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ECOSYSTEM PROCESS MODELS

1. CENTURY

The CENTURY model was originally developed to simulate the dynamics of soil organic
matter and plant production in grasslands and agroecosystems (Parton et al. 1987, 1988, 1993).  It
has also been used for studying biogeochemical cycling of forest ecosystems with the addition of a
forest production submodel (Sandord et al. 1991).  CENTURY treats underground nutrient cycling
in more detail by dividing the soil organic matter pool into three fractions according to their
turnover times: active (1-2 yr), slow (20-50 yr), and passive pools (800-1500 yr) (see Schimel et
al. 1990).  In modeling decomposition, two kinds of plant residues are distinguished: structural
(resistant to decay) and metabolic (readily decomposable) materials.  The model requires monthly
precipitation, monthly temperature, soil texture, and plant nitrogen and lignin contents as major
driving variables and inputs.  Both FOREST-BGC and CENTURY have been widely used in the
study of ecosystem responses to climate change.
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2. Forest-BGC

The FOREST-BGC model is a process-based forest ecosystem simulation model (Running
and Coughlan 1988).  It simulates the dynamics of water, carbon and nitrogen through a forest
ecosystem, and calculates canopy interception and evaporation, transpiration, photosynthesis,
growth and maintenance respiration, carbon allocation, litterfall, decomposition, and nitrogen
mineralization.  The model is composed of two submodels with different time resolutions: a daily
resolution module that treats hydrologic balances, plant water availability, and canopy gas
exchange processes, and a yearly resolution module that accounts for carbon allocation, growth
respiration, litterfall, and decomposition processes.  Important driving and derived input variables



Lecture Notes for LSC 405 Simulation Modeling  ---  J. Wu

Page 2

for FOREST-BGC include incoming short-wave radiation, air and soil temperature, precipitation,
and leaf area index.
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3. TEM

TEM (Terrestrial Ecosystem Model), developed by Jerry Melillo and his associates at The
Ecosystems Center, Marine Biological Laboratory, Woods Hole, was designed to predict how
global change will affect the net primary productivity of world terrestrial biomes.  TEM is a
process-based, highly aggregated model that simulates the spatial and temporal distribution of
major carbon and nitrogen fluxes and pool sizes at continental to global scales.  It consists of 5
pools (C in vegetation, N in vegetation, C in soil, organic N in soil, inorganic N in soil) and 9
fluxes (gross primary productivity, plant respiration, C in litter production, soil respiration, N
input to the ecosystem, N uptake by vegetation, N in litter production, net N mineralization, N lost
from the ecosystem).
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Large-Scale Ecosystem Process-Based Landscape Models

Example   : The Coastal Ecological Landscape Spatial Simulation (CELSS) model

• The model consists of 2,479 interconnected cells, each representing 1 km2, constructed for
the Atchafalaya/Terrebonne marsh/estuarine complex in south Louisiana (see Fig. 1).

• Each 1 km2 cell in the CELSS model contains a dynamic, nonlinear ecosystem simulation
model with seven state variables (see Fig. 2).

• The model is generic in structure and can represent one of six habitat types by assigning
unique parameter settings. Each cell is potentially connected to each adjacent cell by the
exchange of water and materials.

• The original CELLS model took four people about four years (16 person-years) to fully
develop and implement using a supercomputer.

• The model has proved to be very effective at helping us understand complex ecosystem
behavior and at guiding policy and research.
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