influence risk?

• Account for demographic exposure, vulnerability, 
population trends in risk assessments 

What can be done to reduce social vulnerability to 
landslides?

• Understand the short- and long-term impacts of 
landslides to local and regional economies, 
especially for tribal, isolated, and rural 
communities

Damage from a post-wildfire debris flow that occurred on 9 January 2018 near 
Montecito, Santa Barbara County, CA, from heavy rain that fell on steep hillsides 
that burned in the 2017 Thomas Fire.

Goal 1 - Characterize the 
societal risks posed by 
landslide hazards



Goal 1 – Develop a publicly accessible national landslide hazard and risk database

• March 2022 version – almost 1 
million landslide locations

• Many mapped by State 
Geological Surveys

• Vast areas of the US with little 
or no data

• Enables efforts to begin 
assessing landslide hazard, 
exposure, and risk

• Paucity of timing information

Belair and others, 2022, USGS Science Base



Goal 1 – Characterize the landslide risk to public safety, the economy, and critical infrastructure

For exposure and other applications: 
     Negligible (0)      Some (1-31) Considerable (32-81)

- 10 m 3DEP elevation
- About 900,000 landslide locations
- Slope-relief analysis using USGS HPC resources
- Output at 90 m grid spacing

Mirus and others, AGU Advances, 2024
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Figure 3. Average annual landslide frequency by county. (a)–(c) Posterior median expected (average) annual landslide frequency 1000 
km-2 y-1

 for 50-state U.S. counties. Lake County, California (CA) had the highest estimated frequency and Kusilvak Census Area, Alaska 425 
(AK) the lowest. (d)–(f) Range of posterior 95% quantile interval (QI). Base map data in (a)–(f): U.S. counties from U.S. Census Bureau 
Cartographic Boundary Files 1:500,000 (U.S. Census Bureau, 2023a), non-U.S. administrative boundaries from Natural Earth (Natural Earth, 
2022). Projection and datum: (a), (d) continental United States - Albers North American Datum 1983 (EPSG:5070). (b), (e) Alaska - Albers 
North American Datum 1983 (EPSG:3467). (c), (f) Hawaii - Old Hawaiian (EPSG:4135). 

 Counties with the highest estimated frequencies tend to have high percentages of landslide susceptible area and are 430 

in areas with high triggering earthquake probability, landslide prone ecoregions, or both (Fig. 2, 3). Counties with estimated 

frequencies in the top 20% of all counties from our preferred model are predominately along the West Coast of CONUS, in 

mountainous regions of the Pacific Northwest and Intermountain West, in locally steep or earthquake prone regions of the 

Midwest and Southeast, along the Appalachians, in southern Alaska, and on some Hawaiian Islands (Fig. 4). Model parameter 

estimates from our preferred model showed that both percent susceptible area and potentially triggering earthquake probability 435 

had a credibly positive effect on landslide frequency (Fig. 5), but the effect of susceptible area is larger. With one standard 

deviation increase in percent susceptible area, the natural logarithm of landslide frequency, ln(µ), was estimated to increase 

by 0.96 (0.83–1.1) (b1); with one standard deviation increase in potentially triggering earthquake probability, the natural 

logarithm of landslide frequency was estimated to increase by 0.45 (0.35–0.56) (b2). Considering equal percent susceptible 

area and potentially triggering earthquake probability, counties in the MC, MF, EF, and GP ecoregions had above average 440 

posterior median landslide frequency estimates, whereas counties in the ND, NM, and TT ecoregions had below average 

estimates (Figure 5b). However, only TT was credibly distinguishable from the mean across all ecoregions when taking into 

account the full posterior distributions (95% QI). Given the lack of available training data, HI took the mean across ecoregions. 

https://doi.org/10.5194/egusphere-2025-947
Preprint. Discussion started: 1 April 2025
c� Author(s) 2025. CC BY 4.0 License.

Luna and others, 2025, doi: 10.5194/egusphere-2025-947 

Constraining landslide frequency across the United States to inform county-level risk reduction

75K+ landslide locations 
with known year of 
occurrence

Bayesian binomial 
regression

Estimates of annual 
ground shaking and 
rainfall threshold 
exceedance

Average annual 
frequency varies by 5 
orders of magnitude



Goal 3 – Plan for landslide hazards



Goal 1 & 4 – Assessing postfire hazard and supporting early warning 

Postfire debris flow: Key questions…… 

Where? How long?How big?When?

Rain Duration

Ra
in

 In
te

ns
ity

How fast and far?

Operational products Under development



USGS assesses 20-100 fires each year covering up to 6 million acres/year



Likelihood 
design storm with 15-minute 
rainfall intensity of 24mm/hr

0 to 20 percent
20 to 40 percent
40 to 60 percent
60 to 80 percent
80 to 100 percent

Travel 
distance
with different 
design storms

25 mm/hr
50 mm/hr
75 mm/hr
100 mm/hr

Area burned by the Thomas Fire

Area impacted by debris flows
Damaged buildings

Explanation
Building footprints

Barnhart et al., 
2024, NHESS.

Barnhart et al., 
2023, JGR-ES.

Barnhart et al., 
2023, USGS-
OFR.

• Several models can predict 
inundation if properly 
calibrated, BUT

• Size matters! Predicting 
how far flows travel 
requires good estimates of 
size. 

• Good representation of 
physics are needed to 
predict how fast flows move 
and estimate damage.

• Stakeholder input is being 
incorporated into the 
design of new debris-flow 
inundation maps

How far will flows travel?



Goal 4 and Strategic Action 4.1 Advance landslide early warning:

1. Develop USGS landslide surveillance systems, 
including cyberinfrastructure.

2. Improve landslide surveillance products for 
consistent and accessible messaging.

3. Expand USGS–NWS cooperation on debris 
flow early warning.

Key partners are the USGS (to monitor and share surveillance information with the NWS), the NWS (to 
disseminate landslide alerts), and state, tribal, territorial, and local government entities (to reinforce and 
refine messaging).



Landslide early warning to reduce risk
Technical challenges

• Landslide triggers vary in type, space, and time
• Once landslides are initiated, there may be just seconds to take action
• Signs may not be present before a landslide becomes hazardous
 →  Landslide forecasts rely on proxies for slope stability 
 →  Warnings assess the likelihood of landslides before they occur
 →  Greater warning lead time = more time to take action and greater uncertainty
• Landslides can occur almost anywhere—forecasts and warnings must be site-specific

DeglaciationHuman activityRainfall

Examples of landslide triggers



Goal 4 – Support response to landslide disasters



Goal 4 – Support response to landslide disasters



NLHRP Products Discussion



Open Discussion
Godt, Riker, All



Day 1 Review, Questions, Reflections



Questions for Advisory Committee Consideration

• Chair/co-chair updates

• Questions/discussion about ACL role

• Emerging recommendations/ 
compiling recommendations

• How often should we meet? In what 
format?

• How should the ACL interact with the 
ICCLH? The LHP?

• Bylaws and legal updates

• Priority topics for future discussion

Desired outcome: The ACL has time 
to reflect on meeting discussions and 
determine its next steps.



Public Comment
Riker



Adjournment


