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II. Executive Summary 
 
The goal of this round 7 SNPLMA project was to test and develop the Water Erosion Prediction 

Project (WEPP) as a watershed management tool for evaluating the impacts of specific 

management practices on the generation of fine (< 20 micron) sediment transport at the hillslope 

and watershed scales in the Lake Tahoe basin.   

 

The project provided a Tahoe-specific database which includes all the necessary soil, climate, 

and management input files to run the model at any location in the basin.  The accuracy of the 

model was tested against 18 years of observed snow water equivalent depth, streamflow and 

sediment load data at the following relatively undisturbed watersheds:  Blackwood Creek, 

General Creek, Upper Truckee near Meyers, Logan House Creek, and Glenbrook Creek.   Close 

agreement between simulated and observed snow water equivalent, streamflow, and both fine 

(<20 micron) and coarse (>20 micron) sediment load was achieved at each of the major 

watersheds located in the high precipitation regions of the basin with minimal calibration.  

Minimal sediment load was correctly simulated in the drier watersheds (i.e. Logan House and 

Glenbrook) however annual streamflow was overpredicted.  This overprediction was attributed 

to unique hydrogeology on the east side of the basin.   

 

The project also provided Tahoe-specific soil and management input files for representing the 

impact of hillslope disturbances and subsequent restoration options on fine sediment loading.  
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These input files were created using existing rainfall simulation data collected in the basin over 

the past 10 years. Major land cover treatments include:  Mature forest, thin or young forest, 

shrubs, good grass, poor grass, low severity fire, high severity fire, bare, mulch only, mulch and 

till, low traffic road, high traffic road, and skid trail.   

 

A high priority was placed on developing user-friendly tools and providing training.  A simple 

web-interface tool was developed and populated with the Tahoe-specific input files to allow end 

users to easily predict the impact of disturbances on fine sediment loading from single hillslopes.  

The input files were also modified to allow access to the Tahoe-specific input files in the WEPP-

windows program.  This free program, operating in the windows environment, provides 

experienced users greater flexibility for simulating impacts of management practices from 

complex hillslopes. For advanced users, algorithms were provided to simulate streamflow and 

fine sediment loading from large complex watersheds.  These watershed applications are 

complex however and require users to be familiar GIS applications and basic programming 

languages.  A two day workshop was provided at the end of the project to train users on using 

each of these projects.  The feedback from this workshop was very positive.  

 

III. Background 
 
There is a great need in the Tahoe basin for objective, quantitative models for evaluating the 

impacts of management practices on fine sediment loading to Lake Tahoe.  Many of the models 

currently used to evaluate the reduction in pollutant loading to Lake Tahoe are lumped 

hydrologic pollutant loading models that do not route runoff, use constant event mean 

concentrations for BMPs, and rely on specific source loading estimates and user-defined delivery 

ratios which require subjective judgment and have considerable uncertainty (USACE, 2000).  

Although it is often acknowledged that the more detailed, complex models may be able to better 

describe hydrologic and pollutant transport mechanisms and overcome these limitations, process-

based models have not been widely used in the basin due to fear that ñthe level of complexity 

may conflict with the objective of making the methodology practical for Lake Tahoe Basin 

implementers,ò USACE (2000).  The Water Erosion Prediction Project (WEPP) model (Flanagan 

and Nearing, 1995) is one example of a process-based hydrology and sediment transport model 

that is able to provide objective, quantitative predictions of the impacts of forest management 

practices on fine sediment loading; however at the onset of this project there were only a few 

cases where WEPP had been used in the basin.     

 

ï The Water Erosion Prediction Project (WEPP) Model 

The WEPP model is a process-based model which simulates soil detachment, deposition, 

transport and delivery through hillslope, channel, and structural impoundment units (e.g. 

sediment basins, culverts) within a watershed (Flanagan and Nearing, 1995).  The model is based 

fundamentally on infiltration theory, hydrology, soil physics, plant science, hydraulics, and 

erosion mechanics. Each hillslope can be divided into multiple overland flow elements to 

simulate flow from one land type to another (e.g., drainage from a disturbed upland area through 

a grass buffer).  The model accepts long term daily climate data or single storm event data.  An 

auxiliary climate generator program, CLIGEN (Nicks and Lane, 1989), creates long term climate 

files if meteorological data are not available.  A particular advantage of the model to the Tahoe 

Basinôs clarity reduction effort, which targets fine sediment (<20 microns), is its ability to predict 

transport and delivery of specific size classes of sediment.   
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As in any complex process-based model, the challenge in applying WEPP is assigning 

appropriate soil and vegetative input parameters. Early developers recognized this challenge and 

invested much time and money conducting experiments on a wide range of soil types across the 

country to develop parameter sets for specific soil, residue, and vegetative properties.  Despite 

this large database using local experimental data to create more appropriate site-specific input 

files is encouraged.   

 

The WEPP model can be applied to single hillslopes using a windows-based free software 

program (WEPP-windows) or one of the forest service web-interface tools (Elliot, 2004) or it can 

be applied to entire watersheds using the GeoWEPP model (Renschler, 2003).  Stream channel 

algorithms in the model are not appropriate for watershed areas exceeding ~1-2 sq. miles 

however output from the model can be linked to detailed hydrodynamic models to account for 

stream sediment transport in large rivers (Conroy et al., 2006).  Alternatively, stream channel 

algorithms can also be bypassed if the user is only interested in daily average flow and sediment 

load from upland areas. 
 
IV. Goal and Objectives 

 
The primary goals of this project were to:  

1.) Assess the accuracy of WEPP in the Lake Tahoe basin 

a. Simulate streamflow and sediment loading in five, large, upland watersheds  

 

2.) Develop Tahoe-specific input files and protocols which minimize the complexity 

required to apply WEPP 

a. Focus on specific management practices relevant to the Lake Tahoe Basin. 

 

3.) Provide one-on-one training to encourage use of the model in the basin.   

a. Encourage feedback and interaction with managers 
 
V. Model Development and Assessment 
 
The project was carried out in three phases.  The first phase of the project focused on assessment 

of the model at simulating snowmelt, streamflow and sediment load in large undisturbed 

watersheds.  Five watersheds were selected to represent the full range of climate, elevation, soil, 

and geologic types found in the basin.  The primary purpose for selecting óundisturbedô 

watersheds was to isolate the ability of the model to capture natural climate, soil, and vegetative 

variability from the effects of anthropogenic disturbances (e.g. urban development) on output 

hydrographs.  The second phase of the project focused on developing the appropriate soil and 

management input files to capture the effects of soil disturbances (e.g. roads, burns, harvested 

sites) on erosion and sediment delivery.  The third phase of the project was providing the final 

watershed database and necessary protocols to potential end-users of the model.  This included a 

two day training session teaching participants how to use the web-interface tools, the windows 

software program, and the GIS watershed analysis.  Each of these Phases will be described 

below. 

 
PHASE I  
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-  Development and Assessment of the WEPP-UI Approach for Large Undisturbed Watersheds  

 

The accuracy of the WEPP model to predict streamflow and sediment loading was tested in five 

upland watersheds in the basin: the headwaters of the Upper Truckee River near Meyers (14 

mi
2
), Logan House Creek (2.1 mi

2
), Glenbrook creek (4.1 mi2), General Creek (7.4 mi

2
), and 

Blackwood Creek (11 mi
2
).  The entire Upper Truckee River watershed, including the disturbed 

areas downstream of Meyers, is known to contribute the majority of the sediment to Lake Tahoe.  

General Creek and Blackwood Creek watersheds are both located on the wetter, west side of the 

basin.  General Creek watershed is relatively undisturbed compared to Blackwood Creek 

watershed, which has been impacted by roads, grazing, gravel mining, anthropogenic channel 

modifications, and logging.  The Logan House and Glenbrook Creek watersheds are located on 

the dry eastern side of the lake and are small, undisturbed watersheds with relatively low 

sediment loading.  Each of these watersheds has minimal residential or urban development. 

Hence, we were able to isolate upland responses from urban responses.  Long term (> 15 years) 

continuous daily streamflow and event-based sediment concentration data are publicly available 

at the outlet of the watersheds through the US Geological Survey.  These data sets include 

measurements of the percent fine sediment (< 0.063 mm, silt and clay size) for water samples 

having high sediment concentrations.  Both of these data sets were used to assess the accuracy of 

the model. 
 
Since the WEPP model was not originally designed for application to large watersheds (i.e. 

greater than 1-2 mi
2
) several modifications were necessary to capture the spatial variability in 

climate, soil and canopy cover, as well as accounting for baseflow in the model.  These 

modifications will be described in detail below.   

 

Undisturbed Soil Input Files 

Although the WEPP model comes with specific soil parameters for many soils throughout the 

US, many of the Tahoe soils were not in the database or did not have the complete information 

required by recent beta versions of the model (e.g. soil porosity, field capacity moisture content, 

wilting point moisture content, and saturated hydraulic conductivity for each soil layer).  Rather 

than relying on default soil properties calculated from soil texture in WEPP, we built WEPP soil 

files using the measured soil properties listed for each of the soils listed in the 2007 Tahoe Basin 

Soil Survey map.  Other than base erodibility parameters which are not explicitly provided in the 

soil survey, all soil properties were taken directly from the soil survey. Undisturbed erodibility 

parameters were calculated using default algorithms in the WEPP model based on soil texture.  

WEPP soil files representing undisturbed soil conditions were created for all 55 of the Tahoe 

basin soils listed in the soil survey.   

    

Climate Files 

The WEPP model requires either a daily or a breakpoint-(e.g. 15 min, hourly) based climate file 

which includes minimum and maximum air temperature, solar radiation, wind speed, wind 

direction, dew point temperature, and a distribution of precipitation.  In order to be compatible 

with concurrent modeling efforts in the basin we acquired the hourly-cleaned weather data from 

Northwest Hydraulic Consultants for each of the eight major weather stations/SNOTEL sites in 

the basin which were originally developed by Tetra-Tech and incorporated into the Loading 

Simulation Program C++ (LSPC) model when developing the TMDL for the Tahoe basin.  
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Northwest Hydraulic Consultants were using this data set with the Storm Water Management 

Model (SWMM).   

 

Precipitation data can be represented in climate files in WEPP using two different formats.  For 

long term return period analysis the climate generator algorithm (CLIGEN) can either generate 

weather files with statistics calculated from existing climate data where precipitation on any 

given day is unrelated to any actual observed data or it can take daily observed data to ensure 

total precipitation for the day is conserved yet peak rainfall intensities and storm durations are 

still generated and unrelated to observed values.  Alternatively, the user also can create break-

point precipitation files where the actual distribution of the storm is explicitly provided.  For the 

Tahoe basin, there are advantages and disadvantages to both approaches.  The best available 

precipitation data in the Tahoe basin are recorded on an hourly basis.  Since most of the 

precipitation falls as snow it is important in order to represent the accumulation and melt of snow 

that precipitation is explicitly distributed within a day.  Therefore hourly weather files were 

created using the hourly precipitation data which explicitly describe the distribution of 

precipitation during the day.  The disadvantage of these hourly weather files is that high intensity 

storm bursts that often last less than an hour may not have been adequately represented with 

hourly data.   The daily storm generator algorithms can mimic these storm bursts however there 

is no guarantee that the peak intensity generated by the storm matches reality.  In the hydrologic 

analysis we assessed the accuracy of the model using the hourly weather data, however, both the 

hourly and daily generated weather files were used and discussed in the assessment simulated 

sediment loading using WEPP.  

 

Another modeling challenge when working in the Tahoe basin was representing the spatial 

variability in climate.  The Tahoe climate varies substantially both regionally and with elevation.  

As a result it was necessary to develop a methodology for scaling the climate data within each 

watershed.  This protocol involved developing scaling factors using the mean monthly 

precipitation and temperature at the particular hillslope and at the location of a nearby weather 

station.  The precipitation scaling factor is a ratio of the mean monthly precipitation at the 

hillslope to the mean monthly precipitation at the weather station.  The minimum and maximum 

air temperature scaling factors are simply the differences between the mean monthly air 

temperature at the hillslope and at the weather station.  High spatial resolution (800 m) maps 

which quantify the spatial variability in 30 year average monthly precipitation, minimum and 

maximum temperature developed by the PRISM group at Oregon State University were used to 

scale the climate data to each hillslope.  

 

Forest Management files 

Another key challenge in modeling the hydrology of the Tahoe basin was adequately 

representing the vegetative canopy.  Canopy cover can largely affect the rate at which snow 

melts especially on steep south facing slopes where shortwave radiation drives most of the 

snowmelt.  The default forest file in WEPP assumes nearly 100% canopy cover.  Although most 

land use maps describe the Tahoe basin as mostly forested, it is apparent to anyone who has 

visited there that the forest is quite open and variable.  In order to capture this feature we 

developed the necessary relationships to allow users to fix percent canopy cover in the model. 

The average percent canopy cover for each hillslope was calculated for each hillslope using a 30 

m resolution percent canopy cover maps for 2001 created using the National Land Cover Dataset 
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(http://www.mrlc.gov/). PERL scripts were used to automatically alter management files for each 

hillslope when simulating the large undisturbed watersheds so that the variability in canopy 

cover was properly represented in the model.   

 

Hillslope files 

The topography of each hillslope in a watershed is described in WEPP by a hillslope input file.  

Hillslope files were created for each of the watersheds using the GeoWEPP model.  Recent work 

by Crabtree et al. (2006) demonstrated the importance of using multiple overland flow elements 

(OFEs) in WEPP to represent variable source area hydrology.   Since all hillslope files created in 

GeoWEPP describe each hillslope with a single OFE it was necessary to modify the structure of 

each hillslope created by WEPP to force multiple OFEs.  A PERL script was written to 

automatically convert these hillslope files.   

 

Results of the Undisturbed Watershed Assessment (Phase I) 

 

Statistics 

The accuracy of the model was assessed using three statistics: the root mean square error 

(RMSE), which is similar to the standard deviation of the error between model observations and 

predictions; the Nash-Sutcliffe (NS-EFF) efficiency statistic (Nash and Sutcliffe, 1970), which 

represents how well the model describes the observed variability relative to the mean observed 

value for the selected time period; and the mean difference (MD) which describes the overall 

bias of the model.  The equations used to calculate the NS-EFF, RMSE and MD statistics are 

given below. 
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where vo is the variance of observed values, N is the number of data points, xi is the observed 

value, yi is the corresponding simulated value, andix is the average observed value for the study 

period.  A NS-EFF value of 1.0 indicates perfect agreement between simulated and observed 

data. A NS-EFF value of 0.0 indicates the model is no better than simply using the mean of the 

observed data. It is possible to have negative NS-EFF values which indicate poor or no 

agreement with observed data.  Although calibrated hydrology models can often be fit to provide 

NS-EFF near 0.70-0.90 for streamflow, especially when comparing monthly predictions, a NS-

Eff. above 0.30 when determined using daily simulated data from an un-calibrated model, is a 

good indication that the fundamental mechanics of the model are correct.  Similarly, Foglia et al. 

(2009) considered that a NS-Eff  below 0.2 is insufficient, 0.2-0.4 is sufficient, 0.4-0.6 is good, 

0.6-0.8 is very good, and greater than 0.8 is excellent.  We used these relative criteria for rating 

the accuracy of the WEPP model in this study. 



7 

 

 

Snow Hydrology Assessment 

The Lake Tahoe basin is a snow dominated landscape and therefore it is essential that any 

hydrology model used in the basin can successfully simulate the accumulation and ablation of a 

snowpack.  There are eight SNOTEL stations located in the Tahoe Basin each of which has been 

recording daily snow water equivalent (SWE) depth along with temperature and precipitation for 

a minimum of 20 years. These SNOTEL sites provided the perfect data set for assessing the 

snowmelt algorithms in WEPP.  Table 1 summarizes the characteristics of each SNOTEL site 

and provides a statistical summary of the agreement between simulated and observed daily SWE 

depth.  The SNOTEL sites range in elevation from essentially lake level at the Fallen Leaf 

SNOTEL (1901 m a.s.l.) to over 700 m above the lake level at the Heavenly Valley SNOTEL 

(2616 m a.s.l.).  The peak annual SWE depth ranges from 218 mm at Fallen Leaf SNOTEL to 

1145 mm at the Echo Peak SNOTEL, see Table 1.  Figures 1-3 show predicted and observed 

SWE at the Ward Creek site, which is located on the western side of the basin and has the largest 

mean annual precipitation, the Marlette Lake site, which is located on the eastern, drier side of 

the lake, and the Fallen Leaf site, respectively. Despite this variability the WEPP model was able 

to closely simulate the observed accumulation and melt of the snow pack at each of these sites.  

Assuming the Foglia et al. (2009) criteria applies to snowmelt, we can say the model agreement 

ranges from óvery goodô at the sites with relatively shallow, transient snow packs (e.g. Fallen 

Leaf and Haganôs Meadow) to óexcellentô at the remaining sites which have deeper snowpacks.   

The RMSE indicates that the overall error in simulated SWE is 106 mm and the MD statistic 

indicates the error is typically a 37 mm underprediction in SWE.  By dividing the RMSE by the 

peak observed SWE we created a scaled percent error, see Table 1.  The average percent error of 

all the sites is 16%.   

 

Streamflow and Water Yield Assessment 

The following section is a summary of the accuracy achieved by the WEPP model in five 

undisturbed watersheds in the Tahoe basin.  Our goal was to demonstrate the variability in 

accuracy that can be expected from WEPP in different regions of the basin. It is important to 

note when interpreting the accuracy of model predictions that, other than an analysis explicitly 

described below for Logan House and Glenbrook watersheds, no calibration was performed on 

any of the WEPP simulations. Only the empirical method for baseflow generation after WEPP 

simulations was calibrated in a few watersheds.  The five watersheds included in this analysis are 

Blackwood Creek and General Creek, both located on the wetter, west side of the basin; Upper 

Truckee near Meyers (UTR nr. Meyers), the headwater watershed on the south end of the lake; 

Logan House Creek and Glenbrook Creek, both located on the drier, east side of the basin.  Note 

that the Upper Truckee watershed is located upstream of Meyer and is not influenced by the city 

of South Lake Tahoe.     

 

Comparisons of simulated streamflow and water yield indicated that there may be a unique 

feature to the east side watersheds that is not adequately represented by the WEPP model.  

Because of these unique differences the assessment of simulated daily streamflow and average 

annual water yield is broken down into two sections.  The first describes the agreement with the 

west and south side watersheds and the second describes the agreement for the drier east side 

watersheds.   
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West and South Side Watersheds 

Overall the agreement between simulated and observed streamflow was good to very good for 

the west side and south side watersheds (i.e. Blackwood, General, UTR nr. Meyers).  Table 2 

provides the Nash-Sutcliffe efficiency (NS-Eff) (Nash and Sutcliffe, 1970) statistic between 

simulated and observed daily streamflow for each watershed.   

 

As shown in Table 2, the NS-Eff calculated for 17 years of daily simulated streamflow was 0.40, 

0.60, and 0.52 for Blackwood, General, and UTR nr. Meyers, respectively.  The NS-Eff 

calculated for individual years reached as high as 0.80, 0.87, and 0.83 for Blackwood, General, 

and UTR nr. Meyers, respectively, which would be considered óexcellentô using the Foglia et al. 

(2009) criteria.  Simulated average annual water yield was also very good for each of these 

watersheds, as shown in Table 2 and Figure 4.   

 

Daily simulated and observed streamflow is provided for Blackwood, General, and UTR nr. 

Meyers watersheds in Figures 5, 6, and 7, respectively.  Although the agreement between 

simulated and observed is very good most of the years, the large flood event on 1/1/1997 is 

greatly under-predicted at all three locations by WEPP.  This flood event was caused by a severe 

rain and snow event.  During these intense storms it is critical that distributed temperature and 

precipitation data are well represented in the model.  High elevation SNOTEL sites were used to 

distribute temperature and precipitation at each of these sites. A low elevation SNOTEL site, 

Fallen Leaf, is located below the UTR nr. Meyers watershed. By using this lower elevation input 

data we were able to capture the extreme flood event in 1997, and only slightly overpredict the 

peak flow (see Figure 8).  Most likely this 1997 event was a very warm, wet storm which raised 

air temperatures much higher at lower elevations near the lake than at higher elevations.  Since 

our modeling approach assumes that the temperature lapse rate can be characterized by static 

mean monthly maps there is the possibility of great error in the extrapolated air temperature 

depending upon which base weather station is used.  The ability of the model to simulate the 

extreme peak flow event using the lower elevation data provides confidence that the fundamental 

hydrological processes in the model are able to represent these extreme events if properly 

distributed weather data are used.     

 

East Side Watersheds 

Water yield and streamflow were overpredicted in the east side watersheds (i.e. Logan House, 

Glenbrook), see Figure 4.  Knowing that the Tahoe basin is located above consolidated bedrock, 

which generally does not support large subsurface aquifers, we assumed in each of the west and 

south side watershed simulations that no water bypasses the watershed outlet below the stream 

gage.  In other words we assumed that these watersheds were ñwater tightò.  A plausible 

explanation for the overpredicted streamflow in the east side watersheds is that water that drains 

below the root zone either passes below the stream gage station through cracks in the bedrock 

ultimately recharging the lake as groundwater flow or groundwater could possibly drain to the 

east toward Carson City.   

 

With a ñwater tightò assumption, baseflow (i.e. that portion of total streamflow that is provided 

by springs originating below the rooting depth) is simulated using the linear reservoir concept.  

Water draining vertically below the root zone is assumed to feed an underground storage 

reservoir.  A linear reservoir coefficient derived from the recession portion of observed 
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hydrographs determines the fixed percentage of this storage amount that is discharged back to 

the stream.  Generally this coefficient does not vary within the same landscape.  For the west and 

south side watersheds we determined the recession coefficient to be 4%.  This value was used for 

all three watersheds.    

 

To evaluate if a portion of the water potentially bypassed the stream gage station in the east side 

watersheds a secondary reservoir coefficient was added.  For each day, the primary linear 

reservoir coefficient controls the portion of the groundwater reservoir that returns to the creek 

and the secondary reservoir coefficient acts on the same reservoir but controls that amount of 

water that bypasses the stream gage station.   

 

For the east side watersheds the primary and secondary reservoir coefficients were calibrated so 

that the simulated and measured total water yield at the stream gage matched.  The simulated 

amount of water that bypassed the stream gage is referred to as ñgroundwater lossesò in Table 2.  

As seen in Table 2, the simulated amount of groundwater losses in Logan House and Glenbrook 

watersheds is 177 mm and 81 mm, respectively.   

 

Although we do not have conclusive data to quantify groundwater flow beneath the stream gage, 

there is some compelling evidence that supports the idea that these watersheds have unique 

hydrogeologic flow processes.  Logan House stream gage station is located over 120 m above the 

average annual water surface elevation of Lake Tahoe just upstream of a steep region of rock 

outcroppings which have the potential for conducting flow through cracks and fissures.   The 

stream gage in the Glenbrook watershed, located just north of Logan House Creek, was installed 

at essentially the same elevation as Lake Tahoe, and therefore is likely less susceptible to 

subsurface groundwater losses beneath the station.  If deep seepage losses were related to the 

location of the stream gage station and the geology directly below the stream gage station then 

we would expect the groundwater losses in Glenbrook Creek to be less than the losses in Logan 

House Creek.  As seen in Table 2 and shown in Figure 4, our modeling data supported this 

hypothesis.  The simulated ground water loss required to match average annual water yield is 

over two times larger in Logan House Creek, 177 mm, than in Glenbrook Creek, 81 mm. 

However since there still seem to be groundwater losses in Glenbrook Creek another geologic 

feature may not be accounted for by the model.   

 

Another interesting feature that points to unique groundwater flow and storage in these east side 

watersheds can be seen in the long term summer streamflow recorded at both Logan House and 

Glenbrook.  From 1995-2000, the Tahoe region experienced above normal precipitation.  

Interestingly this time period of higher precipitation had a large effect on summer streamflow 

readings in Glenbrook and Logan House Creeks and had very little effect on west side streams.  

As seen in Figure 9 the streamflow at the Logan House stream gage station remained well above 

0.1 mm per day even during the driest summer months during these wet years. During the drier 

years, however, this flow would often drop to below 0.01 mm per day.  It is interesting to 

compare Figure 9 to Figure 10 where there is no observable change in the summer streamflow at 

General Creek throughout the entire 17 year flow record.  Glenbrook streamflow data show the 

same response as Logan House streamflow during these wet water years (data not shown).  In 

order for east side streams to maintain high flows even during hot summer months requires a 

large source of subsurface spring flow.  This would mean that the geology in this region must 
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have a large capacity to store water which slowly leaks out with time.  As seen in Figure 9 we 

were able to roughly mimic these long-term trends by using a very small linear reservoir 

coefficient, 0.04%.    

 

It is worth noting that regardless of whether the deep seepage losses are simulated or ignored, 

generally, the WEPP model was able to capture the extreme differences in water yield between 

the east side and west side (Figure 4).  As seen in Table 5, when deep seepage losses were 

simulated by the model the NS-Eff statistic was much better for Glenbrook watershed, 0.44, than 

for Logan House Creek, -0.63.  The low NS-Eff for Logan House was largely biased by a few 

overpredicted runoff events (data not shown).   

 

Identification of Sources of Fine Sediment 

Although the primary goal of the watershed scale assessment was to validate the hydrologic 

components of the WEPP model, these simulations also provided the opportunity to assess the 

ability of WEPP to simulate sediment loading from upland sources.  The existing stream channel 

algorithms in WEPP were designed from small (less than 1 mi
2
) catchments and therefore were 

not to be used to simulate sediment detachment, deposition, and delivery through the existing 

channel network for the five watersheds in this analysis.  As a result a direct comparison between 

observed sediment loading at the watershed outlet should not be made because it neglects the 

additional source-sink dynamics due to interaction with stream beds and banks.  Despite the 

missing sediment contribution from the streams, it is worth examining the relative magnitude and 

distribution of sediment by the model compared with existing data.  The following section 

presents an analysis of simulated sediment transport and identifies the dominant sources of fine 

sediment in each of the watersheds by soil type. 

 

Total and Fine Sediment Loading 

As discussed in the section on climate files, there are two types of climate files that can be used 

in the WEPP model.  The hourly files are preferable for ensuring that the snowpack is adequately 

developed whereas the daily files allow for high intensity storm bursts that cannot be represented 

by hourly data.  In the following analysis we provide sediment load data using both types of 

files.  Table 3 provides a summary of 17 year average total and fine sediment loading delivered 

to the stream network simulated by the model and observed total and fine sediment loads 

measured at the watershed outlet.  Since sediment load data are often skewed by a few extreme 

events, both average and median sediment load information is provided in Table 3.  Figure 11 

graphically represents that simulated and observed average annual sediment loads from each of 

the watersheds.  Observed sediment load was calculated using the sediment rating curves 

developed by Simon et al. (2003) from observed fine and coarse suspended sediment 

concentration and streamflow data collected at each watershed outlet location by the USGS.  As 

seen in Table 3 and Figure 11, Blackwood Creek delivers considerably more sediment than each 

of the other watersheds.  The second largest contribution of sediment was from the UTR nr. 

Meyers watershed which on average provides an order of magnitude less total sediment than 

Blackwood Creek.  These findings confirm the conclusions of the Simon et al. (2003) study 

which indicated that most of the sediment in the Upper Truckee River was due to bank erosion in 

flood plain regions downstream of Meyers near South Lake Tahoe.  Total sediment load from 

east side watersheds is minimal.  Simulated sediment delivery for each of these watersheds 

matched these trends fairly well.  Simulated sediment loading using both the hourly and daily 
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models was less than observed at the watershed outlet which is to be expected considering that 

contributions from stream banks and beds are not included in the simulated values.  Simulated 

sediment load using daily climate files are greater than simulated loads using hourly files, 

emphasizing the potential for increased sediment load in the Tahoe basin from short duration 

storms.  Figure 12 compares the observed and simulated breakdown of total sediment load into 

fine and coarse particle sizes for Blackwood Creek.  Although the WEPP model was not used to 

simulate stream bank erosion, the 40% underprediction in fine sediment loading for Blackwood 

creek watershed suggests that 60% of the fine sediment loading was derived from upland sources 

while the remaining 40% is due to stream bed and bank erosion.  This distribution is similar to 

the Simon et al. (2003) study which attributed 72%, 79%, and 49% of the fine sediment load to 

upland sources in the General, Ward, and Upper Truckee River watersheds, respectively.   In 

contrast to the Simon et al. (2003) study the simulations using the WEPP model suggest that 

nearly all the fine sediment load in General creek is derived from in-stream sources.  The Simon 

et al. (2003) estimates were based on predictions using the AnnAGNPS and CONCEPTS 

models.  Simon et al. (2003) acknowledged in the report that the AnnAGNPS predictions could 

only be used reliably at monthly and yearly time scales due to an inability to represent the 

change in climate across the watershed.  It was suggested that the upland contributions of fine 

sediment in the General creek watershed could be overestimated because of overprediction in 

streamflow by AnnAGNPS during winter months and an inability of the AnnAGNPS model to 

predict baseflow.  Although no statistical analysis was provided in the Simon et al. (2003) report, 

visually it appears the WEPP model was better captured the hydrology of the watersheds in the 

basin.   

Hydrograph Separation 

One of the advantages of a physically based model is that multiple output features can be 

examined to provide insight into the dominant hydrologic processes within a watershed.  For 

example, WEPP can be used to separate a storm hydrograph into three fundamental components: 

1. surface runoff fed directly to the stream, 2. subsurface lateral flow or stormflow which is 

shallow subsurface flow fed directly to the stream usually within the top 2 m of the soil, and 3. 

baseflow, which is deep groundwater or spring flow generated through the parent material at 

depths greater than 2 m below the soil surface.   Figures 13 and 14 provide a breakdown of the 

simulated streamflow into each of these fundamental components.   

 

It is clear from Figures 13 and 14 that each of these watersheds is composed of unique 

distributions of surface runoff, subsurface lateral flow, and baseflow.  Even adjacent watersheds 

can have very distinct hydrologic signatures.  For example, Blackwood and General Creek, 

located on the west side of the lake, have very similar climates yet hydrographs from Blackwood 

Creek are composed mostly of lateral flow whereas General Creek is composed mostly of 

baseflow.  Surface runoff from Blackwood Creek is lower than from General Creek yet 

simulated sediment load is greater for Blackwood Creek than for General Creek.  The primary 

controlling factors which dictate the proportion of surface runoff, subsurface lateral flow and 

baseflow in the hydrograph are the soil properties and topographic attributes of the hillslopes 

within the watershed. Strong agreement between predicted and observed streamflow, in addition 

to matching overall trends with observed sediment load in adjacent watersheds, provides 

evidence that WEPP is able to simulate drastically different dominant hydrologic processes with 

minimal calibration.  
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Figures 15-22 provide a detailed breakdown of the simulated and observed streamflow and 

sediment loading for the 2005 season at the four primary watersheds in the study.  As seen at 

each watershed the agreement between simulated and observed streamflow is good.  According 

to WEPP, Blackwood Creek was the only watershed with upland contributions of total sediment 

(Figure 15).  USGS streamflow records show that General Creek was carrying sediment during 

this year; however, the WEPP simulations imply that the sediment carried during this time was 

derived from stream beds and bank (Figure 17).  Notice that despite a large portion of the total 

streamflow from the UTR nr. Meyers watershed was composed of surface runoff there was very 

little simulated and observed sediment loading from the watershed (Figures 18 and 19).  

Although according to the NS-Eff statistic the agreement between simulated and observed 

streamflow is poorest for Logan House Creek, the model was able to correctly describe the 

overall magnitude of flow which is so small that the watershed typically never delivers sediment 

(Figures 21-22).   

 

Sources of Sediment   

 

One of the primary goals of this project is to provide a tool that watershed managers can use to 

identify sources of fine sediment.  Since WEPP is a spatially explicit tool, output from the model 

can be in the form of maps or can be tabulated by land use, topography, and/or soil type.  Since 

much of the exploratory work in the basin has focused on soil types, Tables 4-6 provide average 

annual sediment loading, runoff, and subsurface lateral flow for each of the soil types in each 

watershed.    

 

Many of the relationships between dominant hydrologic processes and simulated sediment 

transport can be explained through interpretation of results in Tables 4-6.  For example, as 

discussed in the previous section the total streamflow from the UTR nr. Meyers is composed 

mostly of surface runoff yet the model predicts very little sediment delivery to the stream.  The 

explanation for this apparent contradiction is that the headwaters of the Upper Truckee River is 

composed mostly of rock outcrops which have a low infiltration rate, a high runoff rate and a low 

erodibility.  Table 6 indicates that 38.3% of the entire UTR nr. Meyers watershed is composed of 

rock outcrops. These rock outcrops generate 72.8% of the total surface runoff and deliver only 

2.8% of the total sediment load.   

 

Tables 4-6 also indicate that in order to minimize upland sediment loading from Blackwood 

Creek, restoration efforts should focus on Melody soils.   These volcanic soils make up 14.9% of 

the total watershed yet deliver 65.8% of the total sediment load. These soils are often located in 

the steep, high elevation, óBadlandô regions of the Ward and Blackwood creek watersheds.  

Stubblefield et al. (2009) estimated that the Ward creek badlands contributed 10-39% of the total 

sediment load while only occupying 1.2% of the surface area of the watershed.   

 

Summary of the Watershed Assessment (Phase I) 

 

Overall we developed the necessary input files and algorithms to simulate the hydrology of 

undisturbed watersheds in the Tahoe basin. We found excellent agreement between simulated 

and observed snow water equivalent at all eight SNOTEL sites located in the Tahoe basin.  We 

found good agreement with streamflow and water yield in the Blackwood Creek, General Creek, 
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and Upper Truckee River near Meyers watersheds.  The model overpredicted water yield and 

streamflow in the drier eastern watersheds.  Baseflow analysis revealed that this overprediction is 

likely caused by local groundwater leakage/storage processes in the east side watersheds.  

Despite this overprediction in streamflow, trends in simulated sediment loading agree well with 

observations made at the outlet of all five of the watersheds investigated in this analysis.   

 
PHASE II  
Parameterization of the WEPP model for Disturbed Areas  
 

After assessing the accuracy of the basin hydrologic functions of WEPP in undisturbed 

watersheds the focus of the second phase of the project was developing the proper 

parameterization for disturbed areas or areas impacted by a specific upland management practice 

and developing the necessary protocols for applying the model to these disturbed sites.   

 

The first step in this phase involved field visits and stakeholder meetings to identify the most 

widespread disturbances in the basin and to create a list of key management practices most often 

used to restore these disturbed sites.  Much of this work has been described by Grismer and 

Hogan (2004, 2005a, 2005b) and Hatchett et al. (2006). 

 

Widespread disturbances 

Through field visits, meetings with stakeholders, and literature reviews we developed the 

following list of features and practices with potential for ground disturbance. 

- Ski Runs 

- Cut slopes 

- Roads (bare and paved) 

- Wildfire 

- Prescribed burns 

- Mechanical harvest (cut-to-length and whole tree) 

- Landings 

- Skid trails 

 

Restoration Practices 

The management practices used to restore these disturbed sites varied by the amount of time and 

resources available.  In some cases multiple management practices were applied to the same 

disturbed site.  The most common management practices are listed below (Grismer and Hogan, 

2005b).   

- Rock and large woody debris 

- Pine needle mulch 

- Hydroseed 

- Revegetate with native grasses 

- Fertilizer/compost addition (e.g. biosol) 

- Wood chips 

- Tillage to improve soil water storage 

- Rebuild slope (e.g. road obliteration) 

- Mastication 
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The second step in this phase was to select a few of the most common practices and acquire 

relevant experimental data to parameterize the WEPP soil and management files.   Through this 

process we identified thirteen vegetative conditions/treatments that would be most applicable to 

managers working in the Lake Tahoe Basin.  For each of these treatments we developed WEPP 

soil and management files from existing experimental datasets developed from experiments in 

the Tahoe basin or from experiments conducted in similar climates, soils, and managements 

(Copeland and Foltz, 2009; Elliot et al., 1989; Foltz et al., 2008; Grismer et al., 2008; Grismer 

and Hogan, 2005b; Wagenbrenner et al., 2010).  Since it was not possible to acquire information 

on each specific soil type in the Tahoe basin we lumped soils into three major categories 

following the approach of Gismer and Hogan (2004, 2005a, 2005b): volcanic, granitic, and 

alluvial soils.  Tables 7-9 identify the major treatments and baseline parameters used in the 

study.  Other than soil depth, each of the baseline values listed in Tables 7-9 were corrected 

internally in WEPP by surface cover.  Since surface cover will vary for each site, and it is 

directly measureable in nearly all applications of the model, the user is prompted to enter percent 

cover by the model.  Depth of soil in the database is dependent on the treatment.  Larger plants 

were assumed to have deeper soils, which reflect both the deeper rooting depth and the increased 

capacity of the plant to store water internally.  The management file describes a fixed surface 

cover along with the respective canopy, rather than a cover that varies throughout the year and is 

affected by plant growth rates.  This means the user can directly enter the cover that was 

observed in the field without the need to calibrate as is required on the Disturbed WEPP 

interface. 

 
 

PHASE III  

Training Users using the Lake Tahoe WEPP Database 

  
The focus of the third phase of the project was on creating a Tahoe-specific WEPP database that 

could be easily transferred to end-users and providing one-on-one training on using the database 

with various WEPP based tools. The culmination of the project was a two-day training session 

conducted in June 2010.  Participants ranged from private consultants and Forest Service 

hydrologists with an interest in learning how to apply the model to specific projects, to federal 

regulatory agents who were more interested in learning about the accuracy, applicability, and 

limitations of the model. The technological experience ranged from very limited modeling to 

extensive programming and familiarity with geographic information systems. The feedback we 

received back from the workshop was very positive.  

 

To accommodate the wide background the two-day workshop provided an overview of the three 

WEPP-based modeling tools, see Appendix A for the meeting agenda.  These tools range in 

complexity from a simple web-based tool, called the Tahoe Basin Sediment Model, to a 

Windows-based model with additional input/output features that allows the model to be applied 

to single hillslopes or simple watersheds called WEPP windows, to a GIS-based modeling tool 

which can be applied to large watersheds called the WEPP-UI watershed approach.  Each of 

these tools will be summarized below.  A detailed explanation of these tools is provided in 

Appendix B and C.   

 

Tahoe Basin Sediment Model 
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The simplest tool is a web-based program called the ñTahoe Basin Sediment Model (TBSM)ò 

(see  http://forest.moscowfsl.wsu.edu/cgi-bin/fswepp/tahoe/tahoe.pl).  This web-based tool is 

part of a larger existing suite of web-based tools called the ñForest Service WEPP Interfacesò 

(see http://forest.moscowfsl.wsu.edu/fswepp/).  The TBSM is similar to the óDisturbed WEPPô 

interface however it is populated with the Tahoe specific soil and management input files 

developed in Phase II of the project.  Like the disturbed WEPP interface, users can simulate the 

runoff, erosion and sediment yield from a simple hillslope composed of two linear segments or 

overland flow elements (OFEs) using climate files generated by the ñRock:Climeò weather 

generator program.  The Rock:Clime program was populated with the eight Tahoe-specific 

climate files generated in Phase I of the project allowing users to capture the extreme variability 

in climate across the basin.  Training materials were developed for the workshop to demonstrate 

setting up custom climate files and using TBSM to quantify the change in sediment load for 

typical Tahoe basin management problems.  These applications include:  1.) quantifying 

sediment reductions from various road designs, 2.) comparing sediment load from natural 

wildfires, to prescribed burn and thinning options, 3.) comparing options for road obliteration 

and ski run restoration such as grass, mulch, and mulch-and-till revegetation treatments as well 

as adding water bars, 4.) understanding how to extract fine sediment loading from model output.  

See Appendix B for the TBSM training materials  

 

WEPP Windows Model 

The WEPP windows model provides users with more input and output options than the TBSM 

tool and is useful for evaluating complex hillslopes, small watersheds, and various structural 

impoundments (e.g. sediment basins and culverts).  For the workshop we provided instructions 

for importing the Tahoe-specific soil, management, and climate files developed in Phases I and II 

of the project, see Appendix C.  After importing these files users have the ability to break 

hillslopes into multiple OFEs, link more than one hillslope together using channels and 

impoundments, and create simple watersheds.  The workshop handout provides step-by-step 

instructions for the following applications:  1.) setting up a hillslope project, 2.) evaluating the 

importance of using multiple OFEs on runoff amount and distribution for unique hillslope 

shapes, 3.) assessing the importance of depth to bedrock on the amount of runoff and erosion for 

various climates, 4.) using the model to predict the change in water yield, and 5.) examining the 

importance of canopy cover and multiple OFEs for snowmelt simulation for various climates.  In 

the workshop we also demonstrated how the model can be used to design a sediment basin and 

culvert.   

 

The WEPP-UI Watershed Approach 

For large watershed applications it is highly recommended that the users apply the WEPP-UI 

Watershed approach to evaluate the impacts of management on upland runoff and sediment 

yield.  This approach was developed in Phase I of the project and applied to the Blackwood 

Creek, General Creek, Upper Truckee near Meyers, Logan House, and Glenbrook Creek 

watersheds. This is a complex approach which requires users to be familiar with GIS and 

programming using PERL scripts, and to be comfortable working with large spreadsheets.  

Detailed instructions were developed for the workshop.  They are provided in Appendix C.  

Users are first required to run GeoWEPP for defining the watershed, breaking out hillslopes, and 

assigning soil and vegetative management attributes to each hillslope.  These files are then 

modified and formatted using spreadsheets and PERL scripts to set up large batch runs.  Mean 

http://forest.moscowfsl.wsu.edu/cgi-bin/fswepp/tahoe/tahoe.pl
http://forest.moscowfsl.wsu.edu/fswepp/
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monthly precipitation, maximum and minimum temperature, and canopy cover are calculated for 

each hillslope using a GIS program and are arranged into a climate input file.  The input files for 

each hillslope in the watershed are then passed to the WEPP executable program and PERL 

scripts are used to extract water balance, soil erosion, and particle size information from the 

output files.  These output files can be imported into a spreadsheet template which accumulates 

output from each hillslope in the watershed and plots predicted versus observed data.   Although 

this watershed approach was successful at simulating streamflow and sediment load for large 

watersheds in the Tahoe basin, it should still be considered as a beta-version until a more user-

friendly computer interface can be developed.  In the workshop materials we discuss the 

limitations of using the GeoWEPP model as a stand-alone watershed program and why it was 

necessary to develop the WEPP-UI watershed approach, see Appendix C.  Each person at the 

workshop was provided with a CD that included all the necessary GIS maps required for 

applying the WEPP-UI approach to any watershed in the basin.  We demonstrated how to use 

GeoWEPP on the Ward Creek watershed and showed the necessary steps to calculate mean 

monthly precipitation statistics for each hillslope using ArcGIS.   

 

VI.  Summary 

       

Overall this project demonstrated that the WEPP model is well suited for representing the 

extreme variability in climate, soils, vegetative conditions found in the Tahoe basin and can 

successfully simulate streamflow and sediment transport in large upland watersheds.  Through 

meetings with local managers in the basin 13 potential WEPP applications were identified and 

parameterized using existing datasets.  These applications include wildfire, prescribed burning, 

thinning, mulching, revegetating slopes, and road design.  A digital database which included all 

the necessary input files and maps necessary to run WEPP anywhere in the basin was created and 

distributed to managers at a two-day training workshop.   

 

One of the main concerns with using the WEPP model had been that it was too complex and 

difficult to use.  To address this concern a simple, web-based interface tool focused specifically 

on Tahoe basin applications, called the Tahoe Basin Sediment Model, was developed and 

populated with the input files created by the project.  For managers who are interested in more 

complex hillslope applications Tahoe-specific input files were created for the WEPP windows 

program.  Finally, protocols were developed for applying the model at the watershed scale using 

the WEPP-UI approach.  Step-by-step instructions on using these tools were provided and 

demonstrated at a two-day training workshop at the end of the project.   

 

VII.  Future Work /Limitations /Data gaps 

 

Although these tools have now greatly simplified the application of the WEPP model in the basin 

and have increased confidence in the predictive ability of the model, there are some key data 

gaps and process improvements that should be addressed by future projects.  First, there is a 

great wealth of experimental data quantifying infiltration rates and effective erodibility using 

rainfall simulation experiments on 0.8 m x 0.8 m plots, however there are relatively few rill 

erodibility experiments.  Rill erodibility and critical shear stress can be calculated from 

experiments where variable flows are added to a 4-6 m long rill. We used much of the rainfall 

simulation experimental data to quantify relative effects of various revegetation treatments on 
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infiltration and erosion. Some of these data indicate, however, that the rainfall experiments were 

not run long enough to reach equilibrium conditions.  Future rainfall simulation experiments 

should ensure that steady state conditions are reached.   

 

Since the WEPP model does not simulate nutrient dynamics it cannot reliably predict whether a 

vegetative cover will establish or how quickly existing vegetative cover will grow.  Vegetative 

growth in the model is dependent only upon temperature and moisture conditions and assumes 

nutrients do not limit growth.  WEPP is an ideal tool for predicting sediment transport for a 

known surface cover and therefore we highly recommend direct, repeated measurements of 

surface cover at application sites for direct use as input to the model.  We also highly recommend 

that continued emphasis be placed on adaptive management studies focused on developing the 

most cost-effective techniques for establishing and maintaining vegetative cover for various soils 

and climates in the basin.   

 

At the present time, the WEPP model is not well suited for predicting stream sediment transport.  

The algorithms in the model are only appropriate for small watersheds (i.e. less than 1-2 sq 

miles).  In this project, daily watershed outlet predictions neglected scour and deposition in the 

stream network.  One option to account for stream sediment transport is to link hillslope ouput to 

a hydro-dynamic stream sediment transport model such as the CONCEPTS model (Langendoen, 

2000) which has been used extensively in the basin.  There is also on-going work at Washington 

State University towards improving/replacing the existing stream channel algorithms in the 

WEPP model.  This work should be continued in order to provide managers with a complete tool 

for evaluating cumulative watershed effects.   

 

A Round 10 SNPLMA proposal (Elliot at el., 2009) was funded to further develop the online 

interface, essentially enhancing the output to make it more compatible with the PLRM model 

developed for urban erosion.  Activities associated with this proposal will include carrying out a 

survey of current fuel management practices and modeling needs in the basin, and incorporation 

of the future climate database under development from Round 9 projects.  In addition, a survey 

of potential data sets useful for model development or validation will be carried out, and the 

online interface will receive further validation. 
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Table 1.  Assessment of the snowmelt algorithms in WEPP at the eight SNOTEL sites in the Tahoe Basin.  The Nash-Sutcliffe 

Efficiency (NS-Eff), mean difference (MD), and root mean square error (RMSE) are calculated using daily simulated and observed 

snow water equivalent (SWE).   

SNOTEL Site 
Elev 
(m) 

Avg. 
Annual 
Precip 
(mm) 

Avg. 
Annual 
Tmax  
( C ) 

Avg. 
Annual 
Tmin   
( C ) 

Avg. 
Annual 

Peak Obs. 
SWE (mm) 

NS-Eff 
MD 

(mm) 
RMSE 
(mm) 

RMSE/Pk Obs 
SWE 

Hagan's Meadow 2370 776 13.4 -4.3 472 0.72 -43 101 21% 

Fallen Leaf 1901 825 13.8 -2.6 218 0.73 6 40 18% 

Heavenly Valley 2616 844 9.6 -3.0 709 0.90 -51 92 13% 

Marlette Lake 2402 854 10.8 -1.3 650 0.88 -48 95 15% 

Tahoe City Cross 2072 879 12.8 -0.1 404 0.91 -16 47 12% 

Rubicon 2344 1057 10.4 1.0 781 0.81 -61 144 18% 

Echo Peak 2338 1497 12.0 1.1 1145 0.87 -94 170 15% 

Ward Creek 2028 1705 13.5 -2.6 938 0.82 14 159 17% 

          

Average 2259 1055 12.0 -1.5 665 0.83 -37 106 16% 
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Table 2.  Hydrologic assessment of the WEPP model for the five Tahoe watersheds.   Averages are provided for the years 1989-2005.  

Streamflow simulations are assessed using the Nash-Sutcliffe Efficiency (NS Eff) statistic. Simulated total streamflow is divided into 

three primary constituents: surface runoff, subsurface lateral flow, and baseflow.  Simulated groundwater loss represents flow that 

bypasses the stream gages station either recharging the lake directly or being stored in a groundwater aquifer.  

        Percentage of Total Streamflow     

Watershed 
NS Eff 

Streamflow 

Obs. 
Water 
Yield 

(mm/yr) 

Sim. 
Water 
Yield 

(mm/yr) 

Sim. 
Pct. 

Runoff 

Sim. Pct. 
Subsurface 

Lateral 

Sim. Pct. 
Baseflow 

Mean Annual 
Precipitation 

(mm/yr) 

Sim. 
Groundwater 

Losses 
(mm/yr) 

Blackwood 0.40 1045 1062 12.8% 47.3% 39.9% 1620 0 

General 0.60 738 753 28.2% 10.3% 61.5% 1281 0 

UTR nr. Meyer 0.52 894 873 43.8% 25.3% 31.0% 1315 0 

Logan House -0.63 96 102 7.7% 9.3% 83.0% 807 177 

Glenbrook 0.44 153 156 2.2% 23.1% 74.7% 716 81 
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Table 3. Simulated average annual total and fine sediment (<20 µm) yield from upland hillslopes and observed sediment load at the 

watershed outlet.   

      
Avg. Total Sediment 

Load (Tonnes/yr) 
Avg. Fine Sediment 
Load (Tonnes/yr) 

Median Total 
Sediment Load 

(Tonnes/yr) 

Median Fine Sediment 
Load (Tonnes/yr) 

Watershed 
Weather 

Input 

NS Eff. 
Stream-

flow 
Simulated Observed Simulated Observed Simulated Observed Simulated Observed 

Blackwood Hourly 0.40 900 3098 487 1264 637 1990 356 771 

General Hourly 0.60 0 252 0 69 0 114 0 53 

UTR nr. Meyer Hourly 0.52 7 356 2 NA 0 287 0 NA 

Logan House Hourly -0.63 0 4 0 NA 0 1 0 NA 

Glenbrook Hourly 0.44 0 5 0 NA 0 4 0 NA 

                      

Blackwood Daily 0.37 2101 3098 1197 1264 794 1990 461 771 

General Daily 0.58 21 252 11 69 0 114 0 53 

UTR nr. Meyer Daily 0.50 41 356 24 NA 1 287 0 NA 

Logan House Daily -4.96 191 4 167 NA 3 1 2 NA 

Glenbrook Daily 0.38 0 5 0 NA 0 4 0 NA 
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Table 4.  Dominant hydrology and sediment loads for Blackwood Creek soil types. 

Soil Type Area 
Subsurface 

Lateral 
Flow 

Surface 
Runoff 

Sed. 
Del. 

Parent 
Material 

Waca 31.3% 7.7% 6.4% 8.9% Volcanic 

Sky 26.7% 21.2% 31.6% 0.7% Volcanic 

Ellispeak 15.7% 29.0% 12.2% 14.9% Volcanic 

Melody 14.9% 38.7% 25.5% 65.8% Volcanic 

Kneeridge 6.5% 1.0% 1.6% 0.0% Volcanic 

Rock 2.5% 0.6% 14.2% 9.2% Volcanic 

Tahoe 1.3% 0.7% 1.9% 0.0% Mixed 

Tallac 0.6% 0.1% 0.2% 0.3% Granitic 

Pits 0.2% 0.0% 6.0% 0.2% Granitic 

Mountrose 0.2% 0.0% 0.2% 0.1% Volcanic 

Paige 0.1% 0.2% 0.0% 0.0% Volcanic 

Watah 0.1% 0.7% 0.0% 0.0% Organic 

Oxyaquic 0.0% 0.0% 0.2% 0.0% Mixed 
 

Table 5. Dominant hydrology and sediment loads for General Creek soil types. 

Soil Type Area 
Subsurface 

Lateral 
Flow 

Surface 
Runoff 

Sed. 
Del. 

Parent 
Material 

Dagget 30.1% 62.4% 95.4% 86.2% Granitic 

Meeks 28.9% 2.5% 0.4% 0.1% Granitic 

Oxyaquic 22.7% 30.7% 3.8% 9.1% Mixed 

Rock 17.9% 4.4% 0.4% 4.5% Granitic 

Tallac 0.4% 0.0% 0.0% 0.0% Granitic 
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Table 6.  Dominant hydrology and sediment load for UTR nr. Meyers soil types. 

Soil Type Area 
Subsurface 

Lateral 
Flow 

Surface 
Runoff 

Sed. 
Del. 

Parent 
Material 

Rock 38.3% 41.9% 72.8% 2.4% Granitic 

Lithnip 15.6% 29.2% 19.0% 42.8% Volcanic 

Dagget 9.3% 5.2% 0.4% 0.0% Granitic 

Cagwin 8.2% 0.9% 0.0% 0.0% Granitic 

Bidart 7.8% 3.3% 0.3% 0.4% Mixed 

Meeks 7.7% 1.2% 0.0% 0.3% Granitic 

Callat 7.5% 12.5% 3.6% 0.6% Volcanic 

Sky 1.8% 1.7% 0.8% 0.0% Volcanic 

Watah 1.1% 0.9% 0.0% 0.0% Organic 

Temo 0.9% 2.3% 0.8% 52.8% Granitic 

Water 0.8% 0.8% 2.0% 0.0% Organic 

Tahoe 0.5% 0.1% 0.1% 0.0% Mixed 

Oxyaquic 0.2% 0.0% 0.1% 0.8% Mixed 

Cassenai 0.1% 0.0% 0.0% 0.0% Granitic 

Tallac 0.1% 0.1% 0.0% 0.0% Granitic 
 

 

Table 7.  Baseline granitic soil parameters (90% sand, 8% silt, 2% clay). 

Treatment 

Interrill 

Erodibility 

(kg-s/m
4
) 

Rill 

Erodibility 

(s/m) 

Critical 

Shear 

(N/m
2
) 

Keff 

(mm/hr) 

Soil 

Depth 

(mm) 

Skid Trail 2700000 0.001 4 10 300 

High Severity Fire 1800000 0.0005 4 15 300 

Low Severity Fire 1000000 0.0003 4 20 300 

Poor Grass 750000 0.0001 4 25 350 

Good Grass 600000 0.00008 4 30 400 

Shrubs 500000 0.00006 4 35 500 

Thin or Young Forest 400000 0.00004 4 40 600 

Mature Forest 250000 0.00003 4 45 800 

Bare 300000 0.001 4 25 300 

Mulch only 300000 0.001 4 30 400 

Mulch and Till 300000 0.001 4 35 500 

Low Traffic Road 225000 0.0013 4 10 200 

High Traffic Road 900000 0.005 4 10 200 
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Table 8.  Baseline volcanic soil parameters (65% sand, 28% silt, 7% clay). 

Treatment 

Interrill 

Erodibility 

(kg-s/m
4
) 

Rill 

Erodibility 

(s/m) 

Critical 

Shear 

(N/m
2
) 

Keff 

(mm/hr) 

Soil 

Depth 

(mm) 

Skid Trail 3000000 0.0008 1.5 8 300 

High Severity Fire 2000000 0.0004 1.5 10 300 

Low Severity Fire 1500000 0.0002 1.5 15 300 

Poor Grass 1000000 0.00008 1.5 20 350 

Good Grass 900000 0.00006 1.5 25 400 

Shrubs 800000 0.00004 1.5 30 500 

Thin or Young Forest 700000 0.00003 1.5 35 600 

Mature Forest 600000 0.00002 1.5 40 800 

Bare 750000 0.0008 1.5 20 300 

Mulch only 750000 0.0008 1.5 25 400 

Mulch and Till 750000 0.0008 1.5 30 500 

Low Traffic Road 250000 0.001 1.5 8 200 

High Traffic Road 1000000 0.004 1.5 8 200 

 

Table 9.  Baseline alluvial soil parameters (60% sand, 30% silt, 10% clay). 

Treatment 

Interrill 

Erodibility 

(kg-s/m
4
) 

Rill 

Erodibility 

(s/m) 

Critical 

Shear 

(N/m
2
) 

Keff 

(mm/hr) 

Soil 

Depth 

(mm) 

Skid Trail 2500000 0.0006 1 6 400 

High Severity Fire 1500000 0.0003 1 8 400 

Low Severity Fire 1000000 0.0002 1 10 400 

Poor Grass 900000 0.00006 1 15 450 

Good Grass 800000 0.00005 1 20 500 

Shrubs 700000 0.00003 1 25 600 

Thin or Young Forest 600000 0.00002 1 30 700 

Mature Forest 500000 0.00001 1 35 900 

Bare 600000 0.0006 1 15 400 

Mulch only 600000 0.0006 1 20 500 

Mulch and Till 600000 0.0006 1 25 600 

Low Traffic Road 240000 0.0008 1 6 200 

High Traffic Road 950000 0.003 1 6 200 
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Figure 1.  Simulated and observed snow water equivalent (SWE) depth at the Ward 

Creek SNOTEL. 
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Figure 2.  Simulated and observed snow water equivalent (SWE) depth at the Marlette 

Lake SNOTEL. 
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Figure 3.  Simulated and observed snow water equivalent (SWE) depth at the Fallen Leaf 

SNOTEL. 
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Figure 4.  Simulated and observed water yield from 17 year simulations (1990-2005).   
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Figure 5.  Simulated and observed streamflow for Blackwood Creek. 
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Figure 6. Simulated and observed streamflow for General Creek.  
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Figure 7. Simulated and observed streamflow for Upper Truckee River near Meyers 

(UTR nr. Meyers).   
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Figure 8. UTR nr. Meyers observed streamflow versus simulated streamflow using a low 

elevation base SNOTEL station, Fallen Leaf (1901 m a.s.l.), and using a high elevation 

base SNOTEL station, Heavenly Valley (2616 m a.s.l.).  
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Figure 9.  Simulated and observed streamflow plotted on a logarithmic scale for Logan 

House Creek. 
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Figure 10.  Simulated and observed streamflow plotted on a logarithmic scale for General 

Creek.
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Figure 11.  Observed sediment loading at the watershed outlet and simulated sediment loads 

delivered to the stream network using both hourly and daily climate files. 
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Figure 12.  Breakdown of total sediment load delivered to Blackwood Creek into fine (< 20 ɛm) 

and coarse (> 20 ɛm) particle sizes. 
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Figure 13.  Total simulated streamflow broken down into the major hydrologic components. 
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Figure 14.  Percentage of total simulated streamflow provided by each of the major hydrologic 

components. 
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Figure 15. Simulated and observed streamflow and sediment load for Blackwood Creek. 
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Figure 16. Simulated streamflow for Blackwood Creek broken down into the major hydrologic 

components. 
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Figure 17. Simulated and observed streamflow and sediment load for General Creek. 
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Figure 18. Simulated streamflow for General Creek broken down into the major hydrologic 

components. 
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Figure 19. Simulated and observed streamflow and sediment load for UTR nr. Meyers. 
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Figure 20. Simulated streamflow for UTR nr. Meyers broken down into the major hydrologic 

components. 
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Figure 21. Simulated and observed streamflow and sediment load for Logan House Creek. 
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Figure 22. Simulated streamflow for Logan House Creek broken down into the major hydrologic 

components. 
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Tahoe Project Sediment Model  

Air Water and Aquatic Environments        & Department of Biological and Agricultural Engineering 

Rocky Mountain Research Station, University of Idaho 

 Moscow, Idaho 83843     June, 2010 

 

Workshop Outline 

June 16 ï 17, 2010 

Tahoe Center for Environmental Sciences 

Sierra Nevada College 

Incline Vi llage, Nevada 

 

Organizers and Presenters: 

Bill Elliot, Rocky Mountain Research Station, Moscow, ID 

Erin Brooks, University of Idaho, Moscow, ID 

Drea Traeumer, Em Hydrology, Reno, NV 
 

Wednesday Morning 

 

 

Fillslope

Road

Forest

Buffer

Cr
os

s 
Dr

ai
n

Cross DrainCross Drain Spacing

Sediment Yield

to stream

 
 

8:30 Welcome, Housekeeping Bill  

8:45 Introductions Bill  

9:00 Overview of WEPP Erin 

10:00 Tahoe Interface Climate Selection Bill  

10:30 Tahoe Interface for Roads Bill  

11:30 Tahoe Interface for Disturbed 

Sites 

Bill  

12:30 Lunch at Cafeteria  

 

 

Wednesday Afternoon 

 

1:30 Tahoe Interface Cover 

Calibrations 

Bill  

2:00 Tahoe interface for Fuel Mgt Bill  

3:30 WEPP Windows Tahoe 

Climates, Soils & Vegetation 

Erin 

4:30 Select Topics for Day 2 Bill & 

Erin 

5:00 Adjourn   

 

Possible Selected Topics For Day 2  (Will choose 4) 

Water yield; Winter processes; GeoWEPP; Waterbars on ski slopes or trails; Future climates;  

Wildfire mitigation;  Flood flows; minimum flows; Sediment basins (hill slope or watershed); Others 

é 



WEPP Workshop, June 2010, Tahoe Center for Environmental Sciences, Incline Village, NV p 2 
 

 

 

 

 

Thursday Morning 

 

 

8:30 Selected Topic 1 Bill or Erin 

 

9:45 Selected Topic 2 Bill or Erin 

 

11:00 Selected Topic 3 Bill or Erin 

 

12:15 Lunch at Cafeteria 

 

 

 
 

 

Thursday Afternoon 

 

1:15 Selected Topic 4 Bill or Erin 

 

2:45 Tahoe Project Sediment 

Model Interface Needs 

 

Drea 

3:15 Workshop Evaluation 

 

Erin 

3:30 Adjourn   

  
 

 
Software sites: 

FSWEPP: 

 http://forest.moscowfsl.wsu.edu/fswepp/   

 

WEPP software and documentation:  http://www.ars.usda.gov/Research/docs.htm?docid=18084  

GeoWEPP software & documentation site:    http://www.geog.buffalo.edu/~rensch/geowepp/  

 

Email addresses: 

 welliot@fs.fed.us   

 ebrooks@uidaho.edu  

 drea.em@gmail.com  

GeoWEPP developer Chris S. Renschler - rensch@buffalo.edu 

http://www.ars.usda.gov/Research/docs.htm?docid=18084
http://www.geog.buffalo.edu/~rensch/geowepp/
mailto:ebrooks@uidaho.edu
mailto:drea.em@gmail.com
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Training Workshop Materials 
 

Tahoe Basin Sediment Model 



Tahoe Basin Sediment Model  

Air Water and Aquatic Environments        & Department of Biological and Agricultural Engineering 

Rocky Mountain Research Station, University of Idaho 

 Moscow, Idaho 83843     June, 2010 

 

 

 

Online Interface Workshop 

I.   Find the Web Site: http://forest.moscowfsl.wsu.edu/fswepp/ . 

1. Select English units and enter your ñpersonalityò code. 

2. Select the Tahoe Basin sediment model 

3. Ponder the interface. 

 

II.  Select the Desired Climate 

1. Click Custom Climate 

2. Scroll to the bottom of the Region, select Tahoe Basin and Click Show Climates 

3. Select Rubicon #2 Snotel and click Modify Climate 

4. Note the Rubicon Climate (Seems a bit on the dry side), and in the upper right corner 

click the PRISM box. 

5. Select the PRISM grid cell 2.5 miles north and click Use Prism Values 

6. Click  Ǐ Adjust Temperature for Elevation by Lapse Rate . 

7. Name the Climate ñ N of Rubicon CA ò and click Use These Values 

8. Click Return to Input Screen 

9. Select  N of Rubicon CA  from Climate List. 

10. Click  Run WEPP  

11. At the bottom of the output screen, click  Return to Input screen  

 

III.  Tahoe Interface for Roads 
Basic Approach:  Model likely current condition and compare to benefits from reducing 

traffic, outsloping the road, or paving. 

A. Most Common surfaces, high traffic and rutted, insloped, or flat. 

1. In Soil Texture Box, select granitic 

2. For the upper element, select High traffic road  

and for the lower element Thin or young forest 

3. Specify the topography: 

4% 
4% 

200 ft 

20% 
15% 

50 ft 

4. Click Run WEPP and fill in the first line in Table 1 on the next page. 

B. Low Traffic:  Change to Low Traffic Road and Run WEPP 

  

http://forest.moscowfsl.wsu.edu/fswepp/
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C.  Outsloped Road:  Select High Traffic Road, change upper length to 30 feet, and 

 Run WEPP  (total area remains unchanged). 

D. Paved Road:  Select  Rock/Pavement  in soil box, Change upper length to 200 ft,  

High Traffic Road in Treatment and Run WEPP  

E. Add Waterbar:  Select High Traffic Road, Granitic Soil, Upper length is 100 ft, 

(Assume area remains unchanged). 

 

Table 1.  Results of Road Erosion Runs 

 Climate Station:      Annual Precip:  in. 

 Road Length:   ft  Road Width: 14  ft Area:   Acres 

 Buffer Length:   ft  Buffer Width: 14  ft Area:   Acres 

      (43,560 Square feet = 1 Acre) 

        Road + Buffer  Area:  Acres 

 Runoff (inches) Road Erosion 

Rate 

Road + Buffer 

Delivery Rate 

Delivery from 

buffer 

Road Surface Rain Snow Total (tons/acre) (Tons/acre) Tons 

       

       

       

       

       

 

Questions? 

 

IV.  Tahoe Interface for Fuel Management 
Basic Approach: Estimate ñbackgroundò sediment from undisturbed forest and wildfire; 

Compare background to erosion associated with thinning and prescribed fire. 

A. Undisturbed Forest Erosion: 

1. Select climate  N of Rubicon  and soil  granitic  

2. Specify upper and lower treatments to be  Mature Forest   

3. Specify Slope to be: 

20% 
30% 

300 ft 

30% 
10% 

100 ft 

4.   Run WEPP  and enter sediment delivery into Table 2 (Columns (1) and (5)).  

B.  Wildfire before treatment: 

1. Change upper treatment to  High severity fire   30  percent cover  

and lower treatment to  Low severity fire   50  percent cover. 

2.   Run WEPP  and enter sediment delivery into table 2 (column (1)). 
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C. Calculate ñbackgroundò sediment budget: 

1. Divide the erosion in column (1) by the return interval in column (2) and enter the 

results in column (3). 

2. Sum up the two average annual values in column (3) to get the background sediment 

delivery rate. 

D. Estimate the sediment generated by thinning and prescribed fire: 

1.  For thinning, Upper treatment: select  Thin or young forest  and set the cover to  85  

percent and the Lower treatment to  Mature forest  leaving the default cover at  100  

percent.   

2.  Run WEPP  and enter the sediment delivery in Table 2, column 5.   

3. For prescribed, Upper treatment: select  Low severity fire  and leave the default cover to 

be  85  percent and the Lower treatment as  Mature forest  with 100  percent cover. 

4. Run WEPP  and enter the sediment deliveries in Table 2, column (5). 

E. Estimate the sediment generated by wildfire following fuel treatment: 

1.  Set the upper treatment to  High severity fire  ,  40  percent cover and 

the Lower treatment to  Low severity fire  ,  70  percent cover.   

2.  Run WEPP  and enter the sediment delivery in Table 2, column (5). 

F. Calculate ñTreatedò sediment budget: 

1. Divide the erosion in column (5) by the return interval in column (6) and enter the 

results in column (7). 

2. Sum up the four average annual values in column (7) to get the average annual treated 

sediment delivery rate. 

3. Discuss the background versus the treated sediment delivery.  The extra sediment from 

roads, if any, may also need to be considered (low traffic roads become high?) 

 

Table 2.  Summary of Erosion Analysis for Fuel Management 

Column: (1) (2) (3) (4) (5) (6) (7) 

No 

Treatment 

Sed 

Delivery 

(t/a) 

Return 

Interval 

(years) 

Annual 

Average 

(t/a/yr) 

Treated Sed 

Delivery 

(t/a) 

Return 

Interval 

(years) 

Annual 

Average 

(t/a/yr) 

Forest  1  Forest  1  

Wildfire  40  Thinning  20  

    Rx Fire  20  

    Wildfire  50  

Background sediment delivery rate: Treated sediment delivery rate: 

 

Questions? 




