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Abstract

Some of the greatest challenges for managing residential development occur at the interface between the terrestrial and aquatic
ecosystems—in a lake’s riparian area. Land use planners need a framework they can use to identify development hotspots, areas were the
next push for development will most likely occur. Lake riparian development profiles provide a framework for linking ecological and social
factors important to development. In a test of this framework in northern Minnesota, researchers identified seven constructs influencing
riparian area development: current general development, current housing development, and availability, accessibility, suitability, aesthetics,
and proximity to services. Profiles display a lake’s value for each construct relative to the range of values for all lakes in the county. Maps,
developed using indicators for several constructs, allow us to identify how the factors interact and are dispersed across the landscape. These
profiles help policy makers, planners, and managers identify lakes that are potential development hotspots so they can take timely steps to

manage development or control the impacts of development.
Published by Elsevier Ltd.
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1. Introduction

The Upper Great Lakes States of Minnesota, Wisconsin,
and Michigan are known not only for the large lakes from
which they take their names, but also for the thousands of
beautiful inland lakes that are scattered across the land-
scape. While the sky-blue waters provide a host of benefits
to people, it is on the land surrounding these lakes where
many of the region’s land development and land manage-
ment challenges are found. Each lake is bordered by an area
that is the interface between the terrestrial and aquatic
ecosystems—the lake’s riparian area.

People value riparian areas as source areas for extractive
resource use, as destinations for recreation and tourism, as
places for reflection and solitude, and as preferred locations
for seasonal and permanent residences (Schroeder, 1996;
Daulton and Zanski, 1997; Stynes et al., 1997; Anderson
etal., 1998; Van Patten, no date). According to regional and
national demographic trends, the number of people choos-
ing to live and recreate in riparian areas in the US is
increasing (Zinser, 1995). For example, in Minnesota,
development along lakeshores rapidly increased between
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1967 and 1982 and has continued at a slower, but significant
rate since 1982 (Kelly and Stinchfield, 1998). In northern
Wisconsin, researchers determined that between 1960 and
1995 shoreline development increased an average of 216%,
and that the average amount of lakeshore frontage per
dwelling had decreased to accommodate the development
pressure (Wisconsin Department of Natural Resources,
1996).

In the Lake States, it generally falls to local units of
government to manage development within their jurisdic-
tions. For example, in Wisconsin, the state establishes
minimum use and protection standards for floodplains,
shorelands, and wetlands, but local governments have the
flexibility to plan for and develop their own local ordinances
to deal with their unique land use issues and to protect the
natural resources that they value most (University of
Wisconsin, 2002). Since 1995, Minnesota counties have
had the authority to plan for and manage land use. As of July
2002, 71 of Minnesota’s 87 counties had adopted compre-
hensive land use plans (Association of Minnesota Counties,
2002). These plans discuss the current situation in the
county as described by governmental, social, economic,
cultural, and environmental factors, possible trends in these
factors, and establish goals and objectives for how the
county can react to and influence these trends.
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Comprehensive land use planning requires that planners
and citizens process large amounts of technical information
(Susskind, 1981). Models are used in planning to coherently
assemble key variables and other technical information
(Machlis and McKendry, 1996). Models are also a means to
an end—a hypothesis or problem-solving tool to help
understand critical land use issues (Starfield, 1997).

The purpose of this study was to develop a model that
provides a general framework for understanding a lake’s
riparian area development potential—the development
profile. The profile displays indicators of biophysical and
social conditions, or constructs, important in determining
whether or not a riparian area is developed. Profiles display
indicator values for one lake relative to other lakes in the
region. Profiles provide policy makers, planners, and
managers with the information they need to identify lakes
that are potential development hotspots so they can take
timely steps to manage development or control the impacts
of that development. The framework may also be applied to
other situations where it is useful to compare conditions at
one location or entity to a standard set of conditions, such as
the development potential at the wildland-urban interface or
the potential for different communities to support new
services or businesses.

2. Study location

We tested the concept of lake riparian area development
profiles using data from Itasca County, Minnesota (Fig. 1).
Itasca County has characteristics common to many counties
in the Upper Great Lakes States, including a significant area
of public land (federal, state, and county land), a retail
center (Grand Rapids, Minnesota), and several large lakes.

Itasca County, Minnesota

Fig. 1. Location of Itasca County, Minnesota.

Furthermore, Itasca County had several digitized data sets
that were valuable in developing profiles.

Itasca County contains approximately 1000 lakes (Biko
Associates, Inc. and BRW, Inc., 2000). Since the purpose of
the study was to develop a framework to profile potential
lake riparian area development, only the lakes most likely to
be subjected to development pressure were considered for
study. Lakeshore development studies conducted at the
University of Minnesota (Borchert et al., 1970) and the
Minnesota Department of Natural Resources (Kelly and
Stinchfield, 1998) found that lake size affects a person’s
decision to purchase or build a permanent or seasonal home.
Both of the earlier Minnesota studies focused on lakes
greater than 145 acres (50 ha) in size as being the most
likely for development; therefore, we considered only lakes
greater than 145 acres.

There are 164 lakes greater than 145 acres located
entirely within Itasca County. The study did not include
lakes partially within the county to simplify data collection.
Profiles were developed for 44 of these 164 lakes. These 44
lakes were selected because they were included in Itasca
County’s lake vulnerability study, conducted in 2000 (Itasca
Soil and Water Conservation District, personal communi-
cation). By selecting lakes identified for study by county
officials we enhanced the applicability of this study to land
use and natural resource managers and planners in Itasca
County.

3. Model

Our goal was to develop profiles to characterize the
development potential of a lake’s riparian area. Before
proceeding, we needed a model for understanding the
drivers of riparian area development. There are a number of
factors that influence whether or not a particular parcel of
land in a riparian area will be developed. In a study
conducted for the Minnesota Department of Natural
Resources (MDNR), factors such as road access, city
proximity, lake size, soil type, and forest cover were
found to differentiate the housing desirability of one lake lot
from another (Kelly and Stinchfield, 1998). While these
characteristics can drive future development, we believe it is
important to consider both conditions relevant to future
development and the current development level when
analyzing development potential because of the interdepen-
dence between the two conditions. For example, road access
was identified by the MDNR as an important driver of
development (Kelly and Stinchfield, 1998). A riparian area
with significant current development will already have
greater road access than a riparian area that currently has
few dwellings or other development. Our lake riparian area
development profiles are built to consider both current
development and conditions relevant to future development.

The lake riparian area development profiles are based on
a model developed by Bengston (1986) to characterize
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the capacity of research institutions in developing countries.
Bengston’s approach was to (1) propose a set of constructs
that are related to a high level of research capacity; (2) select
a corresponding set of indicators used to empirically
measure these constructs; and (3) create research capacity
profiles displaying the values of the indicators for one
institution relative to the values for all institutions. The
resulting research capacity profile gauged an institution’s
strengths and weaknesses not by an absolute standard or
optimum, but relative to the norms established by other
institutions in countries at a similar level of economic
development.

We have adapted Bengston’s methodology to create lake
riparian area development profiles, highlighting a lake’s
potential for development relative to other lakes. Adapting
Bengston’s approach has several advantages. First, this
approach encourages us to focus on a few important
ecological and social conditions that influence development.
When models are developed for a specific use or purpose,
such as to aid land use planning, then they should be the
simplest and leanest model that will meet that purpose
(Starfield, 1997). Using Bengston’s concept of profiles also
allows us to display values for several important develop-
ment conditions simultaneously in a graphical format.

Conditions Constructs

General
development

Graphics are often the most effective way to describe,
explore, and summarize the values for a set of variables
(Tufte, 1983). Finally, profiles are based on relative values
for conditions. Since development will occur first on those
lakes with the most favorable conditions for development
relative to other lakes, showing relative values for critical
development variables helps planners and managers identify
lakes with the most development potential—what we will
refer to as development hotspots.

Our riparian area development model, including con-
structs and indicators for profiles, is illustrated in Fig. 2.
Current development levels are represented by two
constructs: general development and housing development.
Riparian area development has historically been defined by
human activities that take place in the riparian area. Timber
harvesting, mining, livestock grazing, road construction and
maintenance, and recreational land uses have been the key
human activities found in riparian areas, and have therefore
been used to characterize riparian area development (Myers,
1989; Gebhardt et al., 1990; Hanson et al., 1995; Parrish
et al., 1996). With our general development construct we
account for the historical riparian land uses currently in the
area. Because much of the development in northern
Minnesota riparian areas is for homes, we also highlight

Indicators

Current development

levels
Housing
development

Percent of riparian area developed

Number of dwellings/mile of private

— Availability

shoreline

Percent of riparian area in

— Accessibility

private ownership

Average distance of riparian area

Future development
potential

to a road

Suitability of riparian area soils

— Suitability

—] Desirability

for construction

Percent riparian area forested

— Aesthetics —

Percent riparian area with

sandy beaches

Proximity to
services

Average distance of riparian area to
a major retail center

Fig. 2. A model for building lake riparian development profiles linking constructs important to development potential to indicators to measure construct values.
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the level of housing currently in the riparian area with a
second current development construct, housing
development.

Four constructs define future development potential:
availability, accessibility, suitability, and desirability. The
desirability construct was further broken down into two sub-
constructs: aesthetics and proximity to services. These
constructs reflect the factors found to be predictors of
development in Minnesota (Kelly and Stinchfield, 1998).
For example, road access is accounted for in the
accessibility construct, soil type in the suitability construct,
and forest cover in aesthetics.

Each construct has an indicator—something that can be
measured to evaluate a lake’s status for that construct. In
recent years, criteria and standards for the sustainability of
forested lands have received much attention as a result of
the 1992 United Nations Conference on Environment and
Development and follow-up conferences in Montreal,
Canada and Santiago, Chili (Sitarz, 1994; Montreal Process
Working Group, 1999). Ellefson et al. (2002) suggest
standards that should be used in the development of criteria
and indicators of ecological, social, and economic con-
ditions involving forests. These standards guided us in the
selection of indicators for the seven constructs. We focused
on conditions that are understandable, measurable, and
relevant. We also understood that we wanted conditions for
which planners would not need to collect new infor-
mation—conditions where we had secondary data.

4. Defining riparian areas

One of the problems associated with studying riparian
areas is defining the area that is riparian. While scientists
tend to prefer an ecological-based definition, resource
managers try to use a definition that can easily be applied
under a variety of field conditions, often a set distance from
the high water mark or other point (Hawkins, 1994). Since
our study depended on secondary data, much of which
would be available and analyzed using geographic infor-
mation systems (GIS), we used a set distance to define the
riparian area to be studied.

The riparian area literature suggests various distances for
defining these ecosystems, depending on the characteristic
of concern. Stocek (1994) notes that special habitat features
for several bird species, coyotes, bobcats, and red fox occur
within 100 m of water. He also found that of the 40 species
of birds using riparian forests in Iowa, only nine occurred
outside of a 90 m buffer from the water. Fitton (1994)
defined the riparian zone as the water feature and the
adjacent land area extending 200 ft (61 m) from the water
feature. He determined that most recreational activities on
Crown-land in Canada occurred within this 200 ft riparian
zone. Furthermore, Bondrup-Nielsen (1994) summarized
the information presented at a riparian zone management
symposium and concluded that ‘the width of the buffer

zones varies among regions and is generally politically
determined through legislation” (p. 112).

In Minnesota, various shoreline regulations necessitate
the delineation of lake or river riparian areas. A fixed
riparian area width is most often used to delineate this area.
Itasca County staff (personal communication) suggested
that a riparian area boundary width of 300 ft (91 m) would
most accurately capture current development and areas most
likely to be developed in the future. Because we would be
using a 15 m by 15 m grid in ArcView to analyze our data,
we assumed that the riparian area extended 90 m beyond the
lake boundary.

To determine a lake’s riparian area we used digitized
data from the Itasca County soil survey. The soil survey data
contained the most current and accurate lake boundary
delineation. We used ArcView to overlay a 15 m by 15 m
grid on the riparian area. We used ARC/INFO (version 7.1)
to count the number of cells in the riparian area. We
calculated number of acres in the riparian area by
multiplying the number of cells by 1/2-acre (0.2 ha).

5. Selecting construct indicators and calculating values
5.1. Current development levels

5.1.1. General development

The MDNR provided data that classify land into five
development categories: farmsteads and rural residences,
urban/industrial, other rural development, cultivated land,
gravel pits and open mines. This data were available in a
digitized format for cells 15 m by 15 m. ArcView was used
to combine our maps of riparian areas with the MDNR land
use data. We calculated the percent of the total riparian area
that was developed by dividing the number of cells
designated as one of these five land use classes by the
total number of riparian area cells.

5.1.2. Housing development

Our indicator of housing development was number of
dwellings per mile of privately owned shoreline. In looking
at dwelling density we are not interested in how many
people occupy these dwellings, just in the density of the
existing housing structures.

The first step in calculating lakeshore dwelling density
was to determine the total number of seasonal and
permanent homes in each lake’s riparian area. The Itasca
County Land Assessor’s Office provided a count of the
number of seasonal and permanent dwellings on lakeshore
lots for each lake. Second, the digitized Itasca County soil
survey and ArcView were used to calculate the total miles
of privately owned lakeshore. The total number of homes
(seasonal homes plus permanent homes) was divided by the
total length of privately owned lakeshore to derive the
average number of dwellings per mile of private lakeshore.
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5.2. Future development potential

5.2.1. Availability

One of the simplest indicators of whether or not a
riparian area lot is available for development is whether
the lot is in private ownership. In Minnesota, only one-
third of all lakeshore is in private ownership (Minnesota
Department of Natural Resources, 1999). According to
Minnesota Statutes, most state-owned shoreland areas are
not available for sale. However, tax-forfeited parcels can
be sold or exchanged. Still, MDNR records show that over
the past 150 years the state has retained 90% of tax-
forfeited parcels with water frontage (Minnesota Depart-
ment of Natural Resources, 1999). It is possible that some
federal lakeshore could be traded for other parcels deemed
more critical to the management of federal lands,
however, it would be unusual for such a trade to occur
in Itasca County. For these reasons, the indicator used to
define availability was the percent of private ownership in
the lake’s riparian area.

To calculate percent of riparian area in private owner-
ships, a count was made of 15 m by 15 m cells held in
private ownership using ArcView and ownership data from
the Minnesota State Planning Agency’s Land Management
Information Center (LMIC). The percent in private owner-
ship was then calculated by dividing the number of privately
owned cells by the total number of cells in the riparian area.
Profile values show percent of private ownership.

5.2.2. Accessibility

Accessibility was defined by the average distance of the
riparian area to an existing road. The distance to roads rating
scheme was based on previous studies conducted by the
MDNR (Cohen and Stinchfield, 1984) and the University of
Minnesota’s Center for Urban and Regional Affairs
(Karypis et al., 2000).

For accessibility and several other constructs, we did not
directly calculate values to be used in the profiles, but
developed scales and assigned point values based on these
scales. This method of assigning points assumes that there is
a linear relationship between the different construct classes.
For example, we assigned cells that are between 1/4 and 1/2
mile of a road four points; twice as many points as we
assigned cells between 3/4 and 1 mile (assigned two points).
We are assuming that a parcel 1/4 to 1/2 mile distance from
a road would be twice as desirable for development as a
parcel 3/4 to 1 mile from a road. This assumption could be
tested by tracking the sale prices of lots different distances
to a road, all other things being equal, but was not done in
this study. People with better information on the impacts of
different constructs on development potential can assign
points that reflect that information.

The accessibility of the riparian area was determined by
deriving the average distance from each 15 m by 15 m cell
in the riparian area to the nearest road. Each cell was given
points (on a scale from 1 to 5) based on how far it is from

the nearest road. Cells farther away from existing roads
were given fewer points than cells closer to a road. An
average distance for the riparian area was calculated by
dividing the total distance points by the total number of cells
for the riparian area.

5.2.3. Suitability

Soil conditions were used to indicate the suitability of the
riparian area for development. ArcView was used to assign
points to each cell based on a soil-type rating scheme
developed in consultation with a colleague in the Depart-
ment of Soils, Water and Climate at the University of
Minnesota. Each soil survey soil type in Itasca County was
assigned points (on a scale from 1 to 4) based on the soil’s
ability to support the construction of (1) dwellings without
basements, (2) septic tank absorption fields, and (3) local
roads. Our University of Minnesota soils expert felt that
these three types of development would cover most of the
concerns associated with residential development in riparian
areas. More points were assigned to cells with less severe or
no soil limitations than to cells with more severe limitations.
Again, we assumed a linear relationship between soil types
and impact on development.

5.2.4. Desirability

We defined desirability of an area for development as a
function of two sub-constructs: aesthetics and proximity to
services, both of which are represented in the profile.

Regarding aesthetics, lakeshore development research
reveals that, on average, the highest densities of lakeshore
development occur in forested lakeshore areas with sandy
shoreline soils (Cohen and Stinchfield, 1984). Our aesthetics
construct combines indicators describing vegetation and
soils.

The land use data available from the MDNR classifies
land by vegetative cover. A 15 m by 15 m cell was counted
as forested if the land use classification was mixed forest,
coniferous forest, or deciduous forest. The number of
forested cells was divided by the total number of cells in the
riparian area to determine the percent of the riparian area
forested. Riparian areas were awarded points (from 1 to 5)
based on the percent of cells classified as forested. More
points were given to riparian areas that were more heavily
forested.

Each riparian area was also assigned rating points based
on the percent of cells with sandy soils. We assumed that
riparian areas with sandy soils were most likely to have
sandy beaches—a highly valued characteristic for a lake
property to have. Our University of Minnesota soils expert
suggested that if soil survey data indicated that the first two
soil horizons were sandy, then we could assume that there
was a high potential for a sandy beach. Riparian areas were
awarded points (from 1 to 5) based on the percent of cells
that contained sandy soils. More points were given to cells
located in riparian areas with a higher percentage of sandy
soils.
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For the aesthetics points used in the profile, the points for
percent riparian area forested and points for percent riparian
area with sandy beaches were added together. Aesthetics
points ranged between 2 and 10 points. In adding together
points for two indicators to describe aesthetics, we are not
only assuming linearity for each indicator (as discussed
above), but that each indicator is of equal value in defining
aesthetics.

Regarding proximity to services, in Itasca County, the
growth in permanent housing along lakeshore has been
much greater than that for seasonal or vacation housing
(Kelly and Stinchfield, 1998). The lake’s proximity to a
major employment or retail center is a good indicator of the
potential demand for that lakeshore for permanent housing.
In addition, vacationers seek proximity to retail centers
when developing seasonal homes to obtain the goods and
services they seek. The major job center in Itasca County is
the city of Grand Rapids, Minnesota. Itasca County staff felt
that the proximity of a lake to Grand Rapids was an
important indicator of future development potential for year
round homes.

Grand Rapids is centered around the intersection of US
Highway (Hwy) 169 and US Highway 2. The average
distance from the riparian area to this intersection was
calculated using the same process as that used to calculate
the distance to road for accessibility. ArcView was used to
calculate the distance from each 15 m by 15 m cell in the
riparian area to the intersection of Highway 169 and
Highway 2 via the existing road network. The average
distance to Grand Rapids was calculated by adding all
distances together and then dividing by the total number of
15 m by 15 m cells in each lake’s riparian area.

6. Developing profiles
A lake riparian area development profile consists of

seven shaded bars, one bar for each of the constructs
discussed above. The bars are arranged in two sets—a set of

two bars for the two constructs describing the current
development level, and a set of five bars describing future
development potential constructs. Each bar is displayed
within a frame that represents the range of possible values
for that construct for all 164 lakes in the study. The frame is
divided into quartiles. A quartile is defined by three values
that divide the frequency distribution for the indicator into
four classes of equal size. Fig. 3 shows the availability
construct bar for Balsam Lake in Itasca County. The range
of values for availability is from O to 100%. The values 45.8,
71.0 and 89.0% define the quartiles. That means that in
analyzing the frequency distribution of the values for
availability, we found that 25% of the lakes in Itasca County
have between 0.0 and 45.8% of their riparian area in private
ownership, another 25% have between 45.8 and 71.0% in
private ownership, another 25% have between 64.3% and
89.0 in private ownership, and the final 25% have between
89.0 and 100.0% in private ownership. The mean value for
availability is 64.3%, and is indicated for each construct by
a dashed line. Without knowing actual values, we can
quickly see in Fig. 3 that a relatively large percentage of
Graves Lake’s riparian area is potentially available for
development, as defined by the percentage of its riparian
area in private ownership. The percent of Balsam Lakes’
riparian area in private ownership is greater than more than
75% of all 164 lakes (in value is in the fourth quartile).
For the current development constructs, a tall bar
represents a high level of current development. However,
when we started working with the future development
potential constructs, we were faced with the problem that for
some constructs a large value (for example, a high number
of suitability points) means that riparian conditions are
favorable for development, but for other constructs, a large
value (for example a large number representing a far
distance from services) means that riparian conditions are
less favorable for development. In order to have consistency
within a profile, we decided that for all future development
potential constructs, the taller the bar, the more positive
the conditions for development. So, for some constructs,

in Itasca County

Values that define the quartiles
for availability for all 164 lakes

< | 91.0% of Balsam Lake’s riparian
4 quartile area 1s in private ownership
T 89.0% [
39 quartile
The median value for 164 lakes
in Itasca County is 71.0% P 1 71.0% — The mean value for 164 lakes
nd quartile ¢ in Itasca County is 64.3%
T 45.8% F—
1¥ quartile
Availability

Fig. 3. Interpreting a riparian area development profile, the availability construct for Balsam Lake, Itasca County, Minnesota.
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the values represented by the frame in the profile progress
from smallest (in the first quartile) to largest (fourth
quartile), while for others the values represented by the
frame progress from largest (in the first quartile) to smallest
(in the fourth quartile). A profile user only needs to know
that the taller the shaded bar for a future development
potential construct, the greater the potential for
development.

7. Findings

We chose two lakes to illustrate information that can be
obtained from lake riparian development profiles: Jessie
Lake (Fig. 4) and Mud Lake (Fig. 5). These lakes were
chosen because their profiles represent a range in values for
many constructs.

The two lakes have very different levels of current
development within their riparian areas. In Fig. 4 we can see
that development in the riparian area around Jessie Lake is
relatively high. Jessie Lake has one of the highest levels
of current development in the county. Jessie’s general
development is in the fourth quartile, showing that current

4" quartile
3" quartile
2nd =

quartile A==+

1 quartile

General Housing
development development

Current development levels

397

general development is greater than more than 75% of the
lakes in Itasca County. Jessie Lake also has a significant
level of housing development, with one of the highest values
for dwellings/mile of private shoreline. The level of current
development around Mud Lake is relatively low (Fig. 5).
More than half of 164 lakes studied in Itasca County have
more general development than Mud Lake, and more than
75% of the lakes have more housing development.

The future development potential Jessie and Mud Lake
also differ. Both lakes have a relatively low percentage of
their riparian areas in private ownership, which may limit
future development (the availability construct). Accessi-
bility of riparian areas does not seem to be a major problem
for either lake, relative to other lakes in the county. There
is a major difference in other constructs defining future
development potential. There appears to be a major
problem with the suitability of soils for construction in
the riparian area around Jessie Lake (in the first quartile),
while soils are very suitable for development around Mud
Lake (in the fourth quartile). While the aesthetics in the
riparian area around Jessie Lake would appear to be very
favorable for development (in the fourth quartile), Mud
Lake’s aesthetics do not appear to encourage development

[ Value for Jessie Lake

Mean for all Itasca County lakes (if
dashed line is missing, mean = median)

(the higher the shaded bar the higher the current level of development)

4™ quartile
3" quartile J--

2™ quartile

1¥ quartile

Availability Accessibility Suitability — Aesthetics

Proximity
to
services

Future development potential
(the higher the shaded bar the higher the development potential)

Fig. 4. Lake riparian area development profile for Jessie Lake, Itasca County, Minnesota.
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4" quartile
3™ quartile

2" quartile 1--1

1* quartile

General Housing

development development

Current development levels

[ Value for Mud Lake

.»us  Mean for all Itasca County lakes (if
dashed line is missing, mean = median)

(the higher the shaded bar the higher the current level of development)

4" quartile
3rd -

quartile —,
2" quartile

1" quartile

Availability Accessibility Suitability

Aesthetics  Proximity
to
services

Future development potential
(the higher the shaded bar the higher the development potential)

Fig. 5. Lake riparian area development profile for Mud Lake, Itasca County, Minnesota.

(in the first quartile). However, Mud Lake appears to be
much closer to the services available in Grand Rapids, MN
than Jessie Lake.

These profiles give us a quick snapshot of factors
important to development, however, they do not show us
how these factors interact or overlap in the landscape. As
a supplement to the profiles, we created lake riparian
area development potential maps using indicators used in
the profile for which we had GIS data. We started with a
map of the lake’s riparian area (upper left map in Fig.
6). We removed the riparian area in public ownerships,
leaving a map showing the location of privately owned
land (lower left map in Fig. 6). Next we eliminated cells
that are currently developed or classified as wetlands,
resulting in a map that shows undeveloped privately
owned land (lower right map in Fig. 6). Finally, we take
away cells with moderate to severe or severe limitations
for development, as defined in the suitability construct
(upper right map in Fig. 6). We have created a map that
accounts for current development, availability, and
suitability. Maps could be further refined depending on
the GIS data available. These maps complement the
profiles in that they eliminate construct values that limit
development and show where in the riparian landscape
conditions may be favorable for development.

8. Discussion

The profiling and mapping methods presented in this
study allow planners and managers to visually assess several
environmental and social variables related to potential
riparian area development simultaneously. Obviously a
planner would collect far more information than that
contained in a profile before making any land use decisions,
however, lake riparian development profiles and maps can
raise red flags regarding development potential that may be
useful in planning. The profiles developed for Itasca County
are currently being used in planning efforts by the county
and Chippewa National Forest.

Several limitations of using profiles should be addressed.
First, concerns about the timeliness and relevance of the
data for building lake development profiles need to be
assessed. For example, in our study the roads database may
not include all of the unpaved roads in Itasca County. This
may lead us to assign lower accessibility ratings to a riparian
area than actually exist since the distance to the nearest
roads would appear greater than it actually is. Our data
allowed us to identify as developed only those 15 m by 15 m
cells that have a built structure, mown grass, cultivated land
(for agricultural purposes), or disturbance from mining
activities. A person who owns a 2 ha parcel of land that
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Fig. 6. Mapping riparian area development hot spots using indicators from profiles, Jessie Lake, Itasca County, Minnesota.

contains one dwelling structure may argue that the entire
2 ha parcel is developed and unavailable for future
development, but we would classify as developed only
that portion of land that meets the criteria mentioned above.
Therefore, these development categories may underestimate
the current amount of development in a lake’s riparian area.
Finally, the land use data set we used is 6 years old.
However, the age of the data provides other research
opportunities—we can return to the region and determine
whether lakes we had identify as high potential for
development have actually been developed more quickly
or to a greater extent than other lakes.

A second limitation is that we may not have captured all
of the relevant variables important to lake riparian area
development. For example, research shows that water
clarity and good fishing are two major reasons people
decide to build a seasonal or permanent home on a lake
(Kelly and Stinchfield, 1998). Unfortunately, less than half
of our study lakes had secchi disk readings that could be
used to rate water clarity. Further research could provide
alternative measures of water clarity that could be used in
profiles. For example, remotely sensed data could prove
useful in determining water clarity. In addition, linking
water clarity to variables that are readily available for
inland lakes, such as lake depth or geologic substrate,
would provide another alternative for factors to be included
in a lake development profile that indicate lake clarity.
Good fishing is a fairly subjective and variable factor,
however, water clarity and some nutrient information could
serve as indicators of good fishing in a lake development
profile.

9. Conclusions

The methods used in this study are aimed at creating
planning tools that inform managers, planners, and decision
makers about land use and development in lake riparian
areas. Having a framework that links current riparian area
development with indicators of future development poten-
tial is an excellent stepping-stone for addressing the
complexities of comprehensive land use planning.

We built our profiles to reflect conditions important to
planners and managers in northern Minnesota. If different
conditions and factors are important in other regions, the
same methodology could be used with new constructs and
indicators to illustrate development potential for lakes in
those regions. Profiling could also be used to assess
situations other than potential riparian area development.
For example, profiles could be a useful tool in providing a
first look at residential development potential in suburbs or
at the urban—wildland interface. They could also be used to
display the constructs important to creating a new state park
or county campground. Bengston (1986) illustrated how
profiles could be used to evaluate research capacity of
different institutions, and profiles could be used to evaluate a
number of agencies or programs. The most critical
consideration in developing profiles is the availability of
data for the indicators used to define the constructs.

Acknowledgements

This research was funded by the USDA Forest Service,
North Central Research Station, St Paul, Minnesota, through



400 P.J. Jakes et al. / Journal of Environmental Management 69 (2003) 391400

a research joint venture with the Department of Forest
Resources, University of Minnesota.

The authors would like to thank Mark Nelson and Rachel
Hudson, both at the USDA Forest Service, North Central
Research Station, St Paul, Minnesota, for their assistance in
gathering and analyzing data and mapping development
factors.

The authors would also like to thank Art Norton, Itasca
County Soil and Water Conservation Service, and Terence
Cooper, Department of Soil, Water, and Climate, University
of Minnesota, for their advice during the conduct of this
research.

References

Anderson, K.A., Kelly, T.J., Sushak, R.M., Hagley, C.A., Jensen, D.A.,
Kreag, G.M., 1998. Public Perceptions of the Impacts, Use, and Future
of Minnesota Lakes: Results of the Minnesota Lakes Survey, A joint
publication by the University of Minnesota Sea Grant Program (SH2)
and Minnesota Department of Natural Resources, Office of Manage-
ment and Budget Services, Minnesota Department of Natural
Resources, St Paul, MN.

Association of Minnesota Counties, 2002. For Your Information: Land Use
Management. St Paul, MN.

Bengston, D.N., 1986. Research Capacity in Developing Countries: An
Evaluation of Public Forestry Research Institutions, Masters Thesis,
University of Minnesota, St Paul, MN.

Biko Associates, Inc. and BRW, Inc., 2000. Itasca County Comprehensive
Land Use Plan: Goals, Objectives, and Implementation Tools.
Minneapolis, MN.

Bondrup-Nielsen, S., 1994. Riparian zone management symposium
summary. In: Singleton, J., (Ed.), R&D Report No. 9: Proceedings of
the Symposium on Riparian Zone Management, Canadian Forest
Service, Fredericton, NB, pp. 9-21.

Borchert, J.R., Orning, G., Stinchfield, D., Peterson, D., Maki, L., 1970.
Minnesota’s Lakeshore: Resources, Development, Policy Needs,
University of Minnesota, Minneapolis, MN.

Cohen, P., Stinchfield, J., 1984. Shoreland Development Trends, Minnesota
Department of Natural Resources, Shoreland Update Project Report 4

Daulton, D.K., Zanski, L.M., 1997. Price County Lakes Project: Protecting
Water Quality and Your Lake, Price County Land Conservation
Department, Phillips, WA.

Ellefson, P., Hibbard, C., Kilgore, M., Granskog, J., 2002. Legal,
Institutional and Economic Indicators of Forest Conservation and
Sustainable Management: Review and Evaluation of Available
Information in the United States, Staff Paper Series no. 163, University
of Minnesota, Department of Forest Resources, St Paul, MN.

Fitton, J.M., 1994. The role of the riparian zone as it relates to recreation
activities. In: Singleton, J., (Ed.), Proceedings of the Symposium on
Riparian Zone Management, R&D Report No. 9, Canadian Forest
Service, Fredericton, NB, pp. 9-21.

Gebhardt, K., Leonard, S., Staidl, G., Prichard, D., 1990. Riparian Area
Management: Riparian and Wetland Classification Review, U.S.D.I
Bureau of Land Management Technical Reference 1737-5, Denver, CO

Hanson, P.L., Pfister, R., Boggs, K., Cook, B., Joy, J., Hinckley, D., 1995.
Classification and Management of Montana’s Riparian and Wetland
Sites. Montana Forest and Conservation Experiment Station, Mis-
cellaneous Publication No. 54, University of Montana, Missoula, MT.

Hawkins, C.P., 1994. What are riparian ecosystems and why are we worried
about them? . In: Rasmussen, G.A., Dobrowolski, J.P. (Eds.), Riparian

Resources: A Symposium on the Disturbances, Management, Econ-
omics, and Conflicts Associated with Riparian Ecosystems, Natural
Resources and Environmental Issues, vol. 1. Utah State University,
Logan, Utah.

Karypis, D., Matthews, C., Oleson, B., Schlichting, C., Paakh, B., Steward,
D., Hanson, S., 2000. Sustainable Lakes Planning Workbook,
Minnesota Lakes Association, Brainerd, MN.

Kelly, T., Stinchfield, J., 1998. Lakeshore Development Patterns in
Northeast Minnesota: Status and Trends, Minnesota Department of
Natural Resources, Office of Management and Budget Services.

Machlis, G.E., McKendry, J.E., 1996. Maps and models for natural resource
management: powerful tools from the social sciences. In: Ewert, A.W.,
(Ed.), Natural Resource Management: The Human Dimension, West-
view Press, Boulder, CO, pp. 193-226.

Minnesota Department of Natural Resources, 1999. Recommendations for
Protecting Public Shoreland on Minnesota Waters, Submitted by the
DNR to State Legislature, April 1999

Montreal Process Working Group, 1999. Criteria and Indicators for the
Conservation and Sustainable Management of Temperate and Boreal
Forests, Montreal Process Liaison Office, Ottawa, Canada.

Myers, L.H., 1989. Riparian Area Management: Inventory and Monitoring
Riparian Areas, USDI Bureau of Land Management Technical
Reference 1737-3, Denver, CO

Parrish, J.B., Herman, D., Reyher, D., 1996. A Century of Change in Black
Hills Forest and Riparian Ecosystems, USDA Forest Service Agricul-
tural Experiment Station, B 722, South Dakota State University, Rapid
City, SD.

Schroeder, H.W., 1996. Voices from Michigan’s Black River: Obtaining
Information on ‘Special Places’ for Natural Resource Planning. U.S.
Department of Agriculture, Forest Service, North Central Forest
Experiment Station, General Technical Report NC-184, St Paul, MN

Daviel, S., 1994. Agenda 21: The Earth Summit Strategy to Save Our
Planet, Earth Press, Boulder, CO.

Starfield, A.M., 1997. A pragmatic approach to modeling. Journal of
Wildlife Management 61 (2), 261-270.

Stocek, R., 1994. The importance of riparian zones as wildlife habitat. In:
Singleton, J., (Ed.), R&D Report No. 9: Proceedings of the Symposium
on Riparian Zone Management, Canadian Forest Service, Fredericton,
NB, pp. 9-21.

Stynes, D.J., Zheng, J.J., Stewart, S.I., 1997. Seasonal Homes and Natural
Resources: Patterns of Use and Impact in Michigan, General Technical
Report, US Department of Agriculture, Forest Service, North Central
Forest Experiment Station, St Paul, MN.

Susskind, L., 1981. Citizen participation and consensus building in land use
planning: a case study. In: de Neufville, J.I., (Ed.), The Land Use Policy
Debate in the United States, Plenum Press, New York.

Tufte, E.R., 1983. The Visual Display of Quantitative Information,
Graphics Press, Cheshire, CT.

University of Wisconsin, 2002. Planning for Natural Resources: A Guide to
Including Natural Resources in Local Comprehensive Planning.
Department of Urban and Regional Planning, University of Wiscon-
sin-Madison/Extension and Wisconsin Department of Natural
Resources, Madison, WI.

Van Patten, S.R., no date. Survey of Residents and Seasonal Home Owners
of the Hayward Lakes Area, Unpublished manuscript, University of
Illinois at Urbana-Champaign, Champaign, IL

Wisconsin Department of Natural Resources, 1996. In: Daulton, T., Hanna,
C. (Eds.), Northern Wisconsin’s lakes and shorelands: a report
examining a resource under pressure, Robert E. Matteson Workshop:
Protecting Inland Lakeshores of the North (appendix III.), 1996. Sigrud
Olson Environment Institute, Northland College, Ashland, WI.

Zinser, C.I., 1995. Outdoor Recreation: United States National Parks,
Forests, and Public Lands, Wiley, New York.



	A framework for profiling a lake’s riparian area development potential
	Introduction
	Study location
	Model
	Defining riparian areas
	Selecting construct indicators and calculating values
	Current development levels
	Future development potential

	Developing profiles
	Findings
	Discussion
	Conclusions
	Acknowledgements
	References


