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Abstract:
Land-covers composed of natural features provide a variety of ecosystem
services. Globally, alterations to the composition and configuration of contemporary
land-covers, and the services they provide, are principally human-induced. Since human
land-use practices are typically guided by policy, landscape changes can be directly
influenced by the establishment of land-use policies. This study examines the local-scale
link between land-use policy and land-cover change at the urban-rural fringe. The local
scale was selected because local policies more directly affect the characteristics of the
landscape.
To study local policy influences, 20 local-scale landscapes resulting from a policy
shift in Fenton Township, Michigan were examined. Land-cover data sets were created
or predicted for two temporal variations (pre and post-development) for each study site.
A core set of class and landscape-level metrics, previously proposed for the planning
community, were applied to all 40 data sets. For each metric, class-level means for each
development stage were compared for similarity using a T-test at a significance level of
0.05. Three of 67 metric and land-cover class T-test results established that there was no
change from the pre- to post-development stage. All others experienced some level of
change, although, 60 of 67 (89.6%) were not statistically significant.
Under the proposed assumptions, successful fulfillment of the policy’s objectives
of preserving natural features and rural character are not generally supported by the data.
The significant results paralleled the only clearly defined function of the 1999 open space
policy – to increase open or non-developed space. The data suggest that the policy
failing to achieve its objective may be explained by its ambiguity on several key points:
detailing what natural features are; explicitly stating that they shall be preserved; and
providing a spatial context for design decisions. To achieve the original objectives of the
policy, the incorporation of a simple spatial planning method is suggested.
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Introduction
Land-covers composed of natural features provide a variety of ecosystem
services. For example, forests provide carbon fixation, oxygen production, hydrological
flow regulation, prevention of soil erosion, timber harvesting, and recreation (Guo et al.
2001). Wetlands provide carbon and nitrogen cycling, climate stabilization, habitat for a
large majority of the species considered endangered or threatened, nutrient and toxic
filtering while recharging aquifers, flood mitigation, and aesthetic values (Mitsch and
Gosselink 1993). Open fields or grasslands provide erosion control, waste treatment,
pollination, biological controls, and food production (Costanza et al. 1997). Increasingly,
these ecologically and socially important land-covers are replaced by elements of the
developed world. Shopping malls, parking lots, roads, residential developments, and
recreation facilities are by-products of the ‘natural’ to ‘human’ transition of a landscape.
These alterations are having a profound effect on the environment. Collinge (1996) states
that in relation to habitat, the ecological consequences of fragmentation include loss of
native biodiversity, introduction of exotic species, elevated soil erosion, and degraded
water quality. Additionally, the magnitude of these changes is influenced by the size,
connectivity, shape, context, and heterogeneity of the landscape fragments.
Globally, alterations to the composition and configuration (structure) of
contemporary landscapes are principally human-induced (Turner et al. 2001). As human
land-use practices are typically guided by policy, landscape changes can be directly
influenced by the establishment of land-use policies. In the United States, land-use
policy and planning is controlled by local and regional authorities. Many municipalities
interested in constraining uncontrolled growth (i.e., urban sprawl) at the urban-rural
fringe have adopted the philosophy of open space land-use planning (Dwyer and Childs
in press). Open space planning has additionally been established to achieve a number of
human-perceived values including the maintenance of local character and the
preservation of natural features. For example, the Planning Department at the Charter
Township of Fenton, Genesee County, Michigan, U.S.A. (Figure 1) established a ‘sliding
scale’ open space policy for all new developments in 1999. Article 3.i of the Township
Zoning Ordinance (TZO) states they intend “to encourage the preservation of unique
natural features and the township’s rural character” by influencing developers within
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several zoning classifications to use a clustering
option in exchange for a density bonus. The
two zoning classes that are eligible for the
clustering bonus include medium density single
family residential (R-3) and single family
residential (R-4). The clustering and density
bonus work in tandem by increasing the bonus
in equal percentage to that of undeveloped
land. This translates to allowing 1.00 units

Figure 1: The Charter Township of Fenton,
Genesee County, Michigan, U.S.A.

(i.e., single family dwellings) per acre for less than 20% open space to 1.50 units per acre
for 50% open space for R-3. The scale for R-4 dictates 1.25 units per acre for less than
20% open space to 1.88 units per acre for 50% open space. These calculations consider
‘protected’ landscape features or bodies of water as separate entities; the ordinance states
that “…only useable land shall be considered. Wetlands, floodplains, or submerged land
such as a lake, pond or stream shall be excluded from the land area calculation” (TZO,
Article 3.h). While a primary intent of the policy is to preserve natural landscape
features, it is vague on several key points. It fails to detail what natural features are,
explicitly state that they shall be preserved, or provide any spatial context for
configuration or design. In the absence of such details, several primary questions
emerge: Does this policy actually have an effect on the landscape? Does the policy
achieve its objective of preserving natural features? And principally, what effect does the
land-use policy change have on land-cover within the local landscape?
To quantify and understand how the policy alteration affects the composition and
configuration of the various land-covers, it is beneficial to engage theories and tools from
landscape ecology. Landscape ecology draws on a variety of disciplines including
geography, ecology, landscape architecture and planning, and economics to explore the
interactions between landscape spatial pattern and ecological processes (Turner et al.
2001). To quantify landscape composition and configuration, landscape ecologists
typically use metrics available within spatial pattern analysis programs such as
FRAGSTATS by McGarigal et al. (2002). The challenge is that the many varieties of
metrics available are at least partially redundant and tend to quantify a similar aspect of
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landscape pattern (McGarigal et al. 2002). To determine the number of independent axes
that are actually measured by the variety of available landscape metrics, Riitters et al.
(1995) examined and reduced, by factor analysis, 55 landscape metrics to 5 unique
factors. They concluded that while the factor analysis is an effective method for
identifying univariate metrics, it lacks the ability to assign relevance to any particular
metric for any particular land-use analysis. Using the research of Riitters et al. (1995)
and others, Leitao and Ahern (2002) propose a core set of metrics to “address the
principle needs of applied landscape planning by describing landscape structure and its
key associated spatial processes.” Their objective was two-fold, to provide a set of
metrics related to fundamental ecological processes, and to propose a set of metrics to
serve as a standard for the planning community. For these reasons, their core set of
metrics was employed in this study. The class and landscape-level metrics included
aspects of composition (patch richness, class area proportion, patch number, and mean
patch size) and configuration (shape index, total edge contrast index, patch compaction,
Euclidean nearest neighbor, mean proximity index, and contagion).
This study attempts to understand a local-scale link between land-use policy and
land-cover change at the urban-rural fringe by applying landscape metrics to categorical
land-covers. Twenty local landscapes in Fenton Township were mapped and analyzed to
quantify the spatial configuration and compositional changes resulting from a shift in the
land-use policy.
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Methods
Site Selection
In conjunction with Township planning officials, a review was conducted to select
an equal number of residential development sites occurring before and after the 1999
policy implementation. The 10 sites selected as the after policy group included the total
number of sites approved since the 1999 policy. To maintain equal site numbers, the 10
sites that were developed directly prior to the policy implementation were selected as the
before policy group. The geographic extent of each of the sites was defined by the
platted boundary of the development. Since the local landscape composition may
influence development decisions within each site, a process to ensure an un-biased
distribution of land-covers was necessary. Each pre-development percent of land-cover
class was summarized for mean, standard deviation, and range. For each class, the before
and after group mean values were compared using a two-tailed Student’s t-test. At a
significance level of 0.05, these results demonstrated that the means of the two groups for
each class were not significantly different (Table 1). This confirmed that each land-cover
is statistically spatially distributed with no bias for a particular land-cover in either the
before or the after group.
Table 1: Pre-development percent of landscape class (PLAND) including T-test for the means of the Before and After groups.
Class
AG
Forest
Lake
Mix
Open
Res
Roads
Wet

Before Mean Before S.D.
28.2855
31.4433
0.2766
10.9608
22.6597
0.7726
0.0888
5.5126

30.8239
23.0084
0.4977
26.3624
31.2344
1.4930
0.2806
6.6977

Before Range
Min

Max

0.0000
0.6979
0.0000
0.0000
0.0003
0.0008
0.0004
0.0000

65.7703
73.3330
1.4441
84.6737
87.8730
4.2805
0.8883
21.2947

After Mean After S.D.

After Range
Min

52.3502
23.4033
0.7083
10.5354
5.0386
1.1461
0.1570
6.6610

37.1706
19.4610
2.2380
25.2093
12.6375
2.1053
0.4470
7.6511

0.0000
3.6443
0.0000
0.0000
0.0007
0.0007
0.0001
0.0000

Max
92.5497
62.4139
7.0777
80.8281
40.8869
6.8223
1.4230
17.8583

P-Value µ1=µ2
(two-tailed)
0.1330
0.4102
0.5649
0.9710
0.1244
0.6533
0.6894
0.7252

yes
yes
yes
yes
yes
yes
yes
yes

1992 Land-cover
The creation of the pre-development land-cover for both groups began with 1992
color Landscan aerial photography from Michigan State University. A statistical
coordinate transformation process was applied to the original photos by geographically
rectifying the photos to Fenton Township ortho-photo derived road centerlines (having an
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(a)

(b)

Figure 2: For all sections within the Township, 1992 Michigan State University
Landscan aerial photographs (a) were rectified with 2001 Fenton Township geographic
information system roads data (b). A second or third-order polynomial transformation
with 10 to15 ground control points (GCPs) were used to statistically transform the
images to the coordinate space of the roads. The final rectified image (c) is seen below.

(c)
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accuracy of +/- 2 meters). The method included a minimum of 10 ground control points
for each photo (Figure 2), a nearest neighbor re-sampling method, and a second- or thirdorder polynomial transformation. All preliminary image processing was completed with
the Erdas Imagine image processing software package.
The 1992 land-cover dataset provided the foundation for all further data
development. To create this layer, land-cover classes (Table 2) were screen digitized for
each site from the 1992 rectified photos (Figure 3). To account for the possibility of edge
effects in later analysis a land-cover buffer of 100 meters was appended to the platted
boundary of each site. All land-cover digitizing procedures were completed using
ArcGIS, an Environmental Systems Research Institute (ESRI) geographic information
system (GIS).
Table 2: Land-cover class descriptions for categorical mapping.
Code
1
2
3
4
5
6
8
9

Label
Agricultural
Forest
Lake
Mixed
Open
Residential
Roads
Wetlands

Description
Active agricultural fields
Forest stands, 60-100% tree cover
Open water or ponds (excluding open water within wetlands)
Mixture of forest and open field, 20-60% tree cover
Fallow field and other open areas, 0-20% tree cover
Structures and adjacent maintained lawns
Primary traffic flow surfaces (excluding driveway and trails)
Observable wetland features

Predicting 2003 Land-cover
The most suitable method for creating the ‘actual’ 2003 land-cover would have
been to duplicate the process above by simply digitizing the appropriate classes from
2003 photography. From 1999 to 2003, all 10 new subdivisions slated for development
were to be examined. However, the newest available photography was from 2001, and
several of the subdivisions, even though formally platted, had not begun observable
development. To resolve the gap in data availability, a method was derived (Figure 4) to
predict land-cover in 2003 from the 1992 land-cover dataset.
The basis for the 2003 land-cover predictive method was the development of a
residential class to act as a clipping agent against the 1992 land-cover. The first step in
creating the land-cover predictive method was to identify all residential parcel segments
that aligned with the AG and OPEN designations. To accomplish this, parcels for all
8

(a)

(b)

Legend
Agricultural
Forest
Forest-Field Mix
Lake-Pond

Figure 3: 1992 MSU Landscan aerial photography (a) served as the basis for creating the
categorical land-covers (b) defined in table 2.

Open Area
Residential Area
Roads
Wetlands
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(a)

(b)

(c)

(d)

(h)

(g)

(f)

(e)

Figure 4: Presented example is from River Oaks Hollow subdivision. The land-cover prediction method includes isolating the
Agriculture (AG) and Open (OPEN) class (b) from the 1992 photo-derived land-cover data set (a). The AG and OPEN classes (b) are
intersected with site’s parcels (c) to create a layer composed of parcel portions that are co-incident with the AG and OPEN classes (d).
To account for housing structures external to the AG and OPEN classes, an average distance buffer from the road centerline to the rear of
all structures was created (e). The parcel portions and the structure buffer are intersected (f) to create the predicted residential extent (g).
The predicted extent (g) and a roads buffer are intersected with the 1992 land-cover (a) to create the final 2003 predicted land-cover (h).
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subdivisions were intersected with the 1992 land-cover. This step assumed that all
portions of the newly created residential parcels that were previously agricultural or open
fields will be fully developed as residentially maintained areas. To incorporate a measure
for structures (houses) within or directly adjacent to the forest or mixed classes within the
study sites, arc segments from the road centerline to the rear of the structure were
manually created for all 326 structures identified within the Township’s GIS structures
layer. A mean depth of 37.9 meters was computed. To account for the potential of
residential human-induced effects on the core area (interior) of the forest and mixed
classes, an additional depth of impact from the patch edge was applied. The literature
supports a range of possible values from 10 to 500 meters based on a variety of species,
both flora and fauna. A depth of 10 meters was elected in an effort to simulate the lowest
potential residential effects on the core area. The 10 meter value was appended to the
original 37.9 meters to create an area surrounding the development’s road network that
incorporated the potential placement and effects of any structures within or adjacent to
the forest or mixed classes. The final average effective extent of the residential class
(AEERC), and therefore the predicted 2003 residential class, was completed by creating a
union between the 47.9 meter buffer and the AG and OPEN parcel portions.
The closing step in predicting the 2003 land-cover was combining the AEERC
with the 1992 land-cover classes. Subsequent to the integration step, the components of
the AEERC were re-classed to residential. Additionally, since farming practices would
no longer occur within a residential development, any AG classes falling outside of the
residential parcels but within the development boundary (i.e., within an open space and
not part of the AEERC) were re-classed as OPEN.
Evaluating the Predictive Method
The validity of using the predictive method to create the 2003 land-cover was
evaluated based on the three subdivisions containing the most residential development
available in the 2001 photographs. These developments were nearing completion and
therefore were the least likely to change between 2001 and the target year of 2003.
Except for the use of 2001 black and white, high resolution, digital ortho-photography, a
2001 ‘actual’ land-cover dataset was created using the same procedures and classes used
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in the creation of the 1992 land-cover. The ‘predicted’ 2001 land-cover (created using
the above method) and the ‘actual’ 2001 land-cover (digitized from the 2001
photography) were converted to raster form for comparative analysis. The predicted
residential category was the clipping agent that produced the extent of the residential
class in the predicted land-cover dataset. Therefore, the evaluation interest was to
quantify the extent of the ‘predicted’ residential category against the ‘actual’ residential
category. To simplify the evaluation, each of the land-cover datasets were re-classed into
two categories, residential
developed and non-developed.
The re-classed images were
processed to calculate crosstab
results within IDRISI GIS by

Table 3: Kappa values comparing actual vs. predicted landcovers for sites used to evaluate the predictive method.
Study Site
McCully Lake
Orchard View
River Oaks

Kstandard
0.809
0.684
0.830

Klocation
0.983
0.713
0.872

Kquantity
-0.295
0.981
0.951

Clark Labs. The crosstab outputs for the three study sites (McCully Lake Estates,
Orchard View, and River Oaks Hollow) were analyzed with the Kappa utility by Pontius
Jr. (Pontius 2000). The Kappa values are divided into three categories; Kstandard
(equivalent to Kappa), Klocation (measure of the accuracy due to correct assignment of
values spatially), and Kquantity (measure of the accuracy due to the correct assignment
of quantities for each class). The tabular results for the selected study sites are seen in
Table 3; graphical results of the crosstab analysis for McCully Lake Estates can be seen
in Figure 5. The Kappa-based evaluation offered strong support for the land-cover
predictive method presented. Specifically, the proposed method is effective for
determining development-scale near future land-cover configurations in lieu of up-to-date
aerial photography.
Applying the Prediction Method
Prior to creating the 2003 land-cover for all 20 study sites, several preliminary
steps had to be addressed. The most recent subdivision developments had not been
incorporated into the Township’s GIS-based parcel fabric. For each of these
developments, AutoCAD drawing exchange files (DXF) of the final platted boundaries
were gathered by the Township from the associated engineering companies. Layers from
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(a)

Residentially developed (RD)
Non-developed (ND)

(c)

(b)
Figure 5: Presented example is for McCully Lake Estates subdivision. The original 8 land-cover classes were re-classed into two
categories, residentially developed (RD) vs. non-developed (ND). The predicted results (b) were assessed for accuracy by performing an
IDRISI crosstab analysis (c) against the actual results (a). The crosstab results (c) provide a graphical example of the locations: where
the RD is correctly predicted (1|1), where ND was predicted as RD (2|1), where RD was predicted as ND (1|2), and where ND was
correctly predicted (2|2). Note that both correctly predicted categories are colored in blue.
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these developments were converted from DXF to ESRI Geodatabase format and
integrated with the other study sites to complete the 2003 parcel and road centerlines
layers. The completion of these layers was integral to utilizing the predictive process.
The 2003 predicted land-cover was created by replicating the prediction method
presented above to the 1992 land-cover for all 20 study sites.
Landscape Metric Analysis
The land-cover files analyzed formed two groups, before policy and after policy,
each with two subsets. These subsets consisted of two stages, pre-development (1992
actual land-cover digitized from the 1992 photos) and post-development (2003 land-cover
from prediction method). To prepare the data for analysis within FRAGSTATS, all 40
vector datasets were converted to an ESRI GRID format.
To calculate the pre and post-development characteristics of the various landcover classes, the core set of metrics proposed by Leitao and Ahern (2002) was applied.
These class and landscape-level metrics included: patch richness (PR), class area
proportion (PLAND), patch number (PN), mean patch size (MPS), shape index
(SHAPE), total edge contrast index (TECI), patch compaction or extent (GYRATE),
Euclidean nearest neighbor distance (ENN), mean proximity index (MPI), and a measure
of class aggregation or contagion (CONTAG). The metrics PR, PLAND, PN, MPS,
GYRATE, ENN and CONTAG

Table 4: Total edge contrast index contrast weight file.

are direct measures of the

Class

amount and geometric form of

AG
Forest
Lake
Mix
Open
Res
Roads
Wet

the land-cover patches.
SHAPE, TECI, and MPI are
indices that adjust the measures
for the area of the patch, the
relative contrast between patch
edges, and the proximity of all
patches with their center inside
a specified search distance,
respectively.

AG Forest Lake Mix Open Res Roads Wet
0
0.8
1
0.6
0.2
1
1
0.8

0.8
0
1
0.2
0.6
1
1
0.6

1
1
0
1
1
1
1
0.4

0.6
0.2
1
0
0.4
1
1
0.4

0.2
0.6
1
0.4
0
1
1
0.2

1
1
1
1
1
0
0
1

1
1
1
1
1
0
0
1

0.8
0.6
0.4
0.4
0.2
1
1
0

No contrast - 0
Nearly similar - 0.2
Closer to similar - 0.4
Closer to different - 0.6
Nearly different - 0.8
Total contrast - 1

14

TECI and MPI each required additional user input. TECI required a contrast
weight file which describes the variability between patch types at the edge. McGarigal et
al. (2002) posit that in lieu of a strong experimental basis for constructing a weighting
scheme, a sound estimation is likely an improvement over assuming all edges are similar.
The presented TECI contrast weight file (Table 4) was composed by comparing the
variability within the land-cover classes using the descriptive definitions for each class
(Table 2). MPI required a search radius from a focal patch to direct its calculations.
Since no patches external to the landscape border could be considered, the longest
diagonal distance (2000 meters) for the largest subdivision was used as the search radius.
This value was additionally selected to ensure the inclusion of all possible patches for all
landscapes.
For each pre and post-development land-cover class, metrics were summarized
for mean, standard deviation, and range. For each metric, mean values were evaluated
for null hypotheses stating that the means of the two groups were equivalent (i.e.,
µ1=µ2). The analysis was completed using a two-tailed Student’s t-test at a significance
level of 0.05.
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Results
Three of 67 metric and land-cover class T-test results established that there was
no change from the pre- to post-development stage. All others experienced some level of
change, although, 60 of 67 (89.6%) were not statistically significant at a level of 0.05.
The open class (i.e., the non-residential portions of developments including fallow fields,
areas of 0-20 percent tree cover, and recreation areas) demonstrated the most notable
change between group means. Five of seven class-level metrics being analyzed were
statistically significant. These metrics and their associated open class changes included:
PLAND (+33.03), PN (+4.80), AREA_MN (+1.96), and TECI (+50.36). PLAND for the
residential land-cover class also experienced significant change with a value of -16.57.
Overall, the shift in local land-use policy for Fenton Township produced only a small
number of observable and significant class-level land-cover changes. The following
changes were observed in the open class after the policy was established: the average
percent of land-cover present in the landscape increased while the residential class
decreased; the average number of identifiable patches increased; the mean size or area for
each patch increased; the mean total edge contrast as compared to all other land-cover
edges increased; and the average gyrate or measure of average patch extent increased.
One of three landscape-level metrics evaluated demonstrated significance. The
CONTAG metric exhibited a change of -9.39 indicating that on average the landscapes
became more disaggregated after the policy change. Table 5 provides a summary of all
metrics combinations, their values of change, the associated p-values, and whether the
means are statistically similar.
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Table 5: Results summary for all class and metrics combination changes.
Class-level Metrics:

AG

Forest

Lake

Mix

Open

Residential

Roads

Wetlands

PLAND: pMean
PLAND: p-value
PLAND: µ1=µ2

-24.06
0.1330
yes

6.40
0.2847
yes

-0.04
0.3434
yes

1.94
0.8430
yes

33.03
0.0144
no

-16.57
0.0046
no

-0.42
0.5328
yes

-0.28
0.2661
yes

PN: pMean
PN: p-value
PN: µ1=µ2

-0.30
0.8271
yes

0.30
0.8509
yes

0.00
n/a
yes

0.30
0.7966
yes

4.80
0.0043
no

1.00
0.2446
yes

-0.10
0.6783
yes

0.20
0.3434
yes

AREA_MN: pMean
AREA_MN: p-value
AREA_MN: µ1=µ2

-11.34
0.1795
yes

0.27
0.8453
yes

-0.03
0.3434
yes

0.03
0.9544
yes

1.96
0.0230
no

-2.48
0.2715
yes

0.47
0.2611
yes

-0.11
0.2428
yes

SHAPE_MN: pMean
SHAPE_MN: p-value
SHAPE_MN: µ1=µ2

-0.54
0.1783
yes

0.02
0.9367
yes

0.00
0.3434
yes

-0.56
0.1186
yes

0.85
0.0581
yes

-0.57
0.3081
yes

1.09
0.5361
yes

-0.05
0.3253
yes

TECI: pMean
TECI: p-value
TECI: µ1=µ2

-20.76
0.0724
yes

-9.50
0.0825
yes

-0.02
0.3434
yes

-8.29
0.3316
yes

50.36
0.0158
no

-13.99
0.3675
yes

0.53
0.9600
yes

-3.40
0.2676
yes

GYRATE_MN: pMean
GYRATE_MN: p-value
GYRATE_MN: µ1=µ2

-74.55
0.0986
yes

-1.22
0.9439
yes

-0.11
0.3434
yes

1.48
0.8942
yes

40.23
0.0345
no

-21.22
0.3429
yes

40.00
0.3502
yes

-4.69
0.2095
yes

ENN_MN: pMean
ENN_MN: p-value
ENN_MN: µ1=µ2

-26.67
0.0793
yes

-11.14
0.4762
yes

0.00
n/a
yes

13.60
0.2899
yes

24.28
0.4802
yes

-12.42
0.6825
yes

-2.30
0.7146
yes

-4.35
0.2278
yes

PROX_MN: pMean
PROX_MN: p-value
PROX_MN: µ1=µ2

50.23
0.4306
yes

29.91
0.7134
yes

-0.36
0.2980
yes

-1.05
0.3663
yes

115.54
0.1188
yes

504.82
0.3539
yes

-0.86
0.1578
yes

5.64
0.3352
yes

Landscape-level Metrics:
TPN: pMean
TPN: p-value
TPN: µ1=µ2

6.20
0.0651
yes

CONTAG: pMean
CONTAG: p-value
CONTAG: µ1=µ2

-9.39
0.0053
no

PR: pMean
PR: p-value
PR: µ1=µ2

-0.20
0.6653
yes
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Discussion
The original objectives of the 1999 open space policy were to preserve unique
natural features and the Township’s rural character. In lieu of a formal definition
provided by the Township, this analysis defines natural features as forest, wetlands, and
open fields. Additionally, the following assumptions were made: the defined natural
landscape features also define ‘rural character’ and that the need for a new policy resulted
from the pre-1999 policy failing to preserve the desired natural landscape features.
‘Preservation’ as presented within the policy should therefore have created developments
with an increased amount of these land-covers as compared to developments prior to the
new policy.
While the policy dictates that there will be an increase in open space, it does not
specify the types of land-cover that should be preserved or created within those spaces.
Collectively, the open space areas generated by the policy consisted of patches of
forested or mixed, wetlands, and open areas. Of these classes, it was hypothesized that
the wetlands would remain constant while an additional percentage of forest, mixed, and
open areas would be generated. The data support that the after policy developments
provide little or no additional preservation of forests or mixed classes. In many instances
forested areas were selected for development even if other land-covers (e.g. agriculture)
were available. This reinforced the argument that it is necessary to define land-covers
with high ecological value as non-developable. The wetlands class provides an example,
they exhibited no significant change as they are federally protected and by township
policy definition were not considered as developable land.
Under the specified assumptions, successful fulfillment of the policy objectives
was not generally supported by the data. The results show that the shift in land-use
policy produced only a small number of observable and significant land-cover changes.
Those that were significant paralleled the only clearly defined function of the 1999 open
space policy – to increase open or non-developed space.
The open land-cover class tended to primarily be composed of agricultural
remnants that were randomly designated as open spaces within the development’s design.
Potential future land-covers for the open class portion of the open spaces could include
fallow fields (which will develop as a component of primary succession with no
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additional influence), re-planting of forests or other native vegetations, or natural
recreational areas. Depending on the selected design decisions, the open spaces have the
potential to re-introduce or increase the ecological values (Forman 1995, Nassauer 1997).
To achieve the objective of preserving natural features, a suggested policy
direction for the township includes the incorporation of a proactive spatial planning
method. This type of method has the potential to preserve not only open spaces, but
spaces within the landscape that have the highest ecological value. For example, Forman
and Collinge (1997) demonstrate that a spatial planning process that identifies ‘first
removals’ and ‘last stands’ is highly effective for conserving ecologically important
landscape features, especially if the planning commences prior to the removal of the first
40% of the natural vegetation.
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Conclusions
Local-scale landscapes in Fenton Township, Michigan were analyzed to explore
the local policy influence on land-cover change. An open space policy was established to
increase open space within the community in an effort to preserve natural landscape
features and the rural character. The policy influence was analyzed through the
comparison of ten class and landscape-level metrics. It was determined that the majority
of metrics exhibiting a significant change (11.4%) were a result of increases for the open
class, they included: PLAND, PN, AREA_MN, and TECI. Related to the increase in
PLAND for the open class, PLAND for the residential land-cover exhibited a significant
decrease. Additionally, the CONTAG metric exhibited a decrease indicating that on
average the landscapes became more disaggregated after the policy change (i.e., the
number of classes remained relatively constant but became more fragmented as a result
of residential development). These results seem logically consistent with the policy’s
explicitly detailed function of increasing open space while decreasing residential
development. The data suggest that the policy failing to achieve its objective of
preserving natural features may be explained by its ambiguity on several key points:
detailing what natural features are, explicitly stating that they shall be preserved, and
providing a spatial context for design decisions. Further research to test the hypothesis
that land-cover changes parallel explicitly detailed policy objectives is necessary.
Promising approaches could include the use of cellular automata or agent-based models
to simulate the affects of various land-use policy objectives and the resultant land-cover
composition and configuration. In the interim, if the Township truly intends to preserve
unique natural features, the incorporation of a simple spatial planning method similar to
Forman and Collinge (1997) is suggested.
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