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Wetlands 

Provide effective, free treatment for many types of water 

pollution (filtration, sedimentation, other assimilation processes) 

Natural flood control (store and slow the flow of floodwater) 

Provide habitats for biota and wildlife and maintain 

biodiversity 

Contribute to stabilizing shorelines and protecting them 

from wave-induced erosion   

Contribute recharge to ground water and sustain base flow 

in streams during dry periods    

 

 



Wetland Models 

Wetlands are valuable ecosystems and act 

as hydrologic and pollutants buffer between 

uplands and downstream water bodies 

Wetland models offer a tool to understand, 

quantify, and predict the behavior of these 

ecosystems  (proper management tool) 

Relatively simple, reliable model 

Relate nitrification, denitrification, and phosphorus 

precipitation and release to oxygen dynamics 

Describe wetland free-water and soil processes in 

some details  

Integrate the module to a watershed model  
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WetQual 

Lumped model  

Coding: Fortran 

Soil is partitioned into aerobic and anaerobic layers 

N, P, TSS and C cycle 

Plant Growth: Separated into rooted and floating plant 

Hydrology: Ponded and dynamic version (wetting/drying 

cycles) 

Compartmental version 

 

 



WetQual: Nitrogen Cycle 

Aerobic and  anaerobic layers 

Sedimentation, burial 

Mineralization 

Nitrification,  

Denitrification 

NH4+ adsorption  

NH3 volatilization 

Aeration  

Diffusion, advection 

Plant uptake, growth, death 

 Atmospheric deposition, microbial assimilation 

 

 



WetQual: Phosphorous Cycle 

Aerobic and  anaerobic layers 

Sedimentation, burial 

Mineralization 

Adsorption  

Precipitation/release 

Diffusion, advection 

Plant uptake, growth, death 

 



WetQual: Carbon Cycle 



WetQual: Compartmental Version 



Application 

One of the 12 restored wetlands in Eastern shores of Chesapeake Bay.  

All 12 sites had been ditched agricultural fields before restoration and 

restored as depressional wetlands. (Whigham et al. 2002, Wetlands) 
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Crop field
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Nitrogen Budget 

 

Atmospheric 
Deposition 

Loading 

166.5 kg 
(100%) 

2.9 4.1 kg 
(1.7%) 

Volatilization 

51.7 5.2 kg 
(31.0%) 

Settling 

6.7 kg 
(4.0%) 

Outflow 

106.0 3.4 kg 
(63.7%) 

17.1 6.1 kg 
(10.3%) 

Denitrification 

 

 Diffusion 
18.0 7.2kg 

(10.8%) 

 

Atmospheric 
Deposition 

Loading 

169.8 kg 
(100%) 

1.9 3.1 kg 
(1.1%) 

Volatilization 

47.8 6.1 kg 
(28.1%) 

Settling 

7.9 kg 
(4.6%) 

Outflow 

137.3 5.8 kg 
(80.8%) 

4.6 2.1 kg 
(2.7%) 

Denitrification 

 Diffusion 
4.5 5.8kg 

(2.7%) 

year-1 

Year-2 

Org-N : 69% 
NO3    : 25% 
NH4    : 6% 
 

Org-N : 86% 
NO3    : 7% 
NH4    : 7% 
 



Case study application: Compartmental Version 

Study wetland located on west side of the San Joaquin River in California’s Central 
Valley. Redrawn from Maynard et al. (2011) 

11 

Area = 4.4 ha 

Receives irrigation tail-water from about 2300 ha of upstream farmlands 
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Graphical User Interface (GUI) 



 
 

 
Graphical User Interface (GUI) 



 
 

 
GUI: Visualization 



 
 

 
GUI: Deterministic 



 
 

 
GUI: Monte Carlo Simulation 



 
 

 
GUI: Output Analyzer 



 
 

 
GUI: Output Analyzer 



 
 

 
GUI: Output Analyzer 



Release 

Oct ’15: Internal Testing 

Nov ‘15: External Testing 

May ‘16: Final Release and Distribution on www.epa.gov 
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