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OVERVIEW

This chapter details the methods that the team used to 1) evaluate lands within the study area,
2) delineate Conservation Focus Areas (CFAs), and 3) prioritize individual, privately owned
land parcels for protection.  The chapter also describes the team’s methods for assessing and
evaluating threats to the study area’s ecological integrity.

As noted previously, the project’s analysis consists of two main phases operating at two
different scales.

� Phase One: Regional Scale – In this phase, the team analyzed the entire study area and
ranked the matrix of lands as low, medium, high, or highest priority.  The team delineated
CFAs around larger clusters of high and highest priority lands.

� Phase Two: Parcel Scale – In the project’s second phase, the team analyzed privately
owned parcels within the CFAs and ranked those parcels in order of their conservation
importance.

For organizational and presentation purposes, this chapter describes the methods of each
phase separately.  It is important to note, however, that Phase Two is intrinsically linked to
Phase One.  In addition, the basic methodological approach for each phase is very similar.
Namely, the team uses a straight-forward geographic information systems (GIS)-based
analysis to spatially represent important ecological features, weight those features based on
their relative ecological importance, and consolidate the individual weights to determine the
relative conservation priority of landscapes and parcels within the study area.  The team did
not weigh threats but spatially represents as many of them as possible to depict their
relationship to the CFAs.

PHASE ONE ANALYSIS:
CFA DELINEATION AND PRIORITIZATION

There are five main steps in this phase of the analysis.  Figure 7.1 summarizes the five steps
of this analysis, which are described in detail in the text that follows.

Figure 7.1: Basic steps in Phase One Analysis

1. Develop conservation drivers to represent project objectives spatially.

2. Spatially represent and weight conservation drivers.

3. Use raster grids to conduct overall prioritization analysis.

4. Delineate Conservation Focus Areas (CFAs).

5. Rank the CFAs according to ecological, spatial, opportunity, and feasibility criteria.
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STEP 1: DEVELOP CONSERVATION DRIVERS

In order to incorporate the project’s goals and objectives directly into the GIS-based analysis,
the team developed a tool that it termed a “conservation driver.”  Simply put, a conservation
driver is a spatial representation of a project objective.  In most cases, the language
describing both the objective and the driver is very similar.  It is important to note, however,
that the two concepts are different.  An objective consists of an action-oriented purpose for
the project.  A conservation driver is the spatial representation of that objective, a mappable
entity that can be manipulated and analyzed using GIS.  In other words, an objective is an
idea and a driver is that idea spatially delineated on the landscape.

An example from the project helps illustrate both the close connection and the important
difference between objectives and drivers.  One of the project’s objectives is to Conserve
Natural Areas that Exhibit a High Degree of Integrity and Resiliency.  The team uses pre-
settlement vegetation as the corresponding driver to measure and map intact and resilient
natural areas.  For every project objective, the team developed a corresponding conservation
driver.1  Table 7.1 summarizes the project’s conservation drivers and their relationship to the
project’s mission, goals, and objectives.

                                                
1 Note that some drivers support more than one objective, and that some objectives are expressed through more
than one driver.  For each objective, however, there is a primary driver that spatially expresses the objective
more directly and effectively than others.
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Table 7.1: Mission, Goals, Objectives, and Conservation Drivers

Mission: To guide future work and investment of the Grand Traverse Regional Land Conservancy
in the Manistee River watershed, this project will identify areas of high conservation value and,
within those areas, prioritize privately owned land parcels for protection efforts.

Goals Objectives Conservation Drivers

Protect hydrologic integrity of the
upper Manistee River watershed

Groundwater accumulation

Conserve wetland ecosystems Wetlands

Conserve riparian ecosystems Riparian ecosystems

Maintain biodiversity Element occurrences

Protect a diversity of local ecosystems Rare landtype associations

Conserve Areas of High
Ecological Importance

Conserve natural areas that exhibit a
high degree of integrity and resiliency Pre-settlement vegetation

Conserve unfragmented landscapes
Large tracts of
unfragmented natural areas

Promote the expansion and integrity of
existing protected areas

Expansion and integrity of
existing
protected lands

Promote Spatial Integrity
of the Landscape

Target large land parcels Parcel size*

Identify and Delineate
Threats to Ecological
Systems and Processes

Analyze threats and their sources and,
when possible, map those sources

Sources of threats**
� Development
� Oil and Gas Drilling
� Incompatible Logging
� Invasive Species
� Road Development
� Off-Road Vehicle Use
� Fire Suppression
� Dams

*Not a weighted conservation driver but used in parcel analysis and prioritization.
**Not weighted or used on CFA or parcel prioritization.

STEP 2: SPATIALLY REPRESENT & WEIGHT CONSERVATION
DRIVERS

As the second step toward prioritizing lands within the study area for protection, the team
spatially represented each driver and assigned weights to each driver according to its relative
conservation value.  The team conducted these activities using geographic information
systems (GIS).

The wetlands driver provides a simple example of how the team used conservation drivers to
help prioritize lands within the study area.  For this driver, the team analyzed GIS data that
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depicted the location and extent of wetlands within the study area.  The team assigned a
weight of 10 points to those areas that contained wetlands and 0 points to all other lands in
the study area.  Table 7.2 summarizes the basic analysis and associated weights the team
used for each conservation driver.

Table 7.2: Basic analysis and weighting scheme for the conservation drivers
Conservation

Driver
Basic Analysis  Weighting Scheme

Groundwater
Accumulation

Examined groundwater accumulation
data and classified areas according to
standard deviation (SD) from
statewide mean.

� Areas with accumulation levels
greater than or equal to 2 SD: 10
points

� Areas with accumulation levels <2
and > 1 SD: 5 points

� All other areas: 0 points
Wetlands Analyzed as present or absent. � Wetlands: 10 points

� Non-Wetlands: 0 points
Riparian
Ecosystems

Used two different buffer distances to
prioritize riparian areas.

� Lands within 50m of all streams and
lakes: 10 points

� Lands between 50 and 300m of
river's mainstem: 5 points

� Lands outside those buffers: 0
points

Element
Occurrences

Calculated point density of element
occurrences and reclassified results
using standard deviation (SD) from
mean.

� Areas with occurrence density > 2
SD: 10 points

� Areas with occurrence density
between < 2 and > 0 SD: 5 points

� Areas with occurrence density less
than or equal to 0 SD: 0 points

Rare Landtype
Associations

Analyzed according to two thresholds:
the overall rarity of LTA within the
ecoregion and the percentage of that
rarity contained within the study area.

� LTAs passing both rarity and study
area representation thresholds: 10
points

� LTAs passing only one threshold: 5
points

� All other LTAs: 0 points
Pre-settlement
Vegetation

Analyzed the overlap between
estimated 1800 land cover and
present day land cover and examined
areas exhibiting cover resembling pre-
settlement vegetation.

� Highest priority areas of overlap: 10
points

� High priority areas of overlap: 5
points

� All other areas: 0 points
Large Tracts of
Unfragmented
Natural Areas

Examined contiguous natural areas
(not bisected by main roads) and
analyzed them according to relative
size and distance of centroid from
nearest road.

� Areas > or equal to 1,000 acres and
centroid is > or equal to 500m from
roads: 10 points

� Areas > or equal to 1,000 acres and
centroid is < 500m from roads: 5
points

� All other areas: 0 points
Expansion and
Integrity of Existing
Protected Lands

Used two different buffers – expansion
and integrity – to prioritize private
lands within the study area.

� Lands within the integrity buffer and
880 m or less from protected lands:
10 points

� Lands within expansion buffer or
within the integrity buffer but > 880
m from protected areas: 5 points

� All other lands: 0 points
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While Table 7.2 provides an overview of the conservation drivers used in the Phase One
analysis, understanding their individual roles and impacts in the overall project requires a
more thorough examination.  The following portion of this section describes the justification,
approach, and manipulation of each driver in detail.

Groundwater Accumulation

Driver Justification

The team used groundwater accumulation areas as a spatial representation of its objective to
conserve the hydrological integrity of the upper Manistee River watershed.  While there are
several possible landscape features one could prioritize in an effort to preserve hydrologic
integrity (surface waters, intact forestland, etc.), the team felt that no feature was as important
to the Manistee River system as lands that support high levels of groundwater accumulation.

While the importance of groundwater in cold-water or cool-water rivers is well documented,
there has been some uncertainty over which lands within a watershed are the most critical for
the protection of groundwater integrity.  Over the last few decades, ecologists and
hydrologists have struggled to provide quantifiable answers to this question.  In large part,
their work has involved modeling efforts at the local and regional scales that attempt to
predict the connections between groundwater inputs and surface water features.  However,
few of these models have been successful at making accurate predictions at a scale that is
useful to resource managers (Baker, et al., 2001).  Most earlier efforts used very localized
data - such as well logs that document water table depth – to drive their models.
Reproducing these at the regional scale is extremely data intensive and time consuming.

The recent work of Matt Baker, Dr. Mike Wiley, and Dr. Paul Seelbach at the University of
Michigan’s School of Natural Resources and Environment has demonstrated significant
potential in overcoming these scale-related problems.  One of the models they have
produced, the MRI-DARCY[IO] V.3 (also called the Darcy input/output model), seems
especially strong and appropriate for the Upper Manistee Project.  The raster-based model
uses a digital elevation model (DEM) and a surficial geology map in a GIS-application of
Darcy’s Law to map the potential relevance of groundwater to surface water interactions for
the state of Michigan (Baker, et al., 2001).  Darcy’s Law states that the velocity of flow
through a porous medium is proportional to the difference in hydraulic head over some flow-
path length (hydraulic slope) and the hydraulic conductivity of the medium (Baker, et al.,
2001).2  For example, velocity will increase as slope increases and conductivity remains
constant.  Based on this equation, the input-output model maps areas with the potential for
groundwater accumulation (inflow) and groundwater recharge (outflow).

While both accumulation and recharge areas are important to protect, the team decided to
focus on potential accumulation areas only.  The reasons for the decision are as follows:
                                                
2 Darcy’s Law states that q = kiA, where q = flow rate, k = hydralic conductivity, i = the change in head over a
distance, and A = the gross cross-sectional area of flow.
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� The upper Manistee region is dominated by sandy soils, so virtually all lands
contribute to groundwater recharge.  Therefore, weighing groundwater recharge areas
is not selective and would not help prioritize areas for protection.

� Groundwater recharge is less understood and more difficult to define geographically
than groundwater accumulation (Baker, et al., 2001).

� Groundwater transport may not be defined by watershed boundaries.  In other words,
some of the groundwater that eventually surfaces in the Manistee River may have
originated outside the study area and is thus outside the scope of this project.

� Groundwater accumulation areas are especially vulnerable to contamination due to
shallow water table depths.

� Groundwater accumulation areas play a critical role in the Manistee’s hydrological
and biological characteristics.

It is important to understand the basic characteristics of lands that the MRI-DARCY[IO] v.3
identifies as groundwater accumulation areas.  In a raster-based analysis, groundwater
accumulation occurs when numerous grid cells with high rates of groundwater transport drain
into grid cells that have lower transport values based on differences in slope or surficial
geology.  The resulting build-up of groundwater can produce either an upwelling in the form
of cold groundwater springs or a groundwater table that is at or near the surface.  Protecting
these areas is critical to the conservation of the Manistee River system primarily because
development on these lands can produce the following hydrologic impacts:

� Development increases impervious surfaces, which, in turn, increase runoff of warmer
water into the river system.

� Development often leads to an increase in chemical and fertilizer use, both of which can
runoff into nearby surface waters or seep into the shallow groundwater aquifer.

� Development can reduce the landscape’s hydrological connectivity, which can disrupt the
routing of hydrologic inputs into the river system.

The MRI-DARCY[IO] v.3 model does not take into account surface water features.
Therefore, groundwater accumulation areas that the model identifies may actually be
groundwater-fed wetlands or lakes.  While this may seem somewhat duplicative of the team’s
riparian and wetland drivers, the MRI-DARCY[IO] v.3 model allows the team to
differentiate and give higher scores to those wetlands, riparian lands, and other areas that
contribute significantly higher amounts of cold groundwater into the stream system.

Approach

Each grid cell of the MRI-DARCY[IO] V.3 model is valued based on the rate at which water
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transport occurs at the particular location.  The actual data can be displayed and used in a
variety of ways.  The most useful is to classify the raster cells using standard deviation.
Using standard deviation allows the user to compare a cell’s variability from the mean value.
This positive or negative deviation from the mean can then be translated into groundwater
accumulation areas or groundwater recharge areas respectively (Figure 7.2).

Figure 7.2: MRI – DARCY[IO] v. 3 classified using the standard deviation thresholds at the
                   state level
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Source: Michigan Rivers Inventory

Classifying the data in relation to the state average illustrates how the watershed as a whole
compares to the rest of the state.  In summary, the Manistee watershed exhibits a high level
of groundwater recharge and has a number of important groundwater accumulation areas.
This comparison ultimately helps identify those accumulation areas that are most significant
across the study area.

The team used two threshold values to assign weights.  Areas with groundwater
accumulation levels greater than or equal to 2.00 standard deviation from the mean received
10 points.  Areas that had accumulation levels between 1.00 and 2.00 standard deviation
from the mean received 5 points.  All other areas received 0 points.  The team selected these
thresholds based on the use of standard deviation in statistical literature.

Data Sources

Table 7.3 summarizes and describes the primary data used for this driver.
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Table 7.3: Data used for analysis of groundwater accumulation driver
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

MRI-
DARCY[IO] v.3
Groundwater
Model

2001 Digital raster
data

Model
DEM 1:24,000
Geology
1:250,000

Baker, et al.
Michigan
Rivers
Inventory

UTM, NAD 83,
zone 16

Data Manipulation

The team performed the following basic manipulations on the GIS data.

1. Calculated the mean transport value for the entire state of Michigan.

2. Clipped the MRI-DARCY[IO] v.3 model to the study area boundary, making sure to
preserve the standard deviation values at statewide levels.

3. Reclassified the MRI-DARCY[IO] v.3 model by assigning a score of 0, 5, or 10 points to
every grid cell depending on its standard deviation values.

4. Converted the reclassified MRI-DARCY[IO] v.3 model to a shapefile.

5. Reprojected the DARCIO data into Michigan Georef so that it could be combined with
the other drivers’ data layers.

6. Transformed the shapefile back into a grid with 30-meter grid cells to allow priority
values to be added between the various drivers.

Wetlands

Driver Justification

The wetlands conservation driver serves as a direct spatial representation of the project’s
objective to conserve wetland ecosystems.  As such, it is one of the project’s most
straightforward conservation drivers and requires relatively little computational analysis and
data manipulation to translate it from an objective to discrete features on the landscape.  The
wetlands driver also addresses the project’s objective of maintaining the study area’s
hydrologic integrity and biodiversity.

Approach

The study area contains a variety of wetland types and sizes.  There are at least eight different
kinds of wetlands when they are classified according to dominant vegetation and even more
types when factors such as soil and water chemistry are considered.  In addition, the study
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area contains wetlands of various sizes, ranging from several hundred acre complexes to
small, vernal pools.  Despite the unique characteristics of the wetlands in the study area, the
wetlands driver does not differentiate between types or sizes for two main reasons.  First,
taking a similar approach to a past Master’s project at the School of Natural Resources and
Environment, the team concluded that different wetlands provide different functions and that
conserving a diversity of wetland ecosystems is, in itself, important (Brammeier et al., 1998).
Second, the existing GIS data is generally more reliable for depicting wetland locations than
it is in capturing the specific attributes of individual wetlands.  To treat all wetlands equally,
the team simply analyzed the study area for presence or absence of wetlands.  All wetland
areas received 10 points and all non-wetland areas received 0 points.

Data Sources

The project team used two different sources of wetland data.  The Northwest Council of
Governments (NW MI COG) created composite wetland coverages for Kalkaska, Antrim,
and Missaukee counties using data from the U.S. Fish and Wildlife Service’s National
Wetlands Inventory (NWI), soils maps from the Natural Resources Conservation Service,
and land cover data from the Michigan Resource Inventory System.  Field investigations by
GTRLC and others have revealed that this composite data is generally more thorough and
more accurate than using NWI data alone.  Unfortunately, composite data is not available for
Otsego and Crawford counties.  For these localities, the team used the NWI data, the best
data publicly available.  Table 7.4 summarizes and describes the primary data used for this
driver.

Table 7.4: Data used for analysis of wetlands driver
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

National
Wetland
Inventory Data

1994 Vector polygon 1:100,000 U.S. Fish and
Wildlife
Service,
National
Wetlands
Inventory
(NWI)

Michigan
GeoRef

Composite
Wetland Areas

2001 Vector polygon 1:100,000 Northwest
Michigan
Council of
Governments,
Special
Wetland Mgt.
Project (NW
MI COG)

Michigan
State Plane
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Data Manipulation

The team performed the following basic manipulations on the GIS data.

1. Reprojected the NW MI COG composite wetland data from Michigan State Plane to
Michigan GeoRef using an extension from the Michigan DNR Spatial Data Library and
the Reprojection Wizard on ArcView.

2. Merged the NWI data and the NW MI COG data and clipped the merged layer to the
study area boundary.

3. Selected all wetland areas from the attribute table and assigned them a score of 10.  All
other areas were scored 0.

4. Converted the combined wetland shapefile to a grid based on weights in the attribute
table.

Riparian Ecosystems

Driver Justification

Similar to the extremely close association between the wetlands objective and wetlands
driver, the riparian ecosystems conservation driver serves as a direct spatial representation of
the project’s objective to conserve riparian ecosystems.  The only real analysis and data
manipulation necessary to translate the objective into discrete landscape features was
selecting and delineating the spatial boundaries for the riparian ecosystems.  Also, like the
wetlands driver, the riparian ecosystem driver secondarily addresses the project’s objective of
preserving the hydrologic integrity and maintaining biodiversity in the study area.

Approach

The team considered two possible ways to select and delineate riparian ecosystems.  The first
approach (which the team initially preferred but did not select) was to delineate a boundary
separating the river floodplain from adjacent non-riverine uplands using remotely sensed
images.  The team hoped to map and highlight dynamic river floodplain ecosystems, rather
than simply applying a static buffer distance to the entire stream network.  This approach
would have produced riparian buffers of varying widths because the breadth of the riparian
zone fluctuates along the stream course (Budd, et al, 1987).  Baker, et al. (1998) successfully
used color infrared aerial photographs to delineate and highlight the diversity of landscape
ecosystem at a fairly large scale in the Manistee river floodplain.  Although the team had
hoped to perform a simple analysis at a far smaller scale to make it useful for its work, the
process ultimately proved to be beyond the scope of the project.3

                                                
3 Although beyond the scope of this project, delineating riparian ecosystems based on actual floodplain
boundaries would be a valuable approach to future projects.  This delineation could be completed for larger



Chapter 7: Methods for GIS Manipulation, Analysis, and Evaluation 156

As an alternative, the team decided to delineate riparian ecosystems by using two different
buffer distances to surround streams and lakes.  First, the team created a 50-meter buffer
around all riparian features, regardless of size.  Lands within this buffer received 10 points.
Additionally, the team created a second buffer of 51-300 meters around the main stem of the
Manistee River.  Lands within this buffer received 5 points.  Figure 7.3 below displays the
general buffering approach.

Figure 7.3: Buffers created to represent the riparian corridor
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* Lands within 50m of all streams and lakes - 10 points; Lands between 50 and 300m of river's
mainstem - 5 points; Lands outside those buffers - 0 points

The team chose these buffer distances based on a visual inspection of floodplain widths in
Digital Orthophotoquads of the study area.  Fifty meters exceeded the average floodplain
width, and 300 meters exceeded the width of the widest sections of the floodplain within the
study area.

Scientific findings help justify the project team’s selection of two differentially sized and
scored buffer distances.  Karr and Schlosser (1978) stress the importance of maintaining
near-stream vegetation; therefore, it is logical to place a high conservation emphasis on
preserving the lands closest to all water bodies (in this case, those lands within 50 meters).
Lands that lie farther away from surface waters do influence the health of aquatic ecosystems

                                                                                                                                                      
streams using color infrared aerial photographs in combination with topographic maps or, preferably, digital
elevation models.
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and are therefore also important to this driver.  The team chose to place this second buffer
distance around only the mainstem of the Manistee River because, in general, buffer
effectiveness decreases with increasing stream size (Karr and Schlosser, 1978).  In first and
second order streams (headwaters and tributaries), buffers are extremely effective and do not
need to be very wide in order to have a positive impact on aquatic systems.  With larger
streams, however, relatively narrow buffers tend to have less of a positive impact on the
associated health of the aquatic ecosystems.  Thus, the larger the stream, the larger the buffer
required to mitigate the effects of nutrient loading, sedimentation, and erosion.

The specific buffer widths of 50 and 300 meters are more than adequate when compared with
most management recommendations.  In the Pacific Northwest, for example, researchers
determined that corridors of riparian vegetation 11 to 38 meters wide on both sides of stream
provide favorable habitat conditions for salmon (Ahern, 1991).  With regard to lakes, the
literature recommends preserving a natural buffer zone of at least 15 meters from the
shoreline (Henderson, et al., 1998).  Other researchers suggest that buffers of 31 to 61 meters
will generally maintain ecological health (Budd, et al., 1987).  The project team’s riparian
buffers clearly exceed the distances recommended for sustaining ecological health, thereby
helping to ensure maximum protection for riparian ecosystems within the study area.

Data Sources

The team identified three possible sources for hydrologic data through MDNR Spatial Data
Library: MIRIS, Census Data, and USGS Digital Line Graph.  The team selected the MIRIS
data because it was created at the smallest scale – 1:24,000.  The other sources were created
at a scale of 1:100,000.  Table 7.5 summarizes and describes the primary data used for this
driver.

Table 7.5: Data used for analysis of riparian corridor driver
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

MIRIS lakes 1992 Vector
(polygon)

1:24,000 Michigan
Resource
Information
Service

Michigan
GeoRef

MIRIS
streams
(perennial &
intermittent
streams/
drains)

1992 Vector (arc) 1:24,000 Michigan
Resource
Information
Service

Michigan
GeoRef

MIRIS
streams (two-
banked
perennial)

1992 Vector
(polygon)

1:24,000 Michigan
Resource
Information
Service

Michigan
GeoRef
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Data Manipulation

The team performed the following basic manipulations on the GIS data.

1. Clipped each hydrology layer to the study area.

2. Created a 50 meter buffer around all streams and lakes.

3. Created a 51-300 meter buffer around the polygon stream layer that consisted solely of
the mainstem of the Manistee River in the study area.

4. Performed a union of the buffer layers (0-50 meters and 51-300 meters) to create one
final buffer file.

5. Added a column to the attribute table and entered appropriate scores – 10 points for the 0-
50 meter buffer, and 5 points for the 51-300 meter buffer.

6. Converted the layer to a 30 meter raster grid.

Element Occurrences

Driver Justification

This project seeks to produce an ecosystem-based conservation plan that prioritizes lands
based on their capacity to preserve a host of ecological features and functions, rather than the
management or habitat requirements of a few targeted species.  At the same time, however,
the project team recognizes that threatened and endangered species represent an important
conservation consideration and that biota is a very important ecosystem component.  For
these reasons, the team decided to incorporate species information into the overall analysis
by prioritizing areas for conservation based on the relative density of element occurrences
(rare plants, animals, or communities) throughout the study area.  This driver links directly to
the project’s objective of maintaining biological diversity.

Approach

In structuring our analysis, the project team chose to use point data to calculate the density of
element occurrences.  There were two main factors in this decision.

� First, since this project focuses on the general protection of biodiversity rather than the
conservation of specific species, the team felt it was more appropriate to score areas
based on the density of element occurrences rather than the presence of any one
individual species.  Implicit in this approach is the notion that all elements are of equal
importance, regardless of species, specific protection status, or rank.  The team wanted to
avoid making largely arbitrary decisions regarding the relative conservation value of
individual elements and calculating occurrence density was, therefore, a logical approach.
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� Second, because data collection methods and associated spatial accuracy varied
throughout the data set, the team felt it was more appropriate to look for general trends
across the landscape than it was to try to determine exact spatial extent of occurrences.

Data Sources

There are three main categories of element occurrences in the study area: animals, plants, and
natural communities.  The natural communities are based on vegetation and habitat types.
All animal and plant element occurrences have some level of state protective status.
Communities are not listed on either the state or federal level but are included by Michigan
Natural Features Inventory (MNFI) in the element occurrence database because they are rare
globally and/or within the state or possess some other unique features meriting protection.
There are a total of 56 elements occurrences in the study area, representing nine different
animals, eight different plants, and five different communities.  Please see Appendix A for
more information.

MNFI provides the element occurrence data as both polygon and point coverages.  According
to Edward Schools, a Program Leader for Conservation and GIS at MNFI, MNFI generated
the polygon coverage using two basic methods.  If MNFI collected the data before it
integrated GIS with its field surveys, the element occurrence was assigned a buffer, the
extent of which depended on the degree of spatial accuracy of the record.  The greater the
spatial accuracy, the smaller the buffer.  If MNFI collected the data after integration with
GIS, the element occurrence was digitized based on its known spatial extent.  The point data
represent the centroid of the polygons.  While the spatial accuracy of the points is limited
(i.e. the location of any one point does not guarantee the presence of an occurrence at that
point on the ground), the point data is suitable for determining the overall density of
occurrences (Schools, October 2002).  Table 7.6 summarizes and describes the primary data
used for this driver.

Table 7.6: Data used for analysis of element occurrence driver
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

Biotic (Point)
Database

2001 Vector (point) N/A Rebecca
Bohem,
Michigan
Natural
Features
Inventory

Michigan
GeoRef

Data Manipulation

The team performed the following basic manipulations on the GIS data.

1. Clipped MNFI point data to the study area boundary.



Chapter 7: Methods for GIS Manipulation, Analysis, and Evaluation 160

2. Per advice from other conservation planners, edited the attribute table to remove seven
records that were older than 1986 in an attempt to minimize errors resulting from historic
data (The Nature Conservancy of Colorado, 2001).

3. Determined density of element occurrences within the study area by using Calculate
Density function in ArcView.  Set the output grid extent equal to the study area boundary
and selected a one square kilometer grid size and a 2,000 meter search radius.  Set the
density to calculate as a kernel density and selected output grid units as square
kilometers.

4. The resulting grid displayed values for density of element occurrences per square
kilometer.

5. Since the raw scores for overall density were relatively low and difficult to distinguish
from each other in meaningful ways, reclassified the raw scores using standard deviation
(SD), with breaks at 1 SD.  This reclassification illustrated statistical patterns in the
original scores and allowed for reasonable assignment of weighted scores for the driver
(Table 7.7).

    Table 7.7: Reclassification and weighting calculations for element occurrence driver
Original Density Reclassification Weights

-0.056 to 0.015 <-1 to 0 SD 0
0.016 Mean 0
0.017 – 0.087 >0 – 1 SD 5
0.088 – 0.159 >1 – 2 SD 5
0.160 – 0.231 >2 – 3 SD 10
0.232 – 1.442 >3 SD 10

6. Converted the resulting grid to a shapefile and assigned weights based on the SD
reclassification scheme.

7. Lastly, converted the scored shapefile back to a grid using 30 meter grid cells so that data
for this driver could be combined with other grids.

Rare Landtype Associations

Driver Justification

To represent the objective of protecting a diversity of local ecosystems spatially, the team
used landtype associations (LTAs) as the foundation for this conservation driver.  LTAs are
relatively large-scale local ecosystems that MNFI delineated primarily based on
physiography and soils and secondarily on vegetation (see Chapter 5) (Albert, 1995 and
Corner, 1999).  LTAs are ecosystem types, any one of which can occur in multiple locations.
The study area consists of more than 20 LTAs, with 17 different LTA types.  Ideally, the
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team would incorporate information from the landscape ecosystem type level (the smallest-
scaled ecosystem unit), but LTAs represent the finest scale delineation for which data is
currently available within the study area.  See Table 7.8 for more information on how LTAs
fit into the larger ecosystem classification scheme.

Table 7.8: Ecosystem classifications
Basic Classification Scheme Geographic Extent

Regional Ecosystems (limited field work)
1. Districts – based on major macroclimatic and physiographic

differences
2. Subdistricts – based on more minor macroclimatic and

physiographic differences
3. Sub-subdistricts – based on physiography and soil
Local ecosystems (extensive field work)
1. Landtype associations – based on physiographic systems and

landforms (i.e., <20% slope vs. >20% slope)
2. Landscape ecosystem types – based on soils, physiography and

vegetation

Largest

Smallest

The team gives priority to rare LTAs within the study area in order to highlight the
importance of protecting a diversity of landscape ecosystems.  Secondarily, protecting a
diversity of ecosystems helps the team achieve its objective of maintaining biodiversity.

Approach

To determine the relative rarity of the different LTAs, the team used the nested hierarchy
outlined in Table 7.8 and examined LTAs against the next level of ecosystems in that
hierarchy – the sub-subdistricts.  The team made this decision understanding that the various
levels of ecosystem classification have ecological, as well as organizational, significance.  In
other words, the hierarchy helps outline the full extent of ecosystem diversity and helps
clarify the importance of protecting local ecosystems.  Figure 7.4 helps illustrate this point.
In this figure, there are two identical (by description) LTAs, both labeled LTA X.  Each LTA
X, however, is nested within a different sub-subdistrict.  Therefore, while their descriptions
may be identical, the ecological context of the landscapes surrounding each LTA X is
different.  By extension, the relative conservation value of each LTA X may also be quite
different.

The study area includes portions of two sub-subdistricts – Grayling Outwash Plain and
Cadillac.  Grayling Outwash Plain covers over 98 percent of the study area, while Cadillac
only contains a small portion of the study area’s southern corner.  The team calculated the
conservation value of LTAs in both sub-subdistricts using two specific criteria – overall
rarity and study area representation.

� Overall Rarity – To determine overall rarity, the team calculated the percentage of each
sub-subdistrict covered by each LTA within the study area.  The smaller the percentage,
the more rare the team judged the individual LTAs on a regional scale.
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� Study Area Representation – The team then calculated what percentage of each LTA
within the entire sub-subdistrict was found in the study area.  In this case, the team
assigned priority to LTAs with higher percentages.  For example, if 100% of the sub-
subdistrict’s LTA was found in the study area, protection of that LTA became a higher
priority because it is found nowhere else in the sub-subdistrict regional ecosystem unit.

Figure 7.4: Illustration of the contextual differences between two “identical” LTAs.

After selecting these two criteria, the team then established two thresholds to help determine
the final weighting considerations (see Appendix B for additional detail on the analysis of the
rare landtype association driver):

� Overall Rarity Threshold – The LTA represents less than one percent (<1%) of the total
land area of the sub-subdistrict.

� Study Area Representation Threshold – More than 70 percent (>70%) of the land area of
the LTA in the sub-subdistrict is found within the study area.

If an LTA passed both thresholds, the team awarded it 10 points.  If an LTA passed only one
threshold, the team awarded it 5 points.  All other LTAs received 0 points.

Note that the team analyzed LTAs within both sub-subdistricts but found that no LTAs
within Cadillac represented conservation priorities according to the two criteria described
above.  Therefore, all LTAs designated as rare and given points for prioritization purposes
are found within Grayling Outwash Plain.

Data Sources

In 1999, ecologists Corner and Albert and GIS technicians Austin and DeLain completed the
Landtype Associations of Northern Michigan Section VII, and the Michigan Natural Features
Inventory published the dataset.  The delineation of LTAs furthers the work of Barnes,

Different sub-subdistricts provide different ecological context for LTAs

LTA X

LTA XSub-subdistrict 1

Sub-subdistrict 2
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Albert, and others in mapping ecosystems from a regional to a local level.  Table 7.9
summarizes and describes the primary data used for this driver.

Table 7.9: Data used for analysis of rare LTA driver
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

Landtype
Associations
of Northern
Michigan
Section VII

1999 Vector
(polygon)

1:63,360 Albert, et al.;
Michigan
Natural
Features
Inventory

Michigan
GeoRef

Ecoreg100 –
Regional
Landscape
Ecosystems of
Michigan

1995 Vector
(polygon)

1:500,000 Albert; Michigan
Natural
Features
Inventory

Michigan
GeoRef

Data Manipulation

The team performed the following basic manipulations on the GIS data.

1. To calculate the rarity of the LTA in the sub-subdistricts, clipped the LTA coverage to
the boundary of Grayling Outwash Plain and Cadillac, and then determined the area of
each LTA within that boundary as compared to the overall area of the sub-subdistrict.

2. To calculate the importance of the study area to the overall occurrence of the LTA in the
sub-subdistrict, clipped the LTA coverage to the study area boundary.  Calculated the
area of each LTA in the study area and compared those areas to the total amount of the
LTA within the entire sub-subdistrict.

3. Calculated weights using the two thresholds.  LTAs that passed both thresholds were
awarded 10 points.  LTAs that passed one threshold were awarded 5 points.  LTAs that
passed neither threshold were awarded 0 points.

4. Added weights to a new column in the attribute table and scored LTAs accordingly.

5. Converted the shapefile to a grid based on those weights.

Pre-settlement Vegetation

Driver Justification

The pre-settlement vegetation conservation driver translates the project’s objective of
conserving natural areas that exhibit a high degree of ecological integrity and resiliency into
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measurable and mappable units on the landscape.  Ultimately the team hoped to develop
direct, quantitative measures for ecological integrity and resiliency for the full diversity of
local ecosystems found in the study area.  However, measuring all those factors across a
large landscape is extremely data intensive and would require extensive fieldwork that is
beyond the scope of this project.  Alternatively, the project team recognizes that certain
vegetative covers can serve as a proxy for more complex measurements of ecological
integrity.  If the vegetative composition and structure of an area resembles that of pre-
settlement conditions, it likely indicates that other ecological processes are intact and that the
area has maintained many of its historic structural and functional components.  Therefore, it
is likely that the area contributes to the ecological integrity of the larger landscape.

For example, extant jack pine forests have likely maintained some degree of their historic fire
disturbance regime because fire is necessary to regenerate jack pine seedlings and produce a
variable forest structure.  In turn, the healthy jack pine forests are likely to support and
sustain a fairly high measure of their historic diversity of flora and fauna that have naturally
occurred over time.  The Kirkland’s Warbler, a federally listed endangered species, still
thrives in jack pine forests where disturbance regimes have been maintained.  Areas with
vegetative cover resembling pre-settlement conditions have also proven to be more resilient
to invasions by non-native species and other foreign disturbances that can jeopardize
ecological integrity (Landres et al., 1999).

Approach

The pre-settlement vegetation analysis attempts to identify those lands within the study area
that possess vegetative communities that resemble the communities that existed before
European settlement.  Essentially, the analysis compares two different land cover
classifications.  The first classification approximates vegetative conditions in the early to
mid-1800s (pre-settlement vegetation), and the second classifies vegetative cover based on
1978 data.

The two data sets were developed using separate and differing classification systems based
upon the objectives of the original studies.  The pre-settlement data contains classes that have
very specific definitions based upon vegetative conditions.  The 1978 land cover data
contains several classes that correspond to the increased human use of the landscape and has
more generalized vegetation classes.  To compare these two data sets, the team reclassified
the pre-settlement features to the more generalized 1978 vegetation classes.  Reclassification
of the pre-settlement data was completed by analyzing the Anderson Level III and IV
classification codes used in both the pre-settlement classification scheme and the 1978 data
and then regrouping the pre-settlement data using the team’s knowledge of ecosystems and
plant communities of Michigan (Appendix C).  Table 7.10 provides a simplified version of
how the team reclassified the land cover categories.

Based on the reclassified land cover types, the team spatially compared the reclassified pre-
settlement data to the 1978 land cover data.  The team identified areas of overlap between the
two categories as lands that presently support vegetative cover resembling pre-settlement
conditions.



Chapter 7: Methods for GIS Manipulation, Analysis, and Evaluation 165

The team differentially scored the areas resembling pre-settlement vegetation by comparing
each area to 1992 Digital Orthophotoquads obtained from MDNR.  The team assessed each
pre-settlement category and awarded each area of overlap either five or ten points, based
upon its confidence in how the results compared to the visual inspection of aerial
photographs and the overall level of generalization made during the reclassification.  For
example, the team reclassified the pre-settlement “Beech-Sugar Maple-Hemlock Forest” into
the 1978 “central hardwood” classification, which includes sugar and red maple, beech,
basswood, cherry, and ash.  Inspection of aerial photos revealed that many areas classified as
central hardwood in the 1978 data set also contained various patches of aspen, indicating
possible errors and generalizations in the 1978 classification or land cover changes that had
occurred since 1978.  In this case the team awarded “central hardwood” areas five points,
expressing our lower confidence in this pre-settlement comparison.  Please see Table 7.10 on
the following page for more detail on point assignments for overlapping land cover
classification.

Data Sources

MNFI biologists derived pre-settlement conditions by analyzing detailed notes that were
taken by surveyors from the General Land Office between 1816 and 1856.  The surveyors
took these notes during the first Public Land Survey that divided the State of Michigan into
townships and sections.  Surveyors documented the location, species, and diameter of every
tree used to mark section lines and corners.  In addition, the notes included information on
the location of rivers, lakes, wetlands; the agricultural potential of the soils; and timber
quality.  Potential errors in the notes and MNFI’s interpretation of vegetative conditions
contribute to errors in this analysis.

For the 1978 land cover/land use classification, the Michigan Department of Natural
Resources and Michigan State University compiled data from county and regional planning
commissions or their subcontractors and then converted that data into a GIS layer.  Table
7.11 summarizes and describes the primary data used for this driver.

Table 7.11: Data used for analysis of pre-settlement vegetation driver
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

MIRIS Land
Use/Land
Cover 1978

1999 Vector
(polygons)

1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

Land Use
circa 1800

2000 Vector
(polygons)

1:24,000 MI Natural
Features
Inventory

Michigan
GeoRef

1992 Series
USGS Digital
Orthophoto
Quadrangles

2001 Remote-
sensing image

1:24,000 MDNR,
Resource
Mapping and
Aerial Photos

Michigan
GeoRef
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Table 7.10: Reclassification of pre-settlement and 1978 land cover data
1978 Land Cover

Categories
Pre-settlement Land

Cover Categories
Pre-Settlement

Comparison
Categories

Weights

Aspen Aspen-Birch Forest Aspen 10
Aspen, Birch Aspen-Birch Forest
Undifferentiated
Aspen/White Birch

Aspen-Birch
Aspen, Birch 10

Black Spruce Muskeg/Bog Black Spruce 10
Cedar Cedar Swamp, Mixed Conifer

Swamp
Cedar 10

Central Hardwood Beech-Sugar Maple-Hemlock Forest Central Hardwood 5
Emergent Wetland Shrub Swamp/Emergent Marsh Emergent Wetland 10
Herbaceous Rangeland Grassland Herbaceous

Rangeland
5

Jack Pine Pine Barrens, Jack Pine-Red Pine Jack Pine 5
Lowland Conifer Cedar Swamp, Mixed Conifer

Swamp
Undifferentiated
Lowland Conifer

Cedar Swamp, Mixed Conifer
Swamp

Lowland Conifer 10

Lowland Hardwood Black Ash Swamp, Mixed Hardwood
Swamp

Lowland
Hardwood

10

Northern Hardwood Beech-Sugar Maple-Hemlock Forest
Undifferentiated
Northern Hardwood

Beech-Sugar Maple-Hemlock Forest
Northern
Hardwood

5

Other Upland Conifer Hemlock, Hemlock-White Pine,
Hemlock-Sugar Maple, Hemlock-
Yellow-birch

Other Upland
Conifer

10

Pine White Pine, Jack Pine, Red Pine-
Jack Pine, Red Pine-White Pine,
White Pine-White Oak, Red Pine-
Oak, White Pine-Beech-Maple

Undifferentiated Pine Pine-Oak, White Pine, Red Pine-
Jack Pine, Red Pine-White Pine,
White Pine-White Oak

Pine 5

Red Oak White Pine-Mixed Hardwood Red Oak 5
Shrub Rangeland Herbaceous-Upland Grassland,

Oak-Pine Barrens
Shrub Rangeland 10

Shrub/Scrub Wetland Shrub Swamp/Emergent Marsh Shrub/Scrub
Wetland

10

Sugar Maple Beech-Sugar Maple-Hemlock Forest Sugar Maple 5
Tamarack Muskeg/Bog Tamarack 10
White Pine White Pine-Mixed Hardwood Forest,

White Pine-Red Pine Forest, White
Pine-White Oak Forest

White Pine 10

Wooded Wetland Black Ash Swamp, Cedar Swamp,
Mixed Conifer Swamp, Mixed
Hardwood Swamp

Wooded Wetland 10
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Data Manipulation

The team performed the following basic manipulations on the GIS data:

1. Clipped both the “MIRIS Land Use/Land Cover 1978” and “Land Use circa 1800” data
layers to the study area.

2. Reclassified the “Land Use circa 1800” land classification categories to the categories
used in the 1978 data set.

3. Formed new polygons that represented areas that resemble pre-settlement vegetation
conditions by clipping the reclassified “Land Use circa 1800” layer to the areas that
overlapped with the “Land Use/Land Cover 1978” layer.

4. Weighted these new polygons by adding a new column in the attribute table and scoring
each land cover classification.

5. Converted the shapefile to a 30 meter grid based on those weights.

Large Tracts of Unfragmented Natural Areas

Driver Justification

To achieve its objective of conserving unfragmented landscapes, the team developed a
conservation driver that identified and prioritized large tracts of unfragmented natural areas
within the study area.  The team understands that large tracts of land do not necessarily
equate with intact landscapes.  However, given the fact that the upper Manistee River
watershed, while largely undeveloped, is nevertheless already highly fragmented, the team
determined that identifying large tracts of unfragmented land represent the best
approximation of delineating contiguous and ecologically connected landscapes.

Approach

To create this conservation driver, the team first had to define fragmentation for the purposes
of the project.  In general, fragmentation can be thought of as any human-created opening
within an otherwise intact natural system.  In the study area, common sources of
fragmentation include primary and secondary roads, residential development, off-road
vehicle and hiking trails, agriculture, and oil wells.  While all of these sources are important,
many are difficult to delineate accurately and assessing the whole range of sources would
require analysis beyond the scope of this project.  The team thus concentrated its efforts on
the most serious, straightforward, and relevant sources of fragmentation by selecting major
roads as the foundation for the analysis.

The team selected major roads for two reasons.  First, road networks are well known to
impact the ecological integrity of the landscapes in several ways, including interrupting
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horizontal ecological flows and altering spatial patterns (Forman and Alexander, 1998).  In
addition, local experts in the study area concluded that it is reasonable to place a greater
emphasis on major roads when examining fragmentation (Mastenbrook, 2002).  A second
important reason is that fairly accurate GIS data for major roads existed and made the
analysis possible within the time constraints of the project.

The team considered including minor roads, trails, and utility corridors as agents of
fragmentation along with major roads.  However, the team chose not to do so for two main
reasons.  Most significantly, these agents fragment natural areas much less severely than two-
lane roads and highways.  Secondly, the existing GIS roads layers contain only limited data
on two-track roads and utility corridors.  In order to include these features accurately in the
analysis, the team would have had to digitize them from aerial photographs or satellite
imagery, a process that would have been extremely time intensive.

After establishing major roads as the primary causal agents of fragmentation, the team then
had to define “natural” areas for the purposes of this analysis.  In general, the team liberally
defined natural areas by assuming that all vegetated areas (excluding cropland and permanent
pasture) were of greater conservation value than developed or otherwise non-vegetated areas.
For example, the team considered “pine” to be a natural area because wildlife may use it as a
corridor, even if the area is pine plantation instead of old-growth pine forest.  The
overarching assumption was that non-natural areas were already fragmented or otherwise
unsuitable for prioritization efforts associated with this driver.

The team identified natural areas using the 1978 land use/land cover data set.  The attribute
table of the 1978 land cover data contained three different fields with varying levels of
specificity for land use/land cover categories.  The team used the most detailed of the three
land cover fields to distinguish “natural” from  “non-natural” areas.  Table 7.12 displays how
the team classified all the land cover categories in the 1978 land cover data set.

Table 7.12: Natural vs. non-natural land cover designations based on 1978 land cover data
Natural � Aquatic bed wetland

� Aspen, birch
� Central hardwood
� Emergent wetland
� Flats
� Herbaceous rangeland
� Lakes
� Lowland conifer

� Lowland hardwood
� Northern hardwood
� Other upland conifer
� Pine
� Shrub rangeland
� Shrub/scrub wetland
� Streams & waterways
� Wooded wetland

Non-natural � Air transportation
� Cemeteries
� Christmas tree plantation
� Cropland & permanent pasture
� Industrial
� Institutional
� Multi-family low rise
� Neighborhood business

� Open pit
� Other agricultural land
� Outdoor recreation
� Permanent pasture
� Reservoirs
� Single family, duplex
� Utilities, waste disposal
� Wells
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After defining fragmentation and natural areas, the team created unfragmented polygons of
varying sizes by deleting the roads layer from the natural areas layer (Figure 7.5).

 Figure 7.5: Basic approach to creating unfragmented natural areas

Once the team created polygons of natural, unfragmented areas, it assigned them weights
based on two different criteria: 1) overall size, and 2) distance of the centroid from any road.
The size of the natural area represents a relatively straightforward criterion, as larger
unfragmented natural areas generally have greater ecological integrity than smaller
unfragmented natural areas (Dramsted, 1996).  The distance of the polygon’s centroid from
any road is a slightly more abstract concept.  A centroid is the center of mass of an object
(National Institute of Standards and Technology, 2002).  One can imagine the centroid of a
polygon as the point where the polygon would balance on a person’s finger.  Using the
centroid in this analysis is useful in that it takes into account the general shape of the polygon
and how intruding, but not fully bisecting, roads negatively impact a given natural area.  The
further the centroid lies from the roads, the more core area the natural area should have, and
the lesser the impact surrounding roads have on that natural area.  Specifically, the team
established the following weighting criteria for this driver:

� 10 points: Areas (polygons) of 1,000 acres or more and with the centroid of the
polygon greater than or equal to 500 meters from any major road.

� 5 points: Areas of 1,000 acres or more and with the centroid of the polygon less than
500 meters from any major road.

� 0 points: All areas less than 1,000 acres.

There were, of course, numerous different weighting options for this driver, and the team
reviewed four main options before selecting the one outlined above.  Please see Appendix D
for more information on the team’s decision.

Data Sources

The team identified at least three land use/land cover layers that it could use for this analysis
– MIRIS Land Use/Land Cover 1978, USGS Land Use/Cover 1983, and Land Cover 1993

Natural areas

Major
roads

Major roads are
overlaid on a
natural area.

Roads are erased from the
natural area, resulting in
six unfragmented natural
areas of varying sizes.
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Lower Peninsula.  Despite its older age, the 1978 land cover data proved to be by far the
most accurate.  MDNR corrected the 1978 data using aerial photos, while the 1983 and 1993
classifications were published without such corrections.  The team confirmed the relative
accuracy of the 1978 data by comparing each land cover layer to 1993 aerial photographs.
Not surprisingly, the greatest limitation to the 1978 land cover was its failure to capture all
development that had occurred since 1978.  The team therefore generated a new development
layer to complement the 1978 land cover.  The Data Manipulation section provides more
details on this process.  Table 7.13 summarizes and describes the primary data used for this
driver.

Table 7.13: Data used for analysis of large tracts of unfragmented natural areas driver
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

Census
Transportation

1995 Vector (arc) 1:100,000 US Census
Bureau

Michigan
GeoRef

MIRIS Base
Transportation

2001 (based
on 1995 aerial
photos)

Vector (arc) 1:24,000 Michigan
Resource
Information
Service

Michigan
GeoRef

Landsat TM
Imagery

1991-1997 Raster 1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

Land
Use/Land
Cover Data –
MIRIS 1978

1999 Vector
(polygon)

1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

Landscan
aerial
photography

1992 Image 1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

Data Manipulation

The team performed the following basic manipulations on the GIS data.

1. Added a column in the attribute table of the 1978 land use/ land cover layer to classify
each type as “natural” or “non-natural.”

2. Created a new land cover layer that only included natural areas.

3. Digitized a polygon layer depicting new development so as to update the 1978 land cover
data by including areas that had been cleared or developed since 1978.
� Overlaid section boundaries onto the 1992 Digital Orthophotoquads for spatial

reference.
� Compared the aerial photographs to the 1978 natural land cover layer and digitized
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areas of additional development based loosely on the following criteria: developed or
otherwise cleared lands (i.e., oil wells) of at least 50 meters in length and occurring in
areas designated as “natural.”

4. Generated the fragmentation layer by enhancing the accuracy of the Census Roads layer.
� Digitized all major roads from the MIRIS Roads layer that were not included in the

Census Roads layer.
� Digitized major roads that were visible in the satellite imagery but were not included

in the Census Roads or MIRIS Roads layers.
� Compared the resulting roads layer to the Census Utilities layer to ensure that the

newly digitized roads were not, in fact, utility corridors.  Deleted any new digitization
that appeared to be part of utility corridors.

� Merged the Census Roads layer and the new roads layer together to create one
complete roads layer.

� Finally, buffered the merged roads layer with a one meter contiguous buffer to create
a polygon layer from the arc roads layer.  This allowed the team to erase the polygon
roads layer from the natural areas layer.

5. Erased the buffered roads and the additional development from the natural areas layer to
create initial unfragmented natural areas layer.

6. Refined the unfragmented natural areas layer.  Refinement was needed for two reasons.
First, based on a review of the satellite imagery, some digitized road segments did not
intersect with other roads segments as they should have.  This lack of intersection created
inaccurately sized unfragmented natural areas (Figure 7.6).

  Figure 7.6: The effects of inaccurate vs. accurate road layers

A second reason for refining the unfragmented areas was that even for roads that were
correctly digitized, some gaps between roads were so small that they effectively fragment
a natural area.  In other words, the width of a natural area between the roads or developed

B
      A A

B

Inaccurate roads:

Road A should connect to Road B
but does not, which results in one
natural area that is inaccurately
large.

Accurate roads:

Road A connects to Road B, which
results in two correctly sized natural
areas.
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areas was so narrow that the team believed that the area was fragmented from an
ecological perspective (Figure 7.7).

      Figure 7.7: The effects of digitizing effective fragmenters on the size of natural areas

To address both issues, the team digitized new road segments to correct inaccurate
intersections or to add effective fragmenters as appropriate.  The team digitized effective
fragmenters when the distance between two roads or developed areas was less than or
equal to 250 meters.  The team then erased these new road layers from the natural area
layer as described in Step 5.

7. Assigned scores to natural areas based on size and distance of centroid from roads criteria
outlined in the Approach section.

8. Checked all 10-point areas against aerial photos to ensure correct classification of natural
areas and made adjustments as needed.  While more accurate than the 1993 and 1983
land cover layers, the 1978 layer was not perfect, and these photo inspections improved
the accuracy of this driver.

9. Manually adjusted the weighting scheme as needed.  Upon inspection of the weighted
driver layer, the team noticed that two polygons required manual scoring adjustments.  In
both cases, the team assigned 5 points to natural areas of well over 1,000 acres because
the centroids of these polygons were less than 500 meters from roads.  The team changed
the weights to 10 points, however, because each area was very large (~3750 acres each).
More importantly, the specific location of the polygons’ centroids relative to the roads
meant that even if the roads effectively fragmented the natural areas, each polygon would
yield two natural areas of over 1,000 acres in size.

10. Converted the shapefile to a grid based on the driver weights.

A A

B B

No effective fragmenter digitized:

Road A is close enough to Road B
to consider the yellow natural area
effectively fragmented.  However,
the yellow natural area is still one
intact, unfragmented natural area.

Effective fragmenter digitized:

A dotted red line is digitized
perpendicular to Roads A and B.  This
results in the  creation of two natural
areas instead of one, as the yellow
natural area decreases in size and the
purple natural area is added.



Chapter 7: Methods for GIS Manipulation, Analysis, and Evaluation 173

Expansion and Integrity of Existing Protected Lands

Driver Justification

The team designed this conservation driver to achieve the project’s objective of promoting
the expansion and integrity of existing protected areas.  Before delving into the specifics of
the driver, it is important to note that, for the purposes of this project, the team considered all
state lands and all privately-owned land under conservation easement to be “protected.”
While conservation easements are generally highly effective in protecting private lands from
development, the team recognizes that the degree of environmental protection afforded by
public ownership remains highly variable.  Some state lands are reserved for conservation
purposes, while other areas are actively managed for recreation or timber harvest.  State land
managers are working to maintain natural ecosystem structure, composition, and function
within much of their jurisdictions.  On many state lands, however, management regimes are
designed to maximize timber harvest and may undermine the land’s overall ecological
integrity.  Despite these different management objectives, it is reasonable to assert that all
state-owned public lands carry a greater degree of protection than private lands (excluding
those under conservation easement or special management).  For example, MDNR may log a
tract of state forest, but it will not allow the construction of a subdivision on those lands.
Management practices can change and improve over time, while conversion to residential
and commercial uses is almost always permanent.

For this driver, the team focused on two spatial attributes of non-protected private lands in
the study area.  First, the team considered whether these private lands were adjacent to
protected lands.  All things being equal, lands adjacent to protected areas possess higher
conservation value than lands that are not proximal to protected lands.  These private lands
benefit from their adjacency to the larger tract of protected land because the effective
ecological extent of the private lands becomes much greater.  In addition, the protected lands
themselves benefit because adding land at the edge helps buffer the interior of the protected
holdings and effectively increases their core area (Gascon, et al., 2000).

Second, the team considered the degree to which private lands could contribute to the spatial
integrity of the existing matrix of protected lands.  Protected lands, especially public
holdings, usually do not exist as a large, intact block of land.  Rather, protected lands are
dotted with private inholdings of various sizes.  In other locations, a swath of private land can
divide large tracts of public land completely.  In either case, private lands can limit the
management of protected lands on a landscape scale.  If development occurs on private lands
near or within the protected lands, it can degrade or disturb the existing ecological features
and functions of the protected lands.  Thus, conserving private inholdings can help the
efficiency and effectiveness of the management of those lands (Noss, 1987).

Questions of expansion and integrity are, of course, linked to the larger issue of
fragmentation.  This driver, while designed specifically to address the goals of increasing the
size and integrity of protected areas, also addresses the goal of preserving unfragmented
landscapes.
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Approach

In designing this driver, the team distinguished between private lands located on the edge of
the larger protected lands matrix and private lands that are inholdings within the protected
lands matrix.  The first category of lands represents the expansion component of this driver;
the second category represents the integrity component.  The team decided that while both
lands adjacent to protected areas and inholdings deserve priority, enhancing the integrity of
the existing matrix is generally more critical than increasing the exterior boundaries.  In
many ways, consideration of the likely effect drives this decision.  The team believes that
acquiring or placing a conservation easement on inholdings is an easier way to prevent
development and increase management flexibility than acquiring numerous lands around the
larger, exterior boundary of the public lands.

The team used buffer distances to identify both categories of lands.  After visual inspection
of the size of private parcels, the team determined that parcel size, especially those near
existing public lands, correlates strongly with section boundaries.  While overall size is
variable, one border of many parcels in the study area is often at least a quarter- to a half-
section long.  The team used this half-section distance to establish a buffer length of 880
meters.

As illustrated in Figure 7.8, the team used the established buffer distance and gave priority to
inholdings above lands located along the outer perimeter to develop the following weighting
scheme:

� Expansion Buffer – All private lands located within 880 meters of the outer perimeter of
protected lands receive 5 points.

� Integrity Buffer – All lands designated as an inholding receive at least 5 points.  Lands
located within an inholding and within 880 meters of public land receive an additional 5
points, for a total of 10 points.  It should be noted that no lands designated as inholdings
are more than 1,760 meters from public lands.

It is important to note that the project team wanted this driver to factor in connectivity and
corridors to protected lands outside the study area, as well as within.  The pattern of public
lands in the study area does not necessitate such an analysis.  As Figure 7.9 demonstrates,
public land is relatively contiguous across the study area.  This is not to say that connectivity
and corridor maintenance are not important for the study area.  The team had to concede,
however, that it did not have the data specificity to determine optimum connections within
the overall study area (based primarily on vegetative cover and species needs) and that
connections between protected lands were already largely established.
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Figure 7.8: Depiction of scoring for adjacency and integrity driver (not to scale)

Figure 7.9: Public lands for northwestern Michigan
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Data Sources

The GAP Stewardship data set provided the most complete and accurate GIS data available
on public ownership in the study area.  It was not perfect, however, and the team worked to
improve its accuracy before conducting the analysis.  To do so, the team obtained the most
current plat books for the five counties in our study area (Missaukee: 2001, Kalkaska: 1999,
Antrim: 1998, Ostego: 1996, and Crawford: 1995) and then used the books’ more detailed
ownership information to update and correct the Gap Stewardship layer.  In addition, the
team received a map from GTRLC that depicts existing conservation easements in the study
area (including several held by GTRLC) and digitized these holdings.  While these are not
public lands, they are protected and are treated as such for the purposes of this analysis.
Therefore, the team added these lands to the existing public ownership coverage.  Table 7.14
summarizes and describes the primary data used for this driver.

Table 7.14: Data used for analysis of adjacency and integrity driver
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

GAP Land
Stewardship
Layer

2001 Vector
(polygon)

1:24,000 MDNR –
Resource
Mapping and
Aerial
Photography

Michigan
GeoRef

Data Manipulation

The team performed the following basic manipulations on the GIS data.

1. Clipped the Gap Stewardship layer to the study area boundary.

2. Corrected the Gap Stewardship layer using county plat books and GTRLC’s conservation
easement records.

3. Buffered the public lands using two different buffer distances – 880 and 1,760 meters.
The larger buffer distance was used to capture any in-holding lands outside the 880 meter
buffer.

4. Using visual inspection, deleted all buffers beyond 880 meters on the outer perimeter of
the study area unless those buffers represented in-holdings when seen in relation to public
lands outside the study area.

5. Scored buffers according to scheme outlined above.

6. Lastly, converted the scored shapefile to a grid using 30 meters grid cells for further
analysis.
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STEP 3: USE RASTER GRIDS TO CONDUCT OVERALL ANALYSIS

After working through the long process of selecting, manipulating, and analyzing the
conservation drivers, the team proceeded with the overall prioritization analysis by
completing the following steps:

1. Converted Vector Layers to Raster Grids – In order to analyze the individual drivers
collectively and combine them into one weighted composite layer, the team first had to
convert vector-based shapefiles into raster grid format based on the weights assigned to the
respective drivers.  After consulting several experts in GIS analysis, the team decided to use
a 30 meter cell size. (Richards, 2001).  The 30 meter grid cell provides an adequate
resolution for almost all natural features and is a standard size for many GIS-based analyses,
including most Digital Elevation Models (DEMs).  In addition, the study area was small
enough that a 30 meter grid cell did not produce too large a grid and unacceptably slow
process times.

2. Created a Composite Grid - Once the team converted the individual shapefiles for each
driver to raster grids, it then added those eight grids together to produce a composite grid that
scored the entire study area based on the relative conservation importance of individual grid
cells.  Adding the grids together is a straightforward process in GIS.  Figure 7.10 provides a
schematic representation of the process.

Figure 7.10: The process of creating the composite grid

3. Reclassified the Composite Grid – Phase One of the analysis used eight drivers with
possible individual weights of 10, 5, or 0 points, so that possible total scores ranged from 0 to
80 in multiples of five.  The highest scoring grid cell in the study area, however, received a
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total of 65 points (see Chapter 9).

When the team first combined the individual driver grids to create the composite grid, the
results were reported using raw scores.  In other words, the full range of scores were
displayed in the grid – 0, 5, 10, 15, 20…65.  In order to interpret these scores, analyze
patterns on the larger landscape, and divide the study area into areas of low, medium, high,
and highest priority, the team reclassified the full range of scores into four categories.

GIS provides a large number of reclassification methods.  For example, the team could have
reclassified using Equal Area, a method that ensures that an equal amount of land area falls
into each of the four categories.  Alternatively, the team could have used Equal Interval, a
technique that would have divided the scores (0-65) into four equal ranges.

The team understood that no matter what technique was used, drawing the boundaries
between low, medium, high, and highest priority areas remained a somewhat subjective
process.  Thus, the team established two basic criteria to help minimize subjectivity in the
reclassification process.

� Scores for Highest Priority Areas – Since it used a total of eight drivers in this stage
of the analysis, the team felt that the highest priority areas should contain scores from
at least four different drivers.  Areas that receive 35 points or more must contain
scored areas for at least four drivers, and the team selected this point total as the
threshold for highest priority areas.

� Total Acreage of Highest Priority Areas – GTRLC informed the team that it was most
interested in the top 5,000 acres of private land for conservation efforts (Rigney,
2001).  While the team did not want to manipulate the results so that they produced
exactly 5,000 acres ranked as top priority, it did want to keep this general figure in
mind during reclassification.  Rating only 2,000 acres as highest priority would not
give GTRLC enough to work with, and rating 100,000 acres as highest priority would
not provide enough focus for GTRLC’s efforts in the Manistee River watershed.

With those criteria in mind, the team used a classification technique called Natural Breaks
and then further modified the groupings to create four categories that best served the project.
The Natural Breaks technique examines the overall distribution of scores and attempts to
discern groupings or patterns within the data.  Table 7.15 summarizes the distribution of
scores using natural breaks and the final ranges based on the team’s manual manipulations.

Table 7.15: Reclassified scores for composite grid
Prioritization

Category
Range of Scores

Using Natural Breaks
Final Range of Scores

Following Manual Modifications

Low 0-10 0-10

Medium 11-20 11-20

High 21-30 21-34

Highest 31-65 35-65
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STEP 4: DELINEATE CONSERVATION FOCUS AREAS

After reclassifying the composite scores, numerous clusters of high and highest scoring grid
cells stood out in a landscape where the majority of land ranked as either low or medium
priority.  To delineate conservation focus areas (CFAs), the team used on-screen digitizing to
create unique polygons around those clusters of high and highest scoring grid cells.  While
seemingly a simple process, the digitizing created the actual boundaries of the CFAs, a
crucial step in identifying and prioritizing lands for protection at the regional and parcel
levels.  Thus, the team used a two-stage process to ensure that its digitizing efforts were as
consistent, accurate, and justifiable as possible.

In the first stage, the team conducted a basic visual assessment of spatial patterns in the
concentration and arrangement of high and highest scoring grid cells and digitized new
polygons around those areas.  In the second stage, the team examined the newly created
polygons and identified several quantifiable guidelines that the team had followed.  Figure
7.11 on the following page summarizes these guidelines and provides an illustration of the
guidelines in practice.

After establishing these guidelines, the team reviewed the digitized polygons and made
detailed corrections to ensure that it enforced the rules accurately and uniformly across the
study area.

The team digitized 60 different polygons of varying shapes and sizes within the study area.
The polygons captured all high and highest scoring cells that met the delineation criteria
(Figure 7.11).  While all polygons represent areas of significant ecological value, the team
determined that larger polygons deserve greater conservation attention than smaller, isolated
polygons.  Therefore, the team separated these digitized polygons into three separate
categories based on size (Table 7.16).

Table 7.16: Categories for digitized polygons

Category Size

Conservation Focus Areas (CFAs) 500 acres or larger

2nd tier conservation areas 100 to 499 acres

3rd tier conservation areas Less than 100 acres

The team established a 500-acre or larger size threshold for CFAs for several reasons.  First,
since the project employs a landscape ecology-based approach to conservation, the team
wanted to stress the protection of larger land areas over smaller, more isolated tracts.  Based
on this reason, the team initially established 1,000 acres as the CFA benchmark.  After
talking with GTRLC, however, the team lowered the threshold to 500 acres because GTRLC
felt that 500 acres still represented a sizable area in which it could secure meaningful land
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protection gains.  The size limits for the 2nd and 3rd tier conservation areas were largely
arbitrary but ultimately were the result of the initial acreage designation for CFAs.

Figure 7.11: Digitizing guidelines for delineating CFAs

Guideline #1 – If high or
highest priority areas are
no more than 300 meters
apart, digitize as single
polygon.

Guideline #2 – If the gap
of low and/or medium
scoring lands is greater
than 300 meters, digitize
as two separate polygons.

Guideline #3 – Digitize
straight across low or
medium scoring
indentations less than 100
meters wide.

Guideline #4 – Do not
include high scoring
outcroppings less than
100 meters wide unless
they and the main body
contain highest scoring
grids cells.

Distance <300m;
digitize these two
clusters as one
polygon.

Distance >300m;
digitize these two
clusters as two
separate polygons.

Please note that the illustrations are not to scale and
provide a highly simplified picture of the weighted
composite grid.

Highest Priority

High Priority

Medium Priority

Low Priority

Gap <100m wide; digitize
straight across when creating
polygon.

“Outcropping” less than
100m wide and contains
no highest scoring cells
– would not be included
in polygon when
digitizing.
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STEP 5: RANK THE CONSERVATION FOCUS AREAS
The team ranked all the CFAs and then refined those rankings for the 10 CFAs in Kalkaska
County.

Ranking all the CFAs

After the team delineated and clearly defined the CFAs within the study area, it ranked them
according to their relative ecological importance.  The team selected three criteria for the
CFA rankings.

� Mean Score: Rank CFAs with larger mean scores higher than CFAs with lower scores –
Each CFA overlays thousands of individually scored grid cells.  Using a feature called
Summarize by Zone, ArcView easily calculates the mean score for each CFA.  The mean
score of a CFA is simply the sum of the scores for all the individual grid cells divided by
the total number of grid cells in the CFA.  Note that these calculations were somewhat
more complicated because the study area’s irregular boundaries means that not all grid
cells are the same size.

� Size: Rank larger CFAs higher than smaller CFAs– As discrete units, each CFA had a
measurable spatial extent.  Using principles of landscape ecology, the team reasoned that
the bigger the CFA, the higher its conservation importance.

� Shape: Rank areas with low perimeter to area ratios higher – The shape of the CFA
represents an important consideration for two main reasons.  First, rounder, less-linear
CFAs tend to contain larger core areas and less edge.  Larger core areas are ecologically
beneficial, especially in a landscape that is already highly fragmented and dissected.
Second, the general shape of a CFA illustrates how convoluted the team had to make its
boundary during the digitizing and delineation process.  Simple boundaries indicate
tightly clustered areas of high and highest scoring grid cells, which is preferable to
priority areas scattered more loosely across the landscape.  To quantify shape, the team
calculated the perimeter-to-area ratio for each CFA.

For each criterion, the team listed the CFAs in numerical order according to their rank.
Then, to produce a final ranking that incorporated all three criteria, the team simply added
the individual ranks for the score, size, and shape criteria together to produce a final ranking.
Table 7.17 uses a simplified example to demonstrate this ranking process.  Note that mean
score, size, and shape are all valued equally in the overall ranking.
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Table 7.17: Theoretical illustration of CFA ranking scheme
CFA Mean

Score
Score
Rank

Size
(acres)

Size
Rank

Shape Shape
Rank

Sum
Rank

Final
Rank

CFA A 34.6 1 5,210 2 0.0012 1 4 1

CFA B 33.7 2 5,879 1 0.0047 2 5 2

CFA C 31.2 4 3,589 3 0.0109 3 10 3

CFA D 33.1 3 2,100 4 0.0185 4 11 4

Ranking CFAs entirely within Kalkaska County

As stated in Chapter 3, GTRLC established Kalkaska County as its top geographic priority
within the study area.  Given GTRLC’s interests and the team’s own resource and time
constraints, the team thus decided to conduct Phase Two of the project (prioritization analysis
at the parcel level) on only those CFAs entirely within Kalkaska County.

Selecting only those CFAs entirely within Kalkaska County gave the team the opportunity to
refine its CFA rankings and make the rankings even more relevant and useful to GTRLC.
The team accomplished this improvement by adding two additional criteria to the rankings:
conservation opportunity and conservation feasibility.

� Conservation Opportunity: Rank CFAs with more protectable private land higher than
those with smaller totals – While all the CFAs totaled 500 acres or more, several CFAs
contained sizeable portions of land that is either already protected (public or private land
under easement) or essentially unprotectable (large lakes).  When these lands are
subtracted from the CFAs’ total acreage, the amount of private land left to prioritize for
protection is, in some cases, relatively insignificant.  For example, if a 3,000-acre CFA
contains only 250 acres of “protectable” land, the team viewed this CFA as a relatively
low priority.

� Conservation Feasibility: Rank CFAs that have large amounts of protectable private land
in tracts 40 acres or larger higher than those that do not – The team tried to determine
feasibility of conservation efforts in a given CFA by examining the degree to which the
private lands were subdivided.  The more subdivided a given area is, the more
landowners one must work with to protect significant amounts of land.  In addition,
GTRLC generally does not accept conservation easements on properties less than 40
acres.  Therefore, the team calculated how many acres of protectable lands in a given
CFA are found in tracts 40 acres or larger and assigned corresponding conservation
feasibility ranks.

To include the conservation opportunity and feasibility criteria in the overall CFA rankings
for Kalkaska, the team simply added two columns to the original ranking matrix that it had



Chapter 7: Methods for GIS Manipulation, Analysis, and Evaluation 183

used for the all the CFAs in the study area (Table 7.17 and Table 7.18).  Note when using the
two additional criteria, the final rankings for CFA C and CFA D switch (CFA C once ranked
higher but now CFA D does).

Table 7.18: Theoretical illustration of CFA ranking scheme for Kalkaska County

CFA Opportunity
Opportunity

Rank Feasibility
Feasibility

Rank

Previous
Sum

Rank*

New
Sum
Rank

New
Final
Rank

CFA A 3,856 1 3,542 1 4 6 1

CFA B 2,102 2 1,850 2 5 9 2

CFA C 598 4 320 4 10 18 4

CFA D 782 3 580 3 11 17 3
*When only the first three criteria are used.

The team conducted this analysis using a digitized parcel layer for Kalkaska County.  The
following section of this chapter describes in more detail how the team digitized parcels.
One issue is important to discuss at this point, however.  When analyzing the conservation
opportunity and feasibility of CFAs, the team used acreage figures for the digitized parcels
found both completely and partially within a CFA.  In many cases, the acreage of parcels
associated with a given CFA exceeded the amount of private land found completely within
the borders of the CFA.  Figure 7.12 illustrates this phenomenon.

Figure 7.12: CFA and parcel boundaries

Note that many parcel boundaries
extend beyond the formal boundary
of the CFA.  Thus, more private
land may be associated with a
given CFA than is contained wholly
within that CFA.

Hypothetical CFA
Boundary

Hypothetical Private
Parcel Boundaries
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PHASE TWO ANALYSIS:
 PARCEL DELINEATION AND PRIORITIZATION

In the Phase Two Analysis, the team prioritized private parcels associated with the top three
CFAs within Kalkaska County.4  The steps of this analysis are described below.

STEP 1: DIGITIZE PRIVATE PARCELS

The team scanned individual pages from the most recent (1999) Kalkaska County plat book
and then georeferenced these images so that they would overlay with the existing GIS data
layers.  Using the on-screen-digitizing function in ArcView, the team then digitized the
boundaries for all the private, unprotected land parcels associated with the CFAs found
within Kalkaska County.

STEP 2: PRIORITIZE PARCELS FOR PROTECTION

The team examined, analyzed, and scored every private parcel 40 acres or larger associated
with the top three CFAs in Kalkaska County.  The parcels were scored based on three
different criteria.

� Ecological Score – As with the CFAs, the team used the composite grid (the product of
all eight conservation driver grids) to calculate the mean score for each parcel.  Again,
the mean score is simply the sum of the scores for all the individual grid cells divided by
the total number of grid cells in the parcel.  The team grouped the mean scores into four
different categories and then assigned a corresponding ecological score (Table 7.19).
Note that the four categories correspond to the ranges the team used when assigning
highest, high, medium, and low priority to individual grid cells across the study area.

Table 7.19: Ecological scores based on mean scores

Range of Mean Scores Ecological Score
35-65 1
21-34 2
11-20 3
0-10 4

� Natural Land Cover – The team examined 1998/1999 color infrared aerial photographs of
the study area to determine the true land cover and land use of each parcel.  The team

                                                
4 The team digitized the parcel data for all CFAs within Kalkaska County.  It limited the actual parcel analysis
to the top three CFAs because of 1) the time required to prioritize parcels using aerial photo interpretation and
2) GTRLC requested the identification of the best 5,000 acres and the top three CFAs included more than this
much protectable land for analysis.
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took detailed notes on each parcel’s land cover and land use and calculated what
percentage of the parcel remained in natural cover.  The team used the same natural and
non-natural categories that it employed in analyzing the unfragmented natural areas
driver (Table 7.12).  The team then multiplied this percentage figure by the total acreage
of each parcel to determine the actual natural acreage.  Finally, the team assigned each
parcel a score based upon its total number of natural acres (Table 7.20).

Table 7.20: Natural land cover scores based on total acres

Total Acres of Natural Land Cover Natural Land Cover Score
> 100 1

46 – 100 2
30 – 45 3

< 30 4

� Landscape Connectivity – The team used 1998/1999 color infrared aerial photographs,
U.S. Geological Survey 7.5-minute quadrangle maps, and land ownership data to
determine the extent to which parcels contribute to a contiguous natural landscape.  To do
this, the team first identified several landscape features within the larger CFAs.  These
landscape features, while not quantitatively defined, were large tracts of intact natural
areas, often associated with wetlands or other hydrologic features.  The landscape
features contain little to no development, include no major roads, and exhibit less
fragmented land ownership patterns than the surrounding matrix.  The team then
evaluated each parcel based on its spatial relationship to its closest landscape feature.
Figure 7.13 depicts different spatial associations between parcels and landscape features,
summarizes their characteristics, and outlines their scores.

To produce a final score that incorporated all three criteria, the team used a method virtually
identical to that employed to rank the CFAs.  There is one important difference, however.
With the CFAs, the team produced a ranked list of CFAs from highest to lowest priority.  In
this second phase of the analysis, the team assigned each parcel a score of 1, 2, 3, or 4 for
Ecological Score and Natural Land Cover and a score of 1,2, or 3 for Landscape
Connectivity.  Thus, the best final (cumulative) score a parcel could earn is a 3 and the worst
is an 11.  Using this method produces many parcels with equal final scores.  Therefore, rather
than producing a list of numerically ranked parcels as with the CFAs, the team created more
manageable groupings of similarly scored parcels.  As with CFAs, the lower the final score,
the higher the parcel’s relative conservation value.  Table 7.21 uses a simplified example to
demonstrate the parcel scoring process.
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Figure 7.13: Representation of landscape connectivity concept

Parcel Parcel Description Score

X
The parcel is immediately adjacent to or contained within an
existing contiguous landscape feature and the protection of the
parcel would extend or preserve the contiguous landscape.

1

Y
The parcel is once removed from the existing contiguous
landscape pattern.  The protection of these parcels would extend
the contiguous landscape if the adjacent “Parcel X” were
protected.

2

Z
The parcel is twice removed or is separated from the existing
contiguous landscape feature by a major road or built-up area. 3

Table 7.21: Theoretical illustration of parcel scoring scheme

Parcel Mean
Score

Ecological
Score

Natural
Acres

Natural
Areas
Score

Landscape
Connectivity*

Landscape
Connectivity

Score

Final
Score

Parcel A 36.6 1 325 1 N/A 2 4

Parcel B 19.5 3 115 1 N/A 1 5

Parcel C 29.2 2 89 2 N/A 1 5

Parcel D 26.9 2 39 4 N/A 2 8
*Scores assigned directly after qualitative visual analysis

STEP 3: ESTABLISH A HIERARCHICAL PRIORITIZATION SYSTEM

The final score assigned to each parcel makes it possible to compare the relative conservation
value of parcels within a given CFA or among a group of CFAs.  For example, a parcel that

X

Y

Y

Z Z

Landscape Feature
(wetland, forest)

Highway

X

X
Y

Y
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receives a final score of “3” is a top priority, and, when evaluated simply based on final
parcel score, can be seen as having equal conservation value to other parcels that receive a
final score of “3.”

In keeping with its emphasis on protecting large, contiguous landscapes, however, the team
determined it was important to consider the parcel’s relationship to the CFA and, when
applicable, the landscape feature before determining its final priority.  As such, the team
recognizes three basic hierarchical levels to parcel prioritization: 1) the CFA, 2) the
landscape feature, and 3) the parcel itself.

� CFA – Each CFA is ranked, and that ranking serves as the foundation for parcel
prioritization.  For example, if CFA X is ranked #1 and CFA Y is ranked #2, the
team would tend to place higher priority on all parcels 40 acres or larger
associated with CFA X than on the parcels associated with CFA Y.

� Landscape Feature – When determining parcel priority within a given CFA, the
team uses the identified landscape features to provide a second level of ranking
hierarchy.  As described above, the team designated several different landscape
features within CFAs to describe sizable, intact natural areas.  The team ranked
landscape features based on their overall size, with larger features ranking higher
than smaller features.  For example, if landscape feature V and landscape feature
W are both in the same CFA, and landscape feature V is larger, the team would
award higher priority to those parcels associated with landscape feature V.

� Parcel – To determine relative conservation priority within a landscape feature,
the team uses the parcel’s final score.  If the scores are the same and one needs to
distinguish between two parcels, the team places higher priority on the larger
parcel.

Figure 7.14 presents a hypothetical parcel prioritization using the three-tiered hierarchy.  As
there are a number of variables involved in protection efforts on-the-ground that are not
factored into this analysis, the team recognizes that the actual conservation work of GTRLC
and others will not strictly follow this prioritization hierarchy in all cases (see Chapter 9).
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Figure 7.14: Hypothetical parcel prioritization

CFA CFA Rank Landscape
Feature

Landscape
Feature Rank

Parcel Score

T 5A1 1
U 8
V 6

A 1
A2 2

W 4
X 7B1 1
Y 5B 2

B2 2 Z 6

DEPICTING THE RELATIONSHIP OF SOURCES OF
THREATS TO CONSERVATION FOCUS AREAS

The team adopted a two-tiered approach to examining threats and their sources in the study
area.  As outlined in Chapter 6, the team first identified, described, and ranked all major
threats and their sources in the study area.  The threats and their sources were adapted from
the choices that The Nature Conservancy offers in its Five-S Framework to Site Conservation
(2000).  Second, the team spatially represented as many of the sources of threats in the study
area as possible and overlaid the mapped sources on the CFAs to illustrate their spatial
relationship.

Two main reasons justify the team’s investigation and delineation of threats and their
sources.  First, a landscape ecology approach to land protection requires the investigation of
the landscape that surrounds potential areas for conservation.  The presence or lack of threats
can have a substantial impact on the long-term integrity of ecosystems.  Even a relatively
localized threat can end up generating a significant impact on the surrounding landscape.
Second, the discussion of threats and their sources within the study area should assist
GTRLC in further evaluating the conservation importance of areas and parcels the team
designated as top priority.

The team believes that information on sources of threats in the study area will guide
GTRLC’s decisions on which areas to protect and what protection strategies to use on a
situational basis.  In other words, the team expects GTRLC’s consideration of threats to vary
from area to area and parcel to parcel.  For example, GTRLC may attempt to conserve an 80-
acre parcel threatened with oil and gas development to preserve an unfragmented natural

1st Priority

Parcels: T and U

2nd Priority

Parcels: V and W

3rd Priority

Parcels: X and Y

4th Priority

Parcel: Z
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area.  On the other hand, GTRLC may not target the parcel because it is surrounded by public
land that may potentially be leased for drilling.

Because of the uncertainty surrounding whether the presence of a threat makes a CFA a
higher or lower priority, the team did not create weighted drivers for the threats analysis and
did not integrate threats into the CFA rankings.  Instead, the team overlaid threats on the
ranked CFAs to provide insights into the location of existing and potential threats to these
priority areas.  Existing threats include features that currently lie within the study area, such
as roads that have already been paved.  Potential threats include features that do not currently
occur in the study area but may well in the future, such as anticipated oil and gas drilling.

Please note that the team was not able to represent all threat sources spatially.  Table 7.22
cites the spatial representation status for each source of threat.  The identification and
examination of those threats that the team could not map was still valuable.  For example, for
a source of threat that the team could not map, such as invasive species, knowing what forest
types are susceptible to invasion may influence GTRLC’s decision to protect parcels with
certain forest types, such as birch-hemlock forests, and actively manage them to resist
defoliators.  Lastly, please note that the team mapped all agricultural use to identify areas
where incompatible agricultural uses may occur.  Incompatible and compatible agricultural
uses are not delineated in any way.

The reminder of this section outlines the approach, data sources, and data manipulation that
the team used to evaluate and map existing and potential threat sources in the study area.
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Table 7.22: Spatial representation of sources of threats

Spatially Represented?

Source of Threats Yes No (reason)

Existing development X

Potential development X

Existing logging X (insufficient data)

Potential logging X

Existing oil and gas drilling
sites X

Potential oil and gas drilling
sites X

Existing roads X

Potential roads X

Existing ORV use X

Potential ORV use
X (team unaware of proposed
clearing or construction of new
ORV trails)

Existing agriculture
(incompatible agricultural
areas lay within these areas) X

Potential incompatible
agriculture

X (incompatible agricultural
areas likely to decrease rather
than increase)

Existing invasive species X (insufficient data)

Potential invasive species X (insufficient data)

Existing dams X (inaccurate data)

Potential dams
X (team not aware of plans for
new dam construction)

Existing fire suppression X (insufficient data)

Potential fire suppression X (insufficient data)
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EXISTING DEVELOPMENT

Approach

Development is scattered throughout the study area and residential development (single
family homes) is by far the most common type.  The team built upon available data to display
the major concentrations of development.  Note, however, that no existing data displays the
thousands of individual homes that are scattered throughout the study area, and digitizing
these houses was beyond the scope of the project.

Data Sources

Table 7.23 summarizes and describes the data sources used to map existing development in
the study area.

Table 7.23: Data sources for mapping existing development
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

Land
Use/Land
Cover Data –
MIRIS 1978

1999 Vector
(polygon)

1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

Digital ortho-
photographs

1993 Image 1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

Data manipulation

1. Selected all residential, commercial, and industrial areas from the 1978 land use/land
cover GIS layer.

2. Digitized additional areas of major development using 1993 aerial photographs.

POTENTIAL DEVELOPMENT

Approach

The Land Division Act of 1996 (P.A. 591) leaves nearly all private lands vulnerable to
division and more intensive development.  In addition, zoning regulations curb future
development only slightly by stipulating minimum lot sizes (ranging from a quarter acre to
2.5 acres) and permissible development locations.  New home construction is expected to
continue to be the most prevalent type of development.
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Although private lands are susceptible to development, parcels with frontage on lakes and
rivers are under more intensive development pressures.  Therefore, the team mapped two
different categories of private land according to expected development pressures: 1)
privately-owned riparian areas, which face the greatest development pressures, and 2) all
other privately-owned lands, which face moderate development pressures.

Data Sources

Table 7.24 summarizes and describes the data sources used to map potential development.

Table 7.24: Data sources for mapping areas of potential development
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

MIRIS lakes 1992 Vector
(polygon)

1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

MIRIS
streams
(perennial &
intermittent
streams/
drains)

1992 Vector (arc) 1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

MIRIS
streams (two-
banked
perennial)

1992 Vector
(polygon)

1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

GAP Land
Stewardship
Layer

2001 Vector
(polygon)

1:24,000 Michigan DNR
– Resource
Mapping and
Aerial
Photography

Michigan
GeoRef

Data manipulation

The team performed the following manipulations to the GIS data.

1. Created a 50 meter buffer (a “riparian buffer”) around all lakes, rivers, and streams.

2. Revised the GAP layer (shows publicly owned lands) to include other protected lands
such as GTRLC’s conservation easement holdings and to ensure correct public
boundaries based on comparisons with plat books.

3. Erased the public lands from the riparian buffer to show waterfront areas that are
privately-owned.
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POTENTIAL LOGGING

Approach

Logging can occur on any forested lands, regardless of ownership or size, and any logging
operation has potential to be compatible or incompatible with conservation efforts.
Therefore, the team displayed general areas of logging potential simply by highlighting the
forested lands in the study area as of 1978.  In addition, the team displayed areas that are
likely to be logged for hardwoods, since this forest type typically thrives on moraines and ice
contact terrain, but not on outwash plains (Merriweather, 2002).

Data Sources

Table 7.25 summarizes and describes the data sources used to map potential logging areas.

Table 7.25: Data sources for mapping potential logging sites
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

Land
Use/Land
Cover Data –
MIRIS 1978

1999 Vector
(polygon)

1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

Landtype
Associations
of Northern
Michigan
Section VII

1999 Vector
(polygon)

1:63,360 Albert, et al.
Michigan
Natural
Features
Inventory

Michigan
GeoRef

Data manipulation

The team performed the following manipulations to the GIS data.

1. From the 1978 land use/land cover layer, selected records other than forest types.

2. From the landtype association layer, selected all moraine or ice-contact landtype
associations.

3. Erased the forest type (land use/land cover) layer from the landtype association layer to
create a new layer of forested areas on moraine and ice contact terrain.

EXISTING OIL AND GAS DRILLING SITES

Approach

Oil and gas drilling in the study area primarily occurs within the Antrim Shale and Niagaran
Reef formations.  These two formations underlie Antrim, Crawford, and Otsego counties, and
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the north part of Kalkaska County, although some drilling sites are located in southern
Kalkaska County and Missaukee County.  The team spatially represented locations of current
oil wells, gas wells, gas condensate, and gas storage wells using data from MDNR.  The team
deleted other data points (e.g. brine disposal and observation wells) since they occur rarely
and do not necessarily require the amount of land clearing needed for extractive activities.
While the team did not correct data points against aerial photographs, the MDNR updates
this data set frequently.  This project used data from 2001 since the more recent oil and gas
data sets were unavailable due to security reasons.

Data sources

The oil and gas surface data and the oil and gas bottom data were the main two GIS sources
used for this analysis.  The point data in the surface layer represent sites of drilling wells
while the point data in the bottom layer reflect the area in the reserve at which the well makes
contact with the oil or gas.  Since one surface well can be connected to numerous bottom
wells, more bottom wells exists than surface wells.  Figure 7.15 provides a visual
representation of the difference between surface and bottom sites.

Figure 7.15: Difference between surface and bottom wells

Table 7.26 summarizes and describes the data sources used for existing and potential oil and
gas development.

Table 7.26: Data used for mapping existing and potential oil and gas drilling sites
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

Oil and gas
wells – bottom

2001 Vector (point) 1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

Oil and gas
wells –
surface

2001 Vector (point) 1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

Surface

Bottom
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Data manipulation

1. Deleted all point data from both the surface and bottom data except oil wells, gas wells,
gas condensate, and gas storage wells.  These sites were selected as they contribute the
majority of the sites in the area that require land clearing.

POTENTIAL OIL AND GAS DRILLING SITES

Approach

Since any private land parcel overlying a potential oil and gas reserve can be developed for
oil and gas exploration and drilling, the team decided that all parcels within the Antrim Shale
and Niagaran Reef formations were threatened by development.  Since current drilling sites
on public lands reflect the location of oil and gas reserves, potential development sites on
private parcels will occur nearby.  Thus, to spatially represent the area threatened by oil and
gas development, the team created a single polygon coverage around the area of current
drilling sites clustered near the intersection of Kalkaska, Antrim, and Crawford counties.

Data Sources

See Table 7.26 for the data sources used for mapping existing and potential oil and gas
development.

Data manipulation

The team performed the following simple manipulations to the GIS data.

1. Digitized a polygon around the area of highest density of current oil and gas development
sites within the study area.

EXISTING ROADS

Approach

Many roads exist in the study area, including state highways, county and township roads, and
private roads.  To depict the locations of roads, the team used the Census Roads Layer and
improved its accuracy by digitizing additional roads viewed on the MIRIS roads layer and
satellite imagery.

Data Sources

Table 7.27 summarizes and describes the data sources used for existing roads.
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Table 7.27: Data used for mapping existing roads
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

MIRIS roads 2001 (based
on 1995
aerial
photos)

Vector (arc) 1:24,000 Michigan
Resource
Information
Service

Michigan
GeoRef

Census
transportation

1995 Vector (arc) 1:100,000 US Census
Bureau

Michigan
GeoRef

Landsat TM
imagery

1991-1997 Raster 1:24,000 Michigan
Department of
Natural
Resources

Michigan
GeoRef

Data manipulation

1. Created a new roads layer that complemented and increased the accuracy of the Census
Roads Layer.

a) Digitized major roads from the MIRIS roads layer that were not included in the
Census Roads layer.

b) Digitized major roads that were visible in the Landsat imagery but were not
included in the Census Roads layer or the MIRIS roads layer.

c) Compared the roads layer to the utilities Census utilities layer to ensure that the
newly digitized roads were not utilities corridors.  Deleted newly digitized
segments that appeared to be part of utility corridors.

2. Merged the Census Roads layer and the new roads layer together to create one complete
roads layer.

POTENTIAL ROADS

Approach

As explained in Chapter 6, construction or widening of the major highways and roads in the
study area is not a major threat at the current time.  The passing lane relief program on M-72
from M-66 to the eastern Kalkaska County line represents the only known road expansion
program on the major highways in the study area.  This section of M-72 was digitized off of
the MIRIS road data to represent the part of the study area affected by the road expansion.

Data Sources

Table 7.28 summarizes and describes the data sources used for potential road development.
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Table 7.28: Data sources for mapping potential roads
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

MIRIS roads 2001 (based
on 1995 aerial
photos)

Vector (arc) 1:24,000 Michigan
Resource
Information
Service

Michigan
GeoRef

Data manipulation

The team performed the following basic manipulation to the MIRIS roads data.

1. In the attribute table of the MIRIS data, highlighted the section of M-72 from M-66 to the
eastern Kalkaska County line.

2.  Digitized the highlighted section of M-72 to create a new arc shapefile.

EXISTING ORV & SNOWMOBILE USE

Approach

Off-road vehicles and snowmobiles can traverse a variety of terrains and frequently stray
from established trails.  Virtually all public and private lands are therefore vulnerable to
ORV and snowmobile use.  It would be incredibly challenging, if not impossible, to map all
areas through which these motorized vehicles traverse.

Despite the challenges of identifying motorized vehicles paths, the Northwest Michigan
Council of Governments and others have digitized many of the more obvious trails in
Kalkaska and Antrim counties using 1997 USGS Topoquads.  The team used this data set,
the most recent and reliable data available, to represent areas of existing ORV and
snowmobile use spatially.

Data Sources

Table 7.29 summarizes and describes the data sources used for existing ORV and
snowmobile use.

Table 7.29: Data sources for existing ORV and snowmobile trails
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection
Antrim
County &
Kalkaska
County Trails

1997 Vector (arc) 1:24,000 Northwest
Michigan Council
of Governments,
The Conservation
Resource
Alliance, & The
National Park
Service

State Plane
NAD 83,
Michigan
Central Zone,
International
Feet.
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Data manipulation

1. Highlighted all ATV, ORV, and snowmobiles records in the trails data layer.

2. Created a new layer that included only those highlighted records.

EXISTING AGRICULTURE & GRAZING AREAS

Approach

To map agriculture, the team simply used an existing GIS land use layer to display
agricultural lands including cropland, rotation land, and permanent pasture.  Again, please
recognize that the team mapped all agricultural use in order to show where incompatible
agricultural uses may occur across the landscape.

Data Sources

Table 7.30 summarizes and describes the data sources used for determining existing
agriculture areas.

Table 7.30: Data sources for mapping agricultural areas
Dataset Year

Published
Format Scale Originator &

Source
Original

Projection

Land
Use/Land
Cover Data –
MIRIS 1978

1978 Vector
(polygon)

1:24,000 Michigan Dept.
of Natural
Resources

Michigan
GeoRef

A comparison of the 1978 land cover layer with more recent (1998) aerial photos
demonstrates that the land cover layer is best used to identify areas in which agricultural is
generally located.  The data sometimes, but not always, conforms to agricultural boundaries
at a parcel scale.

Data manipulation

1. Highlighted all agricultural lands in the land use/land cover data layer.

2. Created a new layer that included only those highlighted records.


