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Evidence of climatic change
and projected future change
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Abstract
Ice breakup dates from 1968 to 1988 were examined for 20 Wisconsin lakes to determine whether consistent
interannual and long-term changes exist. Each ice record had a trend toward earlier breakup dates, as
demonstrated by a negative slope with time, indicating a recent warming trend. The average change in
breakup dates was 0.82 d earlier per year for the lakes in southern Wisconsin, which was more extreme than
that for the northern Wisconsin lakes (0.45 d yr- 1). Interannual variation in breakup dates was related to
the warm phase ofEl Nino/Southern Oscillation (ENSO) episodes. El Nino events occurred five times during
this period (1965, 1972, 1976, 1982, and 1986). Average breakup dates were significantly earlier than average
(5-14 d) during the mature phase of El Nino. This variability was affected by the location of the lake: El
Nino-related variation was more evident for the southern lakes than the northern lakes. This difference was
caused by the average date of breakup for the southern lakes being in late March directly following the period
when air temperatures were strongly related to El Nino events, whereas the average dates of breakup of the
northern lakes was in mid- to late April following a period when air temperatures were not significantly
related to El Nino events. Overall, the interannual and long-term patterns across Wisconsin were relatively
consistent, indicating that recent warming and El Nino-related variation are regional climatic responses.

ases incorporated into them. However, observer biases
are lessened in lakes that exhibit a rapid freeze and breakup (Robertson et al. 1992).
In this paper, we limit our discussion to breakup dates.
Air temperatures have been shown to be the primary
factor in determining the breakup dates of smaller lakes
(McFadden 1965; Robertson 1989). Other influencing
factors include morphological features of the lake, snow
cover, wind speed, and cloud cover (Palecki and Barry
1986; Robertson 1989; Reycraft and Skinner 1993). Nonclimatic effects also can influence these records (e.g. warm
discharges from power plants).
Previous studies examining long-term ice records have
suggested a recent warming trend. Schindler et al. (1990)
examined the ice duration on Lake 239 in northwestern
Ontario and found a decrease in ice duration of 20 days
between 1969 and 1988. This trend resulted mostly from
earlier breakup dates. Robertson et al. (1992) examined

Historical records of phenological events such as freeze
and breakup dates for lakes have climatic information
incorporated into them. Each event represents an integration of local weather conditions, especially air temperature, leading up to the specified events (Palecki and
Barry 1986; Robertson et al. 1992; Reycraft and Skinner
1993). Changes in the general timing offreeze and breakup have been used as indicators of climate change and as
possible evidence for greenhouse warming (Palecki and
Barry 1986; Schindler et al. 1990; Gilbert 1991; Robertson et al. 1992; Reycraft and Skinner 199 3).
The general timing of freeze and breakup dates may
change through time owing to climate changes, urban
warming, physical disturbances, and observer biases. In
general, freeze dates are not as variable as breakup or iceout dates (Schindler et al. 1990). The definition of these
events often varies from lake to lake and from observer
to observer; thus, recorded dates may have observer bi815

