
Tel/us (1991 ), 43AB, 188-203 

Terrestrial biogeochemical cycles: global interactions with 
the atmosphere and hydrology 

By DAVIDS. SCHIMEL1· 2
, TIMOTHY G. F. KITTEL 1

•
3 and WILLIAM J. PARTON 1

•
4

, 
1Natural 

Resource Ecology Laboratory; 2Department of Forest and Wood Sciences; 3Cooperative Institute for 
Research in the Atmosphere; 4Department of Range Science, Colorado State University, Fort Collins, 

CO 80523, USA 

(Manuscript received 4 July 1990; in final form 3 December 1990) 

ABSTRACT 

Ecosystem scientists have developed a body of theory to predict the behavior of biogeochemical 
cycles when exchanges with other ecosystems are small or prescribed. Recent environmental 
changes make it clear that linkages between ecosystems via atmospheric and hydrological trans­
port have large effects on ecosystem dynamics when considered over time periods of a decade to 
a century, time scales relevant to contemporary humankind. Our ability to predict behavior of 
ecosystems coupled by transport is limited by our ability (1) to extrapolate biotic function to 
large spatial scales and (2) to measure and model transport. We review developments in 
ecosystem theory, remote sensing, and geographic information systems (GIS) that support new 
efforts in spatial modeling. A paradigm has emerged to predict behavior of ecosystems based on 
understanding responses to multiple resources (e.g., water, nutrients, light). Several ecosystem 
models couple primary production to decomposition and nutrient availability using the 
above paradigm. These models require a fairly small set of environmental variables to simulate 
spatial and temporal variation in rates of biogeochemical cycling. Simultaneously, techniques 
for inferring ecosystem behavior from remotely measured canopy light interception are 
improving our ability to infer plant activity from satellite observations. Efforts have begun to 
couple models of transport in air and water to models of ecosystem function. Preliminary 
work indicates that coupling of transport and ecosystem processes alters the behavior of earth 
system components (hydrology, terrestrial ecosystems, and the atmosphere) from that of an 
uncoupled mode. 

1. Introduction 

Conventional use of the term "ecosystem" 
implies systems where internal interactions are 
more important than external forcing as controls 
over system dynamics. Recently, it has become 
apparent that connections between spatially 
separate ecosystems are pervasive and important. 
Ecosystems are connected by hydrology (Peter­
john and Correll, 1984; Costanza et al., 1990; 
Richey et al., 1990; Vorosmarty et al., 1990), 
aeolian transport (Gosz and Moore, 1989), and 
transport by grazers and other organisms (Schimel 
et al., 1986; Roughgarden et al., 1989). Changes in 
atmospheric chemistry have made the large-scale 
linkage of ecosystems dramatically apparent. 
Changes in atmospheric C02 and other green-

house gases are derived from anthropogenic 
emissions and altered carbon budgets of eco­
systems worldwide (Houghton et al., 1983) and 
have the potential to impact ecosystems remote 
from the emission source. Ozone derived from 
biomass burning in the tropics achieves levels high 
enough to cause damage to plants over large areas; 
i.e., areas of burning are "linked" to the unburned 
areas (Crutzen et al., 1985). 

Linkages via the atmosphere often result in 
rather slow changes, requiring decades to a cen­
tury or so. For example, the effects of C02 either 
via fertilization or climate change on ecosystems 
result in slow changes in production and nutrient 
cycling, compared to localized perturbations such 
as hurricanes or drought. Similarly, elevated ozone 
or increased deposition of N have chronic rather 
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