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Wildfire-Associated Landslide Emergency Response Team 
Report for the 2025 Hope Fire 

by Josh Hardesty1, Cora Siebert1, and Isabella Bennett1 

1 Washington Geological Survey 
MS 47007 
Olympia, WA 98504-7007 

  

KEY POINTS 

 The Hope Fire increased the hazard that heavy rain and (or) rapid snow melt will trigger debris flows and flash 
flooding from the burn area. 

 These debris flow and flooding hazards are elevated along or near Northport Flat Creek Road, Lael Road, 
Hamlett Road, Crown Creek Road, Fifteen Mile Creek Road, and Bull Hill Road.  

 This report and the maps at the end of the report provide more detail about debris flow and flash flood hazards 
for the Hope Fire, which may be helpful for residents, property owners, and land managers.  

INTRODUCTION 

A Wildfire-Associated Landslide Emergency Response Team (WALERT) assessment was conducted to evaluate the 
potential risk posed by flash floods and debris flows from the Hope Fire in Stevens County, Washington. Wildfires 
can significantly change the hydrologic response of a watershed so that even modest rainstorms can produce 
dangerous flash floods and debris flows. Increased runoff, flash floods, and debris flow hazards may remain elevated 
for several years after the fire.  

WALERT assessed areas downstream of slopes burned by the wildfire to determine whether debris flows or 
flooding could impact infrastructure, structures, and other areas where public safety is a concern. Further 
information about these hazards is provided in Appendix A.  

WALERT conducted a search for historical evidence of debris flow activity using field reconnaissance, 
historical knowledge, lidar interpretation, and orthoimagery. We also mapped alluvial fans within and downstream of 
the burn area using lidar data and terrain models generated from digital aerial photogrammetry. 

This report is primarily a qualitative assessment of post-wildfire landslide hazards based on our professional 
judgment and experience. The assessment was performed as part of emergency response with the intent to produce a 
rapid report for decision-makers, land managers, landowners, and other partners.  

WILDFIRE OVERVIEW 

The Hope Fire started on July 8, 2025, and burned 8,177 acres in northeastern Washington (National Interagency 
Fire Center, 2025; Plate 1). Most of the burned area is privately owned residential or timberland property, with 
smaller holdings owned by the Washington State Department of Natural Resources (DNR), the United States Forest 
Service and the Bureau of Land Management. The fire primarily burned timber, brush, and grass.  

Soil burn severity 

The National Park Service (NPS) Burned Area Emergency Stabilization and Rehabilitation (ESR) team conducted 
field work that resulted in a Soil Burn Severity (SBS) map. The SBS map indicates approximately 16% of the area 
within the Hope Fire perimeter was unburned, 31% experienced low burn severity, 42% experienced moderate burn 
severity, and 11% experienced high burn severity. If you need assistance accessing or analyzing these data, please 
contact us and we can provide some support.  
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U.S. Geological Survey (USGS) post-fire debris flow hazard assessment  

The USGS provided a post-fire debris flow modeling assessment for the Hope Fire that incorporates SBS data (King 
and others, 2025). The USGS modeling data is available through the USGS website 
(https://landslides.usgs.gov/hazards/postfire_debrisflow/) by clicking on “Post Wildfire Debris Flow Hazard 
Assessment Dashboard” under the Related Links section.  

There are various outputs and ways to view these data. Here we will discuss the combined relative debris flow 
hazard for hydrologic basins, which is a combination of the likelihood of a debris flow initiating and potential debris 
flow volume estimates. The model output provides three different Combined Hazard ratings: Low, Moderate, and 
High. We focus our assessment on locations where the hazard ratings are most often moderate or high and where 
public safety and infrastructure could be at risk. These data are displayed on Plate 2. If you need assistance 
accessing or analyzing the debris flow assessment data, please contact us and we can provide support.  

The USGS debris flow modeling is based on a modeled storm event with a peak rainfall intensity of 
approximately one-quarter inch of rain in a 15-minute period. It is important to note that this model does not 
consider the effect of rain-on-snow events in recently burned areas. Debris flows and flash floods may occur during 
rain-on-snow events and (or) during rainfall events that may not meet predicted rainfall thresholds. 

The USGS modeling indicates that there are primarily Low and Moderate debris flow hazards in drainages 
throughout the burned area. Notably, most of the residential properties are in proximity to Moderate debris flow 
hazard areas. Approximately 5% of the total burn area has been modeled as a High Combined debris flow hazard. 
Most of the High debris flow hazard slopes are located within the southern portion of the burn area, along the west 
side of Northport Flat Creek Road and Flat Creek. Below we outline areas of focus by primary road names in the 
burn area. 

OBSERVATIONS AND INTERPRETATIONS 

WALERT conducted a field assessment on August 12 and 13, 2025. A pre-field remote review of available lidar and 
aerial imagery included mapping alluvial fans, searching for evidence of historic debris flows, and locating 
structures on the landscape. We also utilized the SBS map and the USGS debris flow modeling to prioritize areas of 
interest for field review. We specifically focused on areas where wildfire effects on watershed hydrology could put 
life and property at risk. These areas included but were not limited to slopes and drainages near Northport Flat Creek 
Road, Bull Hill Road, Hamlett Road, Lael Road, Crown Creek Road, and Fifteen Mile Creek Road. Stream channels 
of focus include Flat Creek, Fifteenmile Creek, Crown Creek, Rattlesnake Creek and smaller tributary drainages 
(Plate 1).  

Within the burned area, the fire likely impacted the surficial materials’ hydrologic response to future storm 
events. As such, increased runoff and the potential for flash floods and debris flows may remain elevated for several 
years after the fire. Our assessment suggests that infrastructure at elevated risk of future hazards following the Hope 
fire includes structures built adjacent to active stream channels and (or) on fan surfaces, and roads constructed along 
oversteepend slopes of loosely consolidated materials. Additionally, within incised river valleys, debris flows 
initiating along valley walls may have downstream impacts. Below we outline areas where flooding or debris flows 
could impact the property and infrastructure that we reviewed during this assessment. 

Northport Flat Creek Road 

Northport Flat Creek (NFC) Road runs adjacent to the southeastern side of the Hope Fire boundary and provides 
access to each of the roads discussed herein (Plate 1). Though the majority of the road is outside of or alongside the 
fire boundary, much of the burned land upslope of the road is modeled as Moderate Combined Hazard (Plate 2). 
Thus, there is a risk of post-fire landslide and flooding impacts to certain sections of Northport Flat Creek Road and 
the structures alongside the road.  

Rockfall impacting NFC Road was reported along the southernmost extent of the fire boundary (Point 1) 
during fire containment activities. The majority of this area is managed by the National Park Service (NPS) and is 
bounded to the west and east by privately owned land. Remote and field review indicated that the steep slopes along 
NFC Road appear to be an established source area for rockfall. However, no roadside mitigation for rockfall was 
apparent, suggesting that rockfall occurrence may not be common outside of post-fire conditions. It is possible the 
rockfall reported during fire containment activities was a result of the Hope Fire and (or) reported slope disturbance 
by heavy machinery during fire containment activities. The hazard of rockfall from these steep rocky slopes is not 
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captured by the Combined Hazard modeling as these slopes are outside of the modeling domain and rockfall is not 
included in the USGS modeling. The risk of debris flow activity in this area of interest appears to be low. Field 
observations suggested that there may be elevated risk of rockfall impacts to the segment of NFC Road directly 
below this steep slope. If rockfall in this area continues in the future and becomes a public safety concern, mitigation 
measures should be considered.   

From Point 1, NFC Road continues to the northeast along Flat Creek, which flows generally north to south in a 
shallowly incised riverbed within a wide, low angle floodplain. We observed residential and agricultural structures 
adjacent to the active channel of Flat Creek, which could see erosion as a result of flooding, and (or) flood 
inundation in the event of high flow events. The river and its tributaries cross under NFC Road via culverts of 
varying size at several locations. As a result of the fire, rainfall-triggered flooding could block the upstream sides of 
some of these culverts with sediment and (or) woody debris, which could result in localized flooding outside of the 
active channel(s) and flood inundation over road surfaces and onto low-lying building sites. 

Several structures along two private roads off of NFC Road may be at elevated risk of debris flows. Within two 
shallow swales (Points 2 and 3), located immediately upslope of a residential structure and associated infrastructure, 
we observed evidence of recent shallow slope movement in unconsolidated material. At Point 2 we observed a small 
(~2 ft wide, ~1.5 ft deep) road side area of settlement composed of loose, fine-grained sediment. At Point 3 we 
observed an apparent headscarp approximately 10–15 ft wide and 1 ft deep, and about 2–5 ft downslope of the road 
surface. While these swales drain relatively small basins that were not included in the Combined Hazard modeling, 
the observed evidence of slope movement may suggest elevated risk of shallow-rapid landsliding or landslide-
initiated debris flow hazards during heavy precipitation events. Such landslide activity, if it were to occur, could 
impact the residence or associated infrastructure located at the bottom of the swales. These concerns were discussed 
with the homeowner at the time of our visit.  

Point 4 demarcates a fan that is associated with a modeled Moderate Combined Hazard basin. The fan itself 
experienced low to moderate burn severity, though the upslope area is modeled as moderate to high burn severity. 
Should a large precipitation event trigger a debris flow that impacts the fan, the structures near the distal edges of the 
fan may be at risk of inundation. However, lower gradient slopes within the drainage upstream from these structures 
may arrest larger materials associated with a debris flow, limiting likely impacts to risk of shallow flooding and 
transported sediment. 

To the north of Point 4, several structures off of NFC Road are within or below basins modeled as High 
Combined Hazard and moderate to high burn severity. Our field assessment occurred shortly after a rainfall event, 
and we observed rilling and signs of sediment transport from water flowing on a forest road toward one of the 
residential structures (Point 5). The property owner reported post-fire precipitation-triggered overland flow moving 
toward structures that occurred before the time of our visit. Given our observations and the High Combined Hazard 
modeling upslope, the residential structure on this fan may be at elevated risk of debris flow and (or) 
hyperconcentrated flow inundation that may be caused by a large precipitation event in the basin upslope that burned 
at moderate to high intensity. However, low-angle slopes both uphill and around the residence may, in the event of 
debris flow activity, arrest bulk material (i.e. larger boulders and woody debris) and (or) disperse debris flow 
materials across the surface of the low-angle slopes. 

Residential structures located near the intersection of NFC Road and Lael Road are positioned along the south 
side of Crown Creek’s floodplain (Point 6). Those structures on the north side of NFC Road and its intersection with 
Lael Road appear to be relatively lower on the floodplain and in a position where the Crown Creek drainage 
transitions from more to less confined. A culvert, estimated to be 48 inches in diameter, may experience blockage if 
floodwaters emanating from the Crown Creek basin occur. Flooding and ponding from blocked culverts would 
increase the risk of flooding to low-lying structures in the area and may impact road prism integrity of NFC Road.  

Fifteen Mile Creek Road 

The Hope Fire burned area is coincident with and adjacent to the southern end of Fifteen Mile Creek Road, near its 
intersection with NFC Road.  In sections along Fifteen Mile Creek Road, road-side cutslopes exposed fine glacial 
material that was over-steepened as a result of road-building processes (Point 7). The glacial material appeared to 
have recently sloughed into the inboard road-side ditch in places. Downslope of the road, we observed evidence of 
areas of overland flow that had mobilized the fine glacial material. Sloughing may have been a result of rainfall 
events or recent road grading activity. If the roadside ditch becomes filled with sediment, the potential for rerouted 
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overland flow to be directed toward unintended locations (i.e. vulnerable sidecast road sections or areas of public 
safety concerns) may increase.   

Two alluvial fans have been mapped along the southern stretch of Fifteen Mile Creek Road (vicinity of Point 
8). These fans drain basins that are modeled as Moderate Combined Hazard areas. Debris flow activity onto either 
fan could damage the road surface but impact to structures downslope of these fans appears unlikely. This is due to 
the presence of a wide, low-angle field between the fans and the structures, where debris flow material would be 
likely to slow and disperse.  

Based on remote observations and field reconnaissance, there is low risk of flash flooding and debris flows to 
structures located along the northern portion of Fifteen Mile Creek Road within the burned area (Point 9). Though 
this area is modeled as Moderate debris flow hazard, the structures we observed were built on relatively flat ground 
and set back from steep rocky outcrops and any potential source of debris flow material.  

Two structures downslope of Fifteen Mile Creek Road appear to have been destroyed by the fire (Points 10 and 
11). We mapped an alluvial fan coincident with and upslope of Point 10. Given the evidence of overland flow 
activity between the road prism and Point 10, it is possible that future precipitation events could cause similar flows 
on this fan. Surface reactivation may present post fire debris flow hazards at Point 24, which may be relevant if re-
occupation or rebuilding occurs. Regarding Point 11, while we were not able to fully access the structure site, field 
and remote assessment suggest that this structure was close to the active channel of Fifteen Mile Creek. This 
location may be at elevated risk of post-fire flood impacts as a result of increased runoff, sediment transport, and 
(or) woody debris transport from burned areas upslope and (or) upriver. Post-fire debris flow and flood hazards at 
Point 11 may be public safety concerns if re-occupation or rebuilding occurs. Such concerns depend on new building 
sites and protective measures employed. 

Lael Road 

Lael Road generally parallels the east side of Flat Creek and provides access to several private residences in that 
area. Most of these residences are downslope of west- and southwest-facing slopes modeled as Moderate Combined 
Hazard. 

Our remote assessment identified an apparent residential structure that is farthest north and highest in elevation 
on the west-facing slopes accessed by Lael Road (Point 12). Lidar derivatives display a house pad located at the 
base of a ~1,500 ft swale bounded on the north by south- and southeast-facing exposed bedrock slopes. The apparent 
residential structure is located downslope from moderate/high SBS and in a Moderate Combined Hazard Basin. 
Post-fire debris flows hazards emanating from the swale to the north are present at the location of the apparent 
residential structure. Rockfall hazards, potentially exacerbated by post-fire conditions, also appear to be present in 
this area. The alluvial fan downslope of the house pad suggests that water and sediment has been transported 
through the area in the past. 

WALERT geologists conducted an assessment on mapped alluvial fan surfaces on the downslope, west side of 
Lael Road (Point 13). The contributing basin for this fan has a Moderate Combined Hazard and moderate to high 
soil burn severity. However, the relatively high tree density of live and burned trees may act to slow or potentially 
arrest larger, bulk material travelling downslope. Beyond and to the southwest of the mapped fan,  a broad, relatively 
low gradient topographic bench would more likely receive debris flow material as an area of deposition rather than 
entrainment. These factors appear to reduce risk of post-fire debris flow and flooding hazards at the residential 
structures downslope from and south of the mapped alluvial fan (Point 14). 

Prior to our site visit, WALERT was informed of a rockfall occurrence by a landowner at Point 15. While 
speaking with the owner on 8/13/2025, they reported that three days after the fire burned slopes nearby, a boulder 
fell from a steep, south-facing rock face just to the north of residential structures. The rock source was observed to 
be from near vertical to vertical bedrock outcrops identified as moderate burn severity. The owner noted that 
"heavy" rainfall had occurred since the boulder fell and that subsequent rockfall did not occur during or after that 
rainfall. However, rockfall activity may occur in the future and the property owners should remain diligent and 
consider appropriately mitigating against the risk of rockfall impact to any vulnerable infrastructure. WALERT 
mapped an apparently inactive alluvial fan to the east of the residential structures. The owner reported having seen a 
small stream above the fan in the past, but only a few times in the last 13 years. Grass on and above the prehistoric 
fan is green, likely from shallow groundwater transport. Based on remote review, field observations, and the 
landowner’s accounts, there appeared to be little risk of debris flow or flooding to this part of the property.  
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To the south and downslope of the residential structures, a barn, an active livestock shelter, and an abandoned 
residential structure were located near Flat Creek (Point 16). These structures are also downslope of mapped alluvial 
fans fed by a Moderate Combined Hazard basin. The presence of these alluvial fans suggests that material has been 
transported downslope and deposited here in the past. However, historic activity on the fans was not observed during 
remote or field review. Flat Creek also runs near these low-lying structures which appear to be just outside of active 
stream surfaces on an elevated floodplain. Based on conversation with the property owner during our visit, 
inundation of these structures has not been observed in the last decade. Further, there was no apparent evidence of 
scour into structure pads or foundations. However, post-fire conditions may feed floodwaters and an elevated influx 
of wood and sediment down Flat Creek, possibly placing these structures at risk. If a debris (log) jam forms at a 
bend or constriction, it can back water up and cause higher water levels than usual. 

Hamlett Road 

Hamlett Road stems off of Lael Road and crosses to the west side of Flat Creek, providing access to residential 
properties and forestland in that area. One section of Hamlett Road traverses up the side of relatively steep slopes 
that were burned by the fire (area of Point 17). Heavy rainfall on the relatively steep slopes draining toward Hamlett 
Road could be captured by the road surface and rerouted down the road. Such surface water capture and rerouting 
has the potential to trigger roadside failures and deliver water, sediment, and woody debris to unintended roadside 
slopes. Road surface scour or prism failure could limit or entirely cut off access to those properties.  

The property at Point 18 is within but primarily downslope from an area of Moderate Combined Hazard. Steep, 
generally northeast facing slopes exhibit both smoothly undulating slope form as well as distinct, sharper ridge and 
swale topography. The more distinct terrain is characterized by a set of straight and confined channels extending 
down from apparent bedrock hollows. Remote review and our experience suggested that these channels may be 
more prone to experiencing slope failures and possibly debris flows than the more subtle slopes to the north. 
However, the outlets of these channels are separated from residential structures by a large topographic barrier that 
would most likely protect the infrastructure that was present during our field review on 8/13/2025. Notably, a debris 
flow emanating off the more distinct ridge and swale topography and possibly the subtler sloping terrain to the north 
may impact eastern and southern portions of the private access road. 

Crown Creek Road 

Crown Creek Road provides access to residential properties as well as mostly forestland up the Crown Creek 
drainage to the north. One residential property further north on Crown Creek Road was observed to be located on an 
alluvial fan and downslope from a Moderate Combined Hazard basin (Point 19). Steep slopes uphill from the 
alluvial fan exhibit apparent bedrock hollows and drainages which could serve as source areas for debris flows and 
overland flow. Based on debris flow modeling, remote observations, and field reconnaissance, heavy rainfall 
conditions could generate debris flows or overland flow inundation that impact portions of the fan, including the 
residential structures. 

To the south and closer to Crown Creek Road’s intersection with NFC Road, residential structures are 
positioned downslope from a mapped alluvial fan in a Moderate Combined Hazard basin (Point 20).  These 
structures were observed to be on a low gradient slope distally away from steeper slopes to the north. Thus, it is 
likely that any floodwater or debris flow material egressing out of drainages to the north would disperse onto the 
unconfined, low-gradient surface before reaching structures. 

In a number of locations Crown Creek Road intersects or is adjacent to several mapped fans below burned 
areas that may contribute debris flow activity including overland flow. Such activity may impact the road and limit 
access to the area.  

Bull Hill Road 

The Bull Hill Road network provides access to several residences as well as a guest ranch. We did not assess the 
guest ranch, which was reportedly protected from fire damage. A risk of debris flow activity at the guest ranch is 
highly unlikely given its elevated topographic position above drainages.  

The portion of Bull Hill Road within the fire boundary is mostly designated as no to moderate burn severity 
and is within a modeled Low Combined Hazard basin. During our field review, we observed two relatively straight, 
steeper drainages that run along Bull Hill Road as it gains elevation toward the guest ranch. The confined sections of 
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these drainages contained dense, live vegetation that appeared to have survived the fire. Lidar derivatives indicate 
that the drainages have an apparent history of depositing material on an alluvial fan (Point 21) adjacent to and just 
east of a residence. However, the residence building pad is offset to the west of the fan. Given low burn severity and 
the modeled Low Combined Hazard, it appears an elevated risk of post-fire debris flow activity is not present at this 
site.   

Farther downslope and to the south, two residences are located in the vicinity of Point 22. The northernmost 
residence was observed to be located at the apex of a mapped fan and would be in direct line of debris flow or 
flooding activity. The channel feeding this fan is partially in the burned area and partially outside of the burn. In-
channel, live vegetation nearer to the fan’s apex may assist in arresting debris flow material, if an event were to 
occur. In our opinion, a debris flow generated from far upslope (toward the guest ranch) would be less likely to 
reach this residence based on lower slopes gradients upslope. However, a slope failure or rapid runoff, if it were to 
occur, between the residence and Bull Hill Road to the north may impact the residential site. The residence 
immediately downslope is at less of a risk of debris flow activity. Nevertheless, homeowners and residents along 
Bull Hill Road should be made aware of the hazards associated with post-fire debris flow conditions. 

Remote review revealed a residential structure to the west of the Bull Hill Road system and within a swale 
along south-facing slopes (Point 23). The structure is within a basin modeled as a Moderate Combined Hazard. If 
debris flow or overland flow activity were to initiate and build momentum through lower gradient terrain upstream 
and to the north of the residence site, impact to the residential property may occur. As such, public safety concerns 
are present at this location. Given we were unable to access this property or the terrain to the north of the property 
during our field review, our assessment is limited to a remote review only for this site. 

Vineyard Way  

Vineyard Way provides access to residential and agricultural structures located to the south and downslope from 
eastern portion of the Hope Fire burn perimeter (Point 24). The northern portion of this road is within the fire 
boundary, is separated from steep slopes to the north by NFC Road, and is in an area designated as low to moderate 
burn severity and modeled as Moderate Combined Hazard. The upper, northern portion of Vineyard Way crosses an 
area of broad, low gradient terrain and crosses a streambed. Shallow stream incision and in-channel conifer growth 
suggested the streambed is often dry and, when wet, experiences relatively low energy flow. Debris flow activity, if 
it occurs, would need to mobilize with enough energy to breach NFC Road before impacting any property along 
Vineyard Way. There were no signs of past debris flow activity along Vineyard Way and we do not anticipate an 
elevated risk of such occurrences as a result of the Hope Fire. 

SUMMARY 

This WALERT assessment suggests elevated hazards of debris flows, flash flooding, and increased runoff as a result 
of the Hope Fire. These hazards present a risk to public safety and could impact infrastructure during periods of 
intense precipitation (approximately one-quarter inch of rain in a 15-minute period), atmospheric river events,1 or 
rain-on-snow events,2. Infrastructure of primary concern in the Hope Fire includes, but is not limited to, residential 
structures, roads, and culverts. An elevated risk of post-fire debris flow and flooding impacts is present for structures 
and infrastructure that are in or near pathways (i.e. stream channels, swales, avulsion zones, and floodplains) that 
surface water may occupy rapidly. Residences that were present and positioned in close proximity to pathways 
where there may be little time for occupants to evacuate from and avoid the hazards detailed in this assessment 
include those at Points 2, 3, 4, and 5 near Northport Flat Creek Road, Points 12 and 15 off of the Lael Road system, 
Point 19 off of Crown Creek Road, Points 21 and 22 along Bull Hill Road, and Point 23 to the west of Bull Hill 
Road. Road systems that appear to be at an elevated risk of experiencing damage during heavy precipitation or snow 

 
 
 

1 Information about atmospheric rivers can be found at  
https://www.noaa.gov/stories/what-are-atmospheric-rivers 

2 More information and maps for rain-on snow zones in Washington State can be found at  
https://data-wadnr.opendata.arcgis.com/datasets/4a8339bfe8ca46b8a0a674195827e6d3_6/about 
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melt events include but are not limited to Northport Flat Creek Road, Fifteen Mile Creek Road, Lael Road, Hamlett 
Road, Crown Creek Road, and Bull Hill Road.  

Residents of homes built on alluvial fans and (or) adjacent to surface water pathways from burned areas should 
be informed of potential post-fire flash flood and debris flow hazards. For more information on how to stay safe 
when at risk from debris flows, please consult our Floods After Fire pamphlet and the USGS’s fact sheet with safety 
tips relating to post-fire debris flows (links in the footnote at the bottom of this page).3 

Landowners and land managers may choose to take action to prevent excessive soil erosion, reduce flooding, 
and promote revegetation to meet their management and economic goals. Utilizing the soil burn severity map as a 
tool to find areas of elevated burn severity can assist in this evaluation. We are willing to help direct users to this 
map product, or to provide the data in various formats as needed.  

Managers of transportation networks and private landowners should be reminded of the increased likelihood of 
sediment transport, sediment deposition, and (or) erosion impacts to roads following wildfires, as well as potential 
issues with blocked drainage ditches and (or) culverts. We further recommend inspecting culverts, including those 
discussed in this report, within channels draining areas impacted by the fire both before and after storm events. 
Blocked culverts can cause additional flooding and damage, which could otherwise be minimized by being proactive 
about clearing these culverts.  

It is important to know that post-fire conditions change over time. In addition to land use changes, seasonal and 
yearly changes occur in vegetation, soil properties and slope stability. As such, risks associated with the hazards 
detailed within this assessment may increase or decrease over time. Ongoing monitoring of post-fire conditions and 
potentially impacted new and existing infrastructure may be necessary to regularly recognize changes of risks to 
public safety. 

REFERENCES 

King, J. M.; Kostelnik, J.; Kean, J. W.; Barnhart, K. R.; Graber, A. P.; Rengers, F. K.; Thomas, M. A., 2025, Post-wildfire debris-
flow hazard assessment (PWFDF) collection: U.S. Geological Survey data release. [https://doi.org/10.5066/P14EWYME] 

National Interagency Fire Center, 2025, IMSR incident locations view—final occurrence year-to-date [webpage]: National 
Interagency Fire Center. [accessed Aug. 29, 2025 at https://data-
nifc.opendata.arcgis.com/datasets/85d3f50b5eee4dcfa48f5e4fb23aa9e1_0/explore?location=48.781186%2C-
117.714064%2C10.93&showTable=true]  

LIMITATIONS 

WALERT aims to quickly identify and assess geologic hazards associated with wildfires to inform decision making 
and help focus the efforts of local officials and residents who may be impacted by post-wildfire hazards. All 
observations and interpretations are based on empirical evidence and local knowledge. Not all areas or hazards were 
evaluated. We encourage landowners, land managers, and those potentially at risk from post-wildfire hazards to 
consult qualified professionals for site-specific analysis of geological hazards and flood risk and prepare 
accordingly. 
 

 
 

 
 
 

3 The Washington Geological Survey’s Floods After Fire pamphlet: 
https://www.dnr.wa.gov/publications/ger_fs_alluvial_fans.pdf 
The USGS’s fact sheet on post-fire debris flows safety: 
https://pubs.usgs.gov/fs/2022/3078/fs20223078.pdf 
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APPENDIX A: GEOLOGICAL BACKGROUND 

Hillslope processes 

A variety of factors contribute to the probability of debris flows occurring in burned areas. These include hillslope 
gradient, channel convergence, availability of fine sediments, severity of hydrophobic (water repellant) soil 
conditions, burn severity, and the removal of a protective canopy and diminished root strength caused by fire. 

Hydrophobic soil conditions in burned areas can increase water runoff potential on hillslopes during a storm by 
preventing water from infiltrating into the subsurface. Overland flow can result in rills and gullies that further 
channel water downhill. 

When effective ground cover has been denuded after intense fire, soils are also exposed to erosive forces such 
as raindrop impact and wind. The steepest slopes are most prone to erosion, particularly where soils are shallow or 
where there is a restrictive subsurface layer such as bedrock. Soils that have developed in volcanic ash and glacial 
till are easily detachable, having low cohesion and structure, and contain relatively low amounts of organics, 
resulting in moderately thin topsoil horizons. 

Flash floods and debris flows 

Debris flows have a specific geologic definition that is often misused by the media, the public, and scientists. Most 
observed “debris flows” are actually sediment-laden flash floods known as hyperconcentrated flows (HCFs). In the 
following sections, we explain the differences between these two types of flows. 

Flash floods, especially those that originate from recently burned areas, are often described as “debris flows” 
due to the sediment-laden water transporting woody and vegetative debris, trash, gravel, cobbles, and occasionally 
boulders. Though “debris flow” may be an observer’s description of the event, a true debris flow has specific 
properties, behaviors, and characteristics that differentiate it from a flash flood. An HCF is the transition between a 
flash flood and a debris flow. One way geologists differentiate the three is by the percent of sediment (by volume) 
carried by the flowing water. A flood contains less than 5 percent sediment by volume, an HCF carries around 5 to 
60 percent sediment by volume, and a debris flow exceeds 50 percent sediment by volume. 

Debris flows are often described as having the appearance of flowing, wet concrete. These flows travel quickly 
in steep, convergent channels. A moving debris flow can be very loud because it can buoy cobbles, boulders, and 
debris to the front and sides of the flow. The sound is often compared to that of a freight train and may cause the 
ground to vibrate. In a post-fire situation, a debris flow may start as a flash flood surge that picks up sufficient 
sediment to transform into an HCF and, if soil and slope conditions are suitable, can transform into a debris flow.  

Debris flow deposits tend to be distinct and include channel-adjacent levees of gravel, cobbles, and boulders. 
Channel-adjacent trees display upslope damage such as scarring on bark from rock or debris impact. Mud and gravel 
may be splashed onto trees and other channel-adjacent objects. Because of the ability of a debris flow to buoy these 
materials to the front of the moving mass, debris flows are extremely dangerous to public safety and infrastructure. 

Alluvial fans 

Alluvial fans are low-gradient, cone-shaped deposits that consist of sediment and debris. These features often 
accumulate immediately below a significant change in channel gradient and (or) valley confinement. This might 
occur at the mouth of a canyon or steep channel that drains from mountainous terrain and emerges onto a low 
gradient area such as a flood plain. Sediment on the alluvial fan is deposited by streams, floods, HCFs, and (or) 
debris flows and is typically sourced from a single channel.  

Alluvial fans are attractive locations to build cabins and homes due to the slight elevation above the flood 
plain. However, alluvial fans are active depositional areas that accumulate sediment over time. The sediment can be 
deposited both slowly, such as during a spring melt when high streamflow transports and deposits fine sediment on 
the fan, or quickly, when a flash flood, HCF, or debris flow transports sediment and debris to the fan. 

An informational flyer about alluvial fan hazards is available on our website in both English 
(https://www.dnr.wa.gov/publications/ger_fs_alluvial_fans.pdf) and Spanish 
(https://www.dnr.wa.gov/publications/ger_fs_alluvial_fans_esp.pdf). 
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Explanation

This map shows a USGS model's
estimates of post-fire debris flow
hazards for the Hope Fire. The model
incorporates terrain steepness, soil
burn severity, and other factors to
estimate post-fire debris flow hazards
(King and others, 2025).

Combined hazard for hydrologic
basins includes both the calculated
probability of a debris flow occurring
and the estimated volume of the flow.
Modeled drainages are the pathways
like stream beds, gullies, and swales
that flows are likely to travel along.

Debris flows may still be a
significant concern in many basins and
channels with low and moderate
modeled hazards—see report text for
more detail.

Data source: King, J. M.; Kostelnik, J.; Kean, J. W.; Barnhart, K. R.; Graber, A. P.; Rengers, F. K.; Thomas, M. A., 2025, Post-wildfire debris-flow
hazard assessment (PWFDF) collection: U.S. Geological Survey data release. [https://doi.org/10.5066/P14EWYME]
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