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PREFACE 
t 

This international conference is a first-of-its kind specialty conference focused on hydrology and 
air management of forested wetlands. The idea of this conference was conceived in May 2003 in 
:hair discussions with Dr. Wayne Skaggs of North Carolina State University and Dr. Peter Farnum of 

sity Weyerhaeuser Company at the USDA Forest Service Center for Forested Wetlands Research in 
Charleston, South Carolina. This conference brings together scientists, engineers, researchers, 
planners, land managers, and decision makers to exchange the latest research findings and 

itY discuss relevant issues concerning forested wetlands. It also provides an opportunity to celebrate 
20 years of collaborative forest hydrology and management research at Weyerhaeuser's Carteret 
site in North Carolina. 

sity 
I 

The conference participants have an opportunity to learn from presentations on a broad range of 
topics including wetland hydrologic processes, biogeochemical cycling and transport, hydrology 
and water quality, restoration and BMPS, monitoring and modeling, land use, climate change 
effects, and sustainable management. Many of the sessions have been assembled by world 
renowned scholars, and these 59 oral and 36 poster presentations will add significantly to our 
current understanding and management of this important ecosystem. 

- - - -- - - - - - - -- - - - - - - - - - ---JN_eaauld Sike-~-achowled~-~ABE~ey~rhaeuser-Gompi~y~~d~SDA-Fo&erviee 
Southern Research Station for cosponsoring the conference, and also all other agencies who 
endorsed this conference. Most importantly, we would like to sincerely thank all those authors 
who contributed their important works for this wetlands conference and all participants without 
whom it would not have been a success. Thanks are also due to all invited guests of the plenary 
session, speakers, session moderators, invited panelists, members of the conference planning and 
associated committees, volunteers, and the ASABE and Weyerhaeuser Company staff who have 
been working hard for the success of this conference. 

A special word of acknowledgement goes to Dr. Wayne Skaggs, Dr. Wendell Gilliam, and their 1 

colleagues at North Carolina State University for their great vision and research direction that 
has added so much to the field of forested wetlands. 

. . . .  0 international spectalty conference. we 
hope this conference can be a basis for planning future similar conferences focused on issues 
regarding the science and management of forested wetlands. 

Devendra M Amatya 
Conference Co-Chair 
Center for Forested Wetlands Research 
USDA Forest Service, Charleston, SC 

Jarni Nettles 
Conference Co-Chair 
Southern Hydrology Research 
Weyerhaeuser Company, Columbus MS 
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ABSTRACT I 

ssible water levels. In the southeastern US that is A modeling framework (Wetland-DNDC) that describes forested wetland ecosystem processes has 
m corresponds to high water levels. been developed and validated with data fiom North America and Europe. The model simulates 

forest photosynthesis, respiration, carbon allocation, and litter production, soil organic matter 
3 by the South Carolina Public Service Authority (SOM) turnover, trace gas emissions, and N leaching. Inputs required by Wetland-DNDC include 
complete with topographic breaklines and daily meteorological data, forest type and age, soil properties (e.g., texture, initial SOM content, 
Inc. 1 would like to thank L. Wayne Inabinette, bulk density and pH), and forest management practices (e.g., harvest, thinning, fire, reforestation, 
collection of cross section data. drainage, wetland restoration etc.). For wetland applications, observed or modeled water table 

depth data are required to drive the soil redox potential dynamics. Wetland-DNDC runs at a daily 

LENCES time step, and produces dailyand annudasuits of fmest~robT%th, net SosysEm C ex-gee, 
fluxes of C02, CH4, NzO, NO, N2, and NH3 emissions, and N leaching fiom the rooting zone. 
This study extended the original field-scale model to simulate the carbon, nitrogen, and water 

letstone. 1985. Hydrology and its effects on , dynamics at the landscape scale by linking the biogeochernical processes to groundwater table 
np National Monument, South Carolina. Water- " dynamics predicted by the spatially explicit MZKE SHE hydrological model. Model testing and 
Columbia, SC. , U.S .Geological Survey validation was performed with both hydrological data and carbon flux data from a 40 ha cypress 

"wetland - slash pine flatwoods watershed (40 ha) in north central Florida. We found that pine 
relationships of the Congaree Swamp National 'plantations sequestered 167 tons C/year and cypress wetlands are weak carbon sources (i.e. 8 tons 
m n  University, Department of Forest and Natual C/year) during averaged climatic conditions. However, a drought could turn the flatwoods system 

from a strong carbon sink to a carbon source. Pine uplands were sources of N20 emission at the 
;tern. Available at . landscape scale (4 1 kg N20 /year), and wetlands are sources of C& emission (i-e. 2.5 tons 
'software.htm. Accessed May 20,2005 

'arolina. Available at 
arge/. Accessed May 10,2005 

Southern Global Change Program, Southern Research Station, USDA Forest Service, 920 Main Campus Dr., Suite 
00, Venture 11, Raleigh, NC 27606, USA. Email: Ge-Sun@ncsu.edu; Phone: (919)5 159498. 
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About half of wetland areas of 20.5 million ha in the United States are forested (Dahl, 2000). 
Forested wetlands have been widely valued beyond their roles in providing clean water, wildlife 
habitat, and timber. Globally, wetlands cover about 5% of the land surfaces (Eswarn et al., 1995), 
but contain 15-22% of total terrestrial carbon and contribute 15-20% of total emission of methane, 
a powerful green h o ~ e  gas (M-atthews and Fwg, 1987). Wetlands are perceived as carbon, s u l k ,  - 
and nitrogen sinks. Forested wetlands have relatively high net ecosystem primary productivity 
and store disproportionally more carbon than other landuses (Trettin and Jurgensen, 2003). As a 
unique type of ecosystem dominated by water, wetland biogeochemical processes are extremely 
dynamic and complex, and inherently vary both in time and space at a landscape scale. For 
example, a small change in water table depth due to either land topography or climate variations 
can result in completely different redox conditions and alter the rates of soil organic carbon 
decomposition, plant respiration and photosynthesis, Cfi production and consumption, and N 
transformation and trdnsport. Field experiments to examine the interactions of carbon, nitrogen, 
water, and climate and the fluxes are often expensive, and thus data are often incomplete for 
wetland ecosystems. A limited number of sites in the carbon and water flux network were 
established for wetlands (Clark et al., 1999). Multi-factorial experiments are often conducted in a 

Limited studies on forest-atmosphere carbon exchange in wetlands in the southern U.S. suggested 
that cypress wetlands had highly contrasting daytime and nighttime carbon flux patterns when 
compared to nearby drier pine flatwoods ecosystems (Clark et al., 1999; 2004). On an annual 
basis, wetlands accumulated ress carbon than pine uplands (Clark et al., 1999) mainly due to their 
lower photosynthesis rates, higher respiration rates and short growing season. Methane emission 
from pine flatwoods was highly controlled by site hydrology and soil moisture that can be altered 
by forest management practices (e.g. bedding, tree harvesting) and climate variability. Castro et al., 
(2000) suspected that the coastal plain region might be a significant CJ& source under certain 
climatic and plantation management regimes. They called for an in-depth study of the interactions 
between climate, soil moisture, and soil microbial dynamics (Castro et al., 2000). Individual 
carbon flux study such as on soil respiration processes in pine flatwoods was also available (Fang 
et al., 1998). 

Computer simulation models are simplifications of the real world. They provide tools for 
examining complex ecosystem processes such as the biogeochemical cycling in wetlands. Several 
advantages of mathematical models are recognized: 1) Models are synthesis tools that integrate 
data collected for individual processes and functional relations using a systems approach. Such an 
approach for data synthesis is often helpful for identifying deficiencies in field data measurements 
and knowledge about the interactions of various processes. 2) Models are useful for testing 
hypotheses. Our understanding of the internal relationships of ecosystem processes are 
incomplete although we may have sufficient measurements of 'end products' such as discharge 
amount and its concentrations at the watershed outlets and state variables such carbon or water 
storage in soils. Hypotheses can be tested by linking the ecosystem processes using mathematical 
equations and by validating the model performances with certain measurable 'end products'. 3) 
Models are prediction tools. Once a model is properly validated against a wide range of 
measurements, it becomes a powerfhl tool to test the sensitivity to ecosystem model parameters or 
input variables to answer 'what if' type of management questions. 

Large numbers of biogeochemical models at different scales has emerged in the past two decades 
due to the advances of information technology and wetland sciences. However, few 
comprehensive models are available to fully describe forested wetlands ecosystems. A review of 
12 widely used carbon models suggested that most of the existing models do not allow for 
anaerobic conditions, do not explicitly simblate wetland hydrology, and can not track daily 
biogeochemical dynamics (Trettin et al., 2001). Efforts have been devoted to develop a new 
integrated modeling h e w o r k  that simulates wetland carbon, nitrogen, and water cycles at a 

finer temporal scale (i.e. daily) for applicati 
Zhang et al., 2002; Li et al., 2003; Cui et al. 
with site-level data (i.e. forest productivity, 
climate zones for both upland and wetland r 
al., 2002) and Europe (Li et d., 2000; Butte 
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distributed groundwater table depths simula 
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fluxes in pine flatwoods at multiple spatial s 

Wetland-DNDC model 

The Wetland-DNDC model was a modified. 
originally designed for simulating C and N c 
forest ecosystems (Li et al., 2000) (Fig. 1). ': 
@eComposition and DeNitrification) model 

describe the groundwater table controls on n - 

decomposition, C& production and consum1 
anaerobic conditions (Zhang et al., 2002; Li ( 
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Figure 1. Framework of the Wetland-DNDC 
groundwater hydrology, plant growth and producl 

factors (from Zhang et al, 2002). GPP-G- ross P 
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The Wetland-DNDC model consists of four major components including: wetland hydrology, 
thermal conditions, forest overstory and understory including mosses and herbaceous, soil c 
and nitrogen dynamics (Zhang et al., 2002). All four of these components interact closely at 
daily time interval. The outputs fiom the model include almost all carbon and nitrogen pools 
fluxes in a forested ecosystem. Examples are net ecosystem primary productiviq WP), net 
----- 
ecosystem excliange of C'O;, soil an& plintcarbon storage, soil and p i ~  iixpirati~n,-~& 
emission, NzO emission, NO3 and Nl& concentration in soils and leaching from the rooting m 

Wetland hydrope+od is a key variable that drives the entire biogeochemical processes. The 
Wetland-DNDC model has the options of accepting external inputs or estimating hydroperiod 
an empirical submodel for this variable (Zhang et al., 2002). In this study, we employed a 
physically based hydrologic model MIKE SHE @HI, 2004) to provide spatially distributed w 
table depths. The MIKE SHE model will be described later. 

plants under the forest canopy were modeled by the SPAM model (Frolking et al., 

temperature distributions. Soil carbon pools and fluxes were closely related to redox potential. 
Redox potential is calculated as a hc t ion  of oxygen concentration in the soil layers. An 
'anerobic balloon' cqncept was introduced to track the reduction-oxidation reactions in the 
anaerobic and aerobic microsites in the soil. Based on the size of the 'balloon', or proportion of 
the soil under an anaerobic state, Wetland-DNDC allocates substrates (e-g. DOC, NO<, NH.43 @ 
estimates productions, consumptions, and emissions of NzO, NO, N2, CI&. Details of the comple 
algorithms describing the biogeochemical interactions are found in Li et al,, (1992,2000,2003), 
Zhang et al. (2002), and Cui et af. (2005). 

MIKE SHE Hydrologic Model 

As the first generation of spatially distributed hydrologic model, the MIKE SHE model simulates 
the full hydrologic cycle of a watershed across space and time, including spatial distribution of 
groundwater table depth, soil moisture content, and evapotranspiration (Abbot et al., 1986; DHI, 
2004). The model simulates both surface and groundwater flows and their interactions, so the 
model is especially appropriate for wetland conditions. The infiltration processes are modeled 
using the Richard's equation or a simple wetland soil water balance equation. Saturated water 
flow in the subsurface is simulated by a 3-D groundwater flow model. The modeling package is 
user-fi-iendly with an interface to Geographic Information Systems (GIS) @HI, 2004). A major , 

advantage of this model is its window-based program and can directly use GIs database as model 
inputs for watershed topography, geology, soils, vegetation distributions, and climate variables. 
We have tested this model at selected forested watersheds across a physiographic gradient in the 
southern U.S. (Jianbiao Lu, personal communication). 

Linkinn the Distributed Hydrology Model (MIKE SHE) with the Wetland-DNDC Model 

We adopted a 'loosely coupled' approach in linking wetland hydrology and the biogeochemical 
processes. The main reason is that both the distributed hydrologic model and the biogeochemical 
model are extremely complex. A firlly interactive integration is ideal, but it is not practical at this 
stage. This 'loosely coupled' approach entails two steps: 1) simulate the spatial distribution (30 m 
grid) daily groundwater table dynamics with MIKE SHE using the same soil and vegetation 
parameters in Wetland-DNDC. The output files of water table depth were used as inputs to the 
wetland-DNDC model; 2) run the Wetland-DNDC model for each of the grid cells delineated by 
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Spatial Distribution of NFlm 

Similar to carbon fluxes, nitrogen emission in the form of trace gas N20 was highly affected b 
the spatial distribution of groundwater table depth and vegetation characteristics. Cypress sw 
were the major sotiice of N20 during the drought year (Table 2). Wetlands were also sources 
N2 emission. About a total of 356 kg nitrogen gas (N2) was released to the atmosphere fiom 
9-ha wetlands in 1996 due to denitrification in wetland soils. The simulation results also 

-.suggested N leaching ismostly common in wetland soils and little N was -lost below the 1ooting 
zone in the upland pine stands (Table 2). 

tics Slash pine Cypress Total Slash pine Cypress 
WmP swamp 

, CONCLUSION 
A modeling framework, Wetland-DNDC, was developed and tested with limited observation data 
(e.g, carbon) at the field and landscape scales. This modeling study demonstrated the important 
controls of wetland hydrology on the chemical fluxes at multiple spatial scales. Depending on 
climatic conditions (e.g. precipitation), the pine flatwoods ecosystems can be an either carbon sink 
or source. Modeling results had important implications regarding the roles of wetlands in 
contributing to carbon sequestrations and greenhouse gas emissions under global climate and 
landuse changes. We developed a research tool to guide future studies on how disturbances affect 
wetland biogeochemical balances. 

The modeling system is also a management tool to assess potential management effects on 
wetland ecosystems (Li et al., 2003). Future studies are needed to validate the internal 
relationships and interadions of carbon and nitrogen in plants and soils under variable hydrologic 
conditions. Field data on CI& and N20 emissions across multiple geographic and management 
gradients and scales are needed to improve the existing model. A tighter model coupling of 
groundwater hydrology and the biogeochemical cycling, and plant go$ and productivity will 
enhance the feedback functions of the model. Finally, watershed-scale and regional scale data will 
be helphl for examining how the model responds to the spatial heterogeneity of climate, 
groundwater table depth, soil moisture, nutrient gradient, and plant community. 
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