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Climate change in conjunction with other stressors is altering ecosystems and biota within National Parks and im-
pacting park management and operations. The National Park Service (NPS) is actively developing climate change ad-
aptation tools to support management options for a future characterized by both rapid directional change and great 
uncertainty. One tool to achieve this goal is participatory scenario planning, a technique that enables stakeholders to 
examine a range of plausible future conditions, identify key climate and ecosystem drivers, and explore management 
options that will be appropriate and effective across a range of potential futures. This report summarizes the Isle 
Royale climate change scenario planning workshop, convened in January 2013 to examine how climate change may 
affect the park’s resources, with an emphasis on the island’s forests and wolf and moose populations. 

Workshop participants developed four divergent scenarios for the period 2013-2050, based on the range of projected 
climate change. The ‘Least Change’ scenario was the minimum level of expected change, while the other three sce-
narios incorporated greater climate change and additional associated disturbance events. The ‘Summer Drought, 
Wind, and Fire’ scenario included punctuated dry summer periods and an increased probability of wind storms. The 
‘Warmer than Duluth’ scenario had temperature increases from the high end of projections (+6.5 °F) while the ‘Isle 
Savanna’ scenario included warm temperatures (+5 °F) and increasingly frequent drought events (i.e., strong precipi-
tation variability). These descriptive narratives present potential futures based on the range of climate projections 
and scientific understanding of species interactions and ecosystem responses to climate change. Participants then 
explored several options for resource management within each of the scenarios. 

The Isle Royale workshop identified outcomes common to all four scenarios, issues that remain uncertain, and areas 
for future research. All scenarios projected a loss of ecosystem resiliency and an inevitable shift in vegetation from 
cool-adapted boreal to warm-adapted temperate species. The rate of vegetation change depends on the magnitude of 
climate warming and on the occurrence of disturbance events, such as windstorms, wildland fire, and forest patho-
gens. Workshop participants noted that extreme events, including climatic (drought) and associated disturbances 
(wind and fire) would likely constitute trigger points, causing thresholds to be surpassed and an accelerated transi-
tion of ecosystem composition and structure. The rate of ecosystem change and formation of novel communities will 
challenge management decisions that focus on preserving natural processes and native species.

The response of Isle Royale’s wolf and moose populations to these vegetation shifts is difficult to predict because 
although the system is a relatively simple food chain, trophic interactions are dynamic. Past trends may not ad-
equately inform models of likely future change, especially given the rate and magnitude of climate change in this 
region. Moose are likely to both benefit and suffer from initial warming trends; increased warming will stress animals 
while less snow in the winter will reduce the likelihood of wolf predation. For wolves, the small population size and 
limited gene pool were seen as greater immediate threats to population persistence than direct impacts from climate 
change. Additionally, the island’s geographic isolation, along with the inherent dynamics of island ecosystems, may 
reduce the resiliency of current populations to change and contribute to more rapid population swings. 
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Climate History and Projected Trends

Isle Royale’s climate is influenced by both its 
regional location in the center of the conti-
nent as well as its local position in Lake Su-
perior. The upper Midwest experiences wide 
extremes of temperature and precipitation 
due to influences of warm and humid air 
masses from the Gulf of Mexico and by cold 
and dry Arctic air masses from the north 
(Kunkel et al. 2013). Mean annual tempera-
ture on Isle Royale is 39.0 °F (3.9 °C) and 
annual precipitation, relatively well distrib-
uted across the four seasons, averages 28.9 
inches (734 mm) (1971-2000 average, Daly et 
al. 2008). Lake Superior has many effects on 
the local climate of the island. The waters of 
the lake modify the air temperature, result-
ing in cooler summers and warmer winters 
than on nearby inland areas. The cool lake 
waters also suppress summer convective 
weather systems and thus limit the amount 
of summer precipitation on the island. Win-
ter conditions on the island are influenced 
by regional and northern hemisphere cli-
mate variability, in particular the phase and 
strength of the Arctic Oscillation (AO) and 
its regional manifestation, the North Atlantic 
Oscillation (NAO) (Hurrell 1995, www.cpc.
ncep.noaa.gov). On Isle Royale, cold winters 
and heavy snowfall characterize the NAO’s 
negative phase, while the positive phase 
brings extended warm and dry periods dur-
ing winter (Post and Stenseth 1998).

The climate of the Great Lakes region and 
Isle Royale exhibited detectable changes over 
the past century and particularly over recent 
decades (Gonzalez 2012). The upper Mid-
west region showed some of the most rapid 
warming trends within the coterminous 
U.S. in recent years, +0.5 °F (+0.26 °C) per 
decade between 1979 and 2010 (Pryor and 
Barthelmie 2012). Warming trends have been 
strongest in winter and for overnight low 

temperatures (Kunkel et al. 2013). Annual 
precipitation across the region also increased 
over the past century, though this trend was 
weaker near Lake Superior (NCADAC 2013). 
Since 1980, the predominantly positive phase 
of the NAO has contributed to mild winter 
conditions on the island (Hurrell and Deser 
2009). 

Changes in Lake Superior water tempera-
ture and lake ice are also evident over the 
past several decades. Lake Superior summer 
water temperatures increased 4.5 °F (2.5 °C) 
from 1979 - 2006, faster than the rate of air 
temperature warming (Austin and Cole-
man 2007). Ice cover on the Great Lakes 
decreased 71% between 1973 and 2010 due 
to warmer winters and windier conditions 
(NCADAC 2013). The frequency of an ice 
bridge forming between the mainland and 
Isle Royale declined over the past 50 years, 
from occurring two out of every three years 
in the 1960s to only once during the first 
decade of the 21st century (Vucetich and Pe-
terson 2012).

Climate projections for the 21st century indi-
cate a continuation of recent trends, includ-
ing projected temperature increases of 5.0 - 
8.8 °F (2.8 - 4.9 °C) by the end of the century, 
depending on the CO2 emissions scenario 
(Gonzalez et al. 2010, Kunkel et al. 2013). The 
rate of warming will likely be 4-7 times faster 
than that of the previous century (Gonzalez 
2012). Warming is likely in all seasons, with 
the strongest trend in winter (Kunkel et al. 
2013). Projections include a decrease of ap-
proximately 3 weeks in the number of days 
below 32 °F (0 °C) and a 3 week lengthen-
ing of the frost free-season by mid-century 
(2041-2070) (Kunkel et al. 2013). Concomi-
tant with winter warming is a decrease of up 
to 50% in the number of snow days (Hayhoe 
et al. 2010). Lake Superior summer water 




