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A rationale for effective post-fire debris
flow mitigation within forested terrain
Jerome V. De Graff

Abstract

Watersheds recently burned by wildfires are recognized as having an increased susceptibility to debris flow occurrence.
The great majority occur within the first 2 years following wildfires. These debris flows are generated primarily through
the process of progressive entrainment of material eroded from hillslopes and channels by surface runoff and appears
independent of the vegetative community burned. The decreased likelihood of debris flows over time is linked to the
restoration of hydrologic function as vegetative cover and soil infiltration functioning return to pre-fire conditions. An
exception to this pattern of post-wildfire debris flow susceptibility occurs in burned drainage basins with forest
cover. A second, later period of increased debris flow susceptibility due to infiltration-triggered landslides can occur in
burned forested basins. This later period of debris flow susceptibility is largely attributable to the fire-induced tree
mortality and subsequent decay of tree root networks decreasing soil strength on steep hillslopes which produces an
increased likelihood of debris flow occurrence 3 to 10 or more years after the wildfire. Consequently, post-fire mitigation
measures in forested terrain must address the risk posed by debris flows caused by progressive entrainment during the 2
years following the wildfire and debris flows due to infiltration-induced debris slides three or more years later. Mitigation
for the later debris flows in forested terrain involves identification of areas with infiltration-induced debris slides coincident
with concentrations of fire-killed trees. Timely reforestation of these areas after a wildfire limits the loss of soil
strength from decaying roots.
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Introduction
Post-fire debris-flow hazard potential
Where wildfires affect a vegetative community on steep
slopes, a potential exists for post-wildfire debris flows to
occur. The increased likelihood of debris flow occurrence
from recently burned watersheds is a relatively recent
addition to our understanding of post-fire effects and
necessitates evaluation of the threat posed to nearby
populations, property, and infrastructure (Cannon and
Reneau, 2000; Cannon, 2001; Cannon et al., 2001). Debris
flows pose a serious threat because they move rapidly,
travel significant distances from their point of origin, and
exert destructive force along their flow path and
within their area of deposition (Hungr, 2005; Giraud
and McDonald, 2007; Jordan and Covert, 2009)
Post-wildfire debris flows clearly pose a hazard when
burned watersheds are adjacent to populated areas

(Cannon and DeGraff, 2009) and can even be a hazard
in a less populated rural settings (DeGraff et al., 2011).
Consequently, post-fire evaluation needs tools to effect-
ively identify, within a burned area, those drainage basins
having a greater likelihood of generating debris flows in
order to undertake timely and effective mitigation
(DeGraff et al. 2007; Cannon et al. 2011; DeGraff et al.,
2013; DeGraff, 2014; Staley et al., 2017).
The western United States has experienced an increase

in wildfire activity including very large fires since the
mid-1980s (Westerling et al., 2006, Barbero et al., 2015;
Westerling, 2016). Like change in any natural system,
the increase is attributable to multiple factors (Cannon
and DeGraff, 2009; Abatzaglou and Williams, 2016). Cli-
matic change in an important factor as reflected by the re-
sults of multiple studies using different time scales, spatial
scales, fire metrics, or fire proxies (see Table 1, Barbero et
al., 2015). Past fire suppression efforts are more clearly
a factor influencing increased wildfire activity in for-
ested areas (Parsons and DeBenedetti, 1979) than in
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brushlands (Keeley and Fotheringham, 2001). The role
of expanding regional population centers as represented by
the wildland-urban interface is also significant for its influ-
ence on wildfire initiation and greater impact to communi-
ties (Keeley and Fotheringham, 2001; Radeloff et al., 2005).
The urgency associated with instituting measures to

mitigate the adverse effects of debris flow depends on
how soon they might occur after the fire. The timing is
largely dependent on the time of initiating precipitation
relative to the fire’s occurrence. A variety of precipitation
events including intense rainfall on melting snow (Meyer
et al., 2001), rapid snowmelt (Schultz et al., 2006), pro-
longed winter and summer frontal storms (Cannon et al.,
2008), cells of high-intensity rainfall within frontal storms
(Cannon et al., 2011; Rengers et al., 2016), and summer
convective storms (Wagner et al., 2013) have initiated
post-fire debris flows. DeGraff et al. (2015) highlighted the
variability of debris-flow initiating events relative to fire
ignitions within broad geographic areas termed rainfall
regimes by Moody and Martin (2009).
Whereas these rainfall regime areas provide emer-

gency-response personnel and land managers with a gen-
eral timing of anticipated debris flow hazard, DeGraff et
al. (2015) demonstrated that 85% of post-fire debris flows
take place with the first 12 months following the fire, with
71% occurring within the first 6 months. Only 7 % of the
debris flows following a fire occurred 1 and 1.5 years later
generally when a second rainy season impacted the
burned area. These results confirm the general rule of
greater debris-flow hazard during the first 2 years follow-
ing a fire as postulated by Cannon et al. (2011) and
reflected in the reported occurrence of post-fire sedi-
mentation in southern California (Santi and Morandi,
2013). Emergency-response personnel and land managers
are increasingly aware of the immediate need to quickly
institute appropriate mitigation measures to protect
lives and property at risk from post-fire debris flows
(DeGraff 1994; Prochaska et al., 2008; Lancaster et al.,
2014; McCoy et al., 2016).

Debris flow timing and vegetation communities
DeGraff et al. (2015) found both non-forested and forested
vegetation communities tend to experience an immediate
increase in susceptibility to debris-flow occurrence in
drainage basins recently burned by wildfires. With very
few exceptions, the debris flows taking place during this
period initiate through progressive entrainment of mater-
ial eroded from hillslopes and channels by surface runoff
(Parise and Cannon, 2012; DeGraff et al., 2015). The initi-
ation of debris flows predominately by progressive en-
trainment of surficial and channel material has been
observed in the field (DeGraff et al., 2011) and quantified
in southern California (Santi et al., 2008).

In contrast to the 2 year post-fire immediacy of debris
flow occurrence within all vegetative communities, DeGraff
et al. (2015) identified a later period of increased debris flow
susceptibility between 2.2 and 10 years after fires which oc-
curred almost exclusively in forested areas. This additional
period of increased post-fire debris flow susceptibility is
attributable to infiltration-triggered debris flows where an
initial shallow landslide rapidly transforms into a debris
flow (Parise and Cannon, 2012). Studies by Meyer et al.
(2001) and Wondzell and King (2003) of post-fire debris
flows and related sedimentation in forested landscapes in
Idaho and the Pacific Northwest provided early evidence
for this later period when infiltration-triggered debris flows
would be initiated from burned areas. This susceptibility
was concluded to arise “several or more years...” after wild-
fire on forested slopes in Idaho (Meyer et al., 2001). Simi-
larly, Wondzell and King (2003) found debris-slide initiated
debris flows following wildfires in the Pacific Northwest oc-
curring 5 to 10 years after a fire happened. Both studies
saw the later period of post-fire debris flow occurrence as
linked to the decay of tree roots in burned, forested drain-
age basins.
In this paper, we will examine why debris flows in

burned, forested drainage basins revert from initiation
by progressive entrainment immediately after a wildfire
to many years later being infiltration-triggered. This explor-
ation looks at a timber harvest practice which seems an
analog to explain why this change in debris flow initiation
takes place. Two case studies from wildfires on national for-
ests in the Sierra Nevada in east-central California are pre-
sented to clarify the threat posed by the second, later
susceptibility to post-fire debris flows in forested terrain
and examine the implications for debris flow mitigation
(Fig. 1). The first case study of the Pilot Ridge debris flow
considers the factors resulting in this event and illustrates
the hazard posed even in a sparsely inhabited area. The
Pilot Ridge debris flow also illustrates how damage can take
place within the source area, transport zone, and deposition
zone of a debris flow (Hungr et al., 1987). The Big Creek
restoration project case study suggests prioritized reforest-
ation is a mitigation measure to counter this later post-fire
debris flow hazard and demonstrates its application to a
burned area.

A rationale for effective post-fire debris flow
mitigation in a forested terrain
Tree roots – Using clearcutting as an analog for wildfire
A well-developed body of research documents the import-
ance of roots to slope stability (Sidle et al., 1985, Greenway,
1987, and Sidle and Ochiai 2006). The roots of woody
plants, primarily trees, provide reinforcement and increase
the inherent shear strength of soils mantling steep slopes.
Gray and Megahan (1981) referred to this reinforcement in
terms of the roots providing a pseudo-cohesion to the soil
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mass. At the time, research to understand the slope stabiliz-
ing role of roots was largely focused on their relationship to
various timber harvest practices (Burroughs and Thomas,
1977; O’Loughlin and Zeimer, 1982; Watson et al., 1999;
Sidle and Dhakal, 2003).
The timber harvest practice of particular interest to re-

searchers during the 1970s and 1980s was clearcutting.
Clearcutting was commonly applied to steep slopes and
involved the removal of all trees over an area that might
range from 4 to 16 ha in size. This harvest practice
could be considered analogous to the effect of wildfire
on forested drainage basins in terms of its influence on
shallow landslides resulting in debris flow occurrence
(Benda and Dunne, 1997).
In general, the loss of root strength through decay

after timber harvest is a specific curve representing
decay over time. The measured decline in root strength
due to decay is very rapid in the first year but slows by
the fourth year. However, the curves representing declin-
ing root strength vary according to the tree species and
the site conditions where the trees grow (Burroughs and
Thomas, 1977; O’Loughlin and Zeimer, 1982; Sidle and
Dhakal, 2003; Wondzell and King, 2003). It is important
to remember that any curve representing change in root
strength can only show the time period when an initiat-
ing precipitation event has a greater chance of triggering

an infiltration-triggered debris flow rather than implying
a specific time for the occurrence of a debris flow (see
Fig. 3.17 in Sidle and Ochiai, 2006).
An increased potential for infiltration-induced debris

flows in burned drainage basins will depend on the extent
the forest cover is affected by the wildfire. In a manner
similar to a clearcut harvest unit, root decay begins in the
weeks after burned trees are consumed by the wildfire. Be-
cause many other trees appear alive but are killed by the
heating effect of the wildfire, their root decay is delayed.
Fire-killed trees begin having decreasing root strength a
year or two after the fire (Regelbrugge and Conard, 1993).
The loss of trees will differ among the affected drainage
basins within the wildfire perimeter because burning pro-
duces a mosaic ranging from unburned to completely
burned areas. Only some drainage basins will have all or
the majority of trees burned or significant heat injury
resulting in tree mortality.
Declining root strength in fire-killed trees has an add-

itional complication when trying to estimate the future
time of greater susceptibility from infiltration-triggered
debris flows. Jackson and Roering (2009) investigating
three burned areas in the Oregon Coast Range found a
more rapid strength decline in tree roots than anticipated
from timber-harvest related studies. They suggested that
fire may have an accelerating effect on the decline in root

Fig. 1 Location map showing the area of the 1987 Stanislaus Complex Fire (red). The black star within the red area shows where the later Pilot
Ridge debris flow occurred. The smaller red area is represents the fire-affected area of the 1994 Big Creek Fire. Both wildfires affected forested
terrain within designated national forests
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strength compared to timber harvest. Consequently, the
specific point where loss of root strength is sufficient to
favor debris flow occurrence can vary greatly within a
given wildfire and between forested terrains in different
geographic areas. This makes post-fire debris flow initi-
ation in forested landscapes difficult to predict with any
accuracy.

Pilot ridge debris flow – Hazard in a burned, forested
terrain
The Stanislaus Complex wildfire and the subsequent Pilot
Ridge debris flow is representative of a later post-wildfire
debris flow occurrence in a forested terrain (DeGraff et al.,
2015). On August 29, 1987, thousands of lightning strikes
occurred and triggered many fires in the Sierra Nevada
and northern mountain ranges of California (DeGraff and
Lewis, 1989). Several wildfires on the Stanislaus National
Forest south of Sonora, California in the vicinity of
the Tuolumne River eventually formed the Stanislaus
Complex wildfire (Fig. 1). Over the following weeks,
this wildfire burned nearly 60,000 ha (Regelbrugge and
Conard, 1993). Much of the burned area was a mixed
conifer forest dominated by ponderosa pine. Trees were
killed in forested drainage basins both by being consumed
by fire or by heat injury causing mortality within one to 2
years after a wildfire (Regelbrugge and Conard, 1993). For
the first few years after the wildfire, salvage logging was
carried out in selected locations.
The 1997 New Year’s Day storm event is known to have

triggered only a few debris flows in the southern Sierra
Nevada (DeGraff, 2001). One, known as the Pilot Ridge
debris flow, occurred during the 30 minutes prior to
1:00 PM on January 2, 1997 (DeGraff, 1997) (Fig. 2). The
time of occurrence is based on observations for the period
just prior to and immediately after the flow occurred as
reported by Forest Service personnel driving through the
area, the Cal Trans crew called to clear Highway 120, and
the local resident whose structures were affected. The
nearest reporting stations in the vicinity of the debris flow
occurrence only provide total daily precipitation. These
stations, Sonora RS and Hetch Hetchy, reported cumula-
tive total precipitation during the seven days prior to the
debris flow of 150 and 190 mm, respectively. On the day
the debris flow occurred, additional precipitation of 53
and 73 mm was recorded.
The upper part of the north-facing drainage basin where

the Pilot Ridge debris flow initiated was within the area
burned by the 1987 Stanislaus Complex Wildfire. A little
more than 9 years had passed since Pilot Ridge was burned
during the Stanislaus Complex Fire. No reforestation had
occurred within the burned drainage basin where the debris
flow occurred. The top of the ridge is metamorphic bed-
rock of the Calaveras and Shoofly complexes with granitic
bedrock underlying the remainder of the burned basin. The

Pilot Ridge debris flow initiated from two locations about
180 m apart at the bifurcated headwaters channel for this
small drainage basin (DeGraff, 1997) (Fig. 2). Both locations
showed field evidence of near simultaneous debris slide
movement from the two source areas which then quickly
coalesced into a single channelized debris flow mass.
The field evidence supports this debris flow being the

result of infiltration-induced landslides rather than pro-
gressive entrainment of eroded material. The westernmost
and larger of the initiating landslides left a semi-circular
scar on the 55 % slope which was 16 m across and about
18 m long parallel to the axis of movement (Figs. 2 and 3).
The average depth to the slide plane was a little more than
a meter. Even 26 days later, water was seeping from sev-
eral points at the base of the headscarp and from within
the upper scar area. The other initiating landslide to the
east was smaller (Fig. 2). It was on a 60 % slope but left a
more elongate scar than the other landslide. While being
about 18 m long parallel to the axis of movement like the
larger landslide scar, it was only 6 to 7 m wide a with an
average depth to the slide plane of about a meter.
Observed in the slide planes and scarps defining both

landslide scars were sheared roots. The author has ex-
amined a number of other debris flows initiated by
infiltration-triggered landslides and debris flows in un-
burned watersheds in the southern Sierra Nevada
(DeGraff, 1994). Commonly, there are numerous roots
dangling within the exposed slide plane and its margins
where initial movement of the slide occurred. These are
remnants of roots placed in tension during initial land-
slide movement before being snapped off by the moving
mass. The root remnants within the slide plane are typ-
ically flexible and can be up to 60 cm long. Similar ob-
servations of roots within scars of infiltration-initiated
landslides were made on forested slopes within the Ore-
gon Coast Range (Schmidt et al., 2001). In contrast, the
roots exposed in both landslide scars at Pilot Ridge were
commonly sheared close to or at the slide plane (Fig. 4a).
They were also noticeably dry and brittle (Fig. 4b).
From the source areas, the debris flow travelled nearly

one kilometer over a vertical drop of about 240 m. It flo-
wed at a velocity of 8 to nearly 10 km per hour down the
existing channel of an unnamed tributary to the South
Fork Tuolumne River. Velocity was determined from field
measurements applied to two different methods (Costa,
1984; Webb et al., 1988). The maximum velocity mea-
sured for the Pilot Ridge debris flow was about half the
average for other debris flows in the Sierra Nevada
(DeGraff, 1994). Along its flow path, the debris flow
plugged the culvert at Forest Road 1S66 and surged
across the road leaving debris and eroding its down-
slope embankment (Figs. 2 and 5). The flow continued
down channel to plug another culvert and leave a signifi-
cant deposit covering Forest Road 1S13 as it continued
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across to narrowly miss a residence and inundate an area
around a detached building before finally coming to rest
in a deposit on Forest Road 1S13 and California Highway
120 (DeGraff, 1997; Fig. 2).
Based on the field evidence, the infiltration-initiated

landslides responsible for the Pilot Ridge debris flow are
attributable to decreased soil strength from root decay
of fire-killed trees. The significant 1997 New Year’s Day
storm event served as the trigger for initiating the debris
slides within the weakened soil mass. The Pilot Ridge
debris flow represents a later post-fire debris flow occur-
rence in a forested terrain and its destructive effects
demonstrate the need for mitigation.

Rapid reforestation as an effective post-fire debris flow
mitigation measure
Unlike for debris flows occurring immediately following
wildfires, there are no specific models for predicting size,
probability of occurrence, or runout for the post-fire
debris flows resulting from the later period of infil-
tration-triggered debris slides within forested watersheds. A
conceptual model of relative root reinforcement after clear-
cut harvest can provide some valuable insight in this

Fig. 3 The west debris flow initiation area of the Pilot Ridge debris
flow. This was the larger of the two initiating debris slides. A 6-ft tall
individual provides scale. Fallen fire-killed trees are seen around this
area. Water was still flowing from the slide scarp to the lower left of
the individual

Fig. 2 A detailed map for the area affected by the Pilot Ridge debris flow in 1997. The deposition area covers the location of the house and
outbuilding affected by the debris flow. The east-west highway adjacent to the highway is U.S. Highway 120 which provides access to Yosemite
National Park to the east of this location
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regard (Zeimer, 1981). This model compares curves
representing relative root reinforcement for a forested
slope that was clearcut. The salient curve represents
the net reinforcement of the soil by roots over time (see
Fig. 1a in Zeimer, 1981). The curve is the sum of residual
reinforcement from decaying roots and reinforcement

from new roots as the forest regenerates. Because this is a
hypothetical curve, we can only draw inferences which
seem important to post-fire infiltration-triggered debris
flow occurrence (Zeimer, 1981). The soil is at its weakest
shear strength when the net root reinforcement is at its
lowest point (smallest sum of reinforcement by decaying
tree roots and reinforcement by roots of regrowing trees).
For a specific burned area, data on the decay for the
burned forest vegetation type and on the forest vegetation
type regrowing due to existing seed within the soil or from
replanting with seedlings could be used to develop an
actual model showing the time when post-fire debris
flow susceptibility is greatest, i.e., net root strength is at
its lowest. What seems to be a more important implica-
tion of Ziemer’s conceptual model is that a delay in re-
forestation of only 5 years results in a significantly
lower net reinforcement compared to prompt reforest-
ation. From this conceptual model, it is suggested that
mitigation of infiltration-triggered debris flows during
the later post-fire susceptibility period could be accom-
plished through rapid reforestation. Given the trend for
very large fires, rapid reforestation could be applied se-
lectively to drainage basins with residences, infrastruc-
ture or other high value features down channel.
The Big Creek wildfire in August 1994 burned approxi-

mately 2277 ha within the Sierra National in the central
Sierra Nevada of California just south of the Stanislaus
National Forest (Fig. 1). About 35% of the burned area had
either moderate or high burn severity (Sierra NF, 1995).
Burn severity is a measure reflecting the combined ef-
fect from loss of vegetation and heating impact to the
near-surface soil (Parsons et al., 2010). Debris flow po-
tential immediately following the wildfire focused on
the threat to the major hydroelectric facilities operated
by Southern California Edison Company further down-
stream in Big Creek. The threat to the community of
Big Creek and both County and Forest Service roads
was another concern. Operational changes to protect
the hydroelectric generating equipment along with in-
stalling various debris catchment devices above the
community were undertaken to mitigate the potential
risk due to immediate debris flow occurrence.
In fall 1994, planning was started for the Big Creek

Ecological Recovery Project (Sierra NF, 1995). This vege-
tation management effort included extensive planting
for reforestation. Among the planning objectives was
minimizing the later debris flow threat to the commu-
nity of Big Creek and critical infrastructure including a
major Forest Service road and a Fresno county road.
Areas posing this later threat were identified based on a
forest-wide inventory of landslides and local area experi-
ence with infiltration-initiated debris flows in previous
years (DeGraff et al., 1984; DeGraff, 1994). A total of
500 ha were identified where debris flow-prone slopes

Fig. 5 The flow path of the Pilot Ridge debris flow where it crossed
Forest Road 1S66. Note the levees of soil and transported trees left
on the road and the undermining of the roadbed by the debris
flow’s passage

Fig. 4 Two close up views of roots exposed in the east slide plane
where the Pilot Ridge debris flow initiated. These brittle, sheared
exposed roots were widely spread across both east and west
initiation areas
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coincided with moderate to high tree mortality. The
mortality represented where trees were consumed by the
wildfire or were identified by ground survey as expected
to die due to excessive heat injury. The identified areas
represented potential source areas for fire-related later
infiltration-type debris flows could occur in the future.
Based on Zeimer’s (1981) conceptual model, fostering

growth of any surviving trees and reforestation to replace
those lost or dying was proposed for the 500 ha identified
as debris flow-prone (Sierra NF, 1995). Priority was given
for reforestation on 441 ha upslope from Stump Springs
Road, a major Forest Service road, crossing the burned
area that had experienced significant debris flow damage
in 1982 and 1983 (DeGraff et al., 1984). Reforestation,
concentrated in areas where mixed conifer species had
grown, began in the spring of 1995 with the remainder
being planted in spring 1996.
No debris flows from upslope initiation sites impacted

Stumps Springs Road or other connecting roads within
the burned watersheds during the subsequent 17 years
(1996–2013). This was based on observations made dur-
ing normal seasonal and post-storm event maintenance
patrols to identify road damage occurrence. Late spring
storms capable of triggering infiltration-type debris flows
did occur in this part of the Sierra Nevada, notably in
2010 when a number of debris flows were triggered
about 35 km south of the Big Creek Fire area. So the ob-
served absence of debris flows within the areas made more
susceptible by the Big Creek Fire is consistent with the ex-
pected debris flow activity where the reforestation mitiga-
tion measure was implemented. However, it is not possible
to determine if the absence of infiltration-initiated debris
flows within the 441-ha reforested areas was due to the
reforestation mitigation measure or a lack of rainfall or
snowmelt-triggering conditions affecting the burned area.
We can only establish that infiltration-type debris flows
were not observed within the area burned by the Big Creek
Fire during the period when a burned, forested area has an
increased susceptibility due to root decay. After 17 years,
any future infiltration-type debris flows from this burned
area are less likely to be a consequence of the wildfire ef-
fects or mitigation measure and more likely to represent
natural recovery to pre-fire debris flow susceptibility levels
(DeGraff et al., 1984, DeGraff, 1994).

Discussion and conclusions
Understanding the timing of debris flows following wild-
fire has implications for successful protection of life and
property. The attention and research devoted to the debris
flows occurring in the few months to first year following a
wildfire is well placed. The threat is widespread and
largely independent of the type of vegetative community
burned. The immediacy of this threat calls for prompt im-
plementation of mitigation measures. The design and

placement of these measures needs to be effective for
debris flows resulting from progressive entrainment of
material eroded from hillslopes and channels by surface
runoff. Increasingly fine-tuned models for probable debris
flow occurrence, expected volume, and runout area facili-
tate undertaking effective mitigation even for very large
fires. Rapidly locating where mitigation measures are
needed makes implementation possible when only months
may exist before the first triggering storm event. Addition-
ally, the models provide data on the storm used in their
development which can be incorporated into the design of
a mitigation measure such as emergency evacuation.
When wildfire burns a forested area, the mitigation of

any imminent debris flow threat must also be coupled
with similarly prompt action to limit the impact of later
debris flows. Some post-fire debris flow mitigation mea-
sures, such as debris basins and deflection berms installed
to protect life and property threatened by the debris flow
hazard immediately after the wildfire, should be main-
tained within forested drainage basins as additional pro-
tection from the later infiltration-triggered debris flows.
The later debris flow threat in burned forest areas pro-

vides an opportunity for mitigation within the debris flow
source area. This mitigation measure, reforestation, is a
common activity applied to restore a forest following a
wildfire and can be applied to source areas. Because the
later threat of debris flows in forested drainage basins is
associated with infiltration-triggered landslides, there is
sufficient time to prioritize reforestation within basins
where: 1) the soil burn severity is high, 2) post-fire tree
mortality is greater, and 3) past infiltration-induced land-
slide activity is concentrated. Countering the decreasing
soil shear strength resulting from root decay of fire-killed
trees with the increasing root strength of growing
replanted trees is optimal when implemented within 1 to
2 years after the wildfire.
Implementing reforestation in a timely manner as a miti-

gation measure after a wildfire is only a means to avoid
infiltration-type debris flows due to increased susceptibility
attributable to fire. The natural, or pre-fire, susceptibility to
infiltration-initiated debris flows within a forested terrain
will exist in the future because this mitigation measure only
returns the forest to a pre-fire susceptibility level. There-
fore, any future studies of the effectiveness of this mitiga-
tion measure will need a basis for discriminating whether
later infiltration-type debris flows are a consequence of
changes attributable to the wildfire or to those other condi-
tions influencing susceptibility of such debris flows.
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