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Figure 4. Conceptual Wetbud basic model. Details inflow 
and outflow parameters which contribute precipitation 
to the Wetbud basic output. These parameters include:, 

evapotranspiration (Penman or Thornthwaite), 
Groundwater, Surface water, and stream overbank flow. 

Wetbud Basic Model

➢ Wetland impact mitigation via creation is common in the 
U.S., however, many created wetland hydroperiods are 
not representative of the wetland system they sought to 
replace (Cole et al., 2016). 

➢ Wetbud is a deterministic model (freeware) which uses a 
combination of preloaded climatic data and user-input 
parameters to model wetland water levels.

➢ The objectives of this study were to perform a sensitivity 
evaluation for four parameter settings in Wetbud and to 
use this as basis for calibration and validation of the 
Wetbud basic model. 

➢ Sensitivity describes the degree to which variations in a 
given input parameter can effect model output.

➢ Calibration describes the process of fitting modeled 
output to measured data for a given application/site.

➢ Validation describes the application of calibrated 
parameters to new data to confirm/assess relative 
accuracy.

Parameter Sensitivity was judged based on Sr values for each parameter using One At a 
Time Permutation (OAT).
Calibration was performed using 362 days of onsite water level for the North Fork created 
wetland (Fig. 1) and weather data from year one of on-site monitoring followed by; 
Validation using 361 separate days of onsite data from year two. 

Goodness of fit statistics were calculated in R. Nash-Sutclife Efficiency (NSE) was used to 
judge model performance and Root Mean Square Error (RMSE) was used as a variance 
measure. NSE is a unitless measure of model fit ranging from -∞ to 1, with 1 representing 
a perfect fit while RMSE has a physical basis.

In general, the model tended to over-predict the number of days ponded, with the 
validation phase performing better than calibration. Seasonal drawdown was accurately 
predicted in the calibrated model. However due to the large water level fluxes in summer 
2017, the model was less reliable at predicting time of drawdown.

➢ Sensitivity was measured for runoff curve number, soil storage 
factor, surface storage factor, and weir elevation. 

➢ Assumed values were altered by ± 10, 25, 50, 75% to create a 
visual assessment of sensitivity as well as relative sensitivity 
(Sr)  for each parameter in order to rank sensitivity. 
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➢ Model calibration was performed using one year of onsite weather data in 
order to achieve a better model fit to onsite water level data.
➢ Calibration was performed on a daily time-step
➢ Once preliminary model calibration was reached, NSE’s were computed 

for  81(34) model runs at  ±10% CN, Sy soil, Surface storage factor and Weir 
Elevation to achieve the best model fit.

Sensitivity Analysis

MethodsIntroduction and Objectives

Model Calibration

Model ValidationDiscussion

➢ Wetland site data were collected over a two year period:
➢ Groundwater monitoring wells installed using standard 

monitoring well installation guidelines (Sprecher, et al., 2000) 
➢ Water level measured by Onset HOBO Level Loggers
➢ Weather data was collected onsite 
➢ Bulk density and water holding capacity samples were 

collected and analyzed for specific yield (sy), these will be 
added to the final calibration runs of the model.

Figure 1. site map for 
WSSI North Fork 
mitigation bank, Prince 
William County VA. 
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Comparison 
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Days ponded:
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➢ of 362 data-days, only 240 days were comparable due to observable 
water depth exceeding the level logger depth; RMSE and NSE were 
calculated using only these points.

Model validation was performed using a second year of data 
from the same site in order to test the predictive power of the 
calibrated Wetbud model output.

Given 361 points, 253 points were directly comparable due to 
observable water levels falling below the logger depth, so 
RMSE and NSE were calculated using only these points.

Wetbud is a design model meant for producing monthly water 
budgets. Wetbud calculates internally on a daily time step. This 
analysis shows there are issues with interpretation using this feature 
(daily time step).  Model assumptions regarding flow routing do not 
take into account the time-lag created by flow resistance which may 
have impacted the ability to predict actual daily water levels.

Acknowledgements: This work was supported by the Piedmont Wetlands Research Program as managed 
by Wetland Studies and Solutions, Inc. and the Resource Protection Group. Thanks to Mike Rolband and 
Jen Van Houten at WSSI for their support and encouragement. 

The calibrated model as well as the validated model fit did not achieve model success
as defined by American Society of Civil Engineers (ASCE, 1993). In both cases, the mean 
of the observed data would still be considered a better predictor of the daily water level 
than Wetbud’s water budget. However, moving from calibration to validation showed 
consistency in goodness of fit measures implying model consistency. Additionally, while 
the model did not pass NSE thresholds set by ASCE (1993), it was able to accurately 
model relative observed water levels with an RMSE of 0.083m and 0.098m

Figure 2. Monitoring Well Design

Figure 5. Calibrated Model for 
September 2015 – August 2016

Figure 6. Validation Model for 
September 2016 – August 2017
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Figure 3. Visual sensitivity for parameters over two years of data.

Δ input Value Sr

+75% 78.75 1.98
+50% 67.5 1.78
+20% 54 0.03
+10% 49.5 0.01

0% 45
-10%

40.5 2.94E-06

Δ input Value Sr

+75% 11.2 0.52
+50% 9.6 0.52
+20% 7.68 0.53
+10% 7.04 0.53

0% 6.4
-10% 5.76 0.61
-20% 5.12 0.63
-50% 3.2 0.74
-75% 1.6 0.72

Δ input Value Sr

0% 1.0
-2% 0.98 0.32

-4%% 0.96 0.34
-10% 0.9 0.39
-20% 0.8 0.41

Δ input Value Sr

+75% 0.35 0.09
+50% 0.3 0.13
+20% 0.24 0.32
+10% 0.22 0.64

0% .2
-10% 0.18 0.64
-20% 0.16 0.32
-50% 0.1 0.13
-75% 0.05 0.09

Tables 1-4: relative 
sensitivity  values (Sr) for 
each sensitivity analysis. 
When ranked according 
to their Sr values CN > 
Weir height > specific 
yield > surface storage 
factor.  Thus, curve 
number is the most 
sensitive parameter. 


