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ABSTRACT 

Our overall research objective is continued exploration of the use of lake ice breakup 
pattcms in late wmtcr/early spring as spatially explicit climate indicator in the mid- to high 
latitudes. This combination of time and space corresponds with the spatiotemporal domain in 
which the magnitude of temperature increases due to enhanced greenhouse warming is generally 
predicted to be greatest. Realization of this objective is being accomplished via satellite image 
analysis of more than 2,000 GOES and A VHRR scenes acquired from 1979-1994 to determ inc 
ice breakup patterns for a subset of the large(> 1000 hectares) inland lakes and reservoirs of 
Wisconsin, Northern Michigan, North and South Dakota, as well as the portions of Manitoba 
and Ontario, Canada south of Hudson Bay. To date, we have completed the analysis of 621akes 
over the period 1987-1993. Our preliminary results indicate that 1) lake morphometry has a 
generally insignificant effect on the date of ice breakup; 2) lakes in close juxtaposition have 
temporally coherent ice breakup dates; and 3) the date of lake ice breakup as determined from 
metsat data is a robust climate change indicator inherently amenable to operational monitoring. 

INTRODUCTION 

Lake Icc as a Climate Change Indicntor 

The rapid increase in atmospheric concentrations of greenhouse gases since the 
industrial revolution has been well documented. Most general circulation models (GCMs) 
predict that global average equilibrium temperatures will increase by 1.9 to 5.2°C from the 
preindustrial equilibrium average, given a concomitant doubling of atmospheric carl:i.on dioxide 
from preindustrial levels (National Academy of Sciences 199l ). But ferreting out the presence 
of the actual greenhouse warming signal has been problematic. Researchers have attempted to 
detect this signal using two different approaches: 1) analysis of surface and satellite based 
temperature measurements, <tnd 2) assessment of various climate indicators. This research 
focuses on a climate indicator that is particularly germane to documenting and monitoring 
climate change in mid- to high latitude regions such as the Great Lakes and northern Great 
Plains. namely. remotely-sensed variation in the spatial and temporal dynamics of lake ice. 
GCMs predict (Man abe and Wetherald 1986, Intergovernmental Panel on Climate Change 1990) 
and observations to date indicate (Groisman er a/. 1994) that not only will the magnitude of 
temperature Increases due to enhanced greenhouse warming be greatest in high latitudes. but 
also that winter and early spring temperatures will manifest a relatively greater increase than 
summer temperatures in those latitudes. Lake ice cover is unique in this context due to its: 

I) Intrinsic link with winter and higher latitudes. 

2) Proven use as a climate proxy (e.g., Palecki and Barry 1986. Robertson era/. 
1992, Schindler er a/. 1990, Wynne and Lillesand 1993), 

3) Suggestion of a trend toward decreased ice duration (primarily due to earlier 
breakup dates) on several inland lakes and Great Lakes bays (Comb 1990, 
Schindler er a/. 1990, Etkin 1991. Hanson er al. 1992, Robertson er a/. 1992), 
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