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ABSTRACT: Post-fire sediment yields can be up to three orders of magnitude greater than sediment yields in unburned
forests. Much of the research on post-fire erosion rates has been at small scales (100 m? or less), and post-fire sediment
delivery rates across spatial scales have not been quantified in detail. We developed relationships for post-fire bedload
sediment delivery rates for spatial scales up to 117 ha using sediment yield data from six published studies and two
recently established study sites. Sediment yields and sediment delivery ratios (SDRs; sediment delivered at the catch-
ment scale divided by the sediment delivered from a plot nested within the catchment) were related to site factors
including rainfall characteristics, area, length, and ground cover. Unit-area sediment yields significantly decreased with
increasing area in five of the six sites. The annual SDRs ranged from 0.0089 to 1.15 and these were more closely
related to the ratio of the plot lengths than the ratio of plot areas. The developed statistical relationships will help
quantify post-fire sediment delivery rates across spatial scales in the interior western United States and develop
process-based scaling relationships. Published in 2013. This article is a U.S. Government work and is in the public
domain in the USA.
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Introduction

Hillslope erosion rates after forest fires can increase dramat-
ically (Swanson, 1981; DeBano et al., 1998; Shakesby and
Doerr, 2006; Moody and Martin, 2009) because of tempo-
rary changes to hydrologic properties (Robichaud, 2000;
Martin and Moody, 2001; Larsen et al., 2009; Ebel et al.,
2012). There is evidence that these erosion rates depend
on the severity of the wildfire (Robichaud, 2000;
Benavides-Solorio and MacDonald, 2001, 2005; Moody
et al., 2008b), the magnitude or intensity of the rainfall that
occurs after the fire (Moody and Martin, 2001b, 2009;
Robichaud et al., 2008b; Lanini et al., 2009), and the
geomorphic setting of the burned area (Moody et al.,
2008a; Robichaud et al., 2013b).

Much of the research into the hydrologic and geomorphic
effects of wildfires has occurred at spatial extents of 100 m? or
less. A few observational studies have recorded elevated
sediment yields at larger (e.g. > 1 km?) scales (Rowe et al., 1954;
Brown, 1972; Helvey, 1980; Meyer et al., 1992; Troendle and
Bevenger, 1996; Moody and Martin, 2001a; Lane et al., 2006;
Malmon et al.,, 2007; Reneau et al., 2007; Noske et al., 2010).
However there are relatively few studies relating the post-fire
sediment response across spatial scales (Ferreira et al., 2008;
Mayor et al., 2011).

Sediment delivery across scales has been a focus in the
hydrologic and geomorphic literature for the past several
decades (Walling, 1983). It is clear that there is no simple
ratio applicable across locations, spatial scales, or land
cover type (e.g. forest, range, or grassland) or condition,
and that the sediment delivery rate relative to the hillslope
erosion rate is a complex, dynamic, approximate concept
(Walling, 1983; de Vente and Poesen, 2005; Parsons et al.,
2006b; de Vente et al., 2007). Still, there is much practical
value in determining an approximate proportion of the
delivery of eroded sediment to points downstream (Lu
et al., 2005; Parsons et al., 2006a).

Given the impacts of forest fires on storm flows and erosion
rates, the sediment delivery issue is of great concern to those
trying to manage downstream resources. In the United States
and increasingly in other countries, post-fire assessments
attempt to predict the risk of sedimentation, among other
issues, in streams and reservoirs below burned areas. Often
the best information available to these managers is an erosion
rate measured at a relatively small spatial scale, and there is
little guidance on the error associated with extrapolating these
small-scale erosion rates to basin scale sediment vyields.
Physically-based erosion models may help address the differ-
ence in sediment delivery across spatial scales but models
should be validated at each scale of inference, and few data
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are available on post-fire sediment delivery rates at spatial
scales greater than about 20 ha.

Controls on post-fire sediment yields at the hillslope scale
have been fairly well described, and include amount of ground
cover (Vega and Diaz-Fierros, 1987; Prosser and Williams,
1998; Robichaud, 2000; Benavides-Solorio and MacDonald,
2001, 2005; Cerda and Doerr, 2005; Doerr et al., 2006;
Wagenbrenner et al., 2006; Larsen et al., 2009); the degree of
heating of the soil, usually inferred after the fire by assessing
soil burn severity (Keeley, 2009); the observed post-fire rainfall
amount or intensity (Vega and Diaz-Fierros, 1987; Moody and
Martin, 2001b, 2009; Wondzell and King, 2003; Kunze and
Stednick, 2006; Desilets et al., 2007; Spigel and Robichaud,
2007; Robichaud et al., 2008b); hillslope shape (planar, convex,
or concave) (Benavides-Solorio and MacDonald, 2005); and time
since burning (Morris and Moses, 1987; Benavides-Solorio and
MacDonald, 2005; Wagenbrenner et al., 2006; Robichaud et al.,
2008b, 2013b, 2013c; Larsen et al., 2009; Pierson et al., 2009).

Some progress has been made in establishing scaling
relationships in burned areas. Channel network patterns were
characterized and related across three spatial scales (1 to
1000m?, 0.1 to 100ha, and 1 to 1000 km?) in a study three
years after the Buffalo Creek fire in Colorado (Moody and
Kinner, 2006). The authors concluded that the scaling ratios
in the largest size class (1 to 1000 km?) applied to the middle
size class (0.1 to 100 ha), but the rill networks in the smallest
size class (1 to 1000m? produced a less-dense channel
network than predicted by scaling from the two larger classes
(Moody and Kinner, 2006).

The goal of the current study was to use field-measured
sediment yields from fluvial events to determine how post-fire
sediment delivery rates vary across spatial scales. The specific
objectives were to: (1) develop an empirical relationship
between sediment yields, spatial extent, and site and rainfall
characteristics; (2) determine if this relationship holds across
multiple locations in the interior western United States with
diverse climate and topography; (3) calculate the post-fire
sediment delivery ratio (SDR) across spatial scales and relate
this to physical properties.

Methods
Site description

Study sites were installed after wildfires in six forests in
Colorado, Washington, Utah, Montana, and Arizona (Figure 1).
Detailed site descriptions and methods are presented in previous
studies for four of the sites: Bobcat in north central Colorado
(Wagenbrenner et al., 2006); Hayman in central Colorado
(Robichaud et al., 2008b, 2013b, 2013c); North 25 in
north-central Washington (Robichaud et al., 2006, 2008b) and
Valley in south western Montana (Robichaud et al., 20083,
2008b). The methods at the Twitchell site in Utah and the Wallow
site in Arizona (Figure 1) followed the methods used in the earlier
studies and these are briefly summarized later along with the
earlier sites’ descriptions (Tables | and I). All of the sites used
sediment traps to retain sediment delivered from plots or
catchments at multiple spatial scales. In cases when the runoff
quantity was less than the trap storage capacity, the measured sed-
iment delivery was the total load. Generally, though, the majority
of the runoff volumes exceeded the storage capacity of the traps
and so the sediment measurements were the bedload fraction.
The Twitchell site was located within the 180 km? Twitchell
Canyon fire of July 2010 on the Fishlake National Forest in Utah.
This was the only site that was not a mixed-conifer forest before
the fire, and its vegetation was composed of pinyon pine, juniper,
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Figure 1. (a) Locations of the six study sites in the western US. (b)
Oblique view looking up the West Willow Creek drainage at the Wal-
low site on 30 June 2011; outline shows approximate catchment
boundary. (c) Hillslope plot and silt fence at the Wallow site during a
runoff event 10 August 2011. This figure is available in colour online
at wileyonlinelibrary.com/journal/espl

and Gambel oak (Pinus edulis, Juniperus scopulorum, and
Quercus gambelii, respectively) (Table 1). The five catchments
were the control catchments (0.22 to 1.6 ha) that had been paired
with five catchments treated with straw bale check dams in a
larger study to measure the effect of the check dams on
sediment yields (Storrar, 2013). Nested hillslope plots were
installed in the headwaters of four of these untreated catchments.
Five additional hillslope plots were installed upstream of the
check dams in the treated catchments, and these were included
in the current study without the corresponding catchment-scale
data. The nine plots were 3 m wide by 9 to 63 m long along the
slope, and had gradients between 25% and 67% (Table Ill). Rain
gages were installed in or adjacent to each catchment and the
nearest gage was used to characterize rainfall for each plot.

The Wallow site was located in the 117 ha West Willow
Creek catchment, which burned in June 2011 during the
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Table I.  Fire year, years of data and post-fire years used in the study, latitude, longitude, elevation, and dominant pre-fire vegetation for each site
Fire Data Post-fire Latitude Longitude Elevation

Site year years years (deg) (deg) (m) Pre-fire vegetation b

Bobcat® 2000 2000-2002 0-2° 40.45 -105.35 2300 Mixed: ponderosa pine (Pinus ponderosa)

Hayman? 2002 2002-2004 0-2° 39.18 -105.36 2400 Mixed: ponderosa pine (Pinus ponderosa)

North 25¢ 1998 1999-2000 1-2 47.99 -120.34 1600 Mixed: grand fir (Abies grandis)

Twitchellf 2010 2011-2012 1-2 38.53 -112.40 2200 Twoneedle pinyon pine, Rocky Mountain
juniper, Gambel oak (Pinus edulis, Juniperus
scopulorum, Quercus gambelii)

Valley® 2000 2001-2002 1-2 45.91 -114.03 1700 Mixed: Douglas-fir (Pseudotsuga menziesii)

Wallow" 2011 2011-2012 0-1° 33.66 -109.31 2600 Mixed: Douglas-fir (Pseudotsuga menziesii)

“Post-fire year O (the fire year) is from the time the fire occurred until the end of the following snowmelt.
b‘Mixed’ indicates mixed conifer forest. In these cases the dominant tree types are indicated.

“Wagenbrenner et al., 2006

dRobichaud et al., 2008b; 2013b; 2013c
“Robichaud et al., 2008b; 2006

fStorrar, 2013

8Robichaud et al., 2008a; 2008b
PWagenbrenner, 2013

Table II.

Dominant soil classification(s), soil texture, geologic parent material, 2-yr return interval and observed minimum (Min) and maximum

(Max) 10-min maximum rainfall intensity (/;0), and number of plot-events (n) for each site

lio (MM hr)

Site Soil classification Soiltexture Parent material 2-yr Min-Max n Reference(s)
Bobcat Lamellic Haplucryepts Gravelly sandy loam  Schist, gneiss 52¢ 6-55 102  Wagenbrenner et al., 2006
Ustic Dystrocryepts
Typic Haplustolls
Lithic Haplustalfs
Hayman  Typic Ustorthents Gravelly sandy loam  Granitic 56 P 6-75 82  Robichaud et al., 2008b;
Typic Cryorthents 2013b, 2013c¢
North 25  Typic Vitrixerands Ashy sandy loam Volcanic 321 3-31 35  Robichaud et al., 2006; 2008b
Twitchell  Aridic Argiustolls Gravelly loam Volcanic tuff 48 © 11-61 119  Storrar, 2013
Aridic or Typic Haplustolls and rhyolite
Valley Typic Haplustepts Gravelly sandy loam  Grantic colluvium 31¢ 7-59 29  Robichaud et al., 2008a,2008b
Wallow  Typic Hapludalfs Silty clay loam Basalt 81°¢ 9-47 124 USDA Forest Service, 2011a

Typic Haplocryalfs
Lithic or Pachic Argiustolls
Typic Haplustalfs

*Miller et al., 1973
bArkell and Richards, 1986
“Bonnin et al., 2004

2200 km? Wallow fire on the Apache-Sitgreaves National
Forest in Arizona (Figure 1). A concrete weir was installed
in West Willow Creek in 1962 as part of an earlier study
(Heede, 1985). In July 2011 the weir was re-instrumented
and the stilling ponds were emptied and surveyed. Four
slope-length plots were installed near the weir, and these
were between 130 and 322m long (Table Ill). Twelve 12-m
long burned, untreated plots were installed as control plots
for a study on the effectiveness of post-fire seeding, and
these were bounded by trenches to exclude flow from
above the plots. The width of each plot was 3 m. Mean
slope gradients ranged from 30 to 36% for the hillslope
plots (Table Ill). Four rain gages were installed throughout
the catchment. The nearest gage was used to characterize
rainfall for the hillslope plots and the median of the four
rain gage values was used to characterize the rainfall for
the catchment. Sediment delivered at the catchment scale

Published in 2013. This article is a U.S. Government work and is in the public domain in the USA.

was attributed to runoff events recorded by a stream gaging
station, and in at least one case the spring freshet
produced sediment at the catchment scale with no corre-
sponding sediment delivered at the hillslope scales.
Additional site details, including the stream gaging station,
are described in a study on post-fire runoff rates
(Wagenbrenner, 2013).

In order to assess the relative importance of rainfall and site
characteristics at different spatial scales, each plot and catch-
ment was categorized by its contributing area into one of four
classes. These classes were defined by breaks among plot or
catchment areas so that plots or catchments with similar areas
fell into the same area class. Breaks between area classes were:
80m?, 0.1 ha, and 10 ha (Table 11I). The smallest two classes (area
< 80m? and 80m? < area < 1000 m?) were non-convergent
plots (< 80m?) or hillslopes (80 m? to 1000 m?) and each site
included at least one of these area classes (Table Ill). The two

Earth Surf. Process. Landforms, Vol. 39, 865-876 (2014)
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larger classes (0.1ha < area < 10ha and area >10ha) were
convergent hillslopes or catchments and each site also included
at least one of these larger classes (Table Ill). Well-defined
channels were present in the catchments in the two largest
classes, except for the plots in the 0.1 ha to 10ha class at the
Bobcat site.

According to the Wallow fire burn severity map (USDA
Forest Service, 2011b) which was derived from differenced
normalized burn ratios, the Wallow catchment was unique in
that it was only partly (~50%) burned at high severity, with an
additional 20% of the area burned at low or moderate severity
and about 30% of the catchment unburned. The mapped burn
severity classification was verified along three transects in or
near the West Willow Creek catchment using field
measurements and observations (Parsons et al., 2010). All of the
unburned areas and the areas burned at low or moderate severity
were in the upper parts of the catchment (Wagenbrenner, 2013).
While this pattern is typical in wildfires in this area (e.g. Haire and
McGarigal, 2010), these lesser-impacted areas would contribute
little or no sediment as compared to the sediment produced
from the areas burned at high severity (Benavides-Solorio and
MacDonald, 2005). As we did not measure the contribution of
each burn class separately, we assumed the whole catchment
contributed to the sediment delivery at the outlet. This conserva-
tive approach allowed us to analyze the catchment-scale
sediment delivery as impacted by the representative heterogeneous
burn severity found in this region. All of the other plots and
catchments burned at high severity. The Wallow catchment also
historically had runoff through most of the year (Heede, 1985)
whereas all the other plots and catchments were ephemeral.

Sediment yields in the smallest plots were measured using
silt fences (Robichaud and Brown, 2002). The sediment yields
in the catchments were measured using weirs made of wood
and geotextile (Twitchell) (Storrar, 2013), galvanized sheet
metal (North 25, Valley, and Hayman) (Robichaud, 2005) or
concrete (Wallow). The accumulated sediment in the silt fences
was weighed on site and subsampled for gravimetric sediment
moisture content. Sediment volume in the weirs was calculated
from repeat surveys and sampled for bulk density. Dry sediment
mass was calculated from the field-measured weights or
volumes and the sediment moisture content or bulk density.
Sediment vyield was the dry sediment mass divided by the
planimetric contributing area at the weir or silt fence.

We use the term ‘fire year’ to represent measurements or
observations made in the period between the fire occurrence
and the first winter after the fire. ‘First post-fire year’ com-
menced in the spring of the calendar year following the fire
and ‘second post-fire year’ began in the subsequent spring.
We differentiate ‘fire year’ from ‘first post-fire year’ because
within the geographic region represented by the study the fire’s
effects on soils and vegetation are greatest during the period
between the wildfire and the first winter (Robichaud et al.,
2008b, 2013a). The annual sediment vyield in the fire year
was the sum of sediment delivered by each plot or catchment
between the time of the fire and the end of the following snow
melt period (April or May, depending on the site). The annual
yields for the first and second post-fire year consisted of the to-
tal sediment delivered between the subsequent snow-free date
and the end of the following snowmelt period.

Multiple tipping bucket rain gages were located at all sites
except North 25, which had just one. Storm events were sepa-
rated by a six hour period with no rainfall and summarized by
the event total rainfall (in millimeters), maximum 10-minute,
30-minute, and 60-minute rainfall intensities (l1o, 150, and g0,
respectively) (in mm hr'). Sediment yields at all scales were
measured on an event basis as much as feasible, but in several
cases the sediment yields spanned multiple rainfall events. For

Length (m)
537
1297

6.8

Class 4: > 10ha
(convergent, channelized)
Slope (%)
50

n
0
0
1
0
1

60-212
429-452
115-188

285

Length (m)

24-60
31-33

38-57
46

Class 3: 0.1 ha=10 ha
Slope (%)

(convergent, channelized)

n
9b
2
0
5
1
0

Length (m)
22-48
37-64
17-18

129-321

Slope (%)
25-62
52-61
30-36

(non-convergent)
28-37

Class 2: 80-1000 m?

n
3
0
0
42
4
42

7-14

Length (m)
8-9
9-19

11-13

19-44

(non-convergent)
28-54
39-67
30-36

Class 1: 20-80 m*
Slope (%)

n

8&
10°

Total number of plots (N), the number of plots or catchments (n) in each area class (Class), and the minimum and maximum slope and length for each area class by site
N
12
10
9
14
5
15

“These sites had plots nested within catchment(s) which were used in sediment delivery ratio (SDR) calculations and analysis: two Class 1 plots at North 25; two Class 1 and two Class 2 plots at Twitchell; and six Class 1

and four Class 2 plots at Wallow.
PNone of the Bobcat plots had defined channels.

Table 11I.
Site
Bobcat
Hayman
North 25
Twitchell
Valley
Wallow
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these events the sum of the rainfall and the maximum rainfall
intensity that occurred between site visits was associated with
each sediment yield value. Ground cover was measured in late
summer or early fall using point-intercept classification
methods on transects or quadrats within each study catchment
or plot. The ground cover for the catchment at the Wallow site
was measured in areas of high burn severity.

Statistical analysis

Linear mixed-effects models with repeated measures on plots or
catchments were used to assess differences in non-zero sediment
yields and SDRs among sites, area classes, and controlling site
characteristics (SAS Institute Inc., 2008). The SDR was calculated
for sites with plots nested within catchments (North 25, Twitchell,
and Wallow) (Table 1lI), and was the catchment sediment yield
divided by the plot sediment yield. Similarly, the area ratio and
length ratio were the ratios of the catchment value to those
of the plot.

The serial correlation (covariance) among measurements on a
given plot or catchment was modeled as a random effect using a
spatial power function on the number of days between the start
of the fire and the sediment-producing event (Littell et al., 2006).
A second random effect was included in each model for the site.
For sediment yields, the post-fire year (year of the fire, first
post-fire year, or second post-fire year) was added as a fixed
effect. The significance level was 0.05 for all analyses. The
sediment yields and SDRs were log-transformed prior to
statistical analysis to satisfy the assumptions of normality and
homoscedasticity of the statistical models’ residuals, while
the contributing areas and area ratios were log-transformed
to allow the statistical software’s calculation of the confidence
limits of the model’s estimates.

Continuous variables including ho, ko, lso, event rainfall,
ground cover, mean plot or catchment slope, total plot or
catchment relief, and planimetric plot or channel length were
tested for significance as covariates in the sediment yield
models and included in the models if they were significant
(forward selection). None of the variables were controlled. If
multiple rainfall characteristics (l1¢, )30, loo, Or event rainfall) were
significant, only the characteristic with the greatest F-statistic was
included in the model (Ott, 1993). Similarly, F-values were used
to determine relative importance of the fixed effects and covari-
ates in the linear mixed-effects models. Models were run for all
sites combined and by site to distinguish specific site responses.
Linear relationships between sediment yields and individual
covariates were developed using the model coefficients (intercepts
for post-fire year and modeled slope terms for continuous variables),
the observed data for the specific covariate of interest, and the aver-
age values of the observed data for the other significant covariates.

The contributing area classes were used to assess the effects
of contributing area and rainfall intensity on sediment yields
using a linear mixed-effects model with the same model struc-
ture as described earlier. This model related event sediment
yields to ;o within the area classes described earlier.

The uncertainty in the sediment yield and sediment delivery
statistical models was assessed using a coefficient of determi-
nation for linear mixed-effects models (Nakagawa and
Schielzeth, 2013). This method quantifies the variance in the
observed data that is accounted for with the fixed effects
(REMM(m)) or fixed and random effects (RfMM(C>). We added a
modification to REMM@ to include the variance explained by
the covariates (R Zxmco))-

Only the events that occurred in the first two post-fire years
were used for analysis of the sediment yield data for two
reasons: few data were available for later post-fire years; and there
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is some indication that post-fire sediment yields decline consider-
ably after the second post-fire year (Robichaud et al., 2013c).

Results

We observed active rainsplash, sheetwash, and rilling during
high-intensity storm events at the Bobcat, Hayman, and
Wallow sites. We also observed rills on the hillslopes of the
Twitchell site. Channel incision and sediment deposition
occurred locally in the established channels in the Hayman,
Twitchell, and Wallow catchments.

Factors affecting event sediment yields

Statistical modeling showed the event sediment yields within
the first two post-fire years were significantly related to the
log-transformed contributing area (log(area)) and also affected
by the time since burning (post-fire year), the amount of ground
cover, and the rainfall intensity (Table V). Slope and relief were
not significant covariates in the statistical models, and the most
significant rainfall intensity measure was I;o. The differences
among post-fire years were described by the intercepts in the
linear models as the slopes for the continuous predictor vari-
ables (log(area), ground cover, and I) did not vary across
post-fire years. The intercepts for the fire year and the first
post-fire year did not differ from each other or from zero
(Table V), but the intercept for the second post-fire year (—0.38)
was lower and this difference was nearly significant (p = 0.09).
The lower intercept reflects lower sediment yields in the second
post-fire year as the sites began to recover (Figure 2).

The modeled slope terms (Table 1V) showed the event unit-
area sediment yields decreased significantly with increasing
area (Figure 2) and ground cover (Figure 3) and increased
significantly with increasing event I, (Figure 4). These coeffi-
cients were used to develop an exponential relationship
between event sediment yield (in Mg ha™"), contributing area
(in m?), and the other significant variables for each post-fire year:

Event sediment yield = k;Area™0%! 1M

where k; was the combined coefficient that accounted for the
ground cover, 1o, and model intercept. The k; was

ki — 10—0.018C”+0.0421,+b” )

where C, was the ground cover (%) for the nh year; l; was the I,
of the i™ event (in mm hr™"); and b, was the intercept for the n!
year (Table V). Using the mean annual values for ground cover
and /o, the k; values across all sites and events were 3.80 for
the year of the fire, 2.98 for the first post-fire year, and 0.838 for
the second post-fire year (Figure 2).

The natural variability in the measured data as well as
factors that were not included in the statistical models resulted
in some scatter of the observed data about the linear mixed-
effects models. The fixed effect (post-fire year) explained only
4.3% of the variability in log-transformed sediment yields. The
random effects (site and repeated measures on plots within
sites) explained another 61%, producing an R Zymc of 0.65.
When the variability explained by the covariates (ground
cover, l;g, and log-transformed area) was included, the
R EMM(COV) increased to 0.72.

Earth Surf. Process. Landforms, Vol. 39, 865-876 (2014)
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Table IV. Number of plot-events (n) and the linear model intercepts for each post-fire year and the linear model slope terms for the log(area), ground cover, and ;. The 95% confidence intervals for each coefficient are

shown in parenthesis

Linear model slope terms

Second post-fire year

First post-fire year

Fire year

I1O

Log(area) Ground cover

Intercept Intercept

Intercept

Site

0.042 (0.036, 0.047)

-0.018 (-0.023, -0.012)
-0.027 (-0.037, -0.017)

0.00045 (-0.011, 0.012)

-0.21 (-0.28, -0.14)
-0.74 (-1.1,-0.39)

-0.38 (-0.81, 0.045)

66
36
47

0.19 (-0.11, 0.50) 238 0.13 (-0.040, 0.30) 1

87

All sites
Bobcat

0.046 (0.033, 0.060)

1.4 (0.24, 2.6)
-1.5(=2.3,-0.74)

2.2 (1.6, 2.8) 53 2.1(1.7,2.5)
-1.2 (-1.5, -0.88)
0.090 (-0.49, 0.67)

-0.98 (1.5, -0.44)

13

0.036 (0.026, 0.047)
-0.014 (-0.033, 0.0041)

0.076 (-0.047, 0.20)
-0.35 (-0.52, -0.18)
-0.24 (-0.39,-0.085)
-0.36 (-0.64,~0.090)
-0.20 (-0.29, -0.12)

27
17
65

Hayman

0.0070 (-0.017, 0.031)

1.5(1.2,1.7)
-0.49 (-0.91, -0.077)

-0.46 (-1.2, 0.31)

North 25

0.036 (0.024, 0.049)

0.0074 (-0.0077, 0.022)

~1.1 (=2.2, -0.043)

-0.20 (-1.4, 0.99)

54

11

a

0

Twitchell
Valley

0.054 (0.034, 0.074)

-0.045 (-0.089,~0.0017)
-0.031 (-0.043, -0.020)

18
58

0.049 (0.035, 0.062)

a

0.88 (0.21, 1.5)

0.51 (0.11, 0.92)

66

Wallow

“No data

BobcatO Hayman© N254 Twitchell+ Valley X  Wallow &
Fire year
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Figure 2. Event sediment yield (SY) versus contributing area (A) by
post-fire year. Lines and equations were derived from model coeffi-
cients (Table IV; Equations 1 and 2) and average values for ground
cover and ;o by year. Figure is available in color online.
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Figure 3. Eventsediment yield (SY) versus ground cover (C,,) by post-
fire year. Lines and equations were derived from model coefficients (Ta-
ble IV) and average values for log(area) and I, by year. This figure is
available in colour online at wileyonlinelibrary.com/journal/espl

Site differences in factors affecting sediment yields

Some of the modeled slope terms differed across sites (Table IV).
The slope for log(area) for the Bobcat site (—0.74) was more
negative than the log(area) slope for all sites (—0.21), indicating
the sediment delivery rates decreased more steeply across the
range of contributing areas at this site as compared to all sites
combined (Table 1V). In contrast, the log(area) slope for the
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Figure 4. Event sediment yield (SY) versus I;¢ by post-fire year. Lines
and equations were derived from model coefficients (Table V) and
average values for log(area) and ground cover by year. This figure is
available in colour online at wileyonlinelibrary.com/journal/espl

Hayman site (0.076) was greater than the slope for the
combined sites (—0.21) (Table 1V). More importantly, this term
was not significantly different than zero, which indicates the
unit-area sediment yields did not vary within the range of
contributing areas at the Hayman site. The log(area) slope terms
for the other four sites were no different than the slope for the
combined model (Table V).

The ground cover slopes at Hayman (0.00045) and Twitchell
(0.0074) were larger than the value for the combined sites
(—0.018) and both of the confidence intervals included zero.
The Twitchell site, and to a lesser degree the Hayman site,
had very high sediment yields in some of the plots with
relatively high ground cover. This is especially evident in the
Twitchell site in the second post-fire year when high intensity
rain events (Lo up to 61 mmhr™") produced large sediment
yields (up to 63Mgha™") (Figures 3 and 4). Although it was
not different from the slope term for all sites combined, the
Valley site had a relatively steep negative ground cover slope
(—0.045), which was mainly driven by relatively low ground
cover and a broad range in sediment yields in the first post-
fire year.

Five of the six sites had modeled slopes for I, that were
between 0.036 and 0.054. The one exception (North 25 site,
—0.014) was significantly less than the value for the
combined-sites (0.042) (Table IV). The negative I, slope ter