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Ecological processes occur at all temporal and spatial scales. The Long-Term Ecological 
Research (LTER) Program, funded by the National Science Foundation, was established 
to allow ecologists to deal with longer and larger scales than is routinely possible using 
conventional, short-term funding mechanisms. The LTER program currently includes 
a network of 17 ecologically diverse sites located throughout the U.S. Each of these 
sites is developing a resident GIS capacity. This paper describes this process for one 
LTER site, the North Temperate Lakes (NTL) site, which is administered by the 
University of Wisconsin-Madison's Center for Limnology. Located in northeastern 
Wisconsin, the field site resides in one of the largest concentrations of lakes in the 
world. Research at the site is aimed at improving the understanding of the long-term 
trends and patterns in the physical, chemical, and biological properties of lake 
ecosystems. 

The NTL GIS has been developed not only to facilitate long-term information 
management in an interdisciplinary ecological research environment, but also to increase 
spatial analytical analysis and modeling capabilities. Among these capabilities is the 
combined use of remote sensing and GIS to interpret, interrelate, and "scale-up" 
detailed ecological measurements and observations which have been made over limited 
geographical areas. 

Specific demonstrations projects accomplished during the first year of the system's 
existence range from documenting the nature of land cover changes from the pre
settlement period of the 1830s, to investigating soil/pre-settlement vegetation 
associations, to developing lake level change scenarios in response to global climate 
variations, to modeling the spatial distribution of groundwater parameters, to evaluating 
the geometric error inherent in map digitizing, to assessing intra-and inter-lake water 
quality variability on a regional basis using Landsat Thematic Mapper data. Each of 
these preliminary demonstration projects is described briefly herein. However, the main 
objectives of this paper are to highlight the utility of combining remote sensing and GIS 
technologies in the L TER context, and to summarize the general lessons learned in the 
process of establishing the NTL GIS. 

'Presented at GIS/LIS '89; Orlando, Florida; November 26-30, 1989. 

2Affiliated with the University of Wisconsin-Madison Center for Limnology. 
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INTRODUCTION 

Specialists in remote sensing and GIS are often unaware of the potential utility of these 
information technologies in advancing the frontiers of long-term and large-scale 
ecological research. Both the scientific literature and the popular press are replete with 
expressions of the need to better understand earth system processes across the entire 
local to global continuum. In general, however, the historical emphasis of ecosystem 
science has been focused on short time frames and small areal analyses. This fact was 
recently underscored during a workshop held in Sante Fe, New Mexico dealing with the 
identification of ecological research initiatives needed to understand and predict how 
to cope with global change. This workshop was co-sponsored by the National Science 
Foundation (NSF) and the Department of Energy and involved 23 prominent ecosystem 
scientists from across the U.S. and 12 observers from government agencies. Among the 
numerous issues raised in the report of the workshop (Brown and Roughgarden, 1989) 
are three major inadequacies in current ecological expertise: 1) the failure to consider 
humans as integral components of ecological systems; 2) insufficient understanding of 
how processes that operate at vastly different spatial and temporal scales combine with 
one another; and 3) lack of nationwide coordination in obtaining, analyzing, and 
disseminating basic data on organisms and the environment. 

Concerning the issue of scale, the above report highlights the fact that a review of the 
ecological experiments published from January 1980 to January 1987 (Kariena and 
Anderson, 1988) found that 50% of all studies were done on plots less than 1 m in 
diameter, and 25% used plots less than 25 em in diameter! Furthermore, most 
experiments were deliberately designed with homogeneous study sites to minimize spatial 
variation between experimental replicates, and were conducted over short periods to 
reduce the possibly confusing effects of seasonal or year-to-year variation. 

The Long-Term Ecological Research (LTER) Program was established, in part, to 
address the issue of extending the temporal and spatial scales of traditional ecological 
research. Currently, there are 17 research sites and over 300 researchers included in 
the national LTER network (Figure 1). The sites are ecologically diverse and range 
from lakes, to forest, prairie, desert, tundra, and saltmarsh (Brenneman, 1989). 
Together, the sites, personnel, and research programs in the LTER network provide a 
unique scientific infrastructure for performing long-term and large scale ecological 
research on a coordinated basis. 

During January, 1988 an NSF Advisory Committee on Scientific and Technological 
Planning for LTER Projects (Shugart et al., 1988) held two fact-finding meetings " ... to 
identify scientific issues of both local and network-wide dimensions with potentials to 
be addressed through the utilization of newly available technologies." These issues were 
categorized as: 

1. Research topics in spatial variability including a variety of studies related to 
ecosystem ecology, landscape ecology, and the scaling up of local studies to 
more regional or global implications. 

2. Documenting and interpreting both short-term and long-term temporal 
variability in ecosystems. 

3. 

4. 

Developing interbiome comparisons through cross-site comparisons. 

Developing and validating simulation models, including new classes of spatial 
simulators. 
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