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Abstract:   Parameter sensitivity of the Distributed Hydrology-Soil-Vegetation Model (DHSVM) 

was studied in two contrasting environments: 1) Pang Khum Experimental Watershed (PKEW) 

in tropical northern Thailand; and 2) Cedar River basin (CRB) in the temperate U.S. Pacific 

Northwest (Washington State). The analysis shows that at both sites, the most sensitive soil 

parameters were porosity, saturated hydraulic conductivity, and the parameter that controls the 

decrease with soil depth of saturated hydraulic conductivity. These soil parameters determine the 

water partition between soil column and stream channel. The most sensitive vegetation 

parameters were hemisphere fractional coverage, trunk space, leaf area index, overstory fraction 

coverage, minimum stomatal resistance and albedo. These vegetation parameters control the 

water and energy balance items through radiation attenuation, precipitation interception, and 

shaping wind profile. In PKEW vegetation plays more important role than in CRB in the 

hydrological processes. Model responses to the negative and positive perturbations of parameter 

values were linear. 
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1. Introduction 

Optimization of physics-based land-surface models should not be necessary if (1) parameters 

and site-specific constants can be prescribed accurately from measurements and (2) the models 

themselves represent governing physical laws related to land-atmosphere energy and mass 

exchange adequately (Bastidas et al, 2006). However, estimation procedures are often needed 

due to the uncertainties in both. Sensitivity analysis is therefore useful for identifying which 

parameters produce the largest changes in model output in response to subtle perturbations.  

Knowing this information speeds the calibration/validation process.  Distributed hydrological 

models, which tend to have many generic parameters (Refsgaard, 1997), often require extensive 

optimization to improve simulation of hydrologic response.  The Distributed Hydrology-Soil-

Vegetation Model (DHSVM), for example, includes 13 and 20 parameters for each soil and 

vegetation classÑand modeled catchments typically have several soil and vegetation classes. 

Thus, the total number of parameters that may require adjustment during calibration/validation 

can be enormous.  Furthermore, many applications of DHSVM have recently been performed in 

both temperate (e.g. Pacific NW: Storck et al., 1998; Bowling et al., 2000; La Marche and 

Lettenmaier, 2001; VanShaar et al., 2002, Thyer etal, 2004) and tropical catchments (Cuo et al., 

2006, 2008; Thanapakpawin et al., 2007). Given the use in such climatically diverse 

environments, the question of whether parameter sensitivity is catchment- and/or environment-

specific arises (Bastidas, 2006). In this paper, we explore parameter sensitivity of DHSVM 

(version 2) for both a tropical, monsoon-affected catchment in northern Thailand and a 

catchment in the cool, humid US Pacific Northwest. Our main intent is to identify sensitive 

parameters in each application to aid future model calibration/validation endeavors. Simulations 
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of catchment hydrology at both sites have been reported in previous publications (Cuo et al. 

2006, Cuo et al. 2008).   

 

2. Study areas 

2.1 Pang Khum Experimental Watershed 

The 94-ha Pang Khum Experimental Watershed (PKEW) was established in 1997 near the 

village of Pang Khum (19¼ 03 N, 98¼ 39 E), Chiang Mai Province, Thailand (Figure 1).  PKEW 

is part of the Mae Taeng River basin, which is a headwater catchment of the Ping River that 

eventually flows into the Chao Phraya River.  PKEW lies in a mountainous region where the 

climate is affected both by the Indian southwest summer monsoon and the northeast Asian winter 

monsoon.  The study area has distinct wet and dry seasons: approximately 90% of the annual 

precipitation occurs between May and November. Snowfall is insignificant. Wet season 

increases in baseflow gradually decline over a 3-4 month period beginning in December, with 

the lowest flows typically occurring just prior to the onset of the wet season in April or May.  

The original tropical evergreen (with pine) forest has been altered by timber removal, swidden 

cultivation, and intensive opium cultivation (Ziegler et al., 2004).  Soils are predominantly 

Ultisols; and the major soil texture is sandy clay loam (Ziegler, 2000).  The underlying geology 

is largely granite with some gneiss present.  Elevation ranges from approximately 1100 to 1600 

m (Figure 1).  Slopes range from 0 to 48¡ (based on a 5-m DEM).  Soils are generally deep, with 

average soil depths 6-7 meters were used in the model. 

PKEW has two Penman-type climate stations (Figure 1): one within an advanced secondary 

forest (401); the other in a swidden field (402).  Two additional stations measure soil moisture 

(403 and 404); and a fifth station records stream discharge at the basin outlet (405).  
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Meteorological data, recorded at 20-min intervals from August 1997 to December 1998, were 

aggregated to hourly for this analysis.  Measured forcing data included air temperature (!C), 

wind speed (m s-1), relative humidity (%), incoming shortwave radiation (W m-2), near-surface 

soil temperature (!C), and rainfall (m). Downward longwave radiation (W m-2) was calculated as 

the residual in a standard energy balance equation involving net radiation, downward and 

reflected short wave radiation, and outgoing longwave radiation (calculated from canopy 

temperature with black body assumption). Wet period forcing data from 1 August 1997 to 31 

December 1997 were used to initialize the model.  Parameter sensitivity analysis was performed 

using data from the period 1 January to 31 December 1998.  

 

2.2 Cedar River Basin 

The Cedar River Basin (CRB), which drains to Puget Sound, is located on the west slope of 

the Cascade Mountain range in Washington State (Figure 2). The basinÕs climate is maritime 

temperate, and precipitation is strongly winter dominant, occurring mostly between November 

and April. Much of the basin lies in the transient snow zone, where the form of precipitation 

changes from rain to snow many times each winter. The CRB is the source of about 70% of the 

City of SeattleÕs drinking water supply. The area of the CRB is about 469 km2, and elevation 

ranges from sea level to 1600 m. Based on 88 years of climate data, annual precipitation in CRB 

is about 2100 mm. Low flow conditions predominate in the CRB from May to October. Mean 

annual temperature minima and maxima are 2.6 and 12.6 ûC, respectively. Soils are mainly sandy 

loam, loamy sand and loam. In this study, the majority soil class of sandy loam is used. Soil 

depths are typically from 2 to 3 meters. Vegetation is primarily coniferous forest in the upland 

and mixed coniferous and deciduous in the lowland.   
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Cedar Lake weather station (National Climate Data Center website, COOP ID 451233), was 

used in the parameter sensitivity analysis. The Cedar Lake weather station is located at 475.5 m 

above sea level and at 47û25ÕN, 121û45ÕW (Figure 2). The station data was used by Storck et al. 

(1998) to study forest harvest effects on peak flow in the Puget Sound. The station data were 

measured at daily time step and were interpolated to 3-hour time step to ensure a reasonable 

diurnal range in solar radiation and surface air temperature.  October 1992 to December 1993 

was used for model initialization, and January 1994 to December 1994 was the analysis period. 

 

3. Model  

DHSVM, version 2.0, incorporates physical processes including canopy interception, 

evapotranspiration, energy and radiation balance, saturation-excess overland flow, infiltration-

excess overland flow, ground water recharge, return flow, snow accumulation and melt, 

unsaturated soil moisture movement and saturated subsurface flow.  Catchment spatial 

characteristics are explicitly accounted for using grids (geo-referenced raster data sets) to 

represent the spatial distributions of elevation, soil properties, vegetation properties, stream 

and/or road networks.  A Digital Elevation Model (DEM) is used to direct downslope water 

movement and to extrapolate climate data.  Soil and vegetation properties are represented by grid 

cells in correspondence with the boundary and resolution of the DEM.  Each grid cell has user-

specified root-zone fractions, root-zone depths, and vegetation layers.  Overstory coverage 

(specified as canopy closure) in each cell is variable; understory, if present, covers the entire cell.  

DHSVM parameters can be classified into soil, vegetation (or land cover), elevation, stream, 

road, and radiation categories. Detailed descriptions of DHSVM can be found in Wigmosta et al. 

(1994) and Wigmosta et al. (2002). 
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4. Parameter Sensitivity Analysis 

 Various sensitivity analysis approaches have been applied to hydrological models (e.g., 

Bastidas et al., 2006). Herein we employ the One-factor-at-a-time (OFAT) approach, which tests 

the model output response to perturbations of individual model parameters. The OFAT method 

has been used to include the soil characteristics to Biosphere Atmosphere Transfer Scheme, and 

to investigate the land surface parameterization of NCAR Community Climate Model (Wilson et 

al., 1987a,b), assess the sensitivity of Biosphere Atmosphere Transfer to the parameter values in 

a single column model (Pitman, 1994), and test the parameters of the Biosphere Atmosphere 

Transfer scheme (Gao et al., 1996). 

For each basin two scenarios were tested: (1) 100% forest; and (2) 100% grassland.  These 

two scenarios represent the end members of all possible land-cover/land-use configurations.  

Because the latter is an unrealistic scenario valuable only for sensitivity testing, interferences 

regarding sensitivity for tropical versus temperate catchments are based on the forest 

simulations. 

In PKEW, a 50-m DEM was extracted from a 1:4000 scale 4-m-interval topographic contour 

map generated from air photos. A 150-m-DEM was used in CRB due to the relatively larger 

basin size. The time step for the PKEW simulations was 1 hour; 3 hours for CRB simulations. 

Stream network and morphology were generated from Arcinfo macro language scripts (DHSVM, 

2009). To simplify analysis, only one soil and one vegetation class were specified for each 

model.  Known constants, such as temperature lapse rate, precipitation lapse rate, ground 

roughness, snow roughness, rain/snow partition thresholds, snow water capacity, and LAI 

multipliers for rain and snow interception were set to model defaults (DHSVM, 2009). Sky view 
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and hourly sun shading parameters related to watershed terrain were generated using programs 

provided by DHSVM (2009); these were not changed in the sensitivity analysis. Although 

DHSVM has an algorithm that represents the effects of forest roads on runoff (see e.g., Stock et 

al. 1998), it was not implemented in this study.   

For the forest scenario, 13 soil and 23 vegetation parameters were investigated (Table 1); 

23 for the grassland scenario: 13 soil and 10 vegetation (Table 1). The lower number of 

vegetation parameters in the grassland scenario reflects the omission of several overstory canopy 

parameters.  Some of the soil and vegetation parameters in PKEW were based on field 

measurements. Most parameters for CRB were derived from published values for similar 

environments. When no literature values or measurements were available, model defaults 

(DHSVM 2009) or approximations were used. Values for maximum infiltration capacity and 

lateral saturated hydraulic conductivity (Kls) were assumed to be the same as vertical saturated 

hydraulic conductivity.  The moisture threshold below which transpiration stops was assumed to 

be the same as the wilting point.    

Sensitivity analysis focused on the effects of parameter perturbations of one standard 

deviation on simulated net radiation (W m-2), 1st-layer wet season soil moisture (m3 m-3), 

streamflow (m3 s-1), peak flow (m3 s-1), and dry season flow (m3 s-1) variables. For parameters 

where only the range was known, the mean and standard deviations were calculated as below 

assuming a uniform distribution:     

Mean:                          
2

ba "
                                 1 

Standard deviation:     
# $

12

2ab %
                           2 

where a and b are the lower and upper boundaries of the range.  
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DHSVM was first run using mean values of all soil and vegetation parameters. The mean 

output values of net radiation, wet season soil moisture, daily stream discharge, daily peak flow 

and daily dry season flow were then used as control standards in the 36 sensitivity simulations 

for forest and 23 sensitivity simulations for grass, during which one parameter was increased by 

one standard deviation, while keeping the others at their specified mean values.  Sensitivity 

analysis focused on the absolute percentage change of each variable (i.e. all negative values were 

converted to positive).  Following ranking, the parameters producing absolute changes at or 

above the 90th percentile were considered to be sensitive (n=5 for forest and n=4 for grassland) 

for each output variable.   

The calculation of examined variables are described below. The averages of the model 

simulated time series of specific time step of net radiation and wet season soil moisture were 

examined. For example, in PKEW, the examined net radiation and soil moisture would be the 

averages of 1-hour time series; while in CRB, the examined net radiation and soil moisture were 

the averages of 3-hour time series. Daily streamflow, peak flow and mean dry season flow were 

the averages of daily time series in both PKEW and CRB. Daily streamflow flow was calculated 

by averaging the flows in one day. Peak flows were the flows that were higher than flows in 

preceding and succeeding days. Dry season flows were daily streamflow that occurred in dry 

season. Also, in PKEW and CRB, basin averaged net radiation and soil moisture were examined. 

 

5. Results 

5.1 Sensitive parameters in PKEW  

The most sensitive parameters for the forest and grassland scenarios in PKEW are listed 

below (Tables 2,3): 
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Mean hourly net radiation (Rnet) 

Forest: The most sensitive parameters were hemisphere fraction coverage (25%), overstory 

vegetation height (9%), trunk space (7%), canopy overstory fraction coverage (-5%), and 

overstory LAI (5%).  Grassland: The most sensitive parameters were understory albedo (-3%) 

and understory vegetation height (2%).  

 

Mean hourly wet season soil moisture (SM) 

Forest: The most sensitive parameters were hemisphere fraction coverage (-12%), vertical 

saturated hydraulic conductivity (8%), porosity (7%), lateral saturated hydraulic conductivity (-

6%) and pore size distribution index (-5%). Grassland: the most sensitive parameters were 

porosity (9%), vertical saturated hydraulic conductivity (-8%), lateral saturated hydraulic 

conductivity (-6%) and understory root zone fraction (-6%).  

 

Mean daily streamflow (Q) 

Forest: The most sensitive parameters were lateral saturated hydraulic conductivity (Kls) (53%), 

exponential decrease in the rate of Kls (-57%), and hemisphere fraction coverage (-50%). Other 

sensitive parameters included porosity (-34%), field capacity (-23%).  The following parameters 

also caused changes greater than 10% although the changes did not reach the 90th percentile 

level: overstory LAI (-15%), canopy overstory fraction coverage (10%), and overstory 

vegetation height (-11%).  Grassland: the most sensitive parameters were lateral saturated 

hydraulic conductivity (58%), exponential decrease in the rate of Kl (-54%), porosity (-30%), and 

field capacity (-20%).  
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Mean daily peak flow  

Forest: The most sensitive parameters were lateral saturated hydraulic conductivity (58%), 

hemisphere fraction coverage (-31%), and the exponential decrease in the rate of Kls (-30%), 

porosity (17%), overstory LAI (-16%), overstory fraction coverage (16%).  Grassland: the most 

sensitive parameters were lateral saturated hydraulic conductivity (49%), the exponential 

decrease in the rate of Kls (-26%).  Pore size distribution index (12%), porosity (9%).  

 

Dry season daily flow 

Forest: The most sensitive parameters were hemisphere fraction coverage (-52%), the 

exponential decrease in the rate of Kls (-48%), lateral saturated hydraulic conductivity (43%), 

porosity (-14%), and field capacity (-14%). Grassland: the most sensitive parameters were 

exponential decrease in the rate of Kls (-49%) and lateral saturated hydraulic conductivity (50%). 

Porosity (-11%), and field capacity (-10%). 

 

5.2 Sensitive parameters in CRB  

The most sensitive parameters for the forest and grassland scenarios in CRB are listed below 

(Tables 4,5): 

 

Mean 3-hour Net radiation  

Forest: The most sensitive parameters were trunk space (-84%); hemisphere fraction coverage 

(72%); overstory leaf area index (61%); canopy overstory fraction coverage (41%), understory 

vegetation height (-35%). Although these changes were less than 90th percentile, they are higher 
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than 20%: overstory vegetation height (-33%), aerodynamic extinction factor (32%), soil thermal 

conductivity (-26%), and minimum stomatal resistance (-25%). Grassland: The most sensitive 

parameter was albedo (-9%).  Understory vegetation height (-3%), soil thermal conductivity (-

2%), and understory LAI (2%). 

 

Mean 3-hour wet season soil moisture 

Forest and grassland (same): The most sensitive parameters were porosity (27%), lateral 

saturated hydraulic conductivity (-12%), exponential decrease in Ksl (4%), and root zone depth 

(2%).  

 

Mean daily streamflow 

Forest: The most sensitive parameters were overstory LAI (-9%), hemisphere fraction coverage 

(-7%), canopy overstory fraction cover (-7%), overstory vegetation height (-6%), minimal 

stomatal resistance (4%). Grassland: The most sensitive parameters were understory LAI (-4%), 

lateral saturated hydraulic conductivity (3%), minimum stomatal resistance (3%), and understory 

vegetation height (-2%). 

 

Mean daily peak flow 

Forest: The most sensitive parameter was lateral saturated hydraulic conductivity (40%), 

hemisphere fraction coverage (15%),  exponential decrease in Ksl (-11%), minimum stomatal 

resistance (7%) and overstory LAI (-6%). Grassland: The most sensitive parameters were lateral 

saturated hydraulic conductivity (11%), exponential decrease in Ksl (-6%). Understory vegetation 

height (-3%), and porosity (3%) are less sensitive. 
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Mean daily dry season flow 

Forest: The most sensitive parameters were lateral saturated hydraulic conductivity (44%), 

exponential decrease of Ksl (-16%), hemisphere fraction coverage (-11%), overstory vegetation 

height (-6%), and overstory leaf area index (-6%).  Grassland: The most sensitive parameters 

were lateral saturated hydraulic conductivity (-37%) and exponential decrease of Ksl (-15%).  

Understory LAI (-5%), Porosity (2%), field capacity (-2%) and understory vegetation height (-

2%) were less sensitive.  

 

5.3 Parameter sensitivity summary 

The following parameters were deemed to be the most sensitive for forest and grassland land 

covers, respectively. Perturbations of these parameters caused large changes in examined output 

variables, irrespective of the basin. The abbreviations in parentheses refer to streamflow (Q), net 

radiation (Rnet) and soil moisture (SM) variables. 

Most sensitive parameters for forest dominant land cover 

& Lateral saturated hydraulic conductivity (SM, Q) 

& Exponential decrease rate of Kls (Q) 

& Porosity (SM) 

& Minimum stomatal resistance  (Q) 

& Overstory vegetation height (Q)  

& Overstory LAI (Rnet, Q) 

& Canopy overstory fraction coverage (Rnet, Q)   

& Hemisphere fraction coverage  (Rnet, Q)  
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& Trunk space  (Rnet)  

 

Most sensitive parameters for grassland dominant land cover 

& Lateral saturated hydraulic conductivity (SM, Q) 

& Exponential decrease rate of Kls (Q) 

& Porosity (SM, Q) 

& Minimum stomatal resistance  (Q) 

& Understory vegetation height (Rnet, Q) 

& Understory LAI (Q) 

& Understory albedo (Rnet) 

 

One vegetation and three soil parameters were insensitive: i.e., perturbations did not cause 

substantail modelled output changes in either basin. Soil surface albedo was not sensitive 

because our specification of forest and grassland vegetation classes dictated that the soil surface 

was completely covered by vegetation.   

 

& Bulk density  

& Bubbling pressure 

& Soil surface albedo  

& Maximum stomatal resistance  

 

5.4 Sensitivity to negative perturbations of parameters 
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We also investigated the effect of perturbing some of the most sensitive parameters in the 

negative direction (hemisphere fraction coverage, lateral saturated hydraulic conductivity (Ksl), 

canopy overstory fraction coverage, overstory LAI, porosity and trunk space). By and large, the 

model showed a linear response, with output variables either decrease or increase in the opposite 

direction, from that when the parameters were increased. This result is helpful for calibration 

because one would know which directions parameter values should be adjusted to improve the 

goodness-of-fit. 

 

6. Discussion 

The most important vegetation parameters when forest is present are hemisphere fraction 

coverage, trunk space, overstory leaf area index, overstory vegetation height, minimum stomatal 

resistance and overstory fraction coverage. Most of these parameters are associated with the 

overstory vegetation structure and used in the calculation of wind and radiation attenuation 

through the overstory canopy (Nijssen and Lettenmaier, 1999). In addition to its role in 

intercepting radiation and affecting the wind profile, overstory fraction coverage also determines 

the amount of precipitation interception by the canopy. Thus, these parameters contribute greatly 

to the partitioning of water among evapotranspiration, soil moisture storage and streamflow 

components. On the other hand, if no overstory (forest) vegetation exists, the parameters 

associated with the understory (e.g., understory albedo, understory LAI, and understory 

vegetation height) or the soil surface, would control the partitioning of simulated energy and 

water variables.  

The most important soil parameters are porosity, saturated hydraulic conductivity, and the 

change of hydraulic conductivity in the soil column.  Porosity determines the maximum amount 
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of water a soil column can hold. Saturated hydraulic conductivity controls the rate of water 

movement in the soil column. Porosity and lateral saturated hydraulic conductivity, together, to a 

large extent, determine the partition of water for soil column and stream channel.  

Bastidas et al (2006), studying several land surface models found that the same model 

parameters or parameters with similar physical meaning in different models showed various 

degrees of sensitivity in unique environments. Herein we examine this type of sensitivity for the 

forest scenario.  Changes in net radiation, wet season soil moisture, streamflow, peak flow and 

dry season flow of 5% or more caused by parameter perturbation are shown in Table 6. For mean 

net radiation, only four canopy structure parameters had changes greater than 5% in PKEW, 

while three soil and eleven vegetation parameters caused greater than 5% changes in CRB 

(including the same four that were sensitive in PKEW). For the mean seasonal soil moisture, 

only porosity and lateral saturated hydraulic conductivity caused more than 5% changes in both 

the tropical PKEW and temperate CRB.  In general, soil parameters were more important than 

vegetation parameters in affecting soil moisture. 

With respect to daily streamflow, there were more soil and vegetation parameters involved in 

PKEW. While in CRB, except lateral saturated hydraulic conductivity and its variation through 

soil depth, there were no more soil parameters caused greater than 5% change. Hemisphere 

fraction coverage was particularly sensitive in both basins. For mean daily peak flow, the top 

three changes were caused by the same soil and vegetation parameters in both basins (lateral 

saturated hydraulic conductivity, hemisphere fraction coverage, exponential descrease in Kls). 

Again, there were more vegetation parameters play important roles in PKEW.  For dry season 

flow, lateral saturated hydraulic conductivity, hemisphere fraction coverage, and exponential 

decrease in Kls were the three most sensitive parameters in both basins, although with different 
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ranks. As with mean daily flow and peak flow, more vegetation parameters were sensitive in 

PKEW than in CRB.  

The major differences in the model setup between two basins were the grid cell resolution 

(PKEW: 50 m; CRB: 150 m) and model running time step (PKEW:1 hour; CRB: 3 hour). 

Although the differences in model setup in two basins could have contributed the difference in 

parameter sensitivity to some extent, the major processes such as snow were irrelevant to the 

model setup because the snow is only related to the climate conditions.  Although they do not 

appear in Table 6, snow-related parameters were obviously important in CRB, but not in PKEW, 

where snow does not occur. Collectively, under the current model setup in both basins, 

vegetation parameters were more sensitive in the modeling of hydrological processes in PKEW 

than in CRB (Table 6). While in CRB, where a forest land-cover dominates, more vegetation and 

soil parameters were sensitive to the simulation of net radiation.  

Our study results were similar to what Bastidas et al (2006) found in that the same model 

parameters show different sensitivity in the different physical environments.  During the 

DHSVM soil and vegetation parameters sensitivity analysis, it was found that the results are 

tightly related to the parameter values used. Although some parameters are presented with the 

mean and standard deviation as shown in the Table 1, it is not possible for us to be certain that 

the samples from which mean and standard deviation were derived represent their populations 

well because sample size was often limited. For example, the statistics of overstory albedo for 

temperature coniferous forest were derived from 19 samples (Breuer et al, 2003). While about 

106 samples of coniferous LAI were used to infer its mean and standard deviation (Breuer et al, 

2003). 
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7. Conclusion 

The sensitivity analysis of DHSVM shows that soil and vegetation parameters that are most 

sensitive in both basins were porosity, exponential decrease rate of lateral saturated hydraulic 

conductivity, and saturated hydraulic conductivity, hemisphere fraction coverage, trunk space, 

leaf area index, overstory fraction coverage, minimum stomatal resistance and albedo. 

Hemisphere fraction coverage, trunk space, overstory fraction coverage are specific parameters 

for forest. While leaf area index, minimum stomatal resistance and albedo are relevant to both 

forest and grassland. The model responses to the positive and negative perturbations of sensitive 

parameter values, by and larger, were linear, which is helpful for the model calibration process.  

Also, in tropical PKEW, vegetation has a more important role in watershed hydrological 

processes than in CRB.  
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Table 1.  Means, standard deviations, quantitative ranges and sources of the statistics of soil and vegetation parameters 
used for sensitivity test in PKEW and CRB. 
Parameters! mean '  SD / 

quantitative 
rangea !

mean '  SD / 
quantitative 
rangeb!

Sources!

Soil parameters 
Lateral saturated hydraulic conductivity (Kls,  m/s)! 3.24e-6 '  5.98e-6  

!
1.17e-5 '  1.37e-5 ! Meyer et al., 1997 

!
Exponential decrease rate of Kls (EDR)! 0.03 '  0.2! 0.03 '  0.2! Giambelluca, 1996; Ziegler, 2000!
Maximum infiltration capacity (MIC,  m/s)! 3.24e-6 '  5.98e-6  

!
1.17e-5'  1.37e-5! Meyer et al., 1997 

!
Porosity (p, m3/m3)! 0.53 '  0.07 

!
0.346'  0.0915! Giambelluca, 1996a; Ziegler, 

2000a;  
Meyer et al., 1997b!

Pore size distribution index (( )! 0.479 '  0.127! 0.892 '  0.155! Meyer et al., 1997!
Bubbling pressure (hb , m)! 0.262 '  0.213! 0.177 '  0.120! Meyer et al., 1997!
Field capacity (fc, m

3/m3) ! 0.212 '  0.0568! 0.116 '  0.0369! Meyer et al., 1997!
Wilting point (wp , m

3/m3)! 0.12 '  0.0214! 0.0659 '  0.0179! Meyer et al., 1997!
Bulk density (BD, kg/m3)! 1198 '  229! 1198 '  229! Giambelluca, 1996; Ziegler, 2000!
Vertical saturated hydraulic conductivity (Kvs, m/s)! 3.24e-6 '  5.98e-6  

!
1.17e-5'  1.37e-5! Meyer et al., 1997 

!
Soil thermal conductivity (STC, W/m3K)! 0 Ð 2.68! 0 Ð 2.68! Rosenberg et al., 1983!
Soil volumetric thermal capacity (SVTC, J/m3K)! 0.3 e6 Ð 6.0e6! 0.3 e6 Ð 6.0e6! Rosenberg et al., 1983 

!
Soil surface albedo (SSALB)! 0.05 Ð 0.45! 0.05 Ð 0.45! Rosenberg et al., 1983!
Vegetation parameters 
Overstory vegetation height (m)*! 5-120 ! 5-120 ! Field observation!
Understory vegetation height (m)! 0.3-3.3! 0.3-3.3! Breuer et al., 2003!
Canopy overstory fraction coverage (OFC)*! 0 Ð 1 ! 0 Ð 1 ! Field observation!
Hemisphere fraction coverage (HFC)*! 0 Ð 1! 0 Ð 1! Field observation!
Trunk space (TS, fraction)*! 0 Ð 1! 0 Ð 1! Field observation!
Maximum stomatal resistance (Rmax, s/m)! 0 Ð 4.7e5! 0 Ð 4.7e5! http://research.esd.ornl.gov/~hnw

/ARMCarbon/SiB/sibrc.pdf!
Minimum stomatal resistance (Rmin, s/m)! 0 Ð 250 ! 0 Ð 250 ! Rosenzweig and Abramopoulos, 

1997!
Soil moisture threshold for transpiration (MT, 
m3/m3)!

0.12 '  0.021 
!

0.0659 '  0.0179! Meyer et al., 1997 
!

Overstory leaf area index (OLAI)*! 2.55 Ð 7.99 
!

6.3 '  4.3! Herbert and Fownes, 1997a; 
Wasseige et al, 2003a;  
Breuer et al. 2003b!

Understory leaf area index (ULAI)! 2.92 '  1.15 
!

6.2 '  3.8! Giambelluca, 1996a; Ziegler, 
2000a; Breuer et al. 2003b!

Overstory albedo (OALB)*! 0.16 '  0.022 
!

0.125 '  0.04! Giambelluca, 1996a; Ziegler, 
2000b ; Breuer et al. 2003b!

Understory albedo (UALB)! 0.167 '  0.018 
!

 0.23 '  0.07! Giambelluca, 1996a,, Ziegler, 
2000a ; Breuer et al. 2003b!

Aerodynamic extinction factor (AEF)*! 1.88 Ð 3.54! 1.88 Ð 3.54! Goudriaan, 1977!
Clumping factor (CF)*! 0.6 Ð 1! 0 .6Ð 1! Chen et al., 1997!
overstory Vapor pressure deficit above which 
transpiration is restricted (VPD, Pa)*!

2090 '  845 / 
 !

2090 '  845 / 
 !

Giambelluca, 1996; 
 Ziegler, 2000!

Understory VPD 2045 '  861 2045 '  861 Giambelluca, 1996; 
 Ziegler, 2000 

Scattering parameter (SP)*! 0.7 Ð 0.85! 0.7-0.85! Nijssen and Lettenmaier, 1999!
Rpc (fraction)! 0.001 Ð 0.95! 0.001 Ð 0.95! Sellers et al., 1994!
Maximum snow interception capacity (fraction)*! 0.055' 0.06! 0.055' 0.06! Breuer et al., 2003 and Model 

default!
Snow interception efficiency*! 0-1! 0-1! Model default!
Mass release drip ratio*! 0-1! 0-1! Model default!
Root zone depth (m)! 2.1' 1.31! 2.1' 1.31! Breuer et al., 2003!
Overstory root zone fraction* ! 0-1! 0-1! Model default!
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Understory root zone fraction! 0-1! 0-1! Model default!
Note, a denotes parameters settings for PKEW, b denotes parameter settings for CRB. When there are no a or b, PKEW 
and CRB share the same values. The majority soil class in CRB is sandy loam, and the majority soil class in PKEW is 
sandy clay loam. Soil depth in PKEW ranges from 6-8m, and in CRB 2-3m. Overstory vegetation parameters were set 
for coniferous forest, and understory was set for the herbs, grasses, and forbs.  Parameters with * are overstory specific, 
i.e., understory(grassland) does not have these parameters. 
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Table 2.  Percentage change (%) in the mean daily streamflow, mean net radiation, mean wet season soil moisture, 
mean daily peak flow and mean dry season daily streamflow in PKEW for forest land cover. 
Parmaeters Net 

radiation2 
Soil moisture2 Streamflow3 Daily Peak 

flow 
Dry season 
flow 

Soil Parameters 
Lateral saturated hydraulic conductivity  0! -6*! 53*! 58*! 43*!
Exponential decrease rate of Kls  0! -4! -57*! -30*! -48*!
Maximum infiltration capacity  0! 1! 8! 3! 5!
Porosity  1! 7*! -34*! 17*! -14*!
Pore size distribution index  -1! -5*! 2! 6! 2!
Bubbling pressure  0! 0! 0! 0! 0!
Field capacity  1! 0! -23*! -8! -14*!
Wilting point  -1! 1! 2! -1! 2!
Bulk density  0! 0! 0! 0! 0!
Vertical saturated hydraulic conductivity  -1! -8*! 2! 6! 3!
Soil thermal conductivity  0! 0! 0! 4! 0!
Soil volumetric thermal capacity  -2! 0! 0! 1! 0!
Soil surface albedo  0! 0! 0! 0! 0!

Vegetation parameters 
Overstory vegetation height  9*! -2! -11! -5! -11!
Understory vegetation height  3! 0! -1! -3! -1!
Canopy overstory fraction coverage  -5*! 2! 10! 16*! 13!
Hemisphere fraction coverage  25*! -12*! -50*! -31*! -52*!
Trunk space  7*! 0! -2! 2! -2!
Maximum stomatal resistance  0! 0! 0! 0! 0!
Minimum stomatal resistance  -3! 2! 8! 15! 7!
Soil moisture threshold for transpiration  0! 0! 1! 9! 0!
Overstory leaf area index  5*! -3! -15! -16*! -12!
Understory leaf area index  0! 0! -1! 0! -1!
Overstory albedo  -2! 0! 1! -1! 0!
Understory albedo  -1! 0! 0! -1! 0!
Aerodynamic extinction factor  -3! 0! 1! 1! 0!
Clumping factor  0! 0! 0! 15! -1!
Vapor pressure deficit 2! -2! -8! 11! -6!
Scattering parameter  0! 0! 0! 0! 0!
Rpc  0! 0! 0! 0! 0!
Maximum snow interception capacity  0! 0! 0! 0! 0!
Snow interception efficiency 0 0 0 0 0 
Mass release drip ratio 0 0 0 0 0 
Root zone depth  2! 1! -5! -2! -6!
Overstory root zone fraction  0! -3! 1! 1! 0!
Understory root zone fraction 0! 0! 0! 1! 0!
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Table 3 Percentage change in mean daily streamflow, mean net radiation, mean wet season soil moisture, mean daily 
peak flow and mean dry season daily streamflow in PKEW for grassland. 

Variables! Net Radiation!
Soil 
Moisture! Streamflow!

Daily peak 
flow!

Dry season 
flow!

Soil parameter 

Lateral saturated hydraulic conductivity! 0! -6*! 58*! 49*! 50*!
Exponential decrease rate of Ksl! 0! -4! -54*! -26*! -49*!
Maximum infiltration capacity! 0! 1! 8! -6! 5!

Porosity! 0! 9*! -30*! 9*! -11*!
Pore size distribution index! 0! -5! 2! 12*! 2!
Bubbling pressure! 0! 0! 0! 0! 0!

Field capacity! 0! 2! -20*! 8! -10*!
Wilting point! 0! 1! 1! 6! 1!
Bulk density! 0! 0! 0! 0! 0!

Vertical saturated hydraulic conductivity! 0! -8*! 2! 4! 3!
Soil thermal conductivity! 0! 0! 0! -1! 0!
Volumetric soil thermal capacity! -1*! 0! 0! 2! 0!

Soil surface albedo! 0! 0! 0! 0! 0!

Vegetation parameters 

Understory vegetation height! 2*! 0! -1! -8! 0!
Maximum stomatal resistance! 0! 0! 0! -1! 0!
Minimum stomatal resistance! -1*! 2! 9! 8! 9!

Soil moisture threshold for transpiration! 0! 0! 0! 0! 0!
Understory LAI! 1*! -2! -5! -7! -5!
Understory albedo! -3*! 0! 2! -2! 2!

Vapor pressure deficit! 1*! -2! -8! 7! -5!
Rpc! 0! 0! 1! 0! 0!
Root zone depth! 1*! 2! -2! 5! -2!

Root zone fraction! 0! -6*! 1! 5! 1!
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Table 4.  Percentage change in mean daily streamflow, mean net radiation, mean wet season soil moisture, mean daily 
peak flow and mean dry season daily streamflow in Cedar River Basin (CRB) for forest land cover. 
Parmaeters Net 

radiation2 
Soil moisture2 Streamflow3 Daily Peak 

flow 
Dry season 
flow 

Soil parameters 
Lateral saturated hydraulic conductivity  6! -12*! 3! 40*! 44*!
Exponential decrease rate of Kls  -2! 4*! -1! -11*! -16*!
Maximum infiltration capacity  0! 0! 0! 0! 0!
Porosity  6! 27*! 0! 1! 2!
Pore size distribution index  0! 0! 0! 0! 0!
Bubbling pressure  0! 0! 0! 0! 0!
Field capacity  -1! 1*! 0! 1! -1!
Wilting point  0! 0! 0! 0! 0!
Bulk density  0! 0! 0! 0! 0!
Vertical saturated hydraulic conductivity  0! 0! 0! 0! 0!
Soil thermal conductivity  -26! 0! 0! 0! 0!
Soil volumetric thermal capacity  -3! 0! 0! 0! 0!
Soil surface albedo  0! 0! 0! 0! 0!

Vegetation parameters 
Overstory vegetation height  -33! 0! -6*! 0! -6*!
Understory vegetation height  -35*! 0! 0! 0! -1!
Canopy overstory fraction coverage  41*! -1*! -7*! -3! 0!
Hemisphere fraction coverage  72*! 0! -7*! 15*! -11*!
Trunk space  -84*! 0! -1! 4! -2!
Maximum stomatal resistance  0! 0! 0! 0! 0!
Minimum stomatal resistance  -25! 0! 4*! 7*! 2!
Soil moisture threshold for transpiration  0! 0! 0! 0! 0!
Overstory leaf area index  61*! -1*! -9*! -6*! -6*!
Understory leaf area index  2! 0! 0! -2! -1!
Overstory albedo  -7! 0! 0! 0! 0!
Understory albedo  -9! 0! 0! 2! 0!
Aerodynamic extinction factor  32! 0! 0! 3! 1!
Clumping factor  0! 0! 0! 0! 0!
Vapor pressure deficit  8! 0! -1! 2! -1!
Scattering parameter  1! 0! 0! 0! 0!
Rpc  2! 0! 0! 2! 0!
Maximum snow interception capacity 1 0 0 0 0 
Snow interception efficiency 2 0 0 2 0 
Mass release drip ratio 0 0 0 2 0 
Root zone depth  0! 2*! 0! 0! 0!
Overstory root zone fraction  0! 0! 0! 0! 0!
Understory root zone fraction 0! 0! 0! 0! 0!
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Table 5. Percentage change in mean daily streamflow, mean net radiation, mean wet season soil moisture, mean daily 
peak flow and mean dry season daily streamflow in CRB for grassland. 

Variables! Net Radiation!
Soil 
Moisture! Streamflow!

Daily peak 
flow!

Dry season 
flow!

Soil Parameters 

Lateral saturated hydraulic conductivity! 0! -12*! 3*! 11*! 37*!
Exponential decrease rate of Ksl! 0! 4*! -1! -6*! -15*!
Maximum infiltration capacity! 0! 0! 0! 0! 0!

Porosity! 0! 27*! 0! 3*! 2*!
Pore size distribution index! 0! 0! 0! 0! 0!
Bubbling pressure! 0! 0! 0! 0! 0!

Field capacity! 0! 1! 0! 1! -2*!
Wilting point! 0! 0! 0! 0! 1!
Bulk density! 0! 0! 0! 0! 0!

Vertical saturated hydraulic conductivity! 0! 0! 0! 2! 0!
Soil thermal conductivity! -2*! 0! 0! 0! 0!
Volumetric soil thermal capacity! 0! 0! 0! 0! 0!

Soil surface albedo! 0! 0! 0! 0! 0!

Vegetation parameters 

Understory vegetation height! -3*! 0! -2*! -3*! -2*!
Maximum stomatal resistance! 0! 0! 0! 0! 0!
Minimum stomatal resistance! -1! 0! 3*! 2! 1!

Soil moisture threshold for transpiration! 0! 0! 0! 0! 0!
Understory LAI! 2*! 0! -4*! 1! -5*!
Understory albedo! -9 *! 0! 1! 0! 0!

Vapor pressure deficit! 1! 0! -1! 2! -1!
Rpc! 0! 0! 0! 0! 0!
Root zone depth! 0! 2*! 0! 2! -1!

Root zone fraction! 0! 0! 0! 0! 0!
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Table 6. Rank of importance of parameters that cause change greater than 5% for wet season mean soil moisture, mean 
net radiation, mean daily streamflow, mean daily peak flow and mean dry season flow in PKEW and CRB 
Parameters Rank  of importance 
Mean net radiation PKEW CRB 
Hemisphere fraction coverage  1 2 
Overstory vegetation height  2 6 
Trunk space  3 1 
Canopy overstory fraction coverage  4 4 
Overstory leaf area index  4 3 
Understory vegetation height  * 5 
Aerodynamic extinction factor  * 7 
Minimum stomatal resistance  * 9 
Soil thermal conductivity  * 8 
Understory albedo  * 10 
Vapor pressure deficit  * 11 
Overstory albedo  * 12 
Lateral saturated hydraulic conductivity  * 13 
Porosity  * 14 
Wet season mean soil moisture   
Hemisphere fraction coverage  1 * 
Vertical saturated hydraulic conductivity  2 * 
Porosity  3 1 
Lateral saturated hydraulic conductivity  4 2 
Pore size distribution index  5 * 
Mean daily streamflow   
Exponential decrease rate of Kls  1 * 
Lateral saturated hydraulic conductivity  2 * 
Hemisphere fraction coverage  3 2 
Porosity  4 * 
Field capacity  5 * 
Overstory leaf area index  6 1 
Overstory vegetation height  7 3 
Canopy overstory fraction coverage  8 2 
Minimum stomatal resistance  9 * 
Vapor pressure deficit  9 * 
Maximum infiltration capacity  9 * 
Mean daily peak flow   
Lateral saturated hydraulic conductivity  1 1 
Hemisphere fraction coverage  2 2 
Exponential decrease rate of Kls  3 3 
Porosity  4 * 
Overstory leaf area index  5 5 
Canopy overstory fraction coverage  5 * 
Minimum stomatal resistance  6 4 
Clumping factor 6 * 
Vapor pressure deficit  7 * 
Soil moisture threshold 8 * 
Field capacity  9 * 
Pore size distribution index 10 * 
Vertical saturated hydraulic conductivity 10 * 
Overstory vegetation height  11 * 
Mean dry season flow   
Hemisphere fraction coverage  1 3 
Exponential decrease rate of Kls  2 2 
Lateral saturated hydraulic conductivity  3 1 
Field capacity  4 * 
Porosity  4 * 
Canopy overstory fraction coverage  5 * 
Overstory leaf area index  6 4 
Overstory vegetation height  7 4 
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Minimum stomatal resistance  8 * 
Vapor pressure deficit  9 * 
Maximum infiltration capacity 10 * 
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