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Executive Summary 

The Indiana Dunes National Lakeshore is one of 
the most floristically rich U.S. national parks, 
situated within a narrow band at the southern tip of 
Lake Michigan. Embedded within this unique 
national park is the Indiana Dunes State Park, 
which consists of 2,182 acres of similar primitive 
and exceptional landscape. A wide range of 
habitats and plant species are found in these 
parks, where a dune and swale succession 
progresses from the shore inland and habitats 
include abundant plant species, from boreal and 
prairie to Eastern deciduous forest. These habitats 
are also home to many types of animals and the 
lake provides habitat for numerous aquatic 
species. In addition, both the state and national 
parks provide year-round recreational 
opportunities.  
 
The successional habitats that exist in the parks 
depend on natural disturbance processes (e.g., 
wind, shoreline erosion, fire, etc.) to sustain their 
rich plant communities and the range of animals 
they support. As human development fragmented 
the landscape and suppressed wildfires, oak 
habitats have flourished and invaded other 
habitats, bringing with it a decrease in plant 
species. In some areas, dunes and wetlands have 
been damaged by human traffic or changes in 
hydrology. Restoration and conservation activities 
have reversed some of the harm, but the delicate 
habitats that have endured despite their human 
neighbors for over a century are now being 
stressed by climate change. 
 
Recent studies from the National Park Service 
Climate Response Program found that 
temperature, precipitation, and indications of the 
onset of spring relative to historic values (1901-
2012) are already exposing the Indiana Dunes 
region to climate impacts. One-fifth of the length of 
the parkôs lakeshore is highly vulnerable to lake 
level changes. Rising temperatures are expected 
to make habitats less hospitable to some species, 
especially boreal plants, and forest compositions 
will change as habitats for many tree species are  

driven northward. Like most of the Midwest US, 
precipitation in Indiana Dunes is expected to 
become characterized by fewer but heavier rain 
events, with an overall decrease in precipitation 
during the summer and an increase during the 
winter months. Winter precipitation will shift away 
from snow, falling in the form of rain more and 
more, and Lake Michigan may eventually have 
less ice cover. The number of days within the 
growing season has increased and is expected to 
continue doing so by as much as a monthôs time 
by the middle of the century, with the expectation 
of earlier springs and later autumns. Land 
managers at state and national parks are being 
encouraged to ñmanage for changeò, especially as 
climate forces impose an increasing amount of 
stress on these natural areas. The US National 
Park System (NPS) has developed a Natural 
Resource Adaptation Strategy aimed at making 
the parks more resilient to climate change through 
enhancing specific elements. The elements 
include availability of climate refugia (habitats that 
persist as climate changes), landscape corridors 
that allow plants and animals to move to more 
suitable locations, healthy populations with 
sufficient genetic diversity to adapt, blocks of 
natural landscape large enough to be resilient to 
large-scale disturbances and long-term changes, 
and fewer additional threats and stressors. 
 

Adaptation options assembled in this plan range 
from resisting impacts to embracing an evolution 
in habitats that results in a suite of ecosystem 
functions that are better suited to future 
conditions. Land managers will benefit from 
carefully assessing goals in conjunction with 
environmental monitoring and climate forecasts to 
prioritize actions. Shifts in growing seasons will 
necessitate changing the timing of some activities, 
such as prescribed fire. In addition, managers 
may need to adapt the nature of the burn 
(intensity and duration) to hotter and drier 
conditions, and adjust fire management protocols 
to create refugia, new habitats, and to preserve 
vulnerable species (e.g., boreal, etc.). 
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Coordinating with regional planners will enable 
managers to enhance corridors in the fragmented 
landscape that will allow plants and animals to 
migrate. Infrastructure at the parks will need to be 
improved, and this is an opportunity to re-evaluate 
park structures and roads that are better suited to 
future conditions. The parks will benefit from 
adding to their monitoring activities to create a 
ñwatch listò of southern invasive species that will 
be moving into the area, and connecting with 
other land managers to share information about 
best management practices for controlling their 
current invasive species. Finally, park managers 
may want to consider creating messaging systems 
that advise area residents, staff, and visitors about 
climate related threats such as extreme heat, 
flooding, an increase in the number of ticks, more 
wildlife encounters, etc. 

Building resiliency in natural habitats under a 
rapidly shifting climate requires thoughtful but 
deliberate actions. The depth of commitment, 
knowledge, and cooperation among the many 
experts in the region is an asset that can be 
leveraged through continued communication and 
coordinated planning. To that end, this adaptation 
plan will benefit from regular evaluation and 
updates in order to assess new impacts and 
vulnerabilities and to fine-tune adaptation 
strategies that are specific to the Indiana Dunes 
region. 
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OVERVIEW 

Photo: Katherine Moore Powell 

 

Introduction 
 

combination of an early spring and protracted 

summer drought in 2012 caused the breeding 

cycles to fail (USFWS 2012; Harvey Keagle 

2015). In 2014, a study conducted by the 

National Park Service found that climate 

change has already been affecting the National 

Lakeshore, the park is vulnerable to future 

climate stress, and climate change impacts will 

affect all aspects of park management.  

The ecological and cultural significance of the 

unique array of habitats associated with the 

Indiana Dunes has been understood for well 

over a century. While efforts to protect and 

restore this beautiful and species rich area are 

ongoing, changes in the local climate have 

already left their mark. On the endangered 

species list since 1992, the Karner blue butterfly 

(Lycaeides melissa samuelis) became 

extirpated from the region when a 
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This climate change adaptation plan was 
developed in 2017 with funding from the Indiana 
Department of Natural Resources Lake Michigan 
Coastal Program and National Oceanic and 
Atmospheric Administration. Guidance for the 
development of the plan was provided by The 
Field Museum, Save the Dunes, and from the 
regional advisory committee comprised of 
organizations associated with the Indiana Dunes 
Ecosystem Alliance (IDEA) - the National Park 
Service (NPS), Indiana Department of Natural 
Resources (DNR), U.S. Geological Survey 
(USGS), The Nature Conservancy (TNC), 
Shirley Heinze Land Trust (SHLT), and the 
National Parks Conservation Association 
(NPCA). Climate change vulnerability 
assessments for habitats in the region were 
developed through local workshops, webinars, 
and meetings with a diverse set of regional 
experts and additional information was gathered 
from scientific studies and cutting edge, 
downscaled climate model projections for the 
state of Indiana from the Purdue Climate Change 
Research Center 
(http://www.purdue.edu/discoverypark/climate/). 
 
Recent climate trends show that the Indiana 
Dunes region has already been experiencing 
increasing temperatures and precipitation over 
the past century, and spring is occurring earlier 
in the year. A high level summary of the 
projected Impacts to this region includes 
increasing air, water, and soil temperatures and 
seasonal changes in rainfall patterns that will 
drive a shift away from mesic dominated habitats 
to more xeric ecosystems. The highly 
fragmented landscape presents additional 
challenges to organisms as they attempt to 
adapt to these shifts by seeking refugia or 
migrating to other regions. The location of these 
habitats at the southern end of Lake Michigan 
impedes faunal movement north and the 
migration paths east and west present very 
different climate regimes. To the west, the 
Chicago area is one of the largest urban 
landscapes in the world. As a result, there will be 
transitions in ecological communities with a 
cascading effect on phenological events and 
migrating organisms, especially from the neo-
tropical regions. Finally, extreme weather events, 
such as floods and droughts, are expected to 
increase, and cool and moist microclimates will 
become drier and warmer, stressing vulnerable 

boreal relict species, such as white pine (Pinus 
strobus), likely leading to the loss of some 
species. 
 

The natural and built environments are 

physically close and fragmented within the 

Indiana Dunes region, creating distinct 

challenges to conserving the unique habitats 

that exist there. The changing climate will 

further test the enduring relationship between 

conservation and industrial stress that mark this 

regionôs history. Furthermore, future climate 

projections indicate an increase in both 

variability and extremes with increasing 

uncertainty towards the end of this century. 

Consequently, the adaptation strategies 

presented in this plan are aimed at building 

resiliency specifically for this set of diverse 

ecosystems given an array of new challenges 

that are expected to emerge under a rapidly 

shifting climate system. 

 

http://www.purdue.edu/discoverypark/climate/
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Climate Impacts 

 

Figure 1. From the Third National Climate Assessment - Projected increase in annual average temperatures (left) and 
number of hottest days (right) by mid-century (2041-2070) as compared to the 1971-2000 period (Pryor et al. 2014). 

 

Climate Impacts in the Midwest 

 

Habitats within the Indiana Dunes park 

boundaries are directly and indirectly influenced 

by increasing temperatures (Figure 1) and other 

climate impacts that affect migration patterns 

and ecological range shifts throughout the U.S.  

T
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Midwest. Therefore, climate trends and 

projections are summarized at the regional scale 

before focus narrows to state, county, and park 

boundaries scale.  

National Climate Assessment  

Regional historic trends and climate model 

projections for the Midwest region were 

compiled in the Third National Climate 

Assessment (Pryor et al. 2014). The analysis 

concluded that extremes in temperature and 

precipitation play a crucial role in the threats 

expected to this region.  

 

  

 

Ecosystems in the Indiana Dunes region will be 
most affected by these two key messages from 
the National Climate Assessment: 
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Figure 2. From the Third National Climate Assessment - Projected precipitation changes in total annual average 
precipitation (left) and the number of days with very heavy precipitation (right, the top 2% of all rainfalls each year) for 
mid-century (2041-2070) relative to the end of the last century (1971-2000) under continued emissions (Pryor et al. 
2014). 

Natural forest systems in the Midwest are 

particularly vulnerable to multiple stresses ï 

climate change, land-use change, and 

increasing numbers of invasive species. Native 

tree habitat in the Midwest U.S. is shrinking as 

warming pushes these species northward and 

southern species encroach. The habitat ranges 

of oak trees, and some pine, commonly found 

in the southern Midwest region are projected to 

expand their ranges northward.  

According to the National Climate Assessment, species that are particularly vulnerable to climate 

change were found to possess the following traits or conditions: 

V Found in isolated habitats 

V Occur near their physiological tolerance limits 

V Have specific habitat requirements 

V Have low reproductive rates or limited dispersal capability 

V Are dependent on interactions with specific other species 

V Have low genetic variability 

Extreme precipitation (defined as a daily amount 

that occurs once in 20 years) will impact many 

areas of the Midwest. Analyzing the spatial 

variation in projected precipitation changes in 

the Midwest region (Figure 2), the areas 

surrounding Northwest Indiana will also have 

increasing precipitation, inundating their 

watersheds and compounding runoff and 

infiltration issues in the Indiana Dunes region. 

T
h

re
a

ts
 



Indiana Dunes Climate Change Adaptation Plan 

 

5 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Water level changes over time (1860-2017) for the Lake Michigan-Huron system (source: NOAA GLERL). 

There are also indications of long-term lake-

level changes that mirror past climate events 

suggesting that water changes in Lake 

Michigan is influenced by regional weather 

forces.  

The Lake Michigan-Huron system historical records 
records (1860 to present;  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3) indicate water levels have been 

dropping with respect to the long-term mean 

since the peak in the late 1980ôs. Climate 

change effects on the hydrologic cycle may 

have contributed to recent declines (Angel and 

Kunkel 2010). Precipitation adds to the water 

supply of the basin and can drive lake levels 

higher, but evaporation, which depends on ice 

cover, air and water temperatures, lake heat 

content, cloud cover, and other factors, 

removes water from the basin. If increases in 

precipitation are outpaced by increases in 

evaporation, lake levels will decline (Gronewold 

and Stow 2014).   

Lake Michigan Water Levels and Ice  
Cover  

Although there is much interest in climate 
change research surrounding the U.S. Great 
Lakes region, these lakes are often omitted 
from global climate models due in part to 
dataset discontinuity between federal and state 
agencies, particularly because the USï
Canadian border runs through much of the 
region. Nevertheless, the Indiana Geological 
Survey and Great Lakes Environmental 
Research Laboratory (GLERL) provided 
resources for past trends and model projections 
of the Lake Michigan-Huron system from which 
we drew meaningful information on future water 
levels and ice cover that can impact the coastal 
areas of Northern Indiana. 
 

Lake Michigan has a long geologic time record 

of lake level fluctuations, with two quasi-periodic 

30-year and 160-year fluctuations apparent for 

the last ~4,700 years (Lewis et al. 2010). 
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Figure 4. The maximum annual ice cover on Lake Michigan (as a percent) from 1973 ï 2017 (source: NOAA GLERL). 

Ice cover on the Great Lakes is extremely 

variable from year to year (Figure 4), and long-

term trends are sometimes difficult to discern in 

light of that variability. There is a strong natural 

interannual variability in percent ice cover that 

may be related to large scale climate 

oscillations (Arctic, North American, and El 

Nino). Average ice cover across the Great 

Lakes declined for much of the 1970s, 1980s, 

and 1990s, however the trend was less 

pronounced in the 2000s (Wang et al. 2011). 

High percentage ice cover returned in 2014 and 

2015, demonstrating the long-term variability in 

Great Lakes ice cover ï variability that may 

increase with climate change. 

The relationship between evaporation and lake 

ice is also complex, and also often 

misunderstood ï lake ice does not cap 

evaporation. Once the lake is cool enough to ice 

over, the majority of evaporation has already 

occurred for that season (Clites et al. 2014).  

This relationship has been made more 

complicated by general increases in surface 

water temperature on the lakes. It is expected 

that, towards the end of this century, the warmer 

surface water will lead to a reduction of ice 

cover on the lakes.  

 

The key messages regarding the trends and projections related to Lake Michigan hydrology and 

climate (Burnett et al. 2003; Notaro, Bennington, and Vavrus 2015) are thus summarized: 
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