
Figure 4. Graphical chart of actual v. modeled days 
saturated or ponded above -30 cm during the 
calibration period partial growing season (3/1 to 
8/31) for cell NW1. 

Figure 5. Daily hydroperiod of the calibrated models 
for cell NW1 with well monitoring data from 2015-
2016 shown along with precipitation.

Equation 1. Where: F is a scaling 
factor that can range from 0 to 2 
(0.0, 0.5, 1.0, 1.5, 2.0) and Xmin
and Xmax represent the realistic 

limits of the parameter P. 
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Figure 4. Conceptual Wetbud basic model. 
Shows parameters calculated by Wetbud as well 
as user specified parameters which contribute 
to the overall water budget. 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 and predict 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  a model with 
calibrated parameters to new data to confirm/assess its 
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 levels (2015/16) for the North 
Fork created wetland (Fig. 1) and weather data from on-site monitoring followed by; 
Validation using 361 separate days of  water level data from year two (2016/17). 

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 
based measure of accuracy. NSE is a unitless measure of model fit ranging from -∞ to 1, 
with 1 representing a perfect fit while RMSE has a physical basis.
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Model ValidationDiscussion

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

monitoring well installation guidelines (USCOE, 2005). 
 Water level measured by Onset HOBO Level Loggers.
 Detailed weather data was collected onsite. 
 Bulk density and water holding capacity samples were. 

collected and analyzed for specific yield (sy), final calibrated 
runs of the model will use this and refined site measurements.

Figure 1. site map for 
WSSI North Fork 
mitigation bank, Prince 
William County VA. 
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Figure 2. Monitoring Well Design

Relative sensitivity values (Sr) were calculated using parameter settings based on 
Equation 1.  Figure 3 shows the absolute value of the Sr values graphed against 
the realistic parameter range (F ratio) for each model run.  Sensitivity analysis 
using this approach is recommended in cases where it is not feasible or practical 
to measure all parameter interactions due to model limitations. 
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Figure 3. Relative sensitivity (Sr) for four parameters Curve number (CN), soil 
storage factor or Specific yield (Sy), Surface storage factor, and weir height) vs. F

To achieve calibration, Iterative alterations beginning with the most 
sensitive parameters and moving to the less sensitive were 
performed with statistical comparisons made against well data from 
fall 2015 to fall 2016. These alterations were conducted for each 
parameter within each model scenario until parameter adjustments 
no longer yielded a better model fit. 

Model calibration was performed using one year of onsite weather data in order 
to achieve a better model fit to onsite water level data.

To validate the model, I used a combination of criteria including 
continuous days saturated during the growing season as well as 
the relative timing of spring drawdown and fall recharge (water 
level rebound) for our modeled constructed wetland. 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 Basic Model output.

Figure 7. Daily hydroperiod of the validation 
models for cell NW1 with well monitoring data 
from 2016-2017 shown along with precipitation.

Wetbud is a design model for producing predicted monthly water budgets 
for created wetlands. It calculates internally on a daily time step and then 
aggregates to monthly output for typical applications. The Basic
Model structure does not account the time-lag created by flow resistance
which may have impacted the ability to predict actual daily water levels. 

Additionally, well depths being limited to the upper 20 cm of soil also affected the 
number of comparable points available for comparative statistical analysis which 
may have negatively impacted the statistical methods employed. 

Values for NSE ranged from -0.67 to 0.41 in calibration and from -4.82 to -0.26 during validation
for NSE.  Values for RMSE ranged from 5.92 cm to 12.71 cm during calibration, and from 8.26 cm to 18.54 cm 

during validation.  During calibration NSE was used as our primary goodness of fit measure as recommended 
by the ASCE (2001).  However, preference for our final interpretations was given to RMSE, instead of NSE, as 
our final measure of accuracy for validation due to the negative effect that a limited absolute range of values 
(< 1.0 m) has on application of the NSE method to data sets with limited total variation. 

Given full parameterization, the model had the ability to match the onsite recorded days meeting jurisdictional 
hydrology criteria very well during both calibration and validation. While not depicted here, the addition of a 
maximum depth of drawdown (limiting layer) showed clear improvement in the case of the vernal pool models; 
all models with no limiting layer failed to predict even one near-surface saturated or ponded point correctly.

Qualitatively, the Wetbud Basic Model performed well at predicting the overall range and timing of saturation 
and ponding at both sites given proper parameterization (calibration) along with the inclusion of a limiting layer. 
Users should take special care in model design when considering their weir height as well as their contributing 
watershed as these were among the most influential parameters with regards to overall model accuracy.  
The Basic Model is best implemented as a design model for making decisions about site alterations to produce a 
priori water budgets for permitting proposals. When considering use of Wetbud, it is important to make sure 
that inputs such as CN, weir height and specific yield of the soil are as accurate as possible as these will have the 
largest effect on model output. 

Figure 6. Graphical chart of actual vs. modeled 
days saturated or ponded above -30 cm during 
the calibration period partial growing season (3/1 
to 8/31) for cell NW1. Conclusions
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