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Figure 1. (A) Hazard assessment map showing the debris-flow likelihood in small watersheds assuming a rainfall rate of 24 mm/ hr following the methods of Staley et al. (2017).
(B) Photo of one of the 26 recorded debris flows during the summer of 2021 (Photo Credit: F. Rengers). This debris flow originated in the Devils Hole Creek watershed and depos-
ited underneath a railroad trestle, narrowing the Colorado River width by more than two-thirds. (C) Maximum 15 min rainfall intensity (measured from 11 rain gauges) during the
summer of 2021 (one year posffire). Stars indicate a debris-flow observation; the specific locations of debris flows are indicated in Rengers et al. (2024). (D) Maximum 15 min
rainfall intensity (measured from 11 rain gauges) during the summer of 2022 (two years postfire). (E) Maximum 15 min rainfall intensity (measured from 11 rain gauges) during
the summer of 2023 (three years postfire). Rainfall thresholds to issue hazard warnings, which are listed in the upper left corner of each yearly panel, were adjusted upwards each
year based on observations of debris-flow activity. Units are listed in millimeters and inches over specified time durations.

ABSTRACT help mitigate hazards, including the loss of human life,
that may be associated with debris-flow events. After the
In 2020, a wildfire burned across Glenwood Canyon in fire, 26 large debris flows occurred in the summer of 2021
Colorado, USA. A history of postfire debris flows in the and three sediment-laden flows occurred in the summer
region and a hazard assessment for the burn area indi- of 2023, but there were no major injuries or fatalities
cated that potentially life-threatening debris flows could reported. We found that integrating hazard assessment/
be triggered by rainfall within months of a wildfire. As a forecasting, monitoring, and adaptation scenarios was a
result, four government agencies evaluated strategies to successful strategy for reducing postfire debris-flow risks
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Grizzly Creek Burn Area Weather Briefing

Confidence of a Flash Flood Watch being issued this afternoon:

HIGH (>60%)
X

LOW (<30%)

Message of the Day

= Deep monsoonal moisture will continue to surge into the area as high pressure remains to the east,
with a more southerly flow today and Saturday. This will result in widespread showers and
thunderstorms with high potential for heavy rainfall rates and flash flooding.

=>» The threat of heawvy rainfall rates will be at its highest today and Saturday as more favorable flow is
expected. Therefore, a Flash Flood Watch has been issued for today and Saturday for all western
Colorado high terrain and the Upper Colorado River Basin. This includes the Grizzly Creek burn area.

Watches, Warnings, Advisories

=» Flash Flood Watch from 11 am MDT until midnight MDT both today and Saturday.

National Oceanic and

vﬂ Atmospheric Administration

National Weather Service
Grand Junction, CO

Figure 2. Example of an email message from the National Weather Service with forecasting information. The briefing demonstrated here was issued

at 5 a.m. local time (MDT) on 29 July 2021.

to human life (including injuries and fatalities). Weather
forecasts and estimates of debris-flow triggering rainfall
thresholds, likelihood, and volume were used to anticipate
the timing, location, and magnitude of debris-flow events.
Rainfall monitoring and detailed recordkeeping of storms
that triggered debris flows were used to validate and
update debris-flow warning thresholds that varied with
time following the wildfire. Although the governmental
agencies working in this burn area had distinct and dif-
fering agency mandates, they were able to integrate infor-
mation to reduce the risk of debris-flow events to human
life.

INTRODUCTION

Wildfires create a variety of secondary natural hazards
including rockfall, debris flows, and flooding (e.g.,
McGuire et al., 2024). These natural hazards can cross-cut
boundaries of landownership and infrastructure type.
Consequently, effective planning to enhance public safety
from postfire natural hazards can benefit from collabora-
tion across government agencies that manage land and
assets the natural hazards might intersect. Because gov-
ernment management agencies are composed of special-
ists with specific mandates ranging from forest manage-
ment to highway transportation, working across those
specialties is critical for managing large-scale natural
hazards.

In the fall of 2020, state and federal government agen-
cies in Colorado, USA, were confronted with the challenge
of preparing response scenarios for postfire hazards fol-
lowing the Grizzly Creek Fire. The Grizzly Creek Fire
burned 13,000 ha across Glenwood Canyon in Colorado, a

steep gorge that also hosts a variety of critical infrastruc-
ture. Interstate 70 (I-70), which serves as a major trans-
portation corridor moving up to $1 million/hour (Erku,
2023); the Union Pacific Railroad; and the Colorado River,
an important source of drinking water, energy generation,
and recreation are located at the bottom of Glenwood
Canyon (Rengers et al., 2024; Fig. 1). The burn area
included large swaths of the White River National Forest
managed by the U.S. Forest Service (USFS), Bureau of
Land Management parcels, private land, and corridors
managed by the Colorado Department of Transportation
(CDOT). The postfire natural hazard potential threatened
many activities and assets such as road safety, water sup-
ply, water quality, fish habitat, and train operations. Here,
we focus on government agency activities to help mitigate
hazards to highway operations through the canyon from
postfire debris flows.

There is a history of postfire debris flows in the region
that caused concern following the Grizzly Creek Fire
(Cannon et al., 2003, 2001). For example, following both
the South Canyon Fire (1994) and the Coal Seam Fire
(2002) near Glenwood Canyon, debris flows were recorded
within two months of the wildfire and affected highway
safety (Cannon et al., 2003, 2001). Consequently, follow-
ing the Grizzly Creek Fire, the U.S. Geological Survey
(USGS), USFS, CDOT, and National Weather Service (NWS)
worked together to develop a set of potential scenarios
based on the best available science to address and mitigate
postfire hazards. During the fire, and following contain-
ment, these four government agencies contributed to
developing ways to mitigate postfire hazards based on
their respective organizational mandates: USGS (debris-
flow hazard assessment and monitoring), NWS
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(meteorological forecasting and warning), CDOT (road
safety logistics and observation), and USFS (soil burn
severity, hydrologic analysis, and postfire emergency risk
assessment on National Forest Service lands).

The USGS, NWS, CDOT, and USFS used a strategy of
forecasting (prior to a storm), monitoring (during and
after storms), and adapting (before and after storms) to
mitigate postfire debris-flow hazards. Forecasting
included estimating rainfall rates from weather models,
as well as statistical modeling of debris-flow initiation
and debris-flow volume based on the fire burn severity,
terrain, and probable rainfall scenarios. Monitoring activi-
ties included measuring rainfall rates with a network of
gauges installed across the burn area (Fig. 1A) and record-
ing the location and timing of debris flows in the burn
area based on cameras and surveys along I-70 by CDOT
following each storm. Finally, adaptation included antici-
pating hazards prior to storms and preemptively closing
1-70, as well as adapting debris-flow rainfall thresholds
based on observations.

AFTER THE FIRE BEFORE THE STORMS

Forecasting Hazards

The postfire forecasting response to the Grizzly Creek
Fire began while the fire was still burning. The Grizzly
Creek Fire started on 10 August 2020, burned within
Glenwood Canyon until 24 August 2020, and was not fully
contained until 18 December 2020. I-70 and the White
River National Forest were closed for two weeks in August
2020 as the fire progressed (Stroud, 2021a). During this
time, management agencies recognized that developing
ways to reduce debris-flow hazard risks could help protect
public safety along the I-70 corridor.

To forecast future debris flows and reduce risks associ-
ated with landslide threats to property, infrastructure,
and life, the USGS developed a preliminary debris-flow
hazard assessment on 14 August 2020 (after the fire
started) using estimates of the potential burn severity
(Staley et al., 2018). The hazard assessment was used to
forecast debris-flow likelihood and volume, and to esti-
mate the triggering rainfall thresholds for individual
drainage basins and channel segments based on topogra-
phy, soil burn severity, and soil erodibility (Staley et al.,
2017). Because the hazard assessment identified areas that
could be affected by debris flows, it provided an opportu-
nity to develop plans to avoid those hazards.

An advance USFS Burned Area Emergency Response
(BAER) team was also assigned to the area to forecast haz-
ards and coordinate with partners, followed by a standard
BAER team assessment after additional fire containment
(U.S. Forest Service, 2020). BAER teams are mandated to
assess postfire risk to resources and infrastructure and to
recommend mitigation on USFS lands to minimize haz-
ards associated with burned-area conditions. These
assessments typically occur when fire containment is

2019 Before Berm

Figure 3. (A) Google Earth imagery (accessed 4 Dec. 2024) of the Colorado Depart-
ment of Transportation (CDOT) command center prior to the fire. (B) Google Earth
imagery of the CDOT command center after the construction of a berm recommended
by the U.S. Forest Service Burned Area Emergency Response team. (C) Light detection
and ranging (LIDAR) difference showing debris-flow deposition that was prevented
from hitting the infrastructure because of the construction of the berm. Coordinates
are in UTM Zone 13 N. LiDAR shaded relief developed from topography located in
Rengers et al. (2023a).

nearing completion, but concern over immediate threats
to the numerous assets below White River National Forest
lands prompted an advance team prior to the full assess-
ment team. On 17 August 2020, this advance BAER team
obtained satellite imagery to develop a preliminary soil
burn severity map and released the validated map publicly
on 18 August 2020 (U.S. Forest Service, 2020). This soil
burn severity map was used by the USGS to generate a
new postfire debris-flow assessment hazard map on 18
August 2020 based on field-verified data (Fig. 1; U.S.
Geological Survey, 2020).

Following the advance BAER team assessment, several
state and local emergency response agencies were invited
to coordination meetings with stakeholders, including:
the City of Glenwood Springs, CDOT, Emergency Service
leaders from Garfield and Eagle Counties, NWS, USGS,
Natural Resources Conservation Service (NRCS), Bureau
of Land Management (BLM), Xcel Energy, and the Union
Pacific Railroad. A standard BAER team was initiated on 8
September 2020 to assess the postfire risks to USFS lands,
property, and resources in closer detail. A final soil burn
severity map for the Grizzly Creek Fire was completed on
10 September 2020 (U.S. Forest Service, 2020) and soil
erosion, hydrologic response, and debris-flow model input
was updated by the USGS to generate final hazard assess-
ment maps (U.S. Geological Survey, 2020). Consequently,
these agencies forecasted hazards using multiple models,
which were continuously refined as more information was
obtained.

18 GSATODAY | August 2025

www.geosociety.org /gsatoday



Figure 4. Differences in flow size from the first to third year after the wildfire. (A) A debris flow during the first postfire summer (2021) depositing material on both east-bound and
west-bound highway lanes, as well as in the Colorado River. (B) A sediment-laden flow during the third year after the fire (2023) depositing material behind a concrete barrier
with minor mud on the highway. (Photo credits: Colorado Department of Transportation).

COORDINATED INTERAGENCY RESPONSE

No intense rainstorms affected the Grizzly Creek burn
area in the late summer/autumn after the fire started.
During the winter following wildfire containment, agen-
cies coordinated to continue debris-flow forecasting in
preparation for the following summer when the North
American Monsoon (NAM; Adams and Comrie, 1997) typi-
cally results in thunderstorms. The USGS hazard assess-
ment included an estimate of the fire-wide rainfall thresh-
old for debris-flow initiation. This rainfall threshold was
provided to the NWS. The estimated threshold for the
Grizzly Creek burn area (6.5 mm in 15 min) was within the
range of rainfall thresholds observed in the 2002 Coal
Seam Fire (3.3mm-9.6mm in 10 min; Cannon et al., 2008).
However, the NWS decided to adopt a slightly lower
threshold (5 mm in 15 min) as a conservative starting
point for warnings (Fig. 1C). Subsequently, the NWS fore-
casted rainfall intensities of incoming storms over the
burn area using radar and weather models. This led to an
operational strategy for road closure by CDOT. CDOT
decided to station workers at both ends of Glenwood
Canyon on I-70 to close the road if the NWS generated a
flash flood watch, which is an official nomenclature that
also includes debris flows (National Weather Service,
2025). The NWS would initiate the flash flood watch with
1hr to 1 day lead time if a weather forecast had a greater
than 50% chance of rainfall above the threshold. If the
NWS elevated the watch to a warning (issued when a
storm is imminent), CDOT staff would close the highway,
which could drastically affect commute times along I-70.
The decision to close the road had a high consequence,
increasing a drive that normally takes 15-20 min to a

detour that could take drivers up to 4 hr (Collins, 2021).
The NWS additionally provided storm outlook messages
for decision makers twice per week (Fig. 2).

As part of monitoring efforts, USGS landslide hazard
scientists worked with the USFS to install three (non-tele-
metered) rain gauges in the White River National Forest to
monitor incoming storms in September 2020. Seven addi-
tional (telemetered) rain gauges were installed in the
summer of 2021 by USGS scientists working in partner-
ship with local stakeholders. Five of the telemetered USGS
rain gauges maintained cellular connections, providing
near-instantaneous notification to NWS of rainfall events.
Two additional telemetered rain gauges were installed by
CDOT, although due to mechanical failure, only one of the
CDOT rain gauges was usable. The network of telemetered
rain gauges distributed across the burn area (Fig. 1A) pro-
vided near-real-time data on rainfall that complimented
estimates of rainfall from weather radar. Finally, CDOT
monitored I-70 for flow activity after each rainstorm using
stationary cameras, roadway surveys, and aerial surveys,
and cataloged whether a debris flow or a flood was
observed.

The adaptation effort prior to the monsoon rain season
focused on developing ways to mitigate hazards associ-
ated with debris flows. For example, during the fire, the
USFS BAER team used the USGS debris-flow hazard
assessment to help identify the potential infrastructure
(such as roads and buildings) and ecosystems (such as for-
ests, wetlands, and species) that could be at risk. Based on
their assessment, the BAER team suggested building a
berm near the CDOT command center (Fig. 3), which is
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only one of four in the state used to monitor road safety in
the canyon and throughout a large quadrant of the state of
Colorado. Additional effects to local waterways were
anticipated from the debris flows, and instream monitor-
ing of water quality was implemented by the USGS to mit-
igate potential effects to downstream water-supply
infrastructure.

2021 MONSOON RAINS

Beginning on 26 June 2021, rainstorms associated with
the seasonal monsoon began delivering high-intensity
rain to the Grizzly Creek burn area. During the summer of
2021, there were 49 rainstorms and I-70 was closed 14
times (Rengers et al., 2024). Nine of the rainstorms pro-
duced debris flows, with the highest recorded rainfall
event taking place on 31 July 2021. That rainstorm
resulted in extensive damage to I-70 (which closed the
highway for 2 weeks), and the estimated repair costs were
$116 million (Otarola, 2021). During this time, water-qual-
ity conditions in the Colorado River were affected by high
sediment concentrations that required enhanced treat-
ment processes to prepare water for municipal consump-
tion. During the post-storm adaptation phase, USGS sci-
entists used an inventory of rainfall and debris-flow
observations from the continuous monitoring (Rengers et
al., 2023b) in order to guide adjustments to the warning
strategies. For example, the inventory largely validated the
year one 15 min rainfall threshold, and that data helped to
justify increases in the thresholds in subsequent years as
gradual recovery of vegetation reduced debris-flow haz-
ards (Fig. 1C-E).

In this case study of the Grizzly Creek Fire, the effort to
“forecast, monitor, and adapt” was effective to help miti-
gate potential debris-flow hazards. Despite nine major
storms causing debris flows in 2021, there were no major
reported debris-flow-related injuries or fatalities in
Glenwood Canyon, likely because I-70 was frequently
closed as a result of debris-flow hazard mapping, rainfall
monitoring efforts, and the warning system developed by
the USGS, NWS, CDOT, and USFS. An example of a near-
miss scenario happened on the evening of 29 July 2021
(Fig. 1C). The highway (I-70) was closed late in the after-
noon due to an NWS flash flood warning issued at
4:12 p.m. (local time), but the warning was canceled at
5:18 p.m. (local time) and the road reopened. Around
8:30 p.m. another round of heavy rains began (Fig. 1),
which prompted a second flash flood warning for the day
at 8:45 p.m. However, this rainstorm triggered multiple
debris flows that inundated the road before it could be
closed. By 9 p.m., motorists trapped in the canyon were
escorted to safety in the Hanging Lake Tunnel, which is
underground and adjacent to the CDOT command center
(Fig. 3), where they remained for the entire night (Stroud,
2021b). One motorist’s vehicle was struck by the debris
flow, and she narrowly escaped by abandoning her car
and running down the highway to safety (Otarola, 2021).
The command center was nearly hit by a debris flow, but

damage was prevented by the protective berm that was
constructed immediately after the Grizzly Creek wildfire
based on recommendations by the USFS BAER team (Fig.
3).

EVOLVING HAZARD WITH TIME

Following the summer of 2021, the interagency team of
the USGS, NWS, CDOT, and USFS continued to work
together to mitigate debris-flow hazards. The team used
annual inventories of storms and debris-flow activity to
update rainfall thresholds. In the second year following
wildfire, there were no observed debris flows. However, in
the third year after the fire, three sediment-laden flows
were observed (Fig. 4). The sediment for the sediment-
laden flows in the third year appeared to be derived from
remobilized sediment from drainages that previously pro-
duced debris flows. The effects of the third-year flows
were minor compared to the first year (Fig. 4). Currently,
there is guidance in the scientific literature on rainfall
thresholds for the first year after the fire, but similar
guidance for rainfall thresholds for the second and follow-
ing years is not well known and dependent on local rates
of vegetation recovery (Graber et al., 2023).

CONCLUDING REMARKS

When government agencies bring their individual
expertise together, they can use science and engineering
to formulate methods that may mitigate the effects of nat-
ural hazards and provide critical guidance to help inform
public safety. The collaboration between multiple govern-
ment agencies (USFS, USGS, NWS, and CDOT) following
the Grizzly Creek Fire demonstrates how risks (including
the potential for injury and loss of human life) from natu-
ral hazards can be mitigated when government agencies
coordinate and leverage their interdisciplinary expertise.
The government agencies involved in the Grizzly Creek
postfire response (USFS, USGS, NWS, CDOT) integrated
forecasting (hazard assessments and weather), monitor-
ing (collecting data), and adaptation (anticipating hazards
and adjusting warning criteria) to develop monitoring cri-
teria to reduce the potential for loss of human life in a
region with critical infrastructure that may be highly sus-
ceptible to debris-flow events following wildfires. This
integration of agency data and interdisciplinary expertise
may help inform future scenarios where debris-flow haz-
ards can affect human life, critical infrastructure, and

property.
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