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Climate, wildfire, and erosion ensemble foretells
more sediment in western USA watersheds
Joel B. Sankey1 , Jason Kreitler2 , Todd J. Hawbaker3 , Jason L. McVay4, Mary Ellen Miller5 ,
Erich R. Mueller1 , Nicole M. Vaillant6 , Scott E. Lowe7 , and Temuulen T. Sankey4

1Southwest Biological Science Center, Grand Canyon Monitoring and Research Center, U.S. Geological Survey, Flagstaff,
Arizona, USA, 2Western Geographic Science Center, U.S. Geological Survey, Boise, Idaho, USA, 3Geosciences and
Environmental Change Science Center, U.S. Geological Survey, Denver, Colorado, USA, 4Informatics and Computing
Program, Remote Sensing and Geoinformatics Lab, Northern Arizona University, Flagstaff, Arizona, USA, 5Michigan Tech
Research Institute, Ann Arbor, Michigan, USA, 6U.S. Department of Agriculture Forest Service, Pacific Northwest Research
Station, Western Wildland Environmental Threat Assessment Center, Prineville, Oregon, USA, 7Department of Economics,
Boise State University, Boise, Idaho, USA

Abstract The area burned annually by wildfires is expected to increase worldwide due to climate change.
Burned areas increase soil erosion rates within watersheds, which can increase sedimentation in downstream
rivers and reservoirs. However, which watersheds will be impacted by future wildfires is largely unknown.
Using an ensemble of climate, fire, and erosion models, we show that postfire sedimentation is projected to
increase for nearly nine tenths of watersheds by>10% and for more than one third of watersheds by>100%
by the 2041 to 2050 decade in the western USA. The projected increases are statistically significant for
more than eight tenths of the watersheds. In the western USA, many human communities rely on water from
rivers and reservoirs that originates in watersheds where sedimentation is projected to increase. Increased
sedimentation could negatively impact water supply and quality for some communities, in addition to
affecting stream channel stability and aquatic ecosystems.

1. Introduction

The area burned by wildfires worldwide is expected to increase over the next century due to climate change
[Westerling et al., 2006; Gedalof et al., 2005; Littell et al., 2009; Hawbaker and Zhu, 2012a; Stephens et al., 2014;
Dennison et al., 2014; Barbero et al., 2015; Pelletier et al., 2015; Robinne et al., 2016]. Increased sedimentation
due to soil erosion in burned watersheds [Pierce et al., 2004; Shakesby and Doerr, 2006; Moody and Martin,
2009; Miller et al., 2011] can negatively impact downstream aquatic ecosystems and the quality and supply
of water [Weidner and Todd, 2011; Murphy et al., 2015; Smith et al., 2011]. Impacts to aquatic ecosystems
range from biophysical effects on fish habitat to alterations of stream channel morphology [Shakesby and
Doerr, 2006; Smith et al., 2011]. Sedimentation can negatively impact water supply by reducing reservoir sto-
rage, which increases the need and cost for reservoir maintenance and the cost to treat and supply water to
municipalities [Palmieri et al., 2001]. Water quality can be further degraded by nutrients and pollutants that
adsorb to individual sediment grains and aggregates [Smith et al., 2011].

Fire frequency and burned area are expected to increase in many watersheds of the western USA in coming
decades, particularly for the warmer climate change scenarios [Hawbaker and Zhu, 2012a; Barbero et al.,
2015] (Figures 1a and 1b). At least 65% of the water supply in the western USA originates in watersheds
with fire-prone vegetation [Brown et al., 2008]. Understanding how changing fire frequency, extent, and
location will affect watersheds, reservoirs, and ecosystem services to communities is therefore of great
societal importance [Weidner and Todd, 2011; MacDonald, 2010]. We use an ensemble modeling approach
to examine how postfire sedimentation will change in western USA watersheds with future fire. Projections
of areas burned by future wildfires for several climate change scenarios and general circulation models
(GCMs) exist for all watersheds of the western USA [Hawbaker and Zhu, 2012a]. Predictions of postfire hill-
slope soil erosion rates also exist for many of these watersheds [Miller et al., 2011] (Figure 1c). We synthesize
these data sources to project sediment yield from future fires for watersheds through the year 2050 at the
hydrologic unit 8 (HUC8) scale. We demonstrate a parsimonious, ensemble model synthesis approach to
project future changes in postfire watershed sediment yield that could also be applied to other regions
of the world.
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2. Methods
2.1. Fire and Climate Change Scenarios

We use previously published projections of future potential burned area based on simulations of wildfire
ignitions and fire perimeters that were completed as part of the U.S. Geological Survey’s National
Assessment of Ecosystem Carbon Sequestration and Greenhouse Gas Fluxes, also known as LandCarbon
[Hawbaker and Zhu, 2012a, 2012b]. For more details we refer the reader to Hawbaker and Zhu [2012a,
2012b]; however, what follows is a very brief description of their methods.

Figure 1. Overview of the data inputs and results of model ensemble projections. Previously published projections of (a) area burned from simulations of wildfire
perimeters completed using climate projections from several general circulation models (GCMs) for the (b) A1B, A2, and B1 emission scenarios ([Hawbaker and
Zhu, 2012a, 2012b], Figure 1a) were summarized by watershed ([Hawbaker and Zhu, 2012a, 2012b], Figure 1b), and combined with previously published watershed
sediment yield estimates for the first year postfire from the (c) GeoWEPP erosion model ([Miller et al., 2011], Figure 1c) to project future postfire sediment yield for
watersheds of the western USA through 2050 at the hydrological unit 8 (HUC8) scale (Figures 1d–1f; see also supporting information Figure S1). (d) The mean
projected percent change in annual HUC8 watershed sediment yield from 2001–2010 to 2041–2050. (e) The projected absolute change in annual HUC8 watershed
sediment (Mg) determined from watershed area burned and first year postfire watershed sediment yield. (f) The statistical significance of mean percent change
results (i.e., in Figure 1d) from uncertainty analysis.

Geophysical Research Letters 10.1002/2017GL073979
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A fire model that simulated both ignitions and fire spread was calibrated with historic data and then applied
to climate projections to estimate future potential burned area [Hawbaker and Zhu, 2012a, 2012b]. The simu-
lations stochastically modeled wildfire ignition occurrence on a daily time step and then simulated spatially
explicit fire spread using the minimum travel time algorithm [Finney, 2002]. Fuel moisture, weather, climate,
fuels, vegetation, and topography data were used to drive the fire simulations. The historic weather data used
to parameterize and calibrate the model had 1/8° resolution and a daily time step [Maurer et al., 2007]. The
downscaled climate projections used were based on the Coupled Model Intercomparison Project phase 3
(CMIP3) climate projections following the Special Report on Emissions Scenarios (SRES). The CMIP3 data used
were corrected for bias and spatially downscaled to match the 1/8° resolution historic weather data [Maurer
et al., 2007]. The downscaled data for each of the A1B, A2, and B1 SRES scenarios from the CCCma CGCM 3.1
[Flato and Boer, 2001], Australia’s Commonwealth Scientific and Industrial Research Organisation Mark 3.0
model (CSIRO-Mk3.0) [Gordon et al., 2000], and the Model for Interdisciplinary Research on Climate version
3.2, medium resolution [K-1 Model Developers, 2004] general circulation models (GCMs) were downloaded
from the downscaled CMIP3 and CMIP5 climate and hydrology projections archive [Maurer et al., 2007].
Before simulating fire occurrence and spread under the climate change scenarios, the ignition and fire spread
components were parameterized and calibrated using Monitoring Trends in Burn Severity data [Eidenshink
et al., 2007]. All model calibration and simulations were completed for individual Environmental Protection
Agency Level III Ecoregions [Omernik and Griffith, 2014], and then the results were spatially joined
[Hawbaker and Zhu, 2012a, 2012b].

2.2. Postfire Sediment Modeling

In this study, we focus on summarizing first year postfire hillslope-scale erosion due to water within HUC8
watersheds in the western USA. Soil erosion due to water depends on the spatial distribution, physical struc-
ture, and ground coverage of vegetation and litter [Flanagan and Nearing, 1995; Shakesby and Doerr, 2006;
Miller et al., 2011; Larsen and MacDonald, 2007]. It also depends on soil characteristics such as texture, struc-
ture, mineralogy, aggregate stability, and organic matter content, each of which can be altered by burning
and burn severity [Flanagan and Nearing, 1995; Shakesby and Doerr, 2006; Miller et al., 2011; Larsen and
MacDonald, 2007]. Other important factors include rainfall amounts and intensities as well as topographic
factors including slope length, steepness, shape, and convergence [Moody and Martin, 2009; Shakesby and
Doerr, 2006; Miller et al., 2011]. Hillslope soil erosion is often dramatically increased by wildland fire and
can be estimated for watersheds over a large geographic extent with existing geographic information sys-
tem-based models including the Geo-spatial interface for the Water Erosion Prediction Project (GeoWEPP
[Laflen et al., 1997; Renschler et al., 2002]) [Miller et al., 2011; Litschert et al., 2014; Sankey et al., 2015].
Modeled erosion rates can, in turn, be summarized to estimate watershed sediment yield for a given time
period (e.g., 1 year) postfire [Miller et al., 2011; Sankey et al., 2015]. We use estimates of first year postfire hill-
slope erosion rates from GeoWEPP that were previously published for forests and shrublands in the western
USA byMiller et al. [2011] (Figure 1c). We refer the reader toMiller et al. [2011] for more details; however, what
follows is a brief description of the model and their methods.

Water Erosion Prediction Project (WEPP) is a complex process-based model [Miller et al., 2011] that uses key
inputs of climate, topography, vegetation, soils, and land management. A spatially distributed, physically
based hydrological model routes water and sediment across hillslopes and small watersheds up to the scale
of several square kilometers (~5 km2) and is driven by daily weather data that can be either created from his-
torical measurements or generated from a stochastic weather generator [Flanagan and Nearing, 1995]. WEPP
has a built-in stochastic weather generator, Cligen, which generates WEPP climate inputs from a database of
over 2600 weather stations within the USA [Flanagan and Nearing, 1995]. WEPP uses the climate data to
model runoff, erosion, and sediment delivery by event, month, year, or average annual values for time peri-
ods ranging from one storm to one millennia for either an individual hillslope or a watershed containing
many hillslopes, channels, and impoundments [Flanagan and Nearing, 1995; Larsen and MacDonald, 2007].
WEPP calculates interrill (e.g., sheetwash) erosion, rill erosion, and erosion in small channels (i.e., ephemeral
gullies) in areas of flow convergence. The WEPP model does not include landsliding, channel erosion, or deb-
ris flows. The WEPP model does not route sediment downstream in large watersheds (e.g., HUC8) but does
route sediment for hillslopes and small watersheds. GeoWEPP model simulations can be run for thousands
of small hillslope and watershed segments to generalize potential postfire sediment delivery to large-scale
channel networks [Flanagan et al., 2013; Miller et al., 2011]. GeoWEPP develops parameterizations based on

Geophysical Research Letters 10.1002/2017GL073979
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spatially distributed land cover type, soils, climate, and topographic data, which makes it feasible to model
large areas or regions, and it allows for the use of WEPP parameter files developed by the U.S. Department
of Agriculture Forest Service to represent fire disturbance which alters both the surface cover of exposed
mineral soil and other factors such as rill and interill erodibility factors and effective hydraulic conductivity
[Larsen and MacDonald, 2007; Elliot et al., 2006].

Miller et al. [2011] estimated postfire ground cover to parameterize GeoWEPP, using historical fire weather
data and the first-order fire effects model [Miller et al., 2011]. The climate files were generated by Cligen
[Nicks et al., 1995], using historical data from 739 stations to model potential first year postfire erosion in
the western USA [Miller et al., 2011]. Each watershed was modeled with 5 years of stochastic weather to esti-
mate average first year postfire erosion [Miller et al., 2011]. Miller et al. [2011] compared predicted hillslope
erosion rates to validation data acquired at the hillslope plot scale and small subwatershed scale and found
significant correlations for the Rocky Mountain region (R2 = 0.6).

2.3. Projecting Future Postfire Watershed Sediment Yield

Three replicates of wildfire burned area simulations for each climate scenario were summarized for each
HUC8 watershed every year from 2001 to 2050. The annual summaries were then summarized by decade
for each of the three climate scenarios. Fire severity was classified as “unburned,” “low,” “moderate,” and
“high” in the scenarios. We reclassified the burn severities to “burned” and unburned, which produced an
average burned and unburned area per HUC8 watershed per decade for each climate scenario. We summar-
ize the estimated first-year postfire erosion rate in Mg ha�1 calculated from GeoWEPP by the burned area (ha)
for each decade, climate scenario, and watershed to generate estimates andmaps of future postfire sediment
yield by decade (Figures 1 and S1 in the supporting information). Note that this model only predicts the post-
fire yield, and not the total sediment yield for these basins, and thus should be viewed as a change in fire-
related sedimentation. For each watershed, we estimate the relative percent change in postfire sediment
yield from the first to last decade of our analysis by the sediment model and the individual or combined
fire/climate scenarios. When sediment yield was zero for the first decade and nonzero for the last decade,
the change was assumed to be 100%. When the inverse was true, the change was assumed to be �100%.
When sediment yield was zero for the first and last decade, the change was assumed to be 0%. In addition,
for each watershed, we estimate the absolute change in postfire sediment yield from the first to last decade
of our analysis by the sediment model and the individual or combined fire/climate scenarios.

2.4. Uncertainty and Significance Analyses

To test whether the estimated changes in postfire sediment yield were statistically significant from the first to
last decade of our analysis with respect to climate and fire, we used a Monte Carlo approach to account for
uncertainty in different aspects of the ensemble model associated with the sediment yield estimates. The key
uncertainties considered were (1) the accuracy of the erosion modeling, (2) the assumption that future
erosion response to fire will be equal to that of the recent past, (3) that projected effects of burn severity were
not explicitly incorporated into the ensemble modeling, and (4) that climate and specifically rainfall effects
for soil erosion may not be stationary through the five-decade time frame of our projections.

In the Monte Carlo analysis, we focused on the 471 watersheds with GeoWEPP model estimates of postfire
erosion [Miller et al., 2011] and the first (2001–2010) and last (2041–2050) decades of the study period. In
the first step of the analysis, for each watershed we generated 1000 realizations of annual postfire sediment
yield (Mg ha�1) from a normal distribution with the mean equal to the model predicted sediment yield (i.e.,
Figure 1c) and error terms from the independent validation of the erosion model and from the effect of
nonstationarity of climate (rainfall) on erosion estimates. The first error term was a root-mean-square error
(RMSE) we estimated from a validation of model estimates [Miller et al., 2011] compared to published
observations of postfire sediment yield in Moody and Martin [2009]. The RMSE value we estimated and used
was 179 Mg/ha/yr, which represents a conservative (e.g., large relative to estimates in Figure 1c) estimate of
the average error associated with model estimates of postfire erosion. The second error term was derived
from sensitivity analyses published in Miller et al. [2011] for the effects of climate variability on modeled
postfire erosion for the wettest (i.e., greatest uncertainty) climate region of the western USA. The second error
term value, 141 Mg/ha/yr, is the standard deviation of modeled postfire erosion for the LandFire Zone 3
[Miller et al., 2011], which is also large relative to estimates in Figure 1c. The second error term value is an

Geophysical Research Letters 10.1002/2017GL073979
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estimate of the possible error associated
with modeled erosion estimates if the
climate were, for example, to dramati-
cally shift (e.g., into or out of drought)
during the time frame of our projec-
tions. Realizations in this and later steps
with negative values were interpreted
to equal zero.

The second step of the uncertainty ana-
lysis explicitly incorporated uncertainty
associated with potential effects of
variability in burn severity. We gener-
ated 1000 realizations of projected
burned area per watershed, climate
model scenario, and decade from a nor-
mal distribution with mean and stan-
dard deviation of the burned area per
watershed, climate scenario, and dec-
ade for each of the three severity classes
of low, moderate, and high.

In the third step of the uncertainty analysis, we multiplied each respective realization of postfire erosion and
burned area (i.e., from uncertainty analysis steps 1 and 2, respectively) to generate 1000 realizations of post-
fire sediment yield per erosion model and climate/fire scenario combination within each watershed and dec-
ade. The third step of the uncertainty analysis resulted in a total of 3000 realizations of postfire sediment yield
per watershed and decade.

Lastly, we generated a final set of 1000 estimates of postfire sediment per watershed and decade using a nor-
mal distribution and the mean and standard deviation of the 3000 realizations from step 3. We then used a
one-tailed t test to test the hypothesis that postfire sediment in the decade 2041–2050 is significantly greater
than in the decade 2001–2010 for each watershed. We also compared the median of the projected sediment
yield in 2041–2050 to the 95th percentile of the projected sediment yield in 2001–2010 to assess for each
watershed whether a projected increase in postfire sediment in the decade 2041–2050 is particularly robust
and certain with respect to the range of climate and wildfire during the decade 2001–2010.

3. Results and Discussion
3.1. Projected Changes in Postfire Sedimentation

Eighty-eight percent of watersheds in the western USA are projected by the ensemble to undergo >10%
increases in sediment yield between 2001 and 2050 due to increases in burning and postfire hillslope soil
erosion (Figures 1d and 2). Thirty-five percent of watersheds are projected to undergo >100% increases in
sediment yield, and 1% of watersheds are projected to have >1000% increases in sediment yield, during
the same time span (Figures 1d and 2). The increases in sediment yield are driven by projected climate
change-induced increases in wildfire ignitions (up to 74%) and area burned (up to 95%) through 2050
[Hawbaker and Zhu, 2012a] (Figures 1a and 1b). Projected absolute changes in postfire sediment yields
due to changes in area burned range from �7 × 105 to 2 × 106 Mg per watershed between 2001 and
2050 (Figure 1e).

We find that 388 of the 471 watersheds are projected to have a significant increase in postfire sediment yield
by the decade 2041–2050 based on a one-sided t test comparison (watersheds identified as “p < 0.05 (t test
2041–2050 versus 2001–2010)” in Figure 1f). Moreover, there are 37 watersheds where the median of
projected sediment yield by 2041–2050 exceeds the 95th percentile of the projected sediment yield at the
beginning of the century, and thus, the projected increase is particularly robust and certain with respect to
the range of natural variability (watersheds identified as “median > 95th percentile (2041–2050 versus
2001–2010)” in Figure 1f).

Figure 2. (a) Cumulative frequency of percent change in annual postfire
sediment yield for the 471 HUC8 watersheds for the different climate
and fire scenarios. (b) The tail of the distribution for postfire sediment
yields greater than 1000%. Note the different x and y axis scales in
Figures 2a and 2b.

Geophysical Research Letters 10.1002/2017GL073979
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3.2. Fire and Climate Change Scenarios

Burned area and sediment yield are projected to increase in the western USA across the three climate scenar-
ios considered, though more so for the warmer A1B and A2 scenarios [Hawbaker and Zhu, 2012a] (Figures 1a
and 2; see also supporting information Figure S1). The projected increases in burned area are likely realistic
because the scenarios and GCMs on which they are based are representative of past climate patterns and
the range of temperature and precipitation extremes in the western USA [Hawbaker and Zhu, 2012a].
Burned area projections have not yet been produced (i.e., as in Hawbaker and Zhu [2012a]) for newer scenar-
ios and climate projections of the fifth assessment report (AR5) of the Intergovernmental Panel on Climate
Change. However, the differences are not large between the CMIP3 and CMIP phase 5 (CMIP5) climate pro-
jections when multiple scenarios are used, and the warming predicted among the A1B, A2, and B1 scenarios
of the SRES and CMIP3 is within the range predicted by newer climate projections [Rogelj et al., 2012].
Therefore, the projected increases in burned area and sediment yield might be conservative.

3.3. Future Postfire Sediment Modeling and Comparisons

There is a relatively limited number of models available for predicting postfire erosion and important pro-
cesses thereof. The GeoWEPP modeling approach differs from other postfire sediment models [e.g., Gabet
and Dunne, 2003; Istanbulluoglu et al., 2004] that focus on slope-dependent soil creep and gully and landslide
processes. Those models, however, do not include rill and interrill erosion, which can be important postfire
erosion processes on many hillsides [Moody and Martin, 2001]. The ephemeral gully component of the
WEPP model is analogous to the gully erosion component of other models [e.g., Istanbulluoglu et al., 2003,
2004], in that it is a slope-driven effective shear stress approach that allows for erosion and channel widening
in the context of downslope sediment continuity [Flanagan and Nearing, 1995]. The WEPP model does not
include landsliding, channel erosion, or debris flows, however, and those types of stochastic events certainly
contribute to postfire sediment yields in many environments. WEPP also does not simulate fluvial sediment
transport processes that dominate at very large drainage areas. Many detailed studies using other modeling
approaches [Gabet, 2003; Gabet and Dunne, 2003; Istanbulluoglu et al., 2002, 2003, 2004; Lancaster et al., 2003]
have been completed in basins of size 2 to 3 km2, which is approximately the size of the largest watersheds
that can bemodeled within GeoWEPP. However, a utility of GeoWEPP is that model simulations can be run for
thousands of small hillslope and watershed segments to generalize potential postfire sediment delivery to
large-scale channel networks. While other models may have more detailed parameterizations for individual
subwatersheds [e.g., Gabet, 2003; Gabet and Dunne, 2003; Istanbulluoglu et al., 2002, 2003, 2004; Lancaster
et al., 2003], GeoWEPP develops parameterizations based on spatially distributed land cover type, soils,
climate, and topographic data. Thus, GeoWEPP allowed us to complete data synthesis over very large areas,
such as the forested lands of the western USA.

One way to evaluate the GeoWEPP estimates of postfire sediment yield from hillslope erosion is to consider
them along a continuum of measured sediment yields available for unburned watersheds and for debris
flows and landslides in burned watersheds. For watersheds of similar geographic region and size, estimates
of sediment yield due to postfire hillslope erosion should be greater than background sediment yields mea-
sured with gaging and trapping in unburned conditions, because burning increases soil erosion [Shakesby
and Doerr, 2006; Moody and Martin, 2009; Miller et al., 2011]. However, they should be smaller than sediment
yields measured from postfire debris flows and landslides, because while those mass wasting events occur
less frequently compared to hillslope erosion events (e.g., recurrences on the order of 102–103 years com-
pared to 100–102 years, respectively), they can produce very large sediment yields over small watershed areas
[Meyer and Pierce, 2003; Pierce et al., 2004]. Figure 3 compares the postfire sediment estimates used in this
study [Miller et al., 2011] with measurements from the Idaho Batholith, where numerous erosion rate and
sediment yield data exist [Clayton and Megahan, 1986; Istanbulluoglu et al., 2004; Kirchner et al., 2001;
Mueller and Pitlick, 2013; Mueller et al., 2016; Meyer et al., 2001; Meyer and Pierce, 2003] and also for coastal
Northern California (as an additional example) [Andrews and Antweiler, 2012; Willis and Griggs, 2003;
Gartner et al., 2004]. In the Idaho Batholith, GeoWEPP estimates of watershed sediment yield from postfire
hillslope erosion are generally greater than unburned watershed sediment yields measured with gaging
and sediment trapping, consistent with the expectation that postfire erosion should be greater than back-
ground sediment yields [Clayton and Megahan, 1986; Kirchner et al., 2001; Mueller and Pitlick, 2013]. Erosion
rates from cosmogenic radionuclides [Kirchner et al., 2001], which reflect average erosion rates that are
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influenced by periodic wildfires, plot near the middle of the range in GeoWEPP estimates in the Idaho
Batholith. GeoWEPP estimates are smaller than sediment yields measured for postfire debris flows [Meyer
et al., 2001] for the Idaho Batholith. In contrast, the GeoWEPP estimates appear to be too high in coastal
Northern California, because while they are greater than the average annual sediment flux observed at
gaging stations [Andrews and Antweiler, 2012; Willis and Griggs, 2003], they are also often greater than or
equal to sediment yields measured from postfire debris flows [Gartner et al., 2004].

These comparisons underscore the observation that GeoWEPP tends to overpredict postfire sediment yield in
wet environments (e.g., coastal Northern California), as previously reported byMiller et al. [2011]. On the other
hand, for the Idaho Batholith region which spans a climatic range typical of much of the Rocky Mountain
region, predictions of postfire sediment yields fall in the expected range between unburned sediment yields
from stream gaging and large, but discrete, postfire debris flows. Thus, we conclude that projected increases
in postfire sediment yield due to hillslope erosion are statistically significant for many watersheds when
accounting for uncertainties associated with the GeoWEPP estimates. Furthermore, runoff-generated
hillslope erosion processes may be the dominant sediment supplier for postfire debris flows [Cannon et al.,
2001], wherein debris flow surges develop as a result of failure of accumulated hillslope material in low-order
channels during runoff events [Kean et al., 2013]. The hillslope erosion estimates from the GeoWEPP model
may therefore (inadvertently) capture a significant component of the sediment volume measured in debris
flow deposits and estimated from empirical relations in some environments [e.g., Gartner et al., 2008]. A fully
coupled model that maintains sediment continuity across hillslope and debris flow process domains, and,
ultimately, routes sediment through channel networks is needed to accurately predict post-fire erosion
and sedimentation across a wide range in watershed scale. Future efforts to improve projections of

Figure 3. Comparison of watershed sediment yield estimates for the first year postfire from the GeoWEPP erosion model
[Miller et al., 2011] used in this study, with other relevant measured and modeled watershed sediment yields from the
published literature. The drainage areas presented for GeoWEPP span the area of the smallest and largest HUC8 watershed
in the region.
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postfire sediment yield should therefore address issues related to the accuracy of postfire hillslope soil
erosion models such as GeoWEPP, coupling models that bridge the differing spatiotemporal ranges of all
postfire geomorphic processes that contribute sediment to channel networks, and downstream sediment
routing and the validation of modeled postfire sediment yields at very large watershed scales.

4. Conclusion

We project that nearly nine tenths of watersheds in the western USA will undergo >10% increases in sedi-
mentation between 2001 and 2050 due to increases in burning and postfire hillslope soil erosion.
Approximately one third will undergo >100% increases. The projected increases are significant for 388 of
471 watersheds analyzed, and we identify 37 watersheds for which the increases are especially robust and
certain with respect to the range of natural variability in climate, fire, and erosion. Many growing cities and
towns in the region rely on water from rivers and reservoirs that originates in watersheds where sedimenta-
tion is projected to increase [Weidner and Todd, 2011; Brown et al., 2008]. Increased sedimentation will
negatively impact water supply for some of these communities by reducing reservoir storage, by increasing
the need and cost for reservoir maintenance, or by increasing the cost to treat and deliver water to people
[Smith et al., 2011; Palmieri et al., 2001]. Water quality will be negatively impacted for some of these commu-
nities either by the increase in sediment in water itself [Murphy et al., 2015] or by increases in nutrients and
pollutants adsorbed to sediment [Smith et al., 2011].
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