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Abstract:

Accelerated runoff and erosion commonly occur following forest fires due to combustion of protective forest floor material,
which results in bare soil being exposed to overland flow and raindrop impact, as well as water repellent soil conditions.
After the 2000 Valley Complex Fires in the Bitterroot National Forest of west-central Montana, four sets of six hillslope
plots were established to measure first-year post-wildfire erosion rates on steep slopes (greater than 50%) that had burned
with high severity. Silt fences were installed at the base of each plot to trap eroded sediment from a contributing area of
100 m2. Rain gauges were installed to correlate rain event characteristics to the event sediment yield. After each sediment-
producing rain event, the collected sediment was removed from the silt fence and weighed on site, and a sub-sample taken to
determine dry weight, particle size distribution, organic matter content, and nutrient content of the eroded material. Rainfall
intensity was the only significant factor in determining post-fire erosion rates from individual storm events. Short duration, high
intensity thunderstorms with a maximum 10-min rainfall intensity of 75 mm h�1 caused the highest erosion rates (greater than
20 t ha�1). Long duration, low intensity rains produced little erosion (less than 0Ð01 t ha�1). Total C and N in the collected
sediment varied directly with the organic matter; because the collected sediment was mostly mineral soil, the C and N content
was small. Minimal amounts of Mg, Ca, and K were detected in the eroded sediments. The mean annual erosion rate predicted
by Disturbed WEPP (Water Erosion Prediction Project) was 15% less than the mean annual erosion rate measured, which is
within the accuracy range of the model. Published in 2007 by John Wiley & Sons, Ltd.
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INTRODUCTION

In the past decade, wildfires have become an important
public concern, especially in the western United States,
owing to the severity of recent wildfire seasons and the
impacts on resources (loss of water quality, degradation
of municipal water supplies, destruction of homes and
other structures, etc.). Public and private landowners
have increased their efforts to mitigate potential post-fire
impacts that stem from fire-induced changes in ground
surface, soil properties, and hydrology (Swanson, 1981).

Fire impacts on hillslope hydrology

The extent to which wildfires impact a landscape is
a function of burn severity, fire intensity, burn area,
topography, soil properties, climate, and channel prox-
imity (Baker, 1988; Beschta, 1990; DeBano et al., 1998;
Robichaud, 2000). Fires can reduce soil infiltration capac-
ity and increase runoff and erosion. The magnitude of
post-fire increases of runoff and erosion is highly sensi-
tive to the extent of fire-induced soil disturbances, such as
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decreased soil organic matter (OM), weakened stability
of soil aggregates, loss of interceptive vegetation, reduced
hydraulic roughness, and formation of water repellent soil
conditions (Morris and Moses, 1987; Robichaud, 2000;
Shakesby et al., 2000). Because fires increase the amount
of bare soil exposed to raindrop impact and overland
flow, raindrops striking the soil surface break down soil
structure and increase sediment loss (McNabb and Swan-
son, 1990; Robichaud and Waldrop, 1994; DeBano et al.,
1998; DeBano, 2000; Robichaud, 2000).

Several studies have documented the variability of
post-wildfire erosion in various environments. Rich
(1962) and Campbell et al. (1977) reported erosion rates
as high as 12 t ha�1 after a coniferous forest wildfire in
Arizona, and Megahan and Molitor (1975) reported ero-
sion rates of 120 t ha�1 after a wildfire in central Idaho.
Robichaud and Waldrop (1994) measured the erosion rate
at just over 2 t ha�1 for a rain event with a peak 10-
min rainfall intensity (I10) of approximately 89 mm h�1

in South Carolina. Robichaud and Brown (2000) found
first-year erosion rates to be as high as 2Ð5 t ha�1 on a
60% slope burned at high severity in eastern Oregon.

Mechanisms of nutrient loss

Ecosystem productivity is dependent upon the contin-
ual cycling of the nutrients required for plant growth
(DeBano et al., 1998), mainly nitrogen (N), potassium
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(K), calcium (Ca), and magnesium (Mg) (Pyne et al.,
1996). Nitrogen has the potential to affect site produc-
tivity more than any other nutrient (Maars et al., 1983)
and is often measured to track site productivity changes.
Reports regarding actual N responses to fire are conflict-
ing; some studies show increases in N while others show
losses (DeBano et al., 1998).

Organic matter within the soil, which facilitates nutri-
ent retrieval and storage (Harvey et al., 1989), can be
rapidly combusted during fires. McNabb and Cromack
(1990) found that the degree to which OM and nutri-
ent concentrations are affected by fire is a function of
fire intensity, burn time, antecedent OM concentrations,
nutrient cycling mechanisms, and changes in soil biota.
The loss or gain of nutrients owing to forest fires have
been attributed to a variety of mechanisms including
leaching, volatilization, and erosion: DeBell and Ral-
ston (1970); Grier (1975); Clayton (1976); Stark (1977);
Little and Ohmann (1988); DeBano (1990); Robichaud
et al. (1994); Robichaud and Brown (2000); Newland and
DeLuca (2000). However, few studies have focussed on
the effects of fire on nutrient losses that are transported
in sediment, as opposed to dissolved in the runoff, from
smaller upland watersheds (DeBano et al., 1998).

Valley Complex Fires

Beginning in 1998, a recurrent weather phenomenon
known as La Niña began to affect weather patterns
of the western United States (USDA Forest Service,
2000). A direct consequence of this system was below
normal precipitation (summer and winter) in 1999. As
a result, moisture levels in forest fuels decreased during
the summer of 1999 and remained low into the following
year. Precipitation was below normal for a 7-month
period starting in February 2000 and, when exacerbated
by high summer temperatures, the understory vegetation
wilted and leaves/needles were shed onto an already
dry forest floor. Frequent lightning storms and lack of
moisture were responsible for most of the July 2000
Valley Complex Fires in the Bitterroot Valley (USDA
Forest Service, 2000).

Approximately 20% (144 000 ha) of Bitterroot Nation-
al Forest burned in the Valley Complex fires of 2000.
Roughly one-third of the burned area was classified as
having burned with high severity (Richardson, 2001),
which meant that all duff was consumed and 70–100% of
the trees were killed directly by fire or indirectly owing
to a fire-weakened structure that was more susceptible to
disease and/or insect infestation (Monnig et al., 2000).

These fires provided an opportunity to measure post-
wildfire hillslope erosion to further understand fire effects
and validate post-disturbance erosion modelling efforts.
After the Valley Complex fires of 2000, first-year post-
fire erosion rates were measured on a rain event by rain
event basis. The specific objectives were to (a) directly
measure first-year erosion rates on steep hillslopes that
had burned with high severity, (b) test the significance of
the selected site and rainfall parameters on post-fire ero-
sion rates, (c) measure OM and nutrient concentrations

in the eroded sediments, and (d) compare the measured
erosion rates with the predictions generated by the dis-
turbed Water Erosion Prediction Project (WEPP) model
(Elliot et al., 1999).

METHODS

Fuel moisture content, rate of spread of fire, and wind
velocity were used to calculate the burning index value
for a specific day and location (Chandler et al., 1983).
Using the burning index, four study sites were located
roughly within a 10 km2 area in high burn severity areas
as designated by both the burning index and the burn
severity map produced for the Burned Area Emergency
Response (BAER) team (Figure 1). All four sites were
on steep slopes (50–62%) (Table I) with a dominant pre-
fire overstory of ponderosa pine (Pinus ponderosa) and
Douglas-fir (Pseudotsuga menziesii ) and understory of
pinegrass (Calamagrostis rubescens), white spiraea (Spi-
raea betulifolia), and showy aster (Aster spectabilis). The
soil at Sites 1, 3, and 4 was classified as sandy-skeletal,
mixed, frigid, typic haplustalf with a parent material of
granitic colluvium; however, Site 2 soil was classified as
loamy-skeletal, mixed, typic, superactive argiustoll with
a parent material of igneous/metasedimentary colluvium
(Soil Survey Staff, 1999).

Sediment collection

A total of 24 plots, six in each site, were established,
and following Robichaud and Brown (2002), silt fences
(5 m long and approximately 0Ð5 m high) were installed
at the base of each plot to collect eroded sediment from
the plot. Silt fences allow water to pass through the
mesh (0Ð03–0Ð08 cm) and have a documented trapping
efficiency of 68 to 93% (Barrett et al., 1998; Robichaud
et al., 2001; Robichaud and Brown, 2002). The plot
contributing area was defined by a hand-dug trench
(20 cm wide by 25 cm deep, diagonal to the contour)
located 20 m upslope from the silt fence. This trench
at the uphill edge of the plot collects eroded sediment
coming from above the plot and diverts runoff beyond
the side edges of the plot. The individual contributing
areas of each plot (100 m2, 0Ð01 ha) provided a total
hillslope study area of approximately 1Ð0 ha in each of
the four sites. After each sediment-producing rain event,
the collected sediment was removed from the deposition

Table I. The burn index and mean values for slope and ground
cover by site. Different letters within a column indicate significant

differences at ˛ D 0Ð05

Site Burn
index

Slope
(%)

Ground
cover
(%)

1 74a 62a 16a
2 76a 54ab 29b
3 74a 58ab 13a
4 76a 50b 40b
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Figure 1. Map of a portion of the Bitterroot River valley with the four erosion monitoring sites identified

areas behind the silt fences and weighed. A sample of
the collected sediment was taken for laboratory analysis
and the non-sampled portion was discarded on site.

A tipping bucket rain gage with a data logger was
installed at each of the four study sites to correlate
rainfall characteristics with sediment yield. Rain events
were separated by a 6-h period with no rainfall. Total
rainfall duration, the 10-min and 30-min maximum
rainfall intensities (I10 and I30, respectively), and rainfall
erosivity were calculated for each rain event.

Laboratory analyses of eroded sediment

Sediment samples taken from deposits behind each
silt fence were evaluated for particle size distribution,
OM content, and nutrient content. Additionally, the
sediment samples were oven dried to calculate the dry
weight correction factor to be applied to all trapped
sediments. A vacuum pipetting system was used in the
particle size analyses as described by Das (1985). Percent
OM was calculated by loss on ignition following the
method of Smith and Atkinson (1975). Total C and

total N were determined with a Leco CN-2000 Dry
Combustion Analyzer (Wright and Bailey, 2001). Cation
concentrations were found using the ammonium acetate
(pH 7) method of extraction (Sumner and Miller, 1996).

Ground cover

At three of the plots, ground cover estimates were
made using a 1-m2 point frame with wire intersections at
10-cm intervals (i.e. 81 intersections per frame). Using
this 81-point frame, ground cover was characterized at
each wire intersection within the frame and repeated at
five random locations within a plot contributing area,
for a total of 405 observations. The measured values
were used to calibrate the ocular estimates, which were
replicated 5 times for each of the remaining 21 plots by
a single observer.

Water repellent soil

Two configurations of the Water Drop Penetration
Time (WDPT) test (DeBano, 1981) were performed to
evaluate the severity, thickness, and depth of water
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repellent soils within the study sites. Four 1-m2 sampling
areas adjacent to each plot were tested at the soil
surface (with the ash removed) and at depths of 1, 2,
3, 4, and 5 cm. In one configuration, two water drops
were placed side-by-side using a 0Ð5-l squeeze bottle at
four random locations within the 1-m2 sampling area.
This was repeated at all six depths. In an effort to
determine the lateral extent of water repellency, the
second configuration placed one drop of water every
2 cm along a 40-cm transect that was randomly located
within the sample area and repeated at all six depths.
For both configurations, the time for the water drop to
infiltrate the soil was determined from 0 to 300 s, and the
WDPT was classified as none (0–5 s), slight (6–60 s),
moderate (61–180 s), and severe (more than 180 s). Any
WDPT over 5 s is considered water repellent, and the
longer the WDPT time, the greater the degree of water
repellency (DeBano, 1981; Dekker and Ritsema, 1994;
Robichaud and Hungerford, 2000). Given the lack of a
discernable relationship among the WDPTs in the trench
configuration, each WDPT test from both configurations
was considered an independent measurement of soil
water repellency at that location. The 28 measurements
per depth per sample area resulted in a total of 672
measurements adjacent to each plot. These data were used
to calculate the percentage of water repellent soil within
each sampling area, which was used as an estimate of the
water repellent soil within each plot.

Statistical analyses

A stepwise linear regression (S-Plus Professional,
1999) was performed for each storm to determine the
significance of the following independent variables: I10,
ground cover, slope steepness, and water repellent soil.
The event erosion rate, which was a dependent variable,
was log-transformed to obtain a more normal distribution.
A separate variance t-test (Ott, 1993) was used to deter-
mine the significance of ground cover, water repellent
soil conditions, and sediment OM and nutrient content
on erosion rates.

Rainfall intensities were not the same at the four
sites for any given storm, thus, no direct statistical
tests could be made regarding similarities or differences
between erosion rates from the four sites or between
the 24 individual plots. In order to assist comparisons,
a rainfall erosivity weighted (REW) erosion rate was
calculated by dividing the erosion rate �t ha�1� by the
rainfall erosivity (Mj-mm ha-h�1) to provide a rainfall
erosivity-normalized erosion rate (t-h Mj-mm�1). This
value permitted direct comparisons of erosion rates
between and within research sites.

Model predicted erosion

The USDA Forest Service Disturbed WEPP model
was run using high severity burned site characteristics
with measured ground cover, slope, and soil type from
each of the 24 plots (Elliot et al., 1999). To adjust the
climate for site locations, the Parameter-Regressions on

Independent Slopes Model (PRISM) was used to generate
climatic events based on latitude, longitude, and elevation
(Daly et al., 1997). Predicted annual erosion amounts
calculated by the Disturbed WEPP model are based on
probable rain events of five different return intervals: 2Ð5,
5, 10, 25, and 50 years. Methods described by Miller
et al. (1973) and Arkell and Richards (1986) were used to
calculate recurrence intervals for rain events that occurred
in the study area during the summer of 2001. A 25-year
event closely matches the rainfall intensities observed;
therefore, the 25-year recurrence interval results were
used to compare observed and predicted erosion rates
at each plot. Plot predictions and observations were
combined to compare sites and the study area as a whole.

RESULTS AND DISCUSSION

Rainfall intensity and erosion rates

Hillslope erosion rates increase by orders of magnitude
as rainfall intensity increases; consequently, erosion rates
were log-transformed to obtain a normal distribution.
The maximum 10-min rainfall intensity (I10) was the
only significant variable, and accounted for 75% of the
variance in the logarithm of the first-year post-fire erosion
rate (˛ D 0Ð01). A linear relationship exists between the
logarithm of erosion rate and I10, as described by the
following equation:

ERlog D 0Ð04 I10 � 2Ð0 �1�

R2 D 0Ð76, n D 72

where ERlog is the logarithm of the erosion rate �t ha�1�
and I10 D maximum 10-min rainfall intensity �mm h�1�
(Figure 2).

The first substantial rain event occurred on 15 Jul
01. Site 2 had an I10 of 78 mm h�1, which was 4 to
12 times greater than the I10’s at Sites 1, 3, and 4
for the same storm (Table II). Site 2 had the maximum
observed event erosion rate �81Ð7 t ha�1� and a mean
event erosion rate of 38Ð3 t ha�1 (Figure 3); whereas,
Sites 1, 3, and 4 had mean event erosion rates of less

Figure 2. Log-transformed erosion rate verses I10 showing two orders of
magnitude increase in erosion rates with high intensity rainfall
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Table II. I10, I30, total rainfall, rainfall duration, and rainfall erosivity by site for three major rainfall events in 2001. Mean erosion
rates, minimum and maximum erosion rates, and mean REW erosion rate by site for each rain event

Rainfall Site I10 I30 Total Rainfall Rainfall Erosion rate Mean
event �mm h�1� �mm h�1� rainfall duration erosivity

Mean Min. Max.
REWa erosion

(date) (mm) (min) (Mj-mm ha-h�1)
�t ha�1� �t ha�1� �t ha�1�

rate (t-h Mj-mm�1)

15 Jul 1 16Ð8 8Ð6 4Ð8 —b 52Ð8 0Ð02 0Ð01 0Ð03 0Ð000
2 77Ð7 35Ð6 20Ð1 66 218Ð5 38Ð3 9Ð14 81Ð7 0Ð176
3 19Ð2 11Ð4 5Ð3 84 69Ð9 0Ð03 0Ð02 0Ð06 0Ð000
4 6Ð1 2Ð0 3Ð1 701 12Ð3 0Ð01 0Ð00 0Ð01 0Ð001

20 Jul 1 76Ð2 29Ð5 14Ð7 54 181Ð0 30Ð1 9Ð80 49Ð9 0Ð166
2 73Ð2 25Ð9 13Ð0 19 159Ð0 24Ð3 6Ð93 76Ð7 0Ð153
3 53Ð3 23Ð4 12Ð2 70 143Ð6 0Ð14 0Ð04 0Ð51 0Ð001
4 70Ð1 39Ð1 20Ð6 103 239Ð9 5Ð44 2Ð31 13Ð3 0Ð023

30 Jul 1 6Ð1 4Ð6 29Ð5 2146 28Ð2 0Ð07 0Ð05 0Ð08 0Ð002
2 15Ð2 5Ð6 27Ð9 1060 34Ð0 0Ð26 0Ð11 0Ð60 0Ð008
3 6Ð1 5Ð1 30Ð7 2476 31Ð3 0Ð01 0Ð00 0Ð02 0Ð000
4 10Ð7 8Ð6 34Ð8 2165 52Ð7 0Ð48 0Ð07 0Ð93 0Ð009

a REW D rainfall erosivity weighted.
b —indicates these data are not available.

Figure 3. Photograph of 800 kg of eroded sediment trapped in the silt
fence at Site 2-plot A after the 15 Jul 01 rain event

than 0Ð03 t ha�1 (Table II). It was not feasible to reach
each site immediately after the 15 Jul 01 rain event, and
additional rainfall was recorded at Sites 3 and 4. The
I10’s for this additional event were of lower magnitude
�3–12 mm h�1� than the 15 Jul 01 event. Combined
sediment yields from both rain events were used to
calculate the event erosion rates for Sites 3 and 4.

A second major rain event occurred on 20 Jul 01
and produced I10’s between 53 and 76 mm h�1 at all
four sites and was followed by a rain event of weaker

magnitude (I10’s of 15 to 40 mm h�1) the following day.
The combined sediment yields resulted in the highest
overall mean event erosion rate �15Ð0 t ha�1� observed
during the study. Mean event erosion rates for Sites 1
and 2 (30Ð1 and 24Ð3 t ha�1, respectively) were greater
than for Sites 3 and 4 (0Ð14 and 5Ð4 t ha�1, respectively).
The I10’s for Sites 1 and 2 (76Ð2 and 73Ð2 mm h�1,
respectively) were also greater than for Sites 3 and 4
(53Ð0 and 70Ð1 mm h�1, respectively). The greater I10

at Sites 1 and 2 accounts for the much larger event
erosion rates at those sites. However, the I10 at Site 4
was similar to Sites 1 and 2 and even had the highest
event rainfall erosivity (239Ð9 Mj-mm ha-h�1) among
any site. Yet, the mean event erosion rate was 4 to 5
times less than that for Sites 1 and 2, which is probably
due to the higher ground cover (40%) (Table I). Site 3
had the lowest event I10 �53 mm hr�1� and significantly
(˛ D 0Ð01) more coarse material (greater than 2Ð0 mm) in
surface soils than Sites 1, 2, and 4. Although I10 was the
only statistically significant measured variable affecting
erosion rates, it is likely that other site characteristics
moderate the effect of rainfall intensity on erosion rates.

The third major storm occurred on 30 Jul 01 with I10’s
ranging from 6Ð1 to 15Ð2 mm h�1, with the lowest overall
mean I10 of the three major rain events; nevertheless,
the rain event duration exceeded 24 h and all the sites
received greater total rainfall than in either of the previous
rain events (Table II). Despite greater rainfall amounts,
event erosion rates were less than those generated by the
short duration, high intensity storms that occurred on 15
Jul 01 and 20 Jul 01. With higher intensity rain events, a
dense network of rills was observed in the plots upslope
from the silt fences; however, fewer rills developed after
the 30 Jul 01 rain event. During lower intensity rain
events, site factors are likely to have a greater influence
on the variability of erosion rates, and no single variable
accounts for the variability in the erosion rates for the 30
Jul 05 event in this study.

Published in 2007 by John Wiley & Sons, Ltd. Hydrol. Process. 21, 998–1005 (2007)
DOI: 10.1002/hyp



POST-FIRE EROSION IN MONTANA 1003

Site characteristics and erosion rates

Sites 2 and 4 have significantly greater (˛ D 0Ð01)
estimated ground cover than Sites 1 and 3; however,
the average ground cover values were within a range of
13 to 40% (Table I). No significant correlation between
ground cover and REW erosion rate was detected; thus,
differences in REW erosion rates are not explained by
ground cover alone (Figure 4). This supports recent work
showing that there must be at least 60% ground cover
to have any significant effect on erosion (Robichaud,
2000). Although the mean ground cover for any site did
not exceed 40%, Plot D in Site 4 had greater than 80%
ground cover, and this plot often had the lowest sediment
yield for any rain event. Likewise, plot F in Site 2 had
9% ground cover (as well as highly water repellent soil
conditions), and this plot often had the highest event
sediment yields.

The occurrence of soil water repellency ranged from
16 to 88% among individual plots, reflecting the spatial
variability of this soil condition. The mean depth of the
water repellent layer was 11 mm. The mean soil water
repellency in Site 1 (58%) was significantly (˛ D 0Ð05)
greater than the mean soil water repellency in Site 2
(36%), but not different from that of Sites 3 (54%) and 4
(52%) (Table III). The degree of soil water repellency at
Site 3 was less than at other sites. Site 3 had significantly
more ‘slight’ water repellency than Sites 2 and 4, but less
‘moderate’ water repellency than Site 4 and less ‘severe’
water repellency than Site 2 (Table III). Although Site
3 did have the lowest mean REW erosion rate, water
repellency, like ground cover, did not account for the
differences in REW erosion rates (Figure 4).

In most instances, higher rainfall intensities corre-
sponded to greater erosion rates, and at the highest rain-
fall intensities the influence of other site variables on ero-
sion rates were masked. The variability of erosion rates
generated by lower intensity rainfall was likely deter-
mined by many site characteristics, some of which may
not have been measured in this study. The conflicting
effects of these site characteristics make it difficult to
determine the relative impact of any single variable on
post-fire erosion. Generally, these findings support the
study done by Baker (1988), in which extreme rainfall
intensities obscured the effects of ground cover and slope
steepness on surface erosion.

Figure 4. Annual mean rainfall erosivity weighted erosion rates for
each site. Values with different letters are significantly different at the

˛ D 0Ð01 level

Organic matter and nutrient content in sediment

The OM analyses showed a significant difference (˛ D
0Ð05) between Sites 1 and 3 and Sites 2 and 4, with the
latter having a greater concentration of post-burn OM in
the collected sediment (Table IV). Sites 2 and 4, with
29% and 40% ground cover, had more OM available to
be transported in the runoff than Sites 1 and 3 with 16%
and 13% ground cover (Table I).

Total N and total C in the sediment were generally
proportional to the OM in the sediment, which ranged
from 6 to 14% (Table IV). Given the low proportion of
organic material in the eroded sediments, total N (the
nutrient most closely related to site productivity (DeBano
et al., 1998)) was also small (Table IV). For comparison,
Robichaud et al. (1994) reported 2Ð8 t ha�1 total N in a
typical northern Idaho forest soil profile; thus, the amount
of total N �0Ð001–0Ð1 t ha�1� in the eroded sediments is
likely to have minimal impact on site productivity. The

Table IV. Mean organic matter (OM) in the eroded sediments
and mean annual nutrient losses through erosion by site for 2001.
Different letters within a column indicate significant differences

at ˛ D 0Ð05

Site OM
(%)

Total N
�t ha�1�

Total C
�t ha�1�

Mg
�t ha�1�

Ca
�t ha�1�

K
�t ha�1�

1 6Ð6a 0Ð1 0Ð9 0Ð01 0Ð1 0Ð03
2 8Ð1b 0Ð05 0Ð9 0Ð01 0Ð2 0Ð03
3 5Ð5a 0Ð001 0Ð01 0Ð00004 0Ð002 0Ð0002
4 14Ð0b 0Ð04 0Ð6 0Ð005 0Ð1 0Ð01

Table III. Water repellent soils detected at each site were classified by degree using the WDPT test: slight (5–60 s); moderate
(1–3 min); and severe (3–5 min). The proportion of non-water repellent (less than 5 s) soil and mean depth of the water repellent
layer (greatest degree of water repellency) are also indicated. Different letters within a column indicate significant differences at

˛ D 0Ð05

Site Non-water repellent Water repellent Degree of water repellency Depth of water repellent
soil (%) soil (%)

Slight (%) Moderate (%) Severe (%)
layer (mm)

1 42a 58a 47ab 26ab 27ab 12a
2 64b 36b 24b 27ab 50a 9a
3 48ab 52ab 69a 15b 17b 9a
4 46ab 54ab 31b 34a 35ab 13a
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Figure 5. Comparison of disturbed WEPP model predictions and measured annual post-fire erosion rates by (a) individual plots and (b) by site mean,
with a 1 : 1 line indicated. Also, the predicted and measured overall (24 plots) mean annual erosion rate is indicated in (b)

losses of major cations (Mg, Ca, and K) in the eroded
sediment were negligible (Table IV).

Disturbed WEPP model comparison

Using field data for each site, as well as the soil type
and climate data (generated by CLIGEN using historical
climate data) from the WEPP model database, the model
estimates of mean annual erosion for each plot were
compared to the measured annual erosion from each plot
(Figure 5a). When each plot was modelled separately,
only Site 1 was within the model error range. Disturbed
WEPP over-predicts the erosion from low intensity rain
events and under-predicts the erosion from high intensity
rain events (Figure 5a). Accuracy of model predictions
is not improved when combined by site; however, when
all 24 plots are combined, the mean annual predicted
erosion rate for the study area �28Ð4 t ha�1� is within 15%
of the mean annual measured erosion rate �24Ð8 t ha�1�
(Figure 5b). Spatial variability in site conditions, such
as ground cover and water repellency, are not accurately
reflected in this model; thus, model predictions compared
more closely to measured results when hillslope plots
were averaged.

CONCLUSION

On the basis of direct measurements of hillslope erosion,
75% of the variance in first-year post-fire erosion rates
was accounted for by I10. When I10’s were greater than
70 mm h�1, the influence of other site characteristics
such as ground cover, water repellent soil conditions,
and slope steepness were obscured. Although none of
these site characteristics were statistically significant, the
data suggest that these site variables did influence the
observed erosion rates at lower I10’s (near 25 mm h�1).
Because site characteristics have a combined effect on
erosion rates, it was difficult to identify the individual
effect of any single variable. Nonetheless, these results
indicate that rainfall intensity is the driving factor for the
first-year post-fire erosion.

Nutrient losses through erosion, which were propor-
tional to sediment losses, were small. Even with high
intensity rain events that produced substantial erosion,
site productivity was not adversely affected by post-fire
erosion.

Predicting the spatial and temporal variability of post-
fire erosion rates is a complex task. The Disturbed
WEPP model provided reasonable first post-fire year
annual erosion predictions when the measured results
were averaged over a large area, but not at the scale
of individual plots. These results reflect the need for
an erosion prediction tool that accommodates spatial
variability of the factors affecting hillslope erosion.
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