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Abstract 
 
Protected areas are cornerstones of biodiversity conservation, but protected areas are in danger of 
becoming islands in a sea of human dominated landscapes. It has been hypothesized that 
protected areas may even foster development in their surrounding area by providing specific 
amenities, thus partially causing the isolation that limits their functioning. The objective of our 
study was to assess road development and building growth within and around Indiana Dunes and 
Pictured Rocks National Lakeshores in the U.S. Great Lakes region before and since the 
establishment of these two parks in 1966 and estimate the effects of park creation on changes in 
landscape patterns. Roads and buildings were mapped for 1938, 1966 and 2005 from historic 
aerial photographs and topographical maps for both the park area and a 3.2 km buffer zone 
around each park. U.S. census housing density data from 1940 to 2000 were used as a baseline to 
compare observed changes with those in the broader landscape. Additionally, we applied 
morphological image processing to quantify the effects of building growth and road development 
on landscape fragmentation. Our results show that park establishment was effective in reducing 
and stopping the fragmenting impact of development within park boundaries. However, 
increased amenity levels following park establishment led to enhanced development in the 3.2 
km buffer of both parks. In the extreme case of Indiana Dunes, building density outside the park 
increased from 45 to 200 buildings/km2 and road density almost doubled from 3.6 to 6.6 km/km2 
from 1938 to 2005. The rates of change in this area were found to be much higher than in the 
broader landscape, particularly after park establishment. The potential amenity effect was up to 
26,000 new buildings in the 3.2 km buffer zone around Indiana Dunes between 1966 and 2005. 
For Pictured Rocks the absolute effect was smaller but still half of the observed building growth 
was potentially due to amenity effects. Our findings highlight the need for conservation planning 
at broader scales, incorporating areas beyond the boundaries of protected areas. 
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Introduction 
 
Globally, landscapes and ecosystems are increasingly affected and transformed by human action 
(Birks et al. 1988, Turner 1990, Vitousek et al. 1997, Goudie 2006). In this context, protected 
areas have become cornerstones for biodiversity conservation (Noss 1996, Bruner et al. 2001). 
However, protected areas are in danger of becoming islands in a sea of human dominated 
landscapes as land surrounding protected areas is increasingly being converted to agriculture and 
urban land uses (Hansen et al. 2004). Land use intensification in the surroundings of protected 
areas is of concern because it reduces additional adjacent habitat and may limit management 
options inside protected areas (Hansen and DeFries 2007). For instance, densely built areas 
around protected areas make it more difficult to extend park boundaries. 
 
In this context, the effects of park establishment on rates of landscape change in and around 
protected areas gain specific importance. Limited evidence suggests that protected areas may 
actually foster development in their surrounding areas. For example, population growth on the 
borders of 306 protected areas in Africa and Latin America is nearly double the average rural 
growth rate (Wittemyer et al. 2008). However, there are few long term studies that reconstruct 
land use/land cover change before and after park establishment and systematically assess the 
effects of park establishment on rates of change inside protected areas and in their surroundings 
(Ewers and Rodrigues 2008). Long-term studies are important though to detect leakage effects – 
i.e., if actions that would have taken place inside a protected area (for example logging) are 
displaced to the surrounding area. And similarly, long-term studies are key to detect amenity 
effects – i.e., if the presence of a park creates economic and aesthetic conditions that attract 
additional development in the surroundings of protected areas. 
 
The effects of park establishment on development and landscape change are highly variable. In 
many cases, protected areas are fairly successful in stopping land cover change and habitat loss 
within their boundaries (Bruner et al. 2001, Chape et al. 2005), but they are less successful in 
stopping habitat destruction outside their boundaries (DeFries et al. 2005). In the Peruvian 
Amazon for example, deforestation was effectively reduced within areas with land-use restriction 
but dramatically increased in the surrounding areas (Oliveria et al. 2007). In contrast, in the case 
of the Wolong Nature Reserve for Giant Pandas in China the rate of habitat loss inside the park 
area increased after park establishment, to rates similar or higher than those outside the reserve 
(Liu et al. 2001). 
 
The main task of protected areas is biodiversity conservation and therefore, park effectiveness 
would ideally be assessed by comparing rates of biodiversity loss before and after the creation of 
a park. Direct measurements of biodiversity however are extremely complex if not impossible. 
Therefore researchers use indirect indicators that display potential biodiversity loss in a given 
area. The rate of deforestation is an appropriate proxy for biodiversity loss in tropical regions of 
developing countries, where studies dealing with park effectiveness were predominately 
conducted so far (DeFries et al. 2005, Nagendra 2008). This raises the question of which threats 
protected areas in developed countries face and what the suitable indicators for the assessment of 
park effectiveness in these parts of the world are. 
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For the U.S., effects of increased amenitiy levels due to the establishement of preserved open 
space on surrounding growth have been found both in theory (Wu and Plantinga 2003 and Walsh 
2007), and practice (Bockstael 1996, Irwin and Bockstael 2004). Conservation purchases are 
known to influence land market dynamics and generate feedbacks that can undermine 
conservation goals (Armsworth et al. 2006). Proximity to protected areas has been related to 
higher development rates in general (McDonald et al. 2007) and increased population growth in 
particular (McGranaham 1999). Populations in the counties around Yellowstone National Park, 
for example, are among the fastest growing in the United States (Rasker and Hansen 2000). 
Additionally, recreational and aesthetic amenities have been identified to be important factors for 
explaining changes in residential patterns over larger regions (Hammer et al. 2004). 
 
Roads and buildings have a number of negative ecological impacts and therefore are regarded as 
a major conservation threat. Habitat loss, increased mortality (road killed animals), altered 
hydrology, and landscape fragmentation are the most prominent ecological effects from the 
construction of roads and buildings (Forman and Alexander 1998, Forman et al. 2003). 
Therefore, road and building density and distance to roads and settlements are among the most 
important parameters for modeling and mapping the human footprint in a given area (Sanderson 
et al. 2002). Furthermore, roads and buildings are relatively easy to recognize from different 
sources such as satellite and aerial imagery and topographical maps (Hawbaker and Radeloff 
2004); which facilitates tracking changes in building and road density over time.  
 
The main goal of our study was to assess park effectiveness for limiting road, building 
development, and concomitant landscape fragmentation in and around Indiana Dunes and 
Pictured Rocks National Lakeshores based on aerial imagery and topographical maps. We use 
rates of building growth, road development, and landscape fragmentation before park 
establishment as a temporal benchmark, and data from the broader landscape was used as a 
spatial baseline level. For this purpose, we reconstructed building and road densities for three 
time points (1938, 1966 and 2005) inside the park boundaries and within a 3.2 km buffer zone 
around the parks and calculated rates of change for the period before and after park 
establishment (i.e, before and after 1966). Further, we compared observed rates and magnitudes 
of change with those in a broader landscape, based on U.S. census data. This approach enabled 
us to assess park effectiveness both in time (pre- and post-establishment period) and space (park 
area vs. buffer zones vs. broader landscape), and estimated potential leakage and amenity effects 
due to park establishment. 
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Methods 
 
Study Area: Indiana Dunes and Pictured Rocks National Lakeshores 
The study was conducted in two National Park Service holdings in the U.S. Great Lakes region: 
Indiana Dunes National Lakeshore and Pictured Rocks National Lakeshore (Figure 1). Both 
parks were established in 1966. Our analysis included the park area and a 3.2 km buffer zone 
around the park boundaries. The 8.8 km2 Indiana Dunes State Park adjacent to the National 
Lakeshore was excluded from the analysis. These parks represent two extremes of development 
within protected areas in the U.S. Great Lakes region from a highly urbanized (Indiana Dunes) to 
a sparsely populated region (Pictured Rocks).  
 
 

 
 

Figure 1. Location of Indiana Dunes and Pictured Rocks National 
Lakeshores in the U.S. Great Lakes region. 
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Indiana Dunes National Lakeshore (Indiana Dunes in the following) is a catogory V park 
(protected landscape/seascape) according to the classification system of the World Conservation 
Union (IUCN). The park contains 31 km of Lake Michigan’s shoreline and comprises over 50 
km2 of dunes, oak savannas, swamps, bogs, marshes, prairies, rivers, and forests. Indiana Dunes 
contains important remnants of a once vast and unique dune environment resulting from the 
retreat of the last glaciers about 14,000 years ago. The biological diversity of Indiana Dunes is 
among the highest per unit area of all U.S. national parks (Choi and Pavlovic 1998). The Indiana 
Dunes are also interesting in the context of ecology’s history as Henry Chandler Cowles 
developed his classic succession theory here after recognizing that vegetation on sand dunes of 
different ages represent different stages of a general trend of vegetation development (Cowles 
1899). 
 
There is a long history of human impacts in and around the Indiana Dunes. Native Americans 
traveled the dunes along major routes between the Great Lakes and the Mississippi River. After 
intense logging activities in the 1830s and 1840s (Williams 1989) farmers began moving into the 
region in the late 19th century. Industrial development started just west of the national lakeshore 
around 1900. Sand mining companies hauled huge quantities of sand from the dunes for use in 
Chicago landfills and building industries (Cockrell 1988). Hoosier Slide for example, once the 
largest sand dune on Indiana’s lakeshore was carried away in railroad boxcars by manufacturers 
of glass fruit jars. By the 1930s, residential communities sprang up and the population escalated 
in the 1950s with the post-war economic boom. The late 1950s and early 1960s brought the 
development of a coal fired-power plant and a steel mill in the midst of extensive natural sand 
dunes and wetlands. In the same period, a nationwide campaign of conservationists blocked a 
plan to construct a “Port of Indiana” in the area where the park now exists. Today, Indiana Dunes 
is embedded within an urban matrix in the proximity of Chicago (Cockrell 1988). 

 
Pictured Rocks National Lakeshore (Pictured Rocks in the following) is designated as a category 
III park (natural monument) by the IUCN. Pictured Rocks is located in the north of Michigan’s 
Upper Penisula and contains 67 km of Lake Superior’s shoreline and almost 275 km2 of post-
glacial landscape. The region is sparsely populated and densly wooded within the transition zone 
between boreal and northern hardwood forests. Similar to Indiana Dunes, anthropogenic 
disturbances in the region have a long history. The discovery of iron on Michigan’s Upper 
Peninsula in the mid 19th century led to the construction of a vast mining and manufacturing 
industry (http://www.nps.gov/piro/historyculture). When the American Civil War ended in 1865, 
many of the South’s furnaces had been destroyed, but with the westward expansion, demand for 
iron boomed. During this era many of the Upper Peninsula’s furnaces were constructed, and 
maple, birch, and beech were logged in great quantities for charcoal production. In the last 
decades of the 19th century Michigan’s Upper Peninsula was discovered by the developing 
recreation and logging industries. The seemingly unlimited forests of the region attracted 
lumbermen who had exhausted their timber resources in the East (Williams 1989). Similarly, the 
untouched landscape lured people living in the overcrowded expanding urban centers (Vogel 
2000). Timber industry initially inspired rail construction in northern Michigan but railroad 
companies turned their focus quickly to tourism as timber resources were depleted. The number 
of recreationists also grew as the automobile became increasingly popular after the 1920s. 
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Historic Building and Road Data 
 
Local-scale analysis  
We digitized roads and buildings for three time points (1938, 1966 and 2005) combining aerial 
photographs and topographical maps. Information for the initial (1938) and current (2005) 
condition was derived from aerial photographs. We scanned and orthorectified 1:20,000 black 
and white diapositives (1938) and 1:12,000 natural color orthophotos (2005). For the 1966 time 
point we used scanned and georeferenced 1:24,000 scale U.S. Geological Survey topographical 
maps (published between 1962 and 1968). All visible buildings were digitized as points and 
roads as lines. On the topographical maps, densely built areas are shown as contiguous areas 
without indicating single buildings. We digitized these areas as polygons of urban areas. Cross-
referencing both data types was possible for some parts of the study area where both aerial 
photographs and topographical maps were available for the same time point. No significant bias 
was found between data types (> 95 % consistency for buildings and 98% for roads), consistent 
with similar findings for Northern Wisconsin (Hawbaker and Radeloff 2004). 
 
From the GIS data we calculated road density (km/km2) and building density (buildings/km2) for 
each time step separately for the park areas and the buffer zones. Road development and building 
growth were calculated for the pre- and post-establishment period (before and after 1966). 
Additionally, observed building growth within the park area and the buffer zones was compared 
with regional baseline levels. 

 
Finally, we analyzed the effects of roads and buildings on changes in landscape fragmentation. 
For this purpose, we first applied a 50 m buffer around each building and urban area and a 25 m 
buffer around each road to define a conservative estimate of direct human disturbance 
(Gonzales-Abraham et al. 2007). Disturbed areas derived from roads, buildings, and urban areas 
were then aggregated to a total disturbance matrix and remaining unaffected patches (Figure 2). 
We applied morphological image processing based on this binary land-cover map (Vogt et al. 
2006). Morphological image processing assesses the spatial configuration of a landscape as a 
whole, in contrast to landscape indices which describe the structural elements of a landscape. We 
classified each 50 m resolution pixel as either ‘edge’, ‘core’, or ‘patch’. In morphological image 
processing, ‘edge’ is defined as an undisturbed 50 m pixel adjacent to the disturbed matrix, 
‘core’ indicates undisturbed pixels that are separated by ‘edge’ from the disturbed area, and 
‘patch’ comprises undisturbed regions that are too small to contain ‘core’. Landscape patterns 
were analyzed by calculating landscape indices such as the total area of each land-cover class, 
and mean, median, and maximum size of contiguous core areas both for the park area, the 3.2 km 
buffer, and the total area and for all three time points. 
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Figure 2. Aggregation of areas disturbed by roads, buildings, and urban areas to 
total disturbed area and remaining areas unaffected by roads and buildings. 
Examples from the Pictured Rocks National Lakeshore. The dashed line shows 
the park boundary. 

 
 
Broad-scale analysis 
Historical U.S. census housing density data from 1940 to 2000 at the partial block group level 
(Hammer et al. 2004; Radeloff et al. 2005) were used to compare observed changes in the local 
area with those in the broader landscape (Mas 2005). We defined reference areas (Figure 3) both 
at the county scale (Lake, Porter and La Porte counties for Indiana Dunes; Alger and Schoolcraft 
counties for Pictured Rocks) and at the regional scale (Northern part of Indiana within a 100 km 
buffer around the park for Indiana Dunes; Michigan’s Upper Peninsula for Pictured Rocks). We 
interpolated building densities from the partial block group data for 1938, 1966 and 2005 and 
building growth for the pre- and post-establishment period for all reference areas and compared 
these values with the observed development in the local area. 
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Figure 3. Study design for Indiana Dunes (A) and Pictured Rocks (B). Local-scale analysis 
includes the park areas and the 3.2 km buffer zone with digitized data from aerial photographs 
and topographical maps. The broad-scale analysis (reference areas) was conducted with historic 
U.S. census housing density data. 
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Assessment of leakage and amenity effects 
Based on the results of the local- and broad-scale analysis we developed coarse counterfactual 
scenarios to estimate potential leakage and amenity effects of park establishment on surrounding 
building growth. Both scenarios are based on the assumption that broad-scale building growth 
rates (both at county scale and regional scale) capture the general development pressure in the 
region. We defined  the potential leakage effect (leakpot) as the difference between the estimated 
building growth within the park area (bg_parkexp) - applying absolute post-establishment growth 
rates from the broad-scale reference areas to the park area -  and the observed building growth 
(bg_parkobs). Growth was measured as the absolute increase in the building density over time. 
 
leakpot = bg_parkexp – bg_parkobs        (1) 
 
The potential leakage effect can also be interpreted as the maximum number of buildings 
prevented by park establishment.  
 
The potential amenity effect (amenpot) was defined as the difference between the observed 
absolute post-establishment building growth in the 3.2 km buffer zone (bg_bufferobs) and the 
expected building growth in the same area (bg_buffer exp) again using the building growth values 
from the broad-scale reference areas measured in absolute building density. 
 
amenpot = bg_bufferobs – bg_buffer exp        (2)  
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Results 
 
Building Growth 
In terms of limiting new buildings, both parks were effective. Building density within the 
boundaries of both parks was clearly lower than in the 3.2 km buffer zones around the parks and 
in the reference areas for all time points and building growth within the protected areas remained 
at very low levels for both the pre- and post-establishment period (Figure 4). Inside Pictured 
Rocks National Lakeshore, building density even slightly decreased after park establishment due 
to active removal of a number of vacation homes. 
 

 
Figure 4. Changes in building density between 1938 and 2005 and building growth for 
pre- and post-establishment period within Indiana Dunes and Pictured Rocks National 
Lakeshores, buffer zones around the parks, and at regional reference levels. 

 
 
In the 3.2 km buffer zone around each park, building density was higher than in the broader 
reference areas for all time points. In the buffer zone around Indiana Dunes, building density 
increased at extremely high rates already before park establishment and after 1966, and building 
growth was still clearly above the values of the reference areas. 2005 building density in the 3.2 
km buffer zone around Indiana Dunes was equivalent to 200 buildings/km2 which is almost a 
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350% increase since 1938 (45 buildings/km2). At Pictured Rocks, building growth in the 3.2 km 
buffer zone was very low in the pre-establishment period probably as a consequence of 
agricultural abandonment in this region. Thus, building density increased only by 2.3% between 
1938 and 1966. In contrast, in the same area building density increased by 62% after park 
establishment, a relatively high rate of growth compared to the rates in reference areas (0.07 new 
buildings/km2 per year versus 0.026 at county scale and 0.038 at regional scale). 
 
Road Development 
Road density inside both parks was lower than in the 3.2 km buffer zones around the parks for all 
three time points (Figure 5). However, the differences were much less pronounced for roads than 
for building density. Before 1966 road development within Indiana Dunes was on a similar level 
as within the 3.2 km buffer zone (44 m new roads/km2 per year versus 65 m). After park 
establishment, road development was essentially stopped within the Indiana Dunes park area, 
whereas 32 m of new roads/km2 per year were built in the 3.2 km buffer zone around the park.  
 

 
Figure 5. Changes in road density between 1938 and 2005 and road development 
for pre and post establishment period within Indiana Dunes and Pictured Rocks 
National Lakeshores, buffer zones around the parks, and at regional reference 
levels. 

 
 
At Pictured Rocks, the greatest rates of road development were found within the park in the pre-
establishment period (13.2 m new roads/km2 per year). Here, road density more than doubled 
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from 0.3 km/km2 to 0.67 km/km2. After park establishment, some of this development was 
reversed and a total of 17.4 km of roads were closed. In the 3.2 km buffer zone around the park, 
road density continuously grew from 0.75 km/km2 in 1938 to 0.92 km/km2 in 2005 with rates 
around 3 m new roads per km2 and year. 
 
Changes in Landscape Patterns 
Road development and building growth fragmented landscapes in and around parks by 
significantly changing landscape patterns (Figure 6). Expansion of the disturbed area from 1938 
to 2005 within the Indiana Dunes area was vast. Almost 50% of the total landscape in 2005 was 
affected when assuming 25- and 50 m disturbance zones around roads and building respectively 
(Table 1). The expansion of the disturbed area was largely restricted to the 3.2 km buffer zone 
around the park. Within the park boundary, the increase in the proportion of disturbed area was 
minor until 1966 and was almost completely stopped after park establishment. Inside Indiana 
Dunes, the proportion of core area shrank only slightly from 64.5% in 1938 to 61.3% in 2005 
and almost no loss of core area occurred after park establishment. Proportion of edge and patch 
area remained stable over time. In contrast, in the 3.2 km buffer zone around the park the amount 
of core area decreased dramatically. In 2005, less than 30% of the landscape around the park was 
defined as core. Interestingly, the proportion of edge area decreased much less than the 
proportion of core areas over the whole period, which indicates that the area undisturbed by 
roads and buildings not only shrank but also geometrically became more complex over time. 
 
Inside Indiana Dunes, mean and median size of the core areas increased before and after park 
establishment (Table 2). In the 3.2 km buffer zone the number of cores slightly increased, but 
mean, median, and maximum size of the core areas decreased. However, largest core area of the 
entire landscape became larger after 1966. 
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Figure 6. Landscape fragmentation due to roads and buildings for selected parts of Indiana 
Dunes and Pictured Rocks National Lakeshores for 1938, 1966, and 2005. 
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Table 1. Proportion of area disturbed by roads and buildings and percentage of unaffected 
core, edge, and patch area for Indiana Dunes and Pictured Rocks National Lakeshores 
inside the park area, the 3.2km buffer zone, and the total area between 1938 and 2005. 

 
  Indiana Dunes  Pictured Rocks 

  
Disturbed 

area 
Core 
area 

Edge 
area 

Patch 
area  

Disturbed 
area 

Core 
area 

Edge 
area 

Patch 
area 

1938 14.7 64.5 19.0 1.8  1.7 94.8 3.5 0.1 

1966 16.2 62.2 19.1 2.5  3.6 88.6 7.6 0.2 park area 

2005 17.5 61.3 19.4 1.9  3.2 89.9 6.8 0.1 

1938 23.8 55.7 18.7 1.8  4.3 88.0 7.5 0.2 

1966 38.2 42.0 17.7 2.2  4.8 87.0 8.1 0.2 
3.2 km 
buffer 

2005 52.4 28.6 16.3 2.7  5.8 85.6 8.4 0.2 

1938 22.8 56.3 19.2 1.8  2.9 91.4 5.5 0.1 

1966 35.7 43.8 18.3 2.2  4.2 87.7 8.0 0.2 total area 

2005 48.6 31.7 17.1 2.6  4.5 87.7 7.9 0.2 
 
 
Table 2. Changes in the number of core areas and mean, median size, and maximum size of cores 
for Indiana Dunes and Pictured Rocks National Lakeshores inside the park area, the 3.2km buffer 
zone, and the total area between 1938 and 2005. 
 
  Indiana Dunes  Pictured Rocks 

 

 number 
of core 
areas 

mean 
core size 

(km2) 

median 
core size 

(km2) 

largest 
core 

(km2)  

number 
of core 
areas 

mean 
core size 

(km2) 

median 
core size 

(km2) 

largest 
core 

(km2) 

1938 111 .30 .04 3.38  25 10.11 .03 176.61 

1966 106 .31 .05 3.24  61 3.90 .02 83.08 park area 

2005 100 .32 .06 2.86  46 5.21 .15 143.69 

1938 653 .36 .05 10.30  97 2.26 .06 26.36 

1966 660 .27 .04 6.89  105 2.06 .11 25.97 
3.2 km 
buffer 

2005 671 .18 .02 6.42  103 2.07 .05 30.25 

1938 641 .42 .06 13.98  98 4.81 .02 242.28 

1966 638 .33 .06 6.74  149 3.03 .02 94.43 total area 

2005 675 .22 .03 7.26  118 3.83 .02 186.82 
 
 
In comparison to Indiana Dunes, the proportion of disturbed area was generally much lower in 
Pictured Rocks (Table 1). In 2005, only 3.2 % of the park area and 5.8 % of the 3.2 km buffer 
was affected by roads and buildings. The impact of building growth and road development on 
changes in landscape patterns in Pictured Rocks was mostly restricted to the pre-establishment 
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period. Within the park, the proportion of core area dropped from almost 95% in 1938 to 88.6% 
in 1966 but increased again to almost 90% in 2005. Additionally, mean, median and largest core 
all increased after park establishment inside the park (Table 2). For the entire area the loss of 
core area was stopped after park establishment. The largest core also increased in size even in the 
3.2 km buffer zone and almost doubled in the entire area. The proportion of edge area was 
greater than the amount of disturbed area for all time steps and for both within and outside the 
park. The amount of patch area in Pictured Rocks was negligible for the park and the 3.2 km 
buffer zone and for all time steps. 
 
Leakage and Amenity Effects 
Our estimation of leakage effects suggests that the creation of Indiana Dunes National Lakeshore 
potentially prevented 510 to1150 new buildings or 10 to 22 new buildings/km2 within the park 
area in the period between 1966 and 2005 (Table 3). However, during this time more than 31,000 
new buildings were constructed in the 3.2 km buffer zone, and this represented 21,000 to 26,000 
buildings (51 to 63 buildings/km2) more than would be expected based on building growth rates 
in the broader landscape. In other words, our results show that there may have been a leakage 
effect, and that there was almost certainly a strong amenity effect due to park establishment 
For Pictured Rocks the potential leakage effect of 320 to 440 buildings (1.2 to 1.6 new 
buildings/km2) almost exactly corresponded to the potential amenity effect (Table 3). Because 
the two effects are similar, we were not able to ascertain which effect dominated. However, 
about half of the observed building growth potentially derived from either leakage or amenity 
effects. 
 
 

Table 3. Potential leakage and amenity effects after park establishment (1966-2005) 
for Indiana Dunes and Pictured Rocks. The potential leakage effect is calculated by 
the expected (using county and regional scale growth rates) building growth minus 
the observed building growth within the park area. The potential amenity effect is 
defined as the observed minus the expected building growth in the 3.2 km buffer 
zone around the park. 

 
 Indiana Dunes Pictured Rocks 

 
potential 

leakage effect 
potential 

amenity effect 
potential 

leakage effect 
potential 

amenity effect 
number of buildings 510-1150 21,300-26,400 320-440 320-430 

number of buildings per km2 9.8-21.9 50.8-62.9 1.2-1.6 1.3-1.7 
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Discussion 
 
Both Indiana Dunes and Pictured Rocks National Lakeshores were successful in reducing and 
stopping fragmenting impacts of road development and building growth after park establishment 
within their boundaries. In some cases, active management efforts, such as road closure, removal 
of buildings and connectivity projects could even reverse effects on landscape patterns of past 
development inside park areas. This was particularly true for Pictured Rocks, where near the 
shoreline a number of vacation homes were removed and their access roads were closed soon 
after creation of the park (pers. communication, NPS staff). 
 
In contrast to the conservation success story inside the parks though, areas surrounding both 
parks exhibited enhanced development and landscape fragmentation following park 
establishment. Building growth in the 3.2 km buffer zone of both parks was more pronounced 
than we would expect from the trends calculated for the broader landscape. This can – especially 
for Indiana Dunes – only partially be explained by potential leakage effects. Increased 
surrounding development is potentially a result of recreational and aesthetic amenities which 
made the immediate surroundings of the protected areas particularly attractive for housing 
(McGranahan 1999, Hammer et al. 2004). Additionally, economic amenities such as job 
opportunities directly or indirectly related to the park may play a role particularly for Pictured 
Rocks because Michigan’s Upper Peninsula is an economically underdeveloped region. 
However, we found amenity effects for both study areas although general development pressure 
was much higher in northern Indiana than in Michigan’s Upper Peninsula.  
 
The results of past development are quite different between parks, although the general trends 
were the same. In the extreme case of Indiana Dunes, the park has become an island within a sea 
of development, and there is even a “moat” of high building density in the immediate 
surroundings of Indiana Dunes. However, lower absolute and relative rates of road development 
and housing growth after 1966 compared to pre-establishment values suggest that development 
may have reached its maximum in the buffer around Indiana Dunes. In comparison, Pictured 
Rocks is in a relatively undeveloped region. However, regions with initially low building and 
road densities may be even more susceptible to additional development (Hansen et al. 2005). 
Relative building growth after park establishment in the buffer around the park was found to be 
high which is typical for rural residential development (Hansen et al. 2005) and population 
trends (Brown et al. 2005) during recent decades. 
 
Our results strongly suggest that the protected areas fostered development in their surrounding 
areas. However, we urge readers to interpret our results with caution because of potential 
endogeneity problems. Endogeneity problems occur because protected areas are not simply 
randomly distributed over the landscape. For example, protected areas are disproportionately 
located on less productive landscapes (Hansen and Rotella 2001). In fact, the creation of a 
protected area at a specific location at a specific point in time is a result of the interaction 
between biophysical factors, landownership, land use history, socioeconomic circumstances, and 
last but not least, political considerations. The park establishment of Indiana Dunes, for example, 
was a last minute action after a nationwide campaign of conservationists to preserve the last 
remnants of a once vast dune landscape along Lake Michigan’s southern shoreline (Cockrell 
1988). In other words, high development rates were partly the reason for the establishment of the 
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park. Endogeneity can confound attempts to quantify effects of park establishment when simply 
comparing changes inside protected areas with those in their surroundings. In addition to this 
inside/outside comparison we included a temporal dimension in the data by comparing rates of 
change before and after park establishment in our study. This enables a more pure measure of the 
park effect. In the pre establishment period, road development and building growth were on a 
similar level in the park area and the 3.2 km buffer zone with the exception of building growth 
inside Indiana Dunes National Lakeshore which was essentially lower than in the buffer zone. 
We can assume to a certain degree that after 1966, development inside park boundaries would 
have reached similar rates as in the 3.2 km buffer without park establishment. 
 
In our two case studies building growth and road development were useful for measuring park 
effectiveness and detecting effects of park establishment on surrounding areas, and they may 
provide better indicators for park effectiveness than forest cover change in developed countries 
where large scale deforestation is highly unlikely. Housing and road data can be collected with 
relative ease for other protected areas since the necessary information (aerial photos and/or 
topographical maps) are commonly available. Therefore, we propose road development and 
building growth in and around protected areas as a meaningful tool for studying past human 
impact and monitoring current and future development in and around protected areas for 
developed countries. 
 
The two case studies from Indiana Dunes and Pictured Rocks National Lakeshores empirically 
documented accelerated growth rates in surrounding areas after park establishment. Such effects 
have to be taken into account in the context of decisions concerning the establishment of new 
protected areas, park extensions, and changes of the park status (e.g. implementation of 
wilderness areas). Our findings highlight the need for conservation planning looking at the 
broader landscape beyond the boundaries of protected areas (DeFries et al. 2007). The results 
also raise questions concerning the ecological functioning of the landscape as a whole, and 
challenges park managers to include considerations about landscape connectivity and corridors 
between habitats inside and outside the parks. Park management in this context requires further 
efforts to limit fragmentation within park landscapes and proactive management strategies to 
address the problem of growing development adjacent to protected areas. 
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