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ABSTRACT
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Chair: Jennifer C. Adam

Soil erosion and sedimentation are a problem of interest for many land uses across the United
States, particularly for agricultural areas where the soil surface is disturbed by harvest, planting, and
cultivation of the soil. The objective of this study is to investigate the effects of climate change and
agricultural land management on surface erosion and suspended sediment concentrations in the
Potlatch River Basin. Because of certain cropping practices and rain‐on‐snow events, the Palouse region
of northern Idaho and eastern Washington produce some of the highest sediment losses per acre in the
United States. Climate change may lead to further problems if more frequent and intense storm events
lead to a great amount of sediment generation.
Many hydrological models have been developed which examine suspended sediment in river
systems. The Potlatch River basin near Julietta, ID was examined using the Distributed Hydrology Soil
Vegetation Model (DHSVM). The model was used to evaluate channel and soil surface erosion, as well as
sediment yield in streams. DHSVM was calibrated using observed streamflow (2003 – 2010), evaluated
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over the historical period of streamflow (1966 – 1984), and was also used to predict results for the year
2045 using statistically downscaled global climate data.
The results show that as the projected climate‐driven intensity of storms increase, more runoff
is predicted in the Potlatch River Basin. Three tillage scenarios were incorporated into DHSVM for winter
wheat cultivation: conventional till, reduced till, and no till. Sensitivity of the model to surface erosion
and changes in channel sediment bed depth were both evaluated for several parameters that relate to
erosion. Observations have shown that suspended sediment concentrations can drastically increase in
this river, but model results do not yet display large fluctuations in suspended sediment concentrations
which are typically observed in nature as a result of storm and erosion events. In the long‐term,
continued improvements to this preliminary model of the Potlatch River Basin can provide better insight
into the effects of climate change on the riparian habitat of rainbow and steelhead trout in the basin
and the sediment budget of the surrounding area.
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1. INTRODUCTION
Certain cropping practices and rain‐on‐snow events in the Palouse region of northern Idaho and
eastern Washington produce some of the highest sediment losses per acre in the United States [Kok et
al., 2009]. This sediment is either deposited down slope or transported to a nearby stream or lake.
Suspended sediment is a pollutant in many water systems and contributes to impairment of streams.
Langendoen and Simon [2008] summarized a study performed over 458,000 km of impaired rivers and
streams. The authors found that the deposition and presence of fine‐grain sediment was the cause for
38% of water‐quality problems in these water systems, which was greater than the amount caused by
pathogens and nutrients (36% and 26%, respectively). The purpose of this study is to analyze the effects
of climate change and tillage practices on erosion and generation of suspended sediment in the Potlatch
River Basin. Climate change and agricultural practices, particularly surface treatments to the land, can
impact surface runoff and suspended sediment generation. Runoff and sediment generation are strongly
related, and runoff flows in rills and gullies typically carry suspended sediment loads downstream.
Another factor that can affect formation of these channels and overland flow is land use.
Agricultural land use and its implications were a critical part of this study. Current management
practices can influence overland flow, infiltration rates, and erosion during rainstorm events. Runoff
erosion and sedimentation depend on the process of entrainment, transport, and deposition of
sediment by the forces from raindrop impact and runoff over the soil surface [Rai and Mathur, 2007].
For this project, the Distributed Hydrology Soil‐Vegetation Model (DHSVM; [Wigmosta et al.,
1994]) was applied over the Potlatch River Basin. Climate trends were considered to predict past and
future events, as well as the effects of tillage and residue management scenarios. Three tillage practices
were incorporated into the model: conventional tillage (CT), reduced tillage (RT), and no‐till (NT).
Changes in climate can dramatically affect runoff and we evaluated if adapting tillage practices can
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ameliorate erosion and generation of suspended sediment under future climate scenarios. A model
analysis of climate change impacts on runoff and erosion in this basin was not performed previously.
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2. BACKGROUND
The Idaho Department of Environmental Quality (IDEQ) lists several segments and
subwatersheds within the Potlatch River Basin as sediment impaired with a required load reduction to
satisfy National Pollution Discharge Elimination System (NPDES) permits [IDEQ, 2008]. The Idaho Soil
Conservation Commission (ISCC) identified tillage conversion (from CT to direct seeding) as a viable
method of significantly reducing sediment delivered to the stream from cropland areas [ISCC, 2010]. This
would also reduce the amount of nitrogen and phosphorous delivered to the stream because these
pollutants often sorb to sediment. The ISCC also identified many best management practices (BMPs),
such as grass waterways, stream buffers, and increasing soil cover through conservation tillage [ISCC,
2010]. A recent monitoring study was performed by the Idaho Association of Soil Conservation Districts
(IASCD) over the basin which confirmed that erosion was evident across the basin, both in‐stream and
on nearby farmland. The IASCD observed that the target suspended sediment concentration (SSC) of 25
mg/L was often met in the Potlatch River Basin, but climbed to concentrations as high as 390 mg/L
[Clark, 2010]. Because of the observed erosion over agricultural areas, no‐till farming practices were
recommended among the BMPs listed [Clark, 2010]. Erosion and sediment delivery are currently
problems of interest for the Potlatch River Basin. The Potlatch Basin is a part of the greater semi‐arid
Palouse region. According to Simon et al. [2004], suspended‐sediment concentrations, on the average,
were greatest in semi‐arid regions because of large amounts of sediment available for transport, sparse
vegetation cover, and flashy runoff events. The relatively dry climate of these regions, storm rainfall,
varying land use, and phenomena such as ephemeral rivers, result in unique patterns and correlations in
sediment yield and runoff [Wigmosta et al., 2009].
Rainfall is an important factor when considering erosion processes within the basin. Rainfall
typically controls how much water is available for erosion and transport of sediment over land. Semi‐
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arid climates can be described as having high rainfall variability from year to year [Meerkerk et al.,
2009]. Inconsistent rainfall is common to semi‐arid regions [Kassie et al., 2009]. During high intensity
rainfall events, which occur irregularly, semi‐arid catchment are susceptible to floods. Such flash floods
can be catastrophic [Cammeraat, 2004] and can transport large amounts of sediment. Generally
speaking, saturated soil in semi‐arid catchments, which has become saturated from a recent storm
event, is more susceptible to erosion than relatively dry soil [Cammeraat, 2004].
There are also semi‐arid regions which receive snow as their main form of precipitation. The
amount of precipitation that falls as snow will affect the land surface’s susceptibility to erosion. If a
catchment experiences most of its precipitation in the form of snow, the catchment area will be more
easily eroded during snow melt events because of the large volume of water flowing over the surface
and increased soil saturation [Marttila and Klove, 2009]. Raindrop impact and vegetative cover both
affect water erosion of soils. Forests and natural vegetation provide a canopy cover which protects soil
from eroding and promotes cohesiveness between sediment particles [Cammeraat, 2004]. Landslide
events in these areas can significantly contribute to erosion, but such events are less common in semi‐
arid regions and more common in humid and steep areas, such as the Olympic Peninsula in Washington.
Rills are very shallow and narrow incised channels which form on the soil surface, typically after runoff
events. Rills can still form in forested areas, but such formations are difficult to detect because the
variability of slope and presence of vegetative cover [Wigmosta et al., 2009]. Effects of land use,
particularly agriculture, in combination with climate patterns can be a source of high volumes of runoff,
especially during rain on snow events, in this semi‐arid region [Wigmosta et al., 2009].
Tillage is an agricultural management practice that prepares the soil for planting. The way tillage
is performed can affect runoff and sediment generated from the field. Farmers employ a variety of tilling
practices which disturb the soil and remove vegetation and topsoil cover in the Palouse [Kok et al.,
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2009]. Tillage increases the land surface roughness in cultivated areas and the soil then crumbles, forms
a crust, and infiltration is hindered [Cammeraat, 2004]. Changes to infiltration in this manner promote
runoff off of the crop area and onto downhill areas. Soil disturbance can be minimized through
conservation tillage [Kassie et al., 2009, Kok et al., 2009, McCool et al., 2003]. Conservation tillage is a
method where crop residue is left on the field and significantly less plowing than what is practiced in
conventional tillage. No‐till and RT are both considered conservation tillage. Conservation tillage
promotes water retention in the soils, which can be beneficial in semi‐arid regions. Varying slopes, soils,
and land management practices affect infiltration and the magnitude of runoff events and channel
routing within the watershed [Cammeraat, 2004].
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3. MATERIALS AND METHODS
3.1 Study Area
This study was performed over the Potlatch River Basin in north central Idaho. Part of the basin
can be considered to be within the greater Palouse area, which is characterized by large rural areas and
dry‐land farming. The basin is contained within the lower Clearwater Basin and has many recognized
subbasins within it that have been gauged by the U.S. Geological Survey (USGS) in the past. The total
area of the Potlatch River Basin is 1540 km2. Figure 1 shows this area within Idaho, the elevation of the
surrounding area, and various streamflow and climate gauging locations. The basin receives 800 mm of
precipitation per year on average [IDEQ, 2010], and the average annual streamflow for the years 2003 –
2010 is 9.7 m3/s, which results in a runoff ratio of 25%.
The lower reaches of the basin are predominantly cropland, while the upper reaches are
generally forest with meadows in the floodplain areas. A significant portion of the basin (~50%) is
classified as evergreen needle leaf forest. Agricultural areas, as classified by the Idaho Gap Analysis
Project [Scott et al., 1999] are primarily located in the lower reaches and constitute 23% of the basin.
Dryland farming is common, and the predominant crops are cereal crops (wheat and barley) and legume
crops (pea and lentil). Hay is also produced [Idaho Soil Conservation Commission, 2010]. Much of the
cropland is under the Idaho Coordinated Conservation agreement, which has its own regulations
concerning tillage practices, crop rotations, and residue management. Much work has also been
performed by the Latah Soil and Water Conservation District to monitor and implement conservation
programs in this basin [Resource Planning Unlimited, 2007]. Steelhead habitat restoration is one of the
major goals of the Latah Soil and Water Conservation District. For this reason, among many others,
investigating the health of the Potlatch River and its tributaries is of interest.
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Figure 1. Potlatch River Basin with relevant National Climatic Data Center climate stations and U.S.
Geological Survey gauges. Digital Elevation Model generated by Idaho Geospatial Data Clearinghouse
[Godfrey, 2004].
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3.2 The Model
The Distributed Hydrology Soil Vegetation Model version 3.0 (DHSVM; [Wigmosta et al., 1994]),
a research process‐based model, was used to simulate hydrologic and sediment processes in the
Potlatch River Basin. DHSVM was thought to be advantageous for this study because of its ability to
model complex hydrological processes, including erosion processes, snow melt, evapotranspiration,
lateral subsurface flow, and infiltration. DHSVM explicitly simulates the relationships found in a
catchment between hydrology, vegetation, and climate [Wigmosta et al., 2004]. Use of this model will
contribute to a more complete view of how climate change may impact streamflow and erosion events
for the Potlatch River Basin.
DHSVM was chosen for this study, although other applicable models do exist. A previous
modeling study was performed on subbasins within the Potlatch River Basin [Teasdale and Barber,
2008]. Teasdale and Barber [2008] analyzed ephemeral gullies and also utilized aerial photographs taken
over much of the basin. Land characteristics were categorized and the authors utilized the Water
Erosion Prediction Project (WEPP) model [Flanagan and Nearing, 1995] and the Ephemeral Gully Erosion
Model [Woodward, 1999]. Modeling with DHSVM expanded upon previous modeling done with WEPP.
WEPP is best suited for basins smaller than 2.6 km2 [Laflen et al., 1991; Flanagan and Nearing, 1995;
Baffaut et al., 1997]. The Potlatch River Basin spans 1528 km2 so DHSVM would be more applicable than
WEPP for this particular area.
Other erosion models and methods typically used are the Hillslope Erosion Model (HEM) [Lane
et al., 1995] and the empirically based United States Department of Agriculture (USDA) Revised
Universal Soil Loss Equation (RUSLE2) [Foster et al., 2003]. Wigmosta et al. [2009] coupled DHSVM and
HEM for a study in the arid Yakima Basin and found that winter processes dominate surface erosion
generation. Teasdale and Barber [2008] applied RUSLE2 and WEPP to compare with ephemeral gully
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surface erosion rates, and the results indicated that ephemeral gullies contributed up to 7.7% of the
total surface sediment load. Much work has been performed across the nation to develop a range of
inputs for RUSLE2 [Renard et al., 1997]. However, unlike DHSVM, both HEM and RUSLE2 lack a method
of predicting channel flow. Another advantage of using DHSVM and its sediment module in place of
HEM and RUSLE2 is that in addition to the typical erosion processes, DHSVM models complex hydrologic
processes. DHSVM is able to provide a ‘snapshot’ of various processes happening across the basin.
Inputs such as lateral hydraulic conductivity, soil cohesion, and leaf area index (LAI) over
agricultural areas are some of DHSVM’s parameters which are of interest because land treatments over
cropland can influence the magnitude of runoff and erosion [Resource Planning Unlimited, 2007]. It is
possible to apply DHSVM for various agricultural practices by changing vegetation parameters
seasonally. During the months of October to April, agricultural vegetation parameters were defined to
represent a harvested and tilled field. Vegetation parameters specific to the growing season were
assigned for the remaining months.
The sediment module is comprised of three main parts: mass wasting, hillslope erosion, and
road erosion (Figure 2). All of these mechanisms predict erosion and deliver sediment to the stream
network, which is combined with channel flow and routed through the channel. Only hillslope (surface)
erosion was run for this project. The surface erosion portion of the sediment module did not include
processes for rill erosion. Rill erosion is a significant source of erosion for agricultural areas [Teasdale
and Barber, 2008]. According to Doten [2006] rill erosion can be simulated through the adjustment of
the detachment efficiency parameter βde, but we did not find that to be true. Mass wasting was
considered, but the initial results did not produce any erosion when it was run for select times of high
saturation. Additionally, the Latah County Soil and Water Conservation District has only reported mass
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wasting events on the canyon walls of the river [Resource Planning Unlimited, 2007], which are not of
interest for this study, but in reality are a source of sediment that is delivered to the stream.
This sediment module required its own spin up period to ensure that the initial excess sediment
present in the stream had been carried away by the streamflow [Doten, 2006]. Doten et al. [2006]
describe the spin‐up period as when dramatic shifts in the sediment bed depth occur and much of the
initialized sediment bed is transported out of the network, but it was seen in this project that sediment
continued to be transported out of the channel in significant amounts even after spin‐up, which can be
seen in section 3.4.4.

Figure 2. Sediment module schematic depicting its components: hillslope erosion, road erosion, mass
wasting, and channel routing [Doten, 2006]. Only hillslope erosion was used in this study.

For computational feasibility, the hillslope erosion module was turned on only for major events.
Assuming a high correlation between streamflow and SSC, a stream threshold was established which
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would determine when hillslope erosion would be simulated. Dates were determined for when the
streamflow exceeded a certain initial threshold of 40%. If 60% of streamflows for the model run were
greater than 10 m3/s, the threshold would be 10 m3/s. Figure 3 depicts a model run where surface
erosion was running the whole time, and shows that this 40% threshold captures over 95% of the
hillslope erosion. Other stream thresholds were examined and it was determined that a 25% stream
threshold would be reasonable for computation time and would capture over 85% of the surface
erosion. The 40% threshold was applied for this study.

Modeled Streamflow

Cumulative Hillslope Erosion

25% Threshold

40% Threshold
‐0.5

100

Streamflow (m3/s)

0

80

‐1

60

‐1.5

40

‐2

20

‐2.5

‐3

0
Sep 1974

Cumulative Average Hillslope Erosion (mm)

120

Sep 1975

Date

Sep 1976

Sep 1977

Figure 3. Cumulative hillslope erosion (negative value indicates an increase in erosion) from 1974 ‐
1977 compared to streamflow, and the cumulative erosion when the 25% and 40% thresholds are
applied.
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3.3 Data Sources
3.3.1 Overview of Data Sources
This section provides an overview of the varying data sources. The driving inputs to the model
were the climate input files. There were two types of sources of climate data: historical gridded
precipitation and temperature data originally developed as input for the Variable Infiltration Capacity
(VIC) model [Elsner et al., 2010] and National Climatic Data Center (NCDC) stations near the Potlatch
Basin. These, as well as other inputs, are listed in Table 1. Each of the following sections gives full details
for these input datasets.
Table 1. Primary datasets used for DHSVM: historical gridded data [Elsner et al., 2010], Global Climate
Model (GCM) future scenarios [Mote and Salathé, 2010], NCDC observed stations, USGS Potlatch River
Gauge, and IDEQ measurements [2008]. Details of datasets given in sections 3.3.2, 3.3.3, and 3.3.4.
(* The radiation and relative humidity inputs were derived using precipitation and temperature as
described by Maurer et al. [2002])
NCDC
Potlatch
IDEQ TSS near
Historical
GCM Future
Observed
Dataset
River Gauge
Outlet
Gridded Data
Scenarios
Stations
Time Period
1915‐2006
2030‐2060
2001 –2010
2003 ‐2010
2001‐2002
Daily
TSS
3‐hourly
Daily
Daily
streamflow
measurements
precipitation,
precipitation,
precipitation,
air
maximum and
maximum and
temperature,
minimum air
minimum air
windspeed,
temperature,
temperature,
incoming
windspeed,
windspeed,
Variables
shortwave &
incoming
incoming
longwave
shortwave &
shortwave &
radiation*,
longwave
longwave
and relative
radiation*, and
radiation*, and
humidity*.
relative
relative
humidity*.
humidity*.
Provide
Provide
Compare model Predicts climate Provides 3‐hr
comparison for
streamflow
for year 2045
precipitation
results with
SSC
observations
data and
GCM future
Use &
concentrations
for
allows for
scenarios
Justification
in model output
calibration
longer
calibration
period
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The NCDC station data were incorporated because the NCDC data are based on hourly
precipitation amounts, which are more realistic and more applicable for modeling erosion than daily
precipitation amounts smoothed over 24 hours. The Elsner et al. [2010] historical gridded data were
required for comparison with the future climate inputs because these gridded data were used for
statistically downscaling the future climate information (as described by Elsner et al. [2010]), and
therefore provided a more appropriate historical baseline for comparing against future climate
simulations. The Elsner et al. [2010] future climate scenarios were for two greenhouse gas emission
scenarios and nine GCMs, all of which were used as input into DHSVM to examine the range of potential
future changes in hydrology over the Potlatch basin.
The observed data sets for streamflow and suspended sediments in the Potlatch River Basin
presented time constraints. The Potlatch River gauge was installed in Aug. 2003 a few kilometers
upstream of the mouth of the river (Figure 1). Idaho Department of Environmental Quality personnel
took grab samples of total suspended solids (TSS) (mg/L) within the reach of the Potlatch River that
feeds to the mouth of the outlet over the time period Dec. 2001 – Sep. 2002 [IDEQ, 2008]. Incorporating
these IDEQ observations allowed for the DHSVM suspended sediment results to be compared to
independent observations.

3.3.2 Climate Data
3.3.2.1 Historical Data & Global Climate Model Future Scenarios
Historical data were 1915 – 2006 1/16th degree precipitation, air temperature, and wind speed
grids as prepared by Elsner et al. [2010]. The authors gridded the data from observations of the NCDC
Cooperative Observer (Co‐Op) network. These data were then adjusted for orographic effects using the
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Parameter‐elevation Regressions on Independent Slopes Model (PRISM) [Daly et al., 1993] as described
by Maurer et al. [2002]. Furthermore, the inputs were adjusted for long term spurious trends caused by
a changing density in station network in time [Hamlet and Lettenmaier, 2004]. Windspeed data were
derived from the National Centers for Environmental Prediction and National Center for Atmospheric
Research (NCEP/NCAR) Reanalysis Project [Kalnay et al., 1996] as described by Maurer et al. [2002]. The
other inputs needed to run DHSVM (incoming shortwave & longwave radiation and relative humidity)
were derived from precipitation and temperature using methods described by Maurer et al. [2002]. All
climate data were disaggregated to 3‐hourly using a method described by Cuo et al. [2009].
The statistically downscaled data of Elsner et al. [2010] were used for creating the future climate
inputs. The historical climate inputs [Elsner et al.,2010] were perturbed using a delta change statistical
downscaling approach using nine different global climate models (GCMs) which best reproduced
historical climate over the Pacific Northwest [Mote and Salathé, 2010]. The GCMs were forced with two
greenhouse gas emission scenarios: A1B and B1. A1B is a high emission scenario and B1 is a conservative
low emission scenario. This results in 18 total future DHSVM runs. The future GCM data were first bias‐
corrected using a quantile‐mapping approach, then applied to 1/16° gridded historical observations
using the delta change approach. Therefore, these data represent multiple realizations of the future
decade of interest, which is the 2040’s for this study. Therefore this method is a hybrid between the
delta change approach and the more sophisticated bias correction statistical downscaling of Wood et al.
[2004]. Each climate change scenario was processed to DHSVM format from VIC climate inputs for the
future scenarios using the same process described for historical data. Additionally, Mote and Salathé
[2010] evaluated each GCM and were able to determine a precipitation and temperature bias for each
emission scenario. Each GCM was assigned a weight based on its precipitation and temperature bias.
The emission scenarios were assigned equal weights. These weights were applied to the modeled
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streamflow outputs for 18 different future climate inputs. We averaged the climate change scenarios’
model streamflow outputs and produced a GCM average model output for the year 2045.
3.3.2.2 NCDC Stations
Because of limitations of the daily precipitation distribution of the Elsner et al. [2010] historical
gridded data, we desired to input precipitation values from NCDC stations for model calibration and
evaluation of erosion events. Various NCDC stations were included. Many stations have been
established over time in and near the Potlatch River Basin, but few have consistent records available for
download either because they have not been digitized or there are significant gaps in the record. Figure
1 depicts NCDC stations which were evaluated for their applicability to this study. Table 2 lists the period
of record for each of the stations and if digital data were available for download.
Table 2. Period of observation, elevation, and availability of NCDC Stations near or in Potlatch Basin.
Elevation (m)
Station
Digitized Data available?
Observation period
235
Spalding
No
1948 to 1978
763
Princeton Rs
No
1953 to present
841
Potlatch 3 NNE
Yes
1964 to present
264
Lapwai 2 N
Yes
1931 to 2005
889
Elk River (1 S)
Yes
1952 to present
872
Bovill 1 N
No
1958 to 2008
1617
Baldy Mtn. Lookout
No
1953 to present
437
Lewiston Airport
Yes
1946 to present
922
Moscow 5 NE
Yes
1972 to present

Precipitation records for the NCDC stations detailed in Figure 1 were analyzed for their
completeness and relevance. A station was considered relevant if the record included the year 2001 and
extended past the year 2003. Furthermore, we only considered data that have been digitized. This
would make it possible to compare the TSS measurements taken by the IDEQ which were taken from
2000 to 2001 and compare model results to the USGS Potlatch River gauge which was installed in 2003.
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Three stations met these initial criteria of having hourly precipitation records for that time period:
Moscow 5NE, Elk River 1S, and the Lewiston Airport. The Potlatch 3 NNE station had daily, but not
hourly, precipitation records. The Lapwai 2 N station only had monthly observations. The Moscow
station had significant and large gaps in its hourly dataset, so this station was not used to produce
climate inputs. The Elk River station also had some gaps in the precipitation record. The NCDC stations
were adjusted on a mean monthly basis to fill gaps in the record and to match PRISM trends.

3.3.2.3 MOVE.2 and PRISM Adjustments Applied to Climate Data
Gaps in the precipitation record were filled using the Maintenance of Variance Extension
(MOVE.2) method [Hirsch, 1982]. MOVE.2 trains statistical parameters (mean, standard deviation, and
variance) between two observed data sets, describing how one data set predicts the other, and applies
these parameters over a time period over which gaps exist in one of the records. Any gaps in the Elk
River record were filled in with values derived from applying the MOVE.2 method to values derived from
comparing the Lewiston and Elk River records on a 3‐hour time scale so that a reasonable simulation
could continue and proper antecedent soil conditions could be simulated. When filling gaps in the Elk
River data set, precipitation records of zero precipitation at the Lewiston station were assumed to also
be zero at Elk River. For MOVE.2, the gap‐filled precipitation data were trained over the years 1972 –
2000 and evaluated for 2001 – 2010 for time intervals corresponding with available precipitation data at
the Elk River station. Table 3 shows the comparison of the mean and variance between the constructed
data set and the observed values for the evaluation time period.
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Table 3. MOVE.2 results (mean and standard deviation) for adjusting Elk River
precipitation records (2001 – 2010) [Hirsch, 1982].
Elk River Reconstructed
Elk River Observed
Mean ŷ (mm)
0.2231
0.2200
St. dev. ŷ (mm)
1.1048
1.0520

The Elk River reconstructed values are the result of applying MOVE.2 to the Lewiston data for
intervals corresponding with the evaluation time period. The Elk River observed values are the observed
precipitation values for the same time intervals. The mean and standard deviations of the reconstructed
and observed data sets are similar for this time period.
After the MOVE.2 method was applied, all Elk River and Lewiston precipitation values were
multiplied by a scaling factor determined from comparing the monthly mean precipitation to PRISM
[Daly et al., 1994] values for the years 2001 – 2010 (Figure 4).
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Figure 4. Mean Monthly Precipitation at NCDC stations compared to PRISM values for that location
(2001 ‐ 2010).
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The precipitation values for a specified month were adjusted by a factor derived from
comparing the monthly mean precipitation to the PRISM values. To adjust for PRISM, all Elk River
precipitation records that occurred that month were multiplied by an appropriate factor. PRISM is a
gridded spatial data set that incorporates elevation and climatic extremes [Daly et al., 1994]. This
adjustment was initially made because Elsner et al. [2010] precipitation was greater than NCDC
precipitation from 2001 ‐ 2010, and this adjustment would make the two data sets more comparable.
However, PRISM is designed to be used on a gridded basis, and it is incorrect to apply a gridded
parameter to point observations. Because of time constraints, the PRISM adjustments were not
removed, and we reiterate that it is not recommended to adjust observed NCDC data with PRISM
values.

3.3.2.4 Lapse Rate Determined for NCDC Stations
A lapse rate was required for DHSVM runs with the NCDC stations as the climate input. Neither
of the two NCDC climate stations used for reproducing three‐hour precipitation inputs lie within the
basin, but they are both located nearby (Figure 1). The lapse rate was determined based on an analysis
of the historical monthly precipitation record of the two stations from Aug. 1972 – April 2010. The
precipitation lapse rate changes depending on the season and magnitude of rainfall, as detailed in
section 4.1.
To determine a uniform lapse rate that could be applied for the entire time period, the average
monthly lapse rate was determined for the time period August 1972 – April 2010. Then, each month’s
average lapse rate was assigned a weight dependent on the proportion of average annual precipitation
that fell that month. Finally, the weighted average precipitation lapse rate was determined to be 0.0127
m/100 m. However, using a constant precipitation lapse rate might result in an unrealistic distribution
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of precipitation during low and high precipitation events, with overestimated changes during the
summer months and underestimated changes during the peak winter storms. The temperature lapse
rate was ‐0.006 °C/m. The rain and snow thresholds were ‐1.0 °C and 0.5 °C, respectively, with linear
interpolation between rain and snow between these thresholds.
3.3.3 Observed Streamflow and Streamflow Reconstruction
There were time limitations associated with the USGS streamflow measurements. The gauge
near the outlet of the basin, USGS Gauge 13341570 (Potlatch River Gauge), was installed in August 2003,
which only provides seven years of daily streamflow data. The USGS gauge, which is operated in
cooperation with Latah Soil and Water Conservation District, was ideal to use because streamflow
values had been verified and published by the USGS. Historically, various USGS gauges had been
installed in the basin, but none of them are currently operational with the exception of the Potlatch
River gauge (Table 4).

Table 4. USGS gauges, their current status, and years of recorded streamflow within the Potlatch River
Basin.
Years of data
Gauge Name
available
Current? Y/N Record Year Span
East Fork Potlatch River (below Mallory
Creek near Bovill)
1
N
1959‐60
Bloom Creek (near Bovill)
13
N
1959‐72
East Fork Potlatch River (near Bovill)
13
N
1959‐72
Potlatch River at Kendrick
14
N
1946‐60
7
Potlatch River
Y
2003‐2010

Reconstructed flow was needed because the Potlatch River streamflow has only been recorded
since 2003, and the time period available was too brief to divide into model calibration and evaluation
periods. Desiring a separate and longer time period for evaluating the model (Table 5), DHSVM was run
over the years 1966 to 1984. This period was selected because we could apply the assumption that one
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tillage practice (CT) was dominant for this time period [Kok et al., 2009]. Because there were no
streamflow observations within the Potlatch River during this time, MOVE.2 [Hirsch, 1982] was applied
to create monthly streamflow (m3/s) values for the Potlatch River for 1966 – 1984. Observations from
the nearby Palouse River were used to create the reconstructed results, which were then compared to
the DHSVM modeled streamflow. MOVE.2 reconstruction was trained over the time period September
2003 – December 2006 and evaluated over the time period January 2007 – September 2009, the results
of which are shown in section 4.2.

3.3.4 Sediment Observations and Field Work
Two informal drive‐by surveys were conducted in the Potlatch Basin in October and November of
2010. Based on the Kok et al. [2009] study of conservation strategies, a generous estimate would be to
classify 40‐50% of farmland in the Potlatch River Basin as farms which employ conservation tillage
practices. The purpose of these trips was to connect in‐field experience with literature descriptions of
this basin and its agricultural areas. Through these trips, a deeper understanding of different land uses in
the basin was gained. There appeared to be more conservation tillage and residue management
employed in the lower reaches of the basin. Most notably, the degree to which tillage was employed
varied drastically from field to field. In the span of a few kilometers, we observed many types of seeding,
tillage, and residue management.
Another field endeavor was the assembly and implementation of an in‐stream turbidity sensor. The
sensor used is a Campbell Scientific OBS‐3+ Turbidity Sensor. It measures turbidity in Nephelometric
Turbidity Units (NTU) with a near infrared light, photodiode, and a daylight rejection filter. A zebra‐tech
LTD hydro‐wiper was attached to the sensor, ensuring that the observation window would frequently be
cleaned off by the brush on the hydro‐wiper. The hydro‐wiper was also designed to reset its position in
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the event it was hit by a rock or debris in the stream. The sensor was attached to four 3‐meter piping
sections which guided the cabling down the stream bank to a stationary depth, which was off the stream
bed, but deep enough to remain submerged most, if not all, of the year. The sensor was connected to a
Campbell Scientific datalogger, housing for the instruments, a 12‐volt battery, and a 10‐W solar panel.
The turbidity sensor was calibrated before field‐installation by submersion into a container with a
known suspended sediment concentration (SSC). Palouse silt loam was the soil used and a continuous
stirrer was used to ensure that the material was suspended. All calibration measurements were
performed for a range of SSC between 333 and 1000 mg/L. Figure 5 shows the calibrations results and
their derived power relationship, which has an R2 [Pearson, 1901] of 0.94, indicating a good calibration.
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Figure 5. Calibration measurements with the Campbell Scientific Turbidity Sensor (OBS 3+) correlating
NTU with SSC (mg/L) and a fitted power relationship.
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3.3.5 Static Model Inputs
DHSVM was run with 150 m grids over the 1540 km2 Potlatch River Basin. The inputs described
in this section were used consistently for many model runs with varying climate inputs.
3.3.5.1 Vegetation
DHSVM requires a vegetation grid where each cell is defined by a single vegetation type. Land
cover data were obtained from the Idaho Gap Analysis Project (ID GAP) [1999]. The land cover was the
current version (v. 2.1) and was published February 10th, 1999 by the Idaho Cooperative Fish and
Wildlife Research Unit. The GAP data were reclassified to match the National Aeronautics and Space
Administration (NASA) Land Data Assimilation System (LDAS) vegetation classifications [Mitchell, 2004].
In this way, dozens of vegetation types were simplified to 14 basic vegetation types (Figure 6).

Figure 6. Land uses within the Potlatch River Basin were based on a reclassification of Idaho Land
Cover [Landscape Dynamics Lab, 1999].
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Vegetation classified as cropland was additionally classified as a unique tillage type: CT, RT, or
NT. For historical scenarios during the time period between 1966 and 1984, it was assumed that
conventional tillage practices were still the common practice [Kok et al., 2009]. The current tillage
scenario, or tillage scenario for post‐1984, was based on the Kok et al. [2009] description of tillage
practices within areas of the Palouse with similar precipitation to what occurs over the agricultural areas
of the Potlatch Basin. The tillage practices in the basin were determined to be as follows: 40% of the
land was conventionally tilled, 50% employed reduced tillage, and 10% was no‐till. This appropriation of
tillage was observed during the two informal drive‐by surveys, and more conservation tillage appeared
to be employed in the lower reaches of the basin. We considered changing every third cell to fallow to
model a typical planting rotation for arid crops, but because of the relatively wet conditions of this basin
compared to other Palouse areas that was not considered to be realistic or necessary to include a fallow
season. See Appendix for vegetation parameters and classification of crops grown.

3.3.5.2 Soil
The soil input for the model was determined from the Natural Resources Conservation Service’s
(NRCS) Soil Survey Geographic Database (SSURGO) [NRCS, 2004]. The classified surface texture of the
basin revealed three soil types: silt loam, loam, and cobbly silt loam (See Appendix for soil parameters).
Determining the inputs for the sediment module was based on literature findings and known values as
described in the Appendix. Figure 7 displays the dominance of silt loam soil for this basin.
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Figure 7. Soil classifications of the Potlatch River Basin. Surface texture as classified by Soil Survey
Geographic (SSURGO) Database [NRCS, 2004].

3.3.5.3 Elevation
The Digital Elevation Model (DEM) was provided by the Idaho Geospatial Data Clearinghouse. It
was reclassified from a 30 m grid to a 150 m grid to match the other DHSVM inputs. The elevation range
was 245 – 1507 m with a mean elevation of 867 m. The SSURGO data were analyzed for the depth to the
impermeable layer across the basin (0.5 – 2.0 m). The DEM was used to create the soil depth grid with
the specified range of soil depth. In this way, soil depth is dependent on the cumulative drainage area
for the cell of interest as well as the slope. The resulting soil depth grid has a distribution similar to the
DEM, which is shown below.
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Figure 8. The DEM of the Potlatch River Basin. Digital Elevation Model generated by Idaho Geospatial
Data Clearinghouse [Godfrey, 2004].

3.3.5.4 Stream Network
Inputting spatial data describing the stream network allows for routing of flow and suspended
sediment within the model. The stream input is an Arc coverage file and is created by the user by
computing the flow direction of the grid cells across the basin and defining a threshold source area that
must flow to a grid cell to result in the formation of a stream segment. The threshold source area that
determines the location and number of the stream segments was adjusted until the stream network
resembled the observed stream network, which is depicted in the ESRI database (Figure 9).
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a.

b

Figure 9. Comparison of user‐created stream network (a) and the observed stream network (b).
Observed network is based on TIGER/Line files [U.S. Census Bureau, 2000].

3.3.5.5 Other Parameters

Other parameters specified in the input file include the gradient of the subsurface flow,
infiltration type, and snow and soil roughness. The gradient of the subsurface flow was defined to follow
topography. The infiltration rate was specified as dynamic. Dynamic infiltration has not yet been fully
tested, and the user is warned that it is a “work in progress” when running the model with dynamic
infiltration. The dynamic infiltration was desired over the alternative, static infiltration, because of its
inclusion of infiltration excess runoff. Dynamic infiltration is based on a parameter‐efficient hydrologic
infiltration model developed by Smith and Parlange [1978]. The infiltration model is able to accurately
describe when ponding begins, the way infiltration decays near saturation, and it is sensitive to the
antecedent soil moisture conditions. When surface water is present and dynamic infiltration is being
utilized, the infiltrability of the soil is dependent of the mean capillary drive of the soil, the saturated
hydraulic conductivity, and the amount of water accumulated in the top soil layer. In contrast, when
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static infiltration is being utilized, the infiltrability of the soil is simply the depth of surface water divided
by the time interval. The soil and snow roughness’s were both 0.02 m.

3.4 Model Runs and Simulations
3.4.1 Overview of Simulations
Table 5 lists all the model runs simulated for this basin. All simulations were defined according
to whether they were calibration (hydrology), comparison (hydrology), a study of sensitivity (sediment),
or analysis (sediment, climate change, and tillage practices) runs.
Table 5. Purpose, time period, spin up period, climate inputs, and additional inputs considered for
model simulations performed.
Analysis of
Sensitivity study
Analysis of
Calibration of
Comparison of climate change
of sediment
sediment and
Purpose
and tillage
streamflow
streamflow
module
tillage scenarios
scenarios
Period of
1966 – 1984 &
Dec 2001 – Oct Dec 2001 – April
2001 – 2010
1966 – 1984
Model Run
2040’s
2002
2010
Spin Up
1964 – 1966 &
Aug 2000 –Dec
Aug 2000 – Dec
2000 – 2001
1964 – 1966
Period
2040’s
2001
2001
NCDC historical NCDC historical
Elsner et al.
Elsner et al.
NCDC historical
3‐hr
3‐hr
[2010]
[2010]
3‐hr
Climate
precipitation
precipitation
historical &
gridded
precipitation
Inputs
records
records
future (2045)
historical
records
Current tillage
Current tillage
Base line tillage
Base line
conditions and a
Tillage
conditions &
conditions &
Current tillage
tillage
range of
inputs
tillage scenarios
tillage
conditions
conditions
sediment
considered
1‐4
scenarios 1‐4
(100%‐CT)
parameters
Compared to
User‐specified
User‐specified
Modeled tillage
MOVE.2
Calibrated on soil
surface erosion surface erosion
scenarios with
Notes
reconstructed
parameters
dates
dates
cnrm_cm3_A1B
streamflow

DSHVM was calibrated over the time period 2003 – 2010 with automated calibration runs and
comparing the modeled and simulated streamflow at the USGS Potlatch gauge. Streamflow was
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compared over the time period 1966‐1984 by comparing DHSVM model results to MOVE.2
reconstructed streamflow on a monthly time step. The effects on hydrology from a changing climate and
changing tillage practices were analyzed for the same time period. The sensitivity of the sediment
module to changing sediment parameters (debris flow grain size and soil cohesion) was examined for
the time period Dec 2001 – Oct 2002. The sediment results were analyzed for the time period Dec 2001
– Oct 2002 for the effect of changing tillage practices in agricultural areas and sediment was examined
for the time period Dec 2001 – April 2010 for the amount of SSC predicted in various reaches in the
basin.

3.4.2 Calibration
DSHVM was calibrated over the time period 2003 – 2010 with automated calibration runs based
on silt loam soil parameters. Calibration was achieved by adjusting the following soil parameters that
control subsurface flow: lateral conductivity, exponential decrease in vertical conductivity, and porosity.
Silt loam was the dominant soil type, encompassing over 90% of the basin, and it was for this soil type
that parameters were adjusted to calibrate the modeled streamflow. These parameters were run in
combination with one another for a reasonable range of values, resulting in hundreds of runs in an
effort to maximize the model efficiency (E!) [Nash and Suttcliffe, 1970].
E! relates to how well the calculated hydrograph matches the observed hydrograph in terms of
shape and volume in consideration of total variances of both flows [Whitaker et al., 2003] (see Equation
1). Values can range from negative infinity to one and a value less than zero indicates that the mean of
the observed data are a better predictor than the model. The coefficient of determination, D!, was also
calculated for each run (see Equation 2). D! relates to how well a linear relationship relates modeled and
observed streamflow [Whitaker et al., 2003].
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Table 6 shows the soil parameters that were constant throughout the calibration process, as well as the
sources used to determine the value.

Table 6. Soil parameters that were constant and determined before calibration.
Cobbly Silt Loam
Parameter
Silt Loam (4) Loam (6)
(sandy loam)(3)
Source
max infiltration rate
1.78E‐06
3.7E‐06
6.06E‐06
(m/s)
Maidment [1993]
pore size distribution
0.234
0.252
0.378
index
Maidment [1993]
0.2076

0.1115

0.147

0.29

0.25

0.23

wilting point (fraction)

0.15

0.12

0.11

Terra GIS soil

bulk density (kg/m3)
vertical conductivity
(m/s)

1200

1450

1500

Maidment [1993]

1.81E‐06

9.4E‐07

3.03E‐06

3

3

3

2640000

2640000

2640000

bubbling pressure (m)
field capacity (fraction)

thermal conductivity
(W/m*K)

thermal capacity
(J/m3*K)
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Maidment [1993]
Veihmeyer et al.
[1949]

Chow et al. [2008]
Model Default – field
tests required to
determine this value
Model Default –
midrange for organic
content and
saturation

Calibration was performed for the silt loam soil with an automated calibration process and for
the time period Aug. 2003 – April 2010. Table 7 shows the parameters and the corresponding range of
values that were considered.
Table 7. Range of values considered for silt loam soil parameters for automated calibration process.
Exp. decrease in
Parameter
Lateral conductivity (m/s)
Porosity
conductivity with depth
Values

1E‐5 – 0.005

0.50 – 0.64

1 ‐3

The parameters which produced the best E! did not necessarily produce a good visual fit. Results
from the automated calibration were ranked based on their E! and the run with the best visual fit among
these was determined. This run had a porosity of 0.64, lateral conductivity of 0.0001 m/s and an
exponential decrease with depth in vertical conductivity of 3. The results are shown in section 4.3.

3.4.3 Streamflow Comaprison
The modeled and reconstructed streamflows were compared over the time period 1966 – 1984
(Table 5). All agricultural areas were assumed to be conventionally tilled and the simulated monthly
streamflow was compared to MOVE.2 reconstructed streamflow. This method of reconstruction is
preferred above simple linear regression because it maintains the streamflow variance for the range of
streamflow values [Hirsch, 1982]. The Palouse River was chosen for the Potlatch River reconstruction for
a variety of reasons. The two basins share a border. The two basins are characteristic of watersheds with
low summer flows and high winter precipitation that drain to the Clearwater River [IDEQ, 2008].
However, the Palouse River Basin is smaller (821 km2 compared to 1540 km2), and has a mean annual
streamflow of 7.8 m3/s (compared to 9.66 m3/s for the Potlatch River). The model was evaluated based
on the E! parameter obtained from monthly results. Evaluating the streamflow on a coarse monthly
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time scale will result in a much higher E! than if the daily model results had been compared to daily
observed , or reconstructed, streamflow. The results of the comparison of streamflow are detailed in
section 4.4.1.

3.4.4 Tillage and Residue Management Scenarios
Tillage and residue management was considered for the agricultural areas of the basin. Tillage
refers to tilling the soil and altering the surface before planting or after harvest. Residue management
refers to the amount of residue that is left on the surface of the field after harvest. This thesis examined
a combination of these factors. The conventional tillage (CT) scenario involves two primary assumptions.
The first assumption is that the fields are tilled such that most, if not all, of surface vegetation is
removed. The second assumption is that little to no additional surface residue is left on the surface.
These result in a disturbed top soil that is more susceptible to erosion and raindrop impact, and reduced
soil cohesion (Table 9). The most conservative scenario is no‐till (NT). No‐Till assumes that the soil is not
tilled and that soil disturbance is largely limited to planting and harvest activities designed to have a
minimal impact. The NT scenario also assumes that 90% of the field surface is covered by residue such
as straw. Reduced till (RT) is a compromise between CT and NT, with moderate disturbance of the soil
and a 60% residue cover.
Post‐1984, the model was run to examine sensitivity to tillage practices. For CT, RT, and NT
scenarios there are two assumed seasons: winter and growing season. Winter season is for the time
period after harvest and before spring plant growth begins to dominate the field surface. For this
project, the winter season was defined as October – April.
Several vegetation parameters were dependent on tillage practice. Table 8 lists the parameter
values, which were constant with the exception of LAI for the winter season. LAI affects processes within
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DHSVM such as soil moisture as described in Wigmosta et al. [1994], snow and rain interception,
radiation attenuation, and evapotranspiration. In the post harvest case, LAI represents the decaying
surface residue. For the modeled NT scenario, surface residue decays from 95% cover to 60% cover, and
the RT scenario has an LAI decrease from 60% cover to 30% over the winter season. This change in
surface residue over the surface was altered to represent the range of percent cover that is associated
with NT and RT [Kok et al., 2009]. These winter LAI values are all less than 1 (100% cover) and were
assumed to be reasonable because cropland LAI is listed by NASA LDAS as slightly greater than 1 for the
growing season. In reality, the growing season changes from year to year based on changes in climate
and when the land managers choose to plant and harvest. This shift in growing season was not
considered for this project, and it was not assumed that LAI would change with climate.
Table 8. Vegetation parameters dependent on tillage scenario for the growing season and the winter
season (Oct – April).
Conventional Tillage Reduced Till (RT)
No Till (NT)
(CT)
Vegetation Description Growing
Winter
Growing
Winter
Growing
Winter
Overstory Present
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
Understory Present
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
Height of veg. layer (m)
0.55
0.05
0.55
0.15*
0.55
0.15*
Understory Monthly LAI LDAS*
0.001*
LDAS*
0.60 ‐ 0.30**
LDAS*
0.95 ‐ 0.60**
Understory Monthly
0.2
0.0112
0.2
0.0632**
0.2
0.2**
Albedo
* values derived from Mitchell [2004], Whitaker et al. [2003], Singh et al. [2009]
** values based on fractional surface residue cover

RUSLE, and its C factor were used to inform values for detachment efficiency (βde) and soil
cohesion within agricultural areas because the C factor represents increased erosion as a result of
changing tillage within RUSLE. Changes to soil cohesion and detachment efficiency for tillage practices
were based on a relationship between values of the C index used within RUSLE for extreme CT and NT
scenarios in the Palouse. There are six factors that determine soil loss within RUSLE: the rainfall‐runoff
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erosivity factor (R), the soil erodibiity factor (K), the slope length factor (L), the slope steepness factor
(S), the cover‐management factor (C), and the supporting practices factor (P) [Renard et al., 1995].
Within RUSLE, the C index is a function of surface cover, tillage practice, soil consolidation, and various
other parameters relative to erosion and the transport capacity of surface runoff. The C index
represents the increased susceptibility to erosion when the land surface is changed and is the RUSLE
factor that can be most easily managed by changing agricultural practices [McCool et al., 2003]. C is
dependent on ground cover, the surface roughness, canopy cover, soil consolidation, prior cropping, and
dominant tillage practices [McCool et al., 2003]. A C factor of zero represents a soil that is well‐protected
and tillage practices do not increase its susceptibility to erosion [Fu et al., 2006]. A conventionally tilled
field would have a greater C factor than a field with CT management. Based on typical C factor values for
the greater Palouse region, the C factor was estimated to decrease by a magnitude of 2.06 for a NT
scenario as compared to a CT scenario [Erin Brooks, personal communication]. Assuming that the RUSLE
C factor and Detachment efficiency (βde) have an inverse relationship, the βde of CT soil should be
approximately twice the value of the βde for NT soil. βde is related to soil cohesion (Cs) by Equation 3.
Equation 3 is an empirical equation which was altered to produce erosion events over the Rainy Creek
tributary of the Little Wenatchee River [Doten et al., 2006] and it may not be applicable for this area.

0.79e

β

. C

(3)

It was found in this study that soil cohesion (Cs) needed to decrease by a factor of 1.6 to increase
detachment efficiency by a factor of 2.06. As described by Doten et al. [2006], βde is used within DHSVM
to represent particle detachment.
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Effects of tillage on hydraulic conductivity vary. Different authors present conflicting results of
changing tillage and its effect on porosity and hydraulic conductivity (Arshad et al. [1999], Lampurlanés
& Cantero‐ Martinez [2006]). Carof et al. [2007] describes the complexity of conflicting effects of tilling
the soil; conventional till may temporarily increase porosity and conductivity, while no‐till systems may
lead to more dense soil but promote effective macropore networks. For our study, hydraulic
conductivity was altered for conventionally‐tilled cropland compared to forested or other‐use areas.
Based on a study of the Inland Northwest, conventionally‐tilled fields were assumed to have a hydraulic
conductivity that is 5.5 times less than that of undisturbed soil [Fu et al., 2006]. Hydraulic conductivity
was not reduced for NT soils and was assumed to be the same as soils elsewhere. Hydraulic conductivity
for RT soils was assumed to be less than that for NT soils, following the relationship of RT fields having
60% cover and slightly less disturbance than CT fields.
In addition to the default scenario of CT, four different tillage scenarios were examined. The five
scenarios were as follows: default scenario of 100%‐CT; scenario 1 with 50%‐CT, 25%‐RT, and 25%‐NT;
scenario 2 with 50%‐RT and 50%‐NT; scenario 3 of 100% RT; and scenario 4 of 100% NT (Figure 10). As
discussed before, the placement of conservation tillage was assumed to be in the lower reaches of the
basin.
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Scenario 1

Scenario 2

Scenario 3

Scenario 4

Figure 10. Four tillage scenarios, with varying types of conservation tillage, used for determining
sensitivity to tillage practices.

3.4.5 Climate Change Scenarios
The climate change scenarios described in section 3.3.2.1 were used as the climate input for a
17 year period corresponding to 1966 – 1984 (Table 5) to analyze the modeled streamflow. The 18
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future climate change scenarios predicting climate for the 2040s were input into DHSVM for 30‐year
runs centered on 2045. From these results, we calculated a weighted average (based on the biases of
the GCMs in reproducing historical data) of the simulated streamflow to produce an average of the GCM
modeled results. Five tillage scenarios (described in section 3.4.4) were considered in this study and
were run in combination with the climate change scenario that performs best over the Pacific Northwest
(cnrm_cm3_A1B [Mote and Salathé, 2010]), and compared to one another. This particular GCM was
chosen because it had the smallest overall bias after considering both the precipitation and temperature
biases. Sediment results were not analyzed for future climate scenarios because the precipitation events
were based on daily precipitation amounts, which are not appropriate for modeling erosion events.

3.4.6 Sensitivity Study of Sediment Module
A sensitivity study was performed to help understand model behavior and better interpret
erosion and sediment results. For this study, only the hillslope erosion and channel routing elements of
the sediment module were used. Parameters that affect hillslope erosion include LAI (particularly leaf
drip impact), fractional coverage (rain drop impact), surface flow routing mechanism, soil cohesion, soil
grain size d50, manning’s roughness, and parameters that affect the depth of surface runoff for the basin
(lateral conductivity, infiltration, etc.). Routing of channel sediment is affected by the debris flow grain
size (not to be confused with the soil grain size, which is for the soil on the surface), which affects the
channel transport capacity and the amount of sediment initialized in the channel, and the flow rate of
water being passed through the channel segment.
The sensitivity of the model to various parameters, such as soil cohesion, surface flow routing,
debris flow grain size, and parameters associated with tillage practices were examined. Changes to
hydrology and streamflow were evaluated by varying lateral conductivity. Changes to the channel
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sediment bed depth by altering soil cohesion, overland routing, and debris flow were evaluated. The
sediment module was utilized to examine the model behavior as these parameters were adjusted. The
median grain size (d50) of each soil type was determined with the Soil‐Plant‐Water‐Atmosphere model
[Saxton, 1989] classifications and SSURGO [NRCS, 2004] data. Values of soil cohesion and detachment
efficiency were determined from a variety of sources and the model was examined for sensitivity to
these parameters and adjusted for tillage practices. Values used in the sediment module are detailed in
the Appendix. Table 9 shows soil parameters of interest that were assumed for the basin during the
sensitivity study.
Table 9. Soil parameters of interest that change with tillage and residue management scenarios.
Non‐Ag.
CT
RT
NT
Silt Loam

Loam

Sandy

Soil no.

4

7

8

9

Soil cohesion mean (kPa)

2.6

1.625

2.275

2.6

Soil cohesion st dev. (kPa)

1.3

0.8125

1.1375

1.3

lat. hyd. conductivity (m/s)*

0.0001

1.67E‐05

6.07E‐5

0.0001

Soil no.

3

10

11

12

Soil cohesion mean (kPa)

12

7.5

10.5

12

Soil cohesion st dev. (kPa)

6

3.75

5.25

6

lat. hyd. conductivity (m/s)*

1.88E‐06

3.418E‐07

1.14E‐06

1.88E‐06

Soil no.

6

13

14

15

Soil cohesion mean (kPa)

1.9

1.1875

1.6625

1.9

Soil cohesion st dev. (kPa)

0.3

0.1875

0.2625

0.3

lat. hyd. conductivity (m/s)*

6.06E‐06

1.102E‐06

3.67E‐06

6.06E‐06

*Lateral conductivity values based on Fu et al. [2006].

Lateral conductivity is a soil parameter of relevance for tillage and residue management
scenarios that could be adjusted and were determined for the Potlatch River Basin. Lateral conductivity
is altered by tillage and compaction of the soil from equipment that drives over the fields. The K index,
which is a soil erodibility coefficient, and the median grain size (d50) of the soil were two other vital
parameters that were based on known values and adjusted accordingly for changes in tillage. The K
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index was not changed because it was based on a value determined from the manual on the developed
erosion and sediment yield component of the Système Hydrologique Européen model (SHESED) [Wicks
and Bathurst, 1996], which was the method utilized for the initialization of the sediment module within
DHSVM [Doten and Lettenmaier, 2004]. Sensitivity was performed for lateral conductivity, keeping
lateral conductivity constant for non‐agricultural areas because that value was previously calibrated for
hydrology. The parameters were adjusted for a realistic, yet extreme, range of values to examine
sensitivity. Table 10 shows the range of lateral conductivity values dependent on soil type.
Table 10. Range of values considered for lateral conductivity for agricultural areas.
Lateral Conductivity
Soil No.
Soil
Lateral Conductivity
Maximum Value
Minimum Value
(m/s)
(m/s)
7
Silt Loam CT
2.73E‐05
0.0003
8
Silt Loam RT
9.09E‐05
0.0003
9
Silt Loam NT
0.00015
0.0003
10
Loam CT
1.71E‐07
1.88E‐06
11
Loam RT
5.7E‐07
1.88E‐06
12
Loam NT
9.4E‐07
1.88E‐06
13
Sandy Loam CT
5.51E‐07
6.06E‐06
14
Sandy Loam RT
1.84E‐06
6.06E‐06
Sandy Loam NT
15
3.03E‐06
6.06E‐06

Values of lateral conductivity varied with tillage to remain consistent with the relationship
derived from Fu et al. [2006]. Changing tillage can influence preferential pathways within the soil,
affecting lateral and vertical conductivity and infiltration [Brooks et al., 2004]. DHSVM was run two times
for this sensitivity study: once with the low lateral conductivity values (Run 3), and another with high
lateral conductivity values (Run 4). These were all run with dynamic infiltration for the time period of
August 2001 until October 2002 with surface erosion running the entire time. Run 1 was the base run
with default scenarios and Run 2 was identical to Run 1, but with static infiltration. The four runs are
listed in Table 11.
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Table 11. Parameters adjusted for each run to examine model sensitivity to lateral conductivity and
infiltration mode.
Run No.
Lateral conductivity (high or low)
Infiltration Mode
1
default
Dynamic
2
default
Static
3
low
Dynamic
4
high
Dynamic

The model output was also tested for its sensitivity to changes in debris flow and soil cohesion,
and overland routing mechanism. Debris flow is the anticipated grain size of sediment from mass
wasting events, which were not run, and is also used to determine initial sediment bed depth. The total
transport capacity of the sediment in the channel is based on stream power and relationships derived by
Bagnold [1966] [Graf, 1971]. Debris flow is not utilized for the hillslope portion of the sediment module.
The two types of overland routing available in DHSVM are convention and kinematic routing.
Conventional overland routing redistributes excess water from a grid to any of its eight neighboring grid
cells that have a relatively lower elevation. The water is redistributed accordingly with changes in
topography. Kinematic overland routing is similar and includes a varying infiltration excess runoff. This
infiltration excess runoff is based on either the static [Wigmosta et al., 1994] or the dynamic [Smith and
Parlange, 1987] maximum infiltration capacity. Sixteen runs were performed to examine the sensitivity
of the model and changes induced to the channel bed sediment depth, total overland inflow, and
surface erosion. Table 12 shows the 16 runs with the varying parameters.
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Table 12. Parameters adjusted (soil cohesion, debris flow grain size, and overland routing
mechanism) for analyzing model sensitivity of channel sediment bed depth and surface
erosion.
Debris flow Debris flow
Overland
Run No.
Soil cohesion (kPa)
d50 (mm)
d90 (mm)
routing
pre‐determined
2
17
conventional
5
pre‐determined
30
45
conventional
6
0 for silt loam
30
45
conventional
7
pre‐determined
2
17
kinematic
8
0 for silt loam
5
20
conventional
9
pre‐determined
28
42
conventional
10
pre‐determined
25
37.5
conventional
11
pre‐determined
20
30
conventional
12
pre‐determined
15
22.5
conventional
13
pre‐determined
10
15
conventional
14
pre‐determined
5
20
conventional
15
pre‐determined
6
20
conventional
16
pre‐determined
7
20
conventional
17
pre‐determined
8
15
conventional
18
pre‐determined
9
15
conventional
19
pre‐determined
9
20
conventional
20

Pre‐determined soil cohesion values in Table 9 are the same as those reported in Table 12.
Parameter values were chosen for sequential runs by examining the results of previous runs and
adjusting the debris flow to attempt a steady state channel bed. Runs 7 & 9 were run with soil cohesion
set to zero for the dominant soil type, silt loam (soil no. 4). Runs 5 and 8 were identical except that the
overland routing method specified in the model differed. The rest of the runs were to examine changes
in the sediment stored in the channel as a result of varying the grain size distribution of debris flow. For
these runs, surface erosion was running the entire time for the dates 12/01/2001‐10/01/2002.
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3.4.7 Sediment and Tillage Scenarios
The magnitude and relative timing of generated suspended sediment concentrations were
compared to an IDEQ study on the Potlatch River [2008] over the years 2001 and 2002. The IDEQ study
included grab samples taken near the mouth of the river, as well as various other locations in the basin,
estimating TSS concentrations. TSS is inclusive to suspended solids (organic matter, large silt, sand, etc.)
being passed in the stream that would not pass through a 0.45‐µm (micrometer) filter, and SSC is
defined as all the sediment that is suspended in the water column. Measurements were taken
approximately every two to three weeks during the winter and spring seasons, and less frequently
during the summer and fall. Tables listing the TSS concentration (mg/L) observations for the general
sites PTR‐1, PTR‐4, PTR‐6, and PTR‐11 can be found in the Appendix. The IDEQ considered a stream
sediment‐impaired if monthly average TSS exceeded 50 mg/L.
The sensitivity of surface erosion to changes in tillage, soil cohesion, and lateral hydraulic
conductivity was also evaluated. Maps were produced with DHSVM to analyze two effects which result
from erosion: sediment flux from an area and change to sediment depth, either from erosion or
deposition. These were mapped for an area of silt loam soil with non‐agricultural and agricultural land
use. They were mapped for the time period 12/18/2001‐15:00 – 12/18/2001‐18:00. This time period
was chosen based on the relatively high amount of average simulated hillslope erosion. Within 48 hours
leading up to this time period, there were two separate precipitation events: 45 mm starting at
12/17/2001‐9:00 and 29 mm starting at 12/18/2001‐12:0, both recorded at the Elk River station. The
earlier, greater precipitation event occurred at a temperature of ‐2.45 °C and resulted in an increase in
snow water equivalent (SWE) across the basin, so this precipitation fell as snow. The later, lesser but still
dramatic, precipitation event was accompanied by a temperature of 1.81 °C and resulted in a modeled
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decrease in SWE and increase in surface runoff, so this precipitation fell as rain and resulted in rain‐on‐
snow event. Results can be seen in section 3.4.6.
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4. RESULTS AND DISCUSSION
4.1 Climate Data
This section details the climate data, which consisted of historical and projected future Elsner et
al. [2010] gridded historical data and NCDC inputs.
4.1.1 Historical Gridded Data and Global Climate Model Future Scenarios
The gridded data of Elsner et al. [2010] were used for the comparison and analysis of DHSVM’s
simulated streamflow (Table 5). Mean annual precipitation was determined for the time period 1960 –
1990 for the 1/16th degree grids. The resultant spatial distribution indicates precipitation generally
increases with elevation in the basin with average annual precipitation ranging from 512 – 1206 mm
(Figure 11).

Figure 11. Annual mean precipitation spatial distribution of historical climate data (1960 – 1990).
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Figure 12. Mean monthly temperature and precipitation for the Potlatch River Basin for the years
1960 – 1990 and for the future 18 climate change scenarios for the years 2030 – 2060.
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Mean monthly values for historical data and future climate scenarios (all 18 climate change
emission scenarios) were also determined (Figure 12). Historical values are shown below as blue lines,
while gray lines are individual GCMs for a particular emission scenario, and red dashed lines are the
weighted ensemble means of GCMs and emission scenarios. Figure 12 shows the anticipated changes in
temperature and precipitation. According to these future scenarios, temperature is expected to increase
year round, often by more than 2 °C. Precipitation is expected to increase during the winter and early
spring months (e.g., a 20% increase in November) and decrease in the summer and early fall months. In
the Pacific Northwest, the relative uncertainty associated with precipitation projections is greater than
the uncertainty associated with temperature projections [Mote and Salathé, 2010].

4.1.2 NCDC Stations
Because of the need for sub‐daily precipitation inputs for running DHSVM’s sediment module
(Table 5), two NCDC stations were selected (recall section 3.3.2.2). Figure 13 shows the difference in
monthly precipitation amounts between the two stations for the time period of interest for model
calibration. The elevation of the Elk River and Lewiston stations are 889 and 438 meters, respectively
(Figure 1). There is a significant difference in precipitation for the winter and spring months, and similar
amounts for the summer months. Throughout the winter, more precipitation is measured at the Elk
River station than at the lower Lewiston station, due to orographic effects on precipitation at Elk River.

45

Monthly Precipitation (mm/month)

120
100
80
60

Lewiston
Elk River

40
20
0
Oct Nov Dec Jan Feb Mar Apr May Jun

Jul Aug Sep

Figure 13. Average monthly precipitation for the Lewiston and Elk River stations (from NCDC
precipitation records) from 2001 – 2010.
NCDC climate data were used for model calibration and model runs that utilized the sediment
module. The Elsner et al. [2010] climate data were used to compare model results to similarly derived
future climate model scenarios. NCDC stations were compared to Elsner et al. [2010] historical gridded
climate data. Table 13 compares the location and elevation of the NCDC station and the center of the
approximately 42 km2 overlying grid cell.
Table 13. Comparison of location and elevation of NCDC stations and overlying grid cell.
Name of station
Lewiston
Elk River
Station elevation (m)
437.7
889.4
Grid cell elevation (m)
327.3
967.2
Location of station (lat, long)
46.36667, ‐117.01667
46.76667, ‐116.18333
Location of center of grid cell (lat, long)
46.34375, ‐117.03125
46.78125, ‐116.15625

Figures 14 and 15 detail the monthly and annual precipitation values determined for Elk River and
Lewiston. These figures represent Elk River before gaps in the record were filled for processing because
the time period extends beyond when precipitation gaps were filled (recall section 3.3.2.3). NCDC
precipitation was generally less than that of the Elsner et al. [2010] precipitation for both stations on
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average monthly and annual time scales. The Elk River precipitation interannual variability was similar
between the two sources of precipitation data (Figure 14b). The Elsner et al. [2010] gridded historical
data for the Lewiston station appear to peak in November (Figure 15a), which is uncommon for this
area. This may be due to interpolation from one of the many bias adjustments made. This localized
behavior in the Elsner et al. [2010] gridded historical data supports the need for local precipitation
measurements in addition to primary need of 3‐hourly measurements. The NCDC precipitation used in
the model was generally greater than that which is detailed in Figures 14 and 15 because it was adjusted
to match PRISM monthly averages.
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Figure 14. Comparison of (a) mean monthly and (b) annual precipitation between the Elsner et al.
[2010] and the NCDC precipitation records at the Elk River station (1970 – 2006).
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Figure 15. Comparison of (a) mean monthly and (b) annual precipitation between the Elsner et al.
[2010] and the NCDC precipitation records at the Lewiston station (1970‐2006).
As described in section 3.3.2.4, the lapse rate was determined between the Lewiston and Elk
River stations on a monthly basis for the time period 1972 – 2010. Figure 16 shows the variation in lapse
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rate on a monthly basis. This figure depicts a vertical box‐and‐whisker plot of the precipitation lapse rate
between the Lewiston and Elk River stations and details the median value, the 25th and 75th quantiles,
and the range of values.
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Figure 16. Precipitation lapse rate on a monthly basis between the Lewiston and Elk River NCDC
stations for 1972 ‐ 2010.
The difference in precipitation between the two stations increases during the winter months,
when the amount of precipitation falling is greater (Figure 13). As described in section 3.3.2.4, the
monthly lapse rates were averaged based on the fraction of annual precipitation that typically falls
during each month, resulting in a constant precipitation lapse rate for the DHSVM simulations.
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4.2 MOVE.2 Streamflow Reconstruction
Desiring a separate and extended time period of streamflow observations to compare to the
modeled streamflow for the streamflow comparison period (Table 5), the MOVE.2 method was applied
to Palouse River streamflow record to reconstruct Potlatch River streamflow. Table 14 is the MOVE.2
results for the MOVE.2 evaluation time period (2007 – 2009). It shows the comparison between
reconstructed Potlatch streamflows, determined from Palouse River streamflows, and observed
streamflows. Both the mean and the standard deviation compare well between the MOVE.2 results and
the observed streamflow.
Table 14. MOVE.2 comparison (mean and standard deviation) of observed and reconstructed
streamflows (2007 – 2009) for monthly Potlatch River streamflows.
Reconstructed

Observed

12.29

13.00

17.33

17.46

3

Mean ŷ (m /s)
3

St. dev. ŷ (m /s)

Figure 17 shows the performance of the MOVE.2 method in reconstructing the overlapping time
period. The reconstructed streamflow for this time period has an E! of 93%. It is reasonable that E! is so
high, because the results are compared on a monthly scale, which reduces the amount of anomalies
seen in comparing daily results. MOVE.2 sometimes estimates a negative streamflow during the months
of August, September, and October.
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Figure 17. MOVE.2 reconstructed streamflow compared to observed Potlatch River streamflow for
January 2007 through September 2009.

4.3 Calibration
The model was calibrated using observed streamflow data collected at the USGS gauge site near
the outlet of the basin (recall Table 5). Because the gauge was installed in August of 2003, calibration
efforts began at this time. Initial streamflow results before calibration indicated an overestimation of
base flow (1.3 m3/s compared to 0.4 m3/s) and a shift in timing of peak flow (Figure 18). The initial
results indicated a peak streamflow in January, before the anticipated snowmelt of the late winter and
early spring. The trend of early spring runoff events is not only observed in the area [IDEQ, 2008], but is
also demonstrated in the timing of the observed streamflow. The daily results from automated adjusted
calibration can be seen in Figure 19.
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Figure 18. Mean monthly streamflow for calibration period (2003 ‐ 2006) before calibration.
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Figure 19. Calibrated daily streamflow depicting peak and base flows throughout the year (2003 –
2010).
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As depicted in Figure 19, the magnitude of events is often captured, but the timing may not
correspond exactly. For example, in January 2006, the modeled and observed peak streamflows match
well in magnitude, but differ slightly in timing. Streamflow peaks are not captured by the model in 2007‐
2009, indicating that precipitation may be underestimated for these events. This is because the
streamflow peaks are a similar magnitude to those that occurred in 2004 and 2006 and were captured
by the model. Figure 20 shows mean monthly streamflow for different time periods. Figure 21 shows
the monthly streamflow for the period 2003 ‐ 2010, and clearly displays the low modeled streamflow for
the years 2007, 2008, and 2009. Figure 21 and the bottom plot in Figure 20 show that there is a
significant amount of streamflow observed which is not being modeled during the years 2007 – 2009.
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Figure 20. Observed mean monthly streamflow and model results after calibration for various time
periods: 2003 – 2006, 2007 – 2010, and 2003 – 2010.
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Figure 21. Observed and modeled monthly streamflow from automated calibration (2003 – 2010).
To maintain previously determined relationships between non‐agricultural soils and agricultural
(conventional and conservation tilled) soils, porosity and lateral conductivity values were adjusted for all
agricultural areas with silt loam soil classification (recall section 3.4.4). The mean monthly streamflow
was still similar to what was observed before the years 2003 – 2006. For the time period 2003 – 2010 on
a daily temp step, these results had an E! of 30.7%, a D! of 63%, and a relative bias of ‐8.93%. Figure 22
shows these results on a daily time scale, which resulted in higher streamflow peaks than before the soil
parameters were adjusted for agricultural areas (Figure 19). Figure 23 shows the mean monthly average
of these results.

56

200
180

OBS

MODEL

Jun 2004

Jun 2005

160
140
Streamflow (m3/s)

120
100
80
60
40
20
0
Jun 2003

Jun 2006

Jun 2007

Jun 2008

Jun 2009

Jun 2010

Year

Figure 22. Daily Potlatch River streamflow (observed and model results) for Aug 2003 ‐ April 2010 with
NCDC climate inputs.
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Figure 23. Mean Monthly Potlatch River streamflow (observed and model results) for Aug 2003 ‐ April
2010 with NCDC climate inputs.
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4.4 Streamflow Comparison and SSC Results
The model results were compared to streamflow simulated in 1966 – 1984 and sediment
module results during 2001 – 2010.
4.4.1 Streamflow Comparison
DHSVM modeled streamflow was compared to reconstructed streamflows from 1966 – 1984
(recall Table 5). When compared to the reconstructed streamflow with the DHSVM, the reconstructed
flow had greater average flows (Figure 24). This was expected because similar results were found during
part of the calibration time period (2003 ‐ 2006) when comparing the Potlatch River records and the
DHSVM output. Overall, reconstructed runoff was similar to the modeled streamflow predicted via
DHSVM.
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Figure 24. Reconstructed (MOVE.2) and modeled monthly streamflow for the period 1966 ‐ 1984.
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For this time period, the modeled flow had an E! of 68%, D! of 84%, a relative bias of ‐10%, and
an R value of 0.8 comparing modeled and MOVE.2 streamflows. Figures 25 and 26 depict the average
monthly and annual streamflows for the modeled and MOVE.2 streamflows, as well as the streamflow
for the nearby Palouse River.
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Figure 25. Annual modeled Potlatch, reconstructed (MOVE.2) Potlatch, and observed Palouse River
streamflow for the years 1967 – 1984.
On an annual time scale, there is more variation in the reconstructed streamflow results than
the observed. The reconstructed streamflow tracks well with the Palouse River streamflow on both an
annual (Figure 25) and a monthly (Figure 26) time scale, which is expected because the Palouse was
used for the Potlatch reconstruction.
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Figure 26. Mean monthly modeled Potlatch, reconstructed (MOVE.2) Potlatch, and observed Palouse
River streamflow (1966 ‐ 1984)

4.4.2 Field Work and Sediment Module Evaluation
The sediment module was run for the time period of sediment analysis and evaluation (recall
Table 5) with NCDC precipitation inputs because 3‐hourly precipitation forcings were needed to model
surface and channel bed erosion. The surface erosion dates defined for this simulation are December
2001 through September 2002, and then any day during October 2003 – April 2010 where streamflow
meets the 40% stream threshold. Figure 27 shows the model results and how they compare to the IDEQ
measurements taken near the Potlatch gauge site. Overall, the model performed very poorly in
replicating IDEQ observations. The IDEQ’s measurement of 606 mg/L on March 12th 2003 far exceeds
any SSC concentrations from the model output. However, there is also uncertainty associated with that
measurement itself. The level of error associated with this measurement is unknown, but we do see
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from the Campbell Scientific turbidity sensor (Figure 28) that the water in the stream does rapidly
become more turbid. Figure 28 shows the turbidity sensor readings over time since installation. These
are raw data, which have not been thoroughly examined nor have they been altered.
There is uncertainty associated with the value from the turbidity sensor as well, but the trend
from both the DEQ grab samples and the turbidity sensor indicate that dramatic peaks with sudden
falling limbs should be present in the SSC concentrations over time. This is not currently seen in the
model near the gauge site.
The model was not able to reproduce large peaks in TSS observed by the IDEQ (Figure 27). There
also should be a seasonal trend of sediment loads with more sediment observed in the stream during
the winter and early spring months when much of the erosion occurs and rills are formed. The model
over predicts SSC during the summer months and drastically under predicts sediment delivered during
the winter months when we anticipate high (>100 mg/L) concentrations in SSC in the Potlatch River. The
bottom plot in this figure is for the same values as the top plot, but with different axes to better show
the differences.

61

500

700

450

600
500

350
300

400

250
300

200
150

SSC (mg/L)

Streamflow (m3/s)

400

200

100
100

50
0
Nov 2001
250

0
Jan 2002

Feb 2002

Streamflow

Apr 2002

Jun 2002

Jul 2002

Potlatch Gauge Sediment

Sep 2002
DEQ

50

200

40
150
30
100

SSC (mg/L)

Streamflow (m3/s)

60

20
50

10

0

0
Nov 2001

Jan 2002

Feb 2002

Apr 2002

Jun 2002

Jul 2002

Sep 2002

Figure 27. SSC at the gauge site within the Potlatch Basin compared to DEQ measurements taken near
the gauge site and observed streamflow at the Potlatch gauge site near the mouth of the river.
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Figure 28. Campbell Scientific turbidity sensor readings and observed streamflow at the Potlatch
gauge site near the mouth of the river for NTU and SSC (mg/L) over varying scales.
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No work has been done to ensure the quality of the turbidity observations, which is why the raw
values are reported here. NTU maximum is the greatest observed turbidity value of the day. The daily
average NTU was a specified output that averages every recorded NTU value for the day. The SSC
concentration was estimated from the power relationship derived from the calibration and the daily
average NTU value. Peaks in NTU and SSC seem to closely follow peak streamflow events. Looking at the
NTU maximum values in the top figure, there appeared to be a large amount of sediment in the stream
at one time in April, which is not displayed as strongly in the NTU average values. The turbidity sensor
readings suggest that SSC can change rapidly within the stream and that dramatic events are infrequent.
The model is not reproducing SSC peaks of this magnitude, which indicates that SSC predicted by model
are not reliable.
The modeled SSC varied greatly at different locations in the basin. Figure 29 is the modeled
streamflow and suspended sediment concentration for the sediment analysis period (Table 5). Figure 30
shows 3‐hour streamflow, as opposed to daily. This allows for more peak streamflow events to be
displayed. The highest SSC event predicted over that year is 49 mg/L, which we know is significantly
lower than SSC concentrations observed in the Potlatch River by various agencies and the installed
turbidity sensor [IDEQ, 2008, Clark, 2010]. When the model was run with surface erosion and sediment
routing over the time period Dec 2001 – Oct 2003, the average SSC varied significantly across the basin.
Near the gauge site, the average SSC was 5 mg/L, but in other reaches of the basin the average was 17
mg/L (Little Potlatch Creek) or as much as 2900 mg/L (Big Bear Creek). These SSC concentrations across
the basin indicate that the sediment routing model is severely overestimating SSC for some reaches
(Figure 29). Also, the timing of the SSC events, particularly for Big Bear Creek, indicates that the model is
transporting enormous amounts of sediment from the channel bed during low summer flows.

64

Figure 29. Various reaches within the basin and their corresponding modeled SSC over time from Dec
2001 ‐ Oct 2003.
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Figure 30. Modeled Potlatch River streamflow and SSC for October 2002 ‐ April 2010 near the Potlatch
gauge site.
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The model results near the gauge site predicted very low SSC in the stream throughout the
simulation. The streamflow and SSC concentration were modeled by DHSVM with the 40% threshold
applied when determining dates that surface erosion would be run. Much of the suspended sediment
modeled was from the bedload. Examining a DHSVM output which details the sediment balance, it was
found that the stream bed is losing material throughout the entire run. The transport capacity and
channel grain size are both a function of debris flow’s grain size distribution, which was assumed to be
the average grain size distribution across the entire basin for the modeled results depicted in Figures 29
and 30.

4.5 Sensitivity Analysis of Sediment Module
The sensitivity analysis is as described in Table 5. Table 15 shows the impact of changing values
of lateral conductivity or infiltration for tilled areas on streamflow hydrology for the entire basin. They
were varied between static and dynamic infiltration, and low and high lateral conductivity (Table 10).
Table 15. Effect of lateral conductivity on hydrology: D! and mean difference of modeled
streamflow resulting from altering lateral conductivity of tilled soils for Aug. 2001 – Oct. 2002.
Runs
1
2
3
4
1
0.999996 0.999769 0.997662
D!
1
1
0.999763 0.997665
2
1
0.996039
3
1
4
0
0.002324 0.096949 0.242272
mean
1
0
0.094625 0.244596
difference
2
3
0
0.339221
(m /s)
3
0
4

Table 15 depicts the D! of the two streamflows with varying infiltration modes as 0.999996,
which is effectively identical. The impact is minimal for varying lateral conductivity, with only 0.34 m3/s
as the mean difference between the streamflows for the low lateral conductivity over tilled areas (Run
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3), and high lateral conductivity over those same areas (Run 4). For this reason, the default lateral
conductivity values were used.
Table 16 shows the change in sediment stored in channels, total overland sediment inflow from
land surfaces to the channel, and average hillslope erosion for the time period. Recall that the initial
amount and size distribution of sediment within the channel is determined in DHSVM by the grain size
distribution of the debris flow.
Table 16. Sensitivity of model outputs to adjusting soil cohesion, debris flow grain size, and overland
routing for Dec. 2001 – Oct. 2002 sorted by debris flow d50.
average
Total overland
Δ sediment
hillslope
sediment
stored in
Run
Soil cohesion
Debris flow
erosion (mm)
inflow (kg)
channels (kg)
No.
(kPa)
d50 (mm)
pre‐determined
2
5
‐2.06E+06
1.32E+05
‐3.12E+01
pre‐determined
2
8
‐2.05E+06
1.30E+05
‐4.58E+01
0 for silt loam
5
9
‐1.89E+06
1.34E+05
‐5.12E+01
pre‐determined
5
15
‐1.89E+06
1.32E+05
‐3.12E+01
pre‐determined
6
16
‐1.37E+06
1.32E+05
‐3.12E+01
pre‐determined
7
17
‐8.25E+05
1.32E+05
‐3.12E+01
pre‐determined
8
18
‐1.88E+05
1.32E+05
‐3.12E+01
pre‐determined
9
19
2.20E+04
1.32E+05
‐3.12E+01
pre‐determined
9
20
8.00E+03
1.32E+05
‐3.12E+01
pre‐determined
10
14
1.08E+05
1.32E+05
‐3.12E+01
pre‐determined
15
13
1.96E+05
1.32E+05
‐3.12E+01
pre‐determined
20
12
1.64E+05
1.32E+05
‐3.12E+01
pre‐determined
25
11
1.41E+05
1.32E+05
‐3.12E+01
pre‐determined
28
10
1.36E+05
1.32E+05
‐3.12E+01
pre‐determined
30
6
1.37E+05
1.32E+05
‐3.12E+01
0 for silt loam
30
7
1.38E+05
1.34E+05
‐5.12E+01

Total overland inflow and average hillslope erosion detailed Table 16 are summed over the
entire time period December 2001 – October 2002. Run 8 shows that changing the overland routing
method to kinematic does increase the amount of soil eroded from the hillslopes by 46%, but resulted in
a 1% decrease of sediment that flows into the channel (total overland inflow). Changing soil cohesion to
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an extreme value of zero resulted in a 64% increase in average hillslope erosion, but only a 1% increase
in total overland sediment inflow. These findings are inconsistent with the expectation that as hillslope
erosion increases, sediment delivered to the channel will increase. This indicates that kinematic flow
routing does increase the amount of soil eroded, but does not transport this excess soil to the channel
because the additional soil is readily re‐deposited on the land surface. It appears that for both
conventional and kinematic overland flow routing, there is not a strong relationship between average
hillslope erosion and total overland inflow amount.
Change in sediment stored in channels is the change in sediment from the date 12/01/2001 to
10/01/2002. A negative number indicates a loss of sediment stored in the channel. Generally, the
smaller the debris flow, the more sediment that left the channel. The total transport capacity of the
sediment in the channel is based on Bagnold’s equation [1966] relating stream power to the work done
in transporting the bed load and the suspended load [Graf, 1971]. Figure 31 shows the relationship
between the debris flow d50 grain size and the change in sediment stored in the channels over the 11
months between Dec. 2001 and Oct. 2002. These are the same values listed in the 2nd column of Table
12 in section 3.4.4.
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Figure 31. Change in sediment stored in channels (kg) over Dec. 2001 ‐ Oct. 2002 and
corresponding debris flow d50 grain size.

The SSC over time was also examined. Model runs with a debris flow d50 grain size of 9 mm or
greater outputted zero SSC for the time period of interest. Runs 17 and 18 had d50 debris flow grain sizes
of 7 and 8 mm, respectively. These runs appeared to be on the threshold for the model, transitioning
from outputting a SSC concentration of zero and SC concentrations that are the same magnitude as
IDEQ observations near the outlet of the basin. Suspended sediment concentration in DHSVM is highly
sensitive to changes in debris flow grain size. The results indicate that more user control is needed for
parameters that control the transport capacity of the channel. The model uses an empirical equation
derived from on Bagnold’s transport capacity equation [1966] and parameters based on a relationship
for bed shear stress [Graf, 1971], indicating that the channel transport mechanisms are designed to
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effectively transport bed material, and not the sediment that is delivered to the stream from the
hillslopes.

4.6 Climate Change Scenarios
The model output of the climate change scenarios contributed to the analysis of the modeled
hydrology (recall Table 5). The changes to mean monthly temperature and precipitation were analyzed
for a 30 year period, historically and in the future. The statistically downscaled future metrological data
were derived by perturbing the historical record [Elsner et al., 2010]. As a result, overlapping time
periods can be compared directly and the climate change effect can be analyzed. As a result of these
changes in climate, the streamflow is predicted to increase by as much as 25% during February with
greater streamflow than what has been observed historically during the winter months (Figure 32).
The spread in the streamflow results indicates the range of uncertainty for the future simulated
streamflows. For example, during the months of January and June, the range of uncertainty for the
future streamflow is 18.6 – 44.4 m3/s and 1.4 – 2.4 m3/s, respectively. On average, streamflow is
expected to decrease more rapidly during the spring in the year 2045 than it has over 1966 – 1984. Also,
more precipitation in the winter is falling as rain instead of snow (Figure 12). This will lead to more
runoff events on frozen or thawing soil (assuming the soil still freezes regularly) which lends to
decreased soil cohesion of the soil and more surface erosion from the basin [Bullock, 1988].
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Figure 32. Mean monthly streamflow for 18 climate change scenarios (1966 ‐ 1984).
The spread in model results is greatest for the month of December, which indicates a high
uncertainty pertaining to the specific amount of runoff we can expect to that month. This dramatic shift
in peak flow is predicted by miroc_3.2 (for both the A1B and the B1 scenarios) predicted climate data.
Miroc_3.2 was the GCM with the least weight out of the nine employed for this study, based on its
performance in the Pacific Northwest [Mote and Salathé, 2010]. However, we can be more confident
that streamflow will increase in the winter, because the majority of the future streamflows are above
the historical trend, and decrease in the spring because that is what the overall trend indicates.
Figure 33 shows the impact of increased winter flows on annual streamflow. If annual
streamflow increases, then subsurface flow or surface runoff, or both, increases. An increase in surface
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runoff leads to an increase in the transport capacity of sediment that will be delivered to the stream
network.
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Figure 33. Annual streamflow for 18 climate change scenarios (1966 ‐ 1983).

4.7 Tillage and Residue Management Scenarios
Four tillage and residue management scenarios were modeled for the Potlatch basin under a
future climate scenario, cnrm_cm3_A1B (recall Table 5). The scenarios represent a varying degree of
conservation tillage (see section 3.4.6). Figure 34 indicates that changing the tillage practices will not
affect the timing of runoff events. Climate will have the dominant effect on the magnitude of runoff
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events across the basin, which is demonstrated here by the change induced by the future climate
scenario cnrm_cm3_A1B.
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Figure 34. Monthly mean streamflow for tillage scenarios under the cnrm_cm3 A1B scenario,
cnrm_cm3 A1B projected streamflow, and historical streamflow. (1966 – 1983).
Depiction of mean monthly streamflow in Figure 34 suggests that adopting conservation tillage
does not significantly decrease model‐simulated surface runoff. December shows a trend in mean
streamflow for the month with scenario 1 and the cnrm_cm3 scenario (100%‐CT) having the greatest
runoff and scenario 4 (100%‐NT) having slightly less streamflow runoff (23.1 m3/s as compared to 24.9
m3/s). The differences between the scenarios on a mean monthly time scale appear to be negligible for
many of the other months.
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The four tillage scenarios were also run with the NCDC climate inputs to analyze their effect on
sediment and runoff (recall Table 5). Spatial maps were produced that depict the change in grid cell
elevation (due to sediment eroded and deposited) over the 3‐hour time step and the sediment flux out
of the basin (m3). These maps were produced for the time period 12/18/2001‐15:00 –
12/18/2001:18:00, which followed a rain on snow event as described in Figure 35. Figure 36 shows a
map detailing the change in sediment depth per grid cell in the Potlatch Basin. A negative (positive)
number corresponds with a decrease (increase) in sediment depth for the change to sediment depth.
Sediment flux is the sediment flux out of the cell. A number greater than zero indicates that more
sediment is leaving the cell than entering, while a number less than zero indicates that more sediment is
entering the grid cell than being transported out.
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Figure 35. Daily Precipitation previous to the mapping time period of 12/18/2001‐15:00 ‐ 12/18/2001‐
18:00 with the temperature given for the two events of interest.
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Figure 36. Sediment eroded over the entire basin for a 3‐hr period starting at 12/18/2001‐15:00 for
the current tillage scenario (positive numbers represent areas of sediment accumulation).
Figure 36 shows that erosion consistently occurred over the loam soil areas in the southwest
region of the basin. There are also many isolated events where sediment depth increased by more than
100 mm over the 3‐hr period. This figure shows that erosion tends to be wide spread and deposition of
eroded sediment tends to collect at specific spots for this basin. Additional maps were created to
provide a closer view of these results for varying tillage practice. The location of these maps is depicted
in Figure 36. The 4 km2 area contains silt loam soil with non‐agricultural and agricultural land use. The
area was selected because it was representative of the agricultural areas and contained a wide range of
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results overlapping the mean sediment flux and change in sediment depth per grid cell for agricultural
areas (2817 m3 and ‐7 mm, respectively) for the time period of interest. The non‐agricultural area for
this region is comprised of a mix of grassland, closed shrubland, and needle leaf forest. Maps were
produced with DHSVM to analyze two effects which result from erosion: sediment flux from an area and
change to sediment depth, or sediment eroded when tillage over the agricultural areas was altered, as
well as the amount of surface runoff from the grid cell. Sediment flux, change in sediment depth, and
surface runoff were all mapped for the time period 12/18/2001‐15:00 – 12/18/2001‐18:00, which is
after a simulated rain‐on‐snow event (Figure 35).
To better understand how sediment is generated and transported for this time period, runoff
was also analyzed. Knowledge of the runoff mechanisms occurring for this time period, over the entire
basin and area of interest, aids in the understanding of how tillage affects surface runoff and the
consequential surface erosion. For the erosion events for the period of interest, DHSVM models
infiltration excess. Figure 37 shows the surface runoff, or Horton overland flow, in meters over the
designated time period for the entire watershed. We know that this runoff is infiltration excess and not
saturation excess, because soil saturation was also determined spatially for this time period, and at most
the soil across the basin is 64% saturated (Figure 38). Doten and Lettenmaier [2009] describe infiltration
excess mechanism as more simplistic, and based off the static and dynamic infiltration rate. Both
saturation excess and infiltration excess can be modeled within DHSVM 3.0.
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Figure 37. Surface runoff (m) over the entire basin for a 3‐hr period starting at 12/18/2001‐15:00 for
the current tillage scenario.
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a.

b.

Figure 38. Soil Moisture (a) ranging from 0.22‐0.64 and surface runoff (b) ranging from 1x10‐6‐0.16 m
depicted by the same color gradient for the time period starting at 12/18/2001‐15:00 for the current
tillage scenario.
Runoff is varied across the basin and there are greater amounts of runoff coming from the
southwest portion of the basin. This is partly because of a dramatic change in elevation. There is a slight
decrease in surface runoff in the area of interest when the agricultural areas within the area of interest
are modeled as NT soil instead of CT or RT soil. Figure 39 shows the surface runoff for the area of
interest. There is a decrease in surface runoff in the area of interest when the agricultural areas within
the area of interest are modeled as NT soil instead of CT or RT soil. Figure 40 shows the sediment flux
over space for the area of interest. There is little change between the sediment flux distributions after
changing from CT (upper right) to RT (lower left). When all of the agricultural lands are changed to NT,
one grid cell changes (lower right). The range of depicted soil flux is from ‐27 to approximately 500 m3.
Within the entire basin, at least one grid cell has a flux of 934,000 m3 during this time period.
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Figure 39. Horton overland flow infiltration excess over area of interest for CT, RT, and NT agricultural
areas for 12/18/2001‐15:00 – 12/18/2001:18:00.
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Figure 40. Sediment flux over area of interest for CT, RT, and NT agricultural areas for 12/18/2001‐
15:00 – 12/18/2001:18:00.
The other map of interest is the change in sediment depth per time step. Figure 41 depicts the
change in sediment depth for the area of interest. There is a larger amount of sediment eroded in a grid
cell that is partially in the area, overlapping the western edge of the area of interest. It appears that
much of this eroded sediment is then re‐deposited into the grid cell east of it, increasing the sediment
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depth for that cell. Many other cells are paired in a similar manner, with sediment eroding from one cell
and accumulating in the next.

Figure 41. Change in sediment depth (mm/3hr) for the area and time period of interest for
12/18/2001‐15:00 – 12/18/2001:18:00.
It is interesting that the cell with the greatest increase in soil depth is also classified as a cell with
a high sediment flux outward. This is a confusing result because it indicates that more sediment flowed
out of the cell (recall that sediment flux is specified as sediment flux out) than into the cell, yet the
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sediment depth increased. Initial review of the model’s sensitivity to tillage practices indicates that
changing from CT to RT can lead to less erosion of the top soil.
The maps alone were not sufficient to determine changes in erosion and runoff over agricultural
areas from altering the tillage scenarios. Table 17 shows the statistics for erosion and infiltration excess
runoff for agricultural areas for the time period of interest. The tillage scenarios are described (scenario
5 is 100%‐CT, etc.) and the total area which experiences erosion is also detailed.
Table 17. Change in erosion rate and infiltration excess runoff for tillage scenarios during the time
period of interest for 12/18/2001‐15:00 – 12/18/2001:18:00.
Tillage Scenario
Current
1
2
3
4
5
Percent CT
40%
50%
0%
0%
0%
100%
Percent RT
50%
25%
50%
100%
0%
0%
Percent NT
10%
25%
50%
0%
100%
0%
Area of Analysis (km2)
3.25E+01
3.31E+01 3.15E+01 3.15E+01 2.13E+01 3.25E+01
Erosion Rate (kg/ha)
6.20E+12
6.47E+12 4.12E+12 4.12E+12 2.61E+12 3.20E+12
3
Total Runoff (m )
7.54E+08
7.73E+08 6.76E+08 7.04E+08 3.63E+08 7.29E+08

The relationship seen between conservation tillage employed and total runoff is expected, with
scenario 4 having the least amount of runoff, and scenarios 1 & 5 having the most. However, the total
amount of runoff is less with scenario 5 than with scenario 1, even though twice the amount of farmland
is assumed to be CT. Scenario 4, the NT scenario, has the least amount of area that experiences erosion
and the smallest erosion rate for the time period. The model results for the remaining tillage scenarios
and the current scenario do not indicate a clear relationship between changing tillage practices and the
amount of runoff generated and sediment eroded from the land surface. It has been estimated in other
studies that by changing management practices from CT to direct seeding (NT), erosion from cropland
areas in the Potlatch River Basin would reduce by as much as 78% [ISCC, 2010], and we only observe a
19% reduction for this time period of interest. Figure 42, which depicts the mean change in sediment
depth and the sediment flux for the different scenarios, also shows that the model is not responding to

82

changes in tillage as it should for large runoff events. The average values and standard deviations for
sediment flux and change to sediment bed depth are similar for all tillage scenarios.
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Figure 42. Mean and standard deviation of sediment flux (m3/m3) and change in sediment depth (mm)
of the tillage scenarios over agricultural areas for the period of interest for 12/18/2001‐15:00 –
12/18/2001:18:00.
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5. LIMITATIONS
5.1 Major Issues
There were various limitations to this work. One of the most significant limitations was the
inadequacy of the mechanisms of the sediment module to handle erosion processes in agricultural
lands. Rill erosion, as well as the sequential gully erosion, is the main mechanism sediment is generated
from the soil surface over agricultural areas in the Potlatch River Basin [IDEQ, 2008, Teasdale and
Barber, 2008]. The model currently has no way to simulate the formation of these rills. In reality, the
incision of the soil surface erodes a significant amount of sediment that is then carried to the stream.
Without the inclusion of rill erosion, the timing of erosion events in agricultural areas is also affected
because it is the formation of these rills during winter and early spring runoff events that generates
much of the sediment eroded from agricultural areas.
The model is also limited in its transport of sediment from the hillslopes to the channel. The hillslope
erosion component of the sediment module readily deposits sediment and does not effectively deliver
sediment to the stream. Hillslope erosion is dependent on three parameters: d50 grain size, soil
cohesion, and manning’s roughness. Soil cohesion determined the soil detachment efficiency from an
empirical equation (Equation 3) that was suited for the Rainy Creek area in the initial evaluation of the
model [Doten and Lettenmaier, 2004]. If the user does not modify this equation to suit his or her own
study area, this equation could be the source of a significant amount of error. The kinematic overland
flow routing currently routes flow from cell to cell based on elevation, causing the flow to descend in an
erratic manner. This routing results in runoff under the kinematic overland flow routing not following
preferential flow paths [Scott Waichler, personal communication]. Additionally, the results of sediment
depth and sediment flux were contradictory over certain grid cells. When this happened it was often for
small values of sediment flux and erosion, so the conflicting results could be a result of model error.
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There were limitations to observations available for both streamflow and climate observations. The
MOVE.2 prediction produced a negative streamflow for a few select dates, which is problematic. There
is also the limitation that when streamflow is modeled for 1965 – 1984, the comparison is then drawn
between two constructed streamflows for the streamflow comparison period, and there are no
streamflow observations for the Potlatch River. Precipitation data were another significant limitation.
Although DHSVM was run at 3‐hr time steps, the future climate data are at a daily resolution. Therefore,
all gridded precipitation inputs are smoothed over the day, with each 3‐hour increment having an
identical precipitation amount for the day of interest. Dynamic downscaling of the daily precipitation
could help to overcome this problem. For the future GCM simulations, the precipitation data were
perturbed for each day and the 3‐hour inputs were again identical for the day of interest. The amount
of precipitation will increase or decrease accordingly for the time period, but the duration of the events
within a daily time step will not be affected. This will result in an increase or decrease in intensity which
results from a change in storm magnitude, not storm duration. Because storms are of interest for
erosion events [Bullock et al., 1988], it is important that the peak and magnitude of the storm is
modeled correctly. The NCDC precipitation inputs were created to address many of these problems and
provide higher‐intensity storms for modeling erosion events. The 3‐hour events are more realistic than
24‐hour events, but they are not as realistic as 15 minute records, which could provide even more
intense storm events. Another limitation of the NCDC precipitation data are the location of climate
stations. The elevation of Elk River station is 889 m, which is 618 m less than the highest point in the
basin at 1507 m. Effects from elevation on precipitation patterns could be improved for points in the
basin with a significant elevation. The NCDC precipitation is underestimated after the year 2007. This
may be a problem with the observations at the individual stations or a user error of how the data were
processed.
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5.2 Minor Issues
There are numerous minor limitations in this study. In regards to sediment, if the sediment is routed
to the stream, then more limitations are encountered in the channel routing mechanism. Doten et al.
[2006] state that much of the sediment in the channel is transported out of the network during the spin
up period, but this was not observed to be true, and the channel bed will continue to erode for the
entire model simulation if the debris flow grain size is relatively small (5 mm > d50). If the debris flow
grain size is relatively large (d50 > 8 mm), then the transport capacity of the model is affected and no SSC
is observed. For these reasons, the transport capacity of suspended sediment was severely limited.
There are also model limitations in regards to parameterization of tillage. Excluding an intensive
drive‐by survey over many years, it would be impossible to determine which tillage practice was
employed over a specific agricultural grid cell. NT and RT practices were assumed to follow the
precipitation gradient, which describes overall patterns well for the Palouse and dryland farming in the
Inland Northwest [Kok et al., 2009], but it is not an absolute trend, and in practice there is diversity of
tillage practices and residue management that is dependent on many factors, such as the crop, the
individual farmer, and the microclimate of that area. We did not include crop rotations or a lengthening
growing season under climate change. The crop rotation for this area is typically a 3 year rotation of
winter wheat, typical spring cereals such as barley or wheat, and a legume, peas or lentils, or canola
[ISCC, 2010].
For this work, winter wheat is assumed to be constantly farmed, but many of the vegetation
parameters were defined for a generic crop. The model also operates within a certain range of accepted
values for parameters associated with stomatal resistance, making it difficult to model surface residue,
which is not active and transpiring as growing crop would. Surface residue does provide similar surface
cover and reduce the effect of raindrop impact on the soil. As stated before, there is no modeling of
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mass wasting or road erosion for this project. However, it was observed that there are a few forest
roads in the upper reaches of the basin as well as areas that appeared to have been recently been
harvested for timber.
There are various sources of uncertainty associated with the projected temperature and
precipitation of the climate change scenarios. The uncertainty associated with precipitation is greater
than that of temperature, and there does not seem to be a correlation between temperature increases
and changes in precipitation [Mote and Salathé, 2010]. The statistical downscaling method used
maintains natural climate variability of precipitation, but does not allow for the variance or skew to
change [Mote and Salathé, 2010]. The biases estimated by Mote and Salathé [2010] are limited by the
period of record available for observation of the GCMs performance.
There were many other limitations within the model itself. Dynamic infiltration has not been fully
tested and it is uncertain if it utilizes parameters exactly as described in Smith and Parlange [1978]. It
was observed in saved model states that soil moisture in 3rd soil layer can become negative. Upon
examining a saved model state, rain interception and snow interception values can also become
negative. These are known problems and are currently resolved within the model by resetting these
negative values to zero.
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6. CONCLUSIONS
The purpose of this research was to model the effects of climate change on suspended sediment
in the Potlatch River Basin. Future climate change scenarios predicted more and earlier winter
precipitation, and higher temperatures throughout the year. It is clear from the climate change
scenarios that the intensity of storm events is predicted to increase for the year 2045 for this region. For
the Potlatch River Basin, the increase in temperature and precipitation may result in higher runoff rates
accompanied with more stream pollution. Regionally, projections of climate change vary among GCMs
more than emission scenarios, and the uncertainty of these projections can be reduced by using a multi‐
model ensemble [Mote and Salathé, 2010], which was the approach used in this study. These sources of
uncertainty must be considered when viewing model results.
All erosion results must be viewed in consideration of the fact that rill erosion not being
simulated in the model. Effects of tillage conservation were examined spatially for erosion over a 4 km2
area for two outputs, sediment flux and change in sediment depth. This showed the model’s sensitivity
to tillage appeared to be minimal. Investigating the erosion rate of tillage scenarios across agricultural
areas shows that the model is not as sensitive to conservation tillage management as it should be, and
that the erosion rates predicted for the basin are magnitudes larger than what has been quantified in
the past [Teasdale and Barber, 2008, Clark, 2010]. It was discovered that classifying all of the land as NT
did significantly reduce runoff. The erosion rate over NT agricultural areas was estimated to be 2.61x1012
kg/ha or greater during the 3‐hour period of interest, which is 3.5x108 times the estimated annual value
(7413 kg/ha) estimated for the entire year. This huge discrepancy was also seen when examining results
for the entire basin, which indicates that the model is currently overestimating erosion across the whole
basin, including agricultural areas, (although most of the eroded sediment does not reach the channel
but is re‐deposited back on the hillslope). To investigate if tillage conservation can ameliorate climate
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change, different tillage scenarios were run for a single climate change scenario. Because the model was
not as sensitive to changes in tillage as it should be, these model results cannot be used to infer the
impacts of future management scenarios for farmers in the Potlatch River Basin.
It was observed that most (over 99%) of sediment generated from the hillslopes was not being
transported to the stream network. The sediment module was initially evaluated for its ability to
produce sediment generated from forest road and burned areas [Doten and Lettenmaier, 2004], and
more adjustments are needed to apply it to agricultural areas. The fact that much of the suspended
sediment is coming from the sediment initialized in the channel, which is based on the debris flow grain
size distribution, was another limiting factor on analyzing the SSC concentrations. This may also be the
result of incorrect channel parameters. The simulated SSC values were compared to IDEQ samples, and
appeared to miss extreme events or overestimate SSC during months were this is little runoff and low
streamflow. Observations have shown that suspended sediment concentrations can vary drastically in
this river, but model results do not yet display large fluctuations in suspended sediment concentrations
which are typically observed in nature as a result of storm and erosion events.
Therefore, the sediment module results are not indicative of processes that influence tillage
implementation and sediment generation in the Potlatch River Basin. We can still infer results from the
hydrology results for historical and future climate. The future climate will be the driving factor which
determines the timing of runoff events. For example, climate change may lead to further problems if
more frequent and intense storm events lead to a great amount of sediment generation. This study
supports further investigation into other phenomena that are anticipated to be dramatically affected by
climate change, such as increased delivery of nitrates and phosphates to the stream.
Additional work can be done to make DHSVM suitable for modeling hillslope erosion over
agricultural areas. A more sophisticated method of representing rills could be added to the model
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where runoff and soil cohesion of the soil would determine the fraction each grid cell that is rills, and
what the area of these rills would be. Erosion is generated in this basin when rills and gullies are formed,
and water incision of these channels generates sediment throughout the year [Teasdale and Barber,
2008]. User control over the d50 and d90 of the channel bed material, independent of the debris flow
grain size, would prevent the channel bed material from constantly eroding during the model run.
Currently, only fractional coverage of the overstory can be controlled, and it would be beneficial for the
user to be able to adjust fractional coverage of the understory. In this manner, LAI, which affects leaf
drip impact, would not need to be adjusted.
Further exploration on the application of modeling tillage within DHSVM, or another model, and
its impact on surface erosion for this basin will lend to a greater understanding of how tillage and
employing surface residue management can ameliorate the negative effects of climate change while
retaining the other positive effects, such as increased infiltration and soil moisture for this dryland
farming area. An influential factor will continue to be the individual manager of the land and their
adoption of best management practices and willingness to adapt to changes, whether that is increased
precipitation or a change in wheat prices. In the long‐term, this research can lead to examination of the
effects of climate change on the riparian habitat of rainbow and steelhead trout in the Potlatch basin.
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Appendix Table 3. Soil Parameters within INPUT file for main soil types.
Parameter
Silt Loam (4)
Loam (6)
lateral
conductivity
(m/s)
0.0001
1.88E‐06
exponential
decrease in
conductivity
3
3
max
infiltration
rate (m/s)
1.78E‐06
3.7E‐06
porosity
(fraction)
0.64
0.463
pore size
distribution
index
0.234
0.252
bubbling
pressure
(m)
0.2076
0.1115
field
capacity
(fraction)
0.29
0.25
wilting
point
(fraction)
0.15
0.12
bulk density
(kg/m^3)
1200
1450
vertical
conductivity
(m/s)
1.81E‐06
9.4E‐07
Thermal
conductivity
(W/m*K)
3
3
Thermal
capacity
(J/m^3*K)
2640000
2640000
Capillary
Drive*
0.2
0.11
Surface
Albedo
0.1
0.1
Number of
Soil layers
3
3
Manning's n
0.00903
0.0116
*Capillary Drive used in dynamic infiltration equation.

Cobbly Silt Loam (sandy loam)(3)

6.06E‐06

3

6.06E‐06
0.453

0.378

0.147

0.23

0.11
1500

3.03E‐06

3

2640000
0.13
0.1
3
0.0123
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Appendix Table 4. Soil Module Parameters

Parameter

Silt Loam (4)

Kindex (1/J)
d50 (mm)
Soil Cohesion Distribution

Cobbly Silt Loam
(sandy loam)(3)

Loam (6)

24.7

23.4

30

0.055

0.20554

0.3028

Normal

Normal

Normal

SC Mean (kPa)

2.6

12

1.9

SC Dev (kPa)

1.3

6

0.3

Cropland according to USDA 2009
8000

Number of grid cells in Potlatch Basin

7000
6000
5000
4000
3000
2000
1000
0

Appendix Figure 1. USDA classification of farmland over agricultural areas in the Potlatch River Basin.
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