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Introduction and Purpose 
 
The Minnesota landscape is rapidly changing in response to increasing demand for new 
housing, retail and industry. Making decisions about proposed land-use changes is a 
struggle for communities throughout Minnesota, especially in areas that are fast-growing 
and have rich ecological features. Problems can arise if land-use changes are not carefully 
and thoughtfully considered in advance. Some of the potential negative outcomes of 
poorly planned development include impaired water quality, the need for costly 
infrastructure improvements, degradation of natural systems and negative impacts on 
human health. An understanding of existing patterns and the potential impact of change is 
essential for local governments to make informed choices. Fortunately, there are 
technological resources available to help communities better understand their land-use 
alternatives and guide healthy development patterns. This report offers information about 
one such resource, the GIS-based land-use suitability model.  
 
There are many GIS-based models that have been developed for a broad range of 
purposes, including those that relate specifically to land use. These computerized models 
analyze land characteristics to help planners, citizens, elected officials and others better 
understand the variability across the landscape and decide where a particular land use 
might be most appropriate, given a set of locally developed goals and criteria. 
 
This report includes findings from a study of land-use suitability models and their 
application at a local level. The purpose of this study was to review existing GIS-based 
land use models with specific interest in their ability to support land-use planning, 
conservation efforts and policy development. The study period consisted of six months in 
mid-2007, when information was collected about existing models, their development and 
how results inform local land-use decisions. From that research, four examples were 
chosen to illustrate how land use models can be applied locally. Three of the models 
described were developed in Minnesota and the fourth has been replicated across the 
country. These examples portray distinct approaches to utilizing land use models but are 
similar in their outcomes.   
 
The intent of this paper is to summarize existing modeling efforts so the reader will better 
understand how a suitability model might be employed locally to support strategic land-
use planning and considerations involved in model development. While a selection of 
case studies is included to provide real-world examples of existing models it is important 
to note that each model is only briefly described in this report. Details on where to find 
more information is included in each of the model summaries. All suitability models 
included are used to assess current conditions and guide future land use and were 
developed either in-house or with the help of hired consultants.   
 
This study and report was commissioned by the Minnesota Department of Natural 
Resources and conducted by 1000 Friends of Minnesota. 
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The Land Use Suitability Model Overview 
 
Over the past decade it has become increasingly common to use geographic information 
system technology (GIS) to support land-use decisions. A geographic information system 
is a computer-based system for capturing, storing, analyzing and managing data and 

associated attributes which are spatially referenced 
to the earth. As the ability to process complex 
information has increased due to hardware and 
software advancements, so has the application of 
sophisticated computer models to better understand 
variability across a landscape. Often multiple and 
inter-connected systems exist in a given area that 
affect how land might be best utilized for its natural 
or man-made resource potential. A GIS-based 
model can help decision-makers understand and 

visualize a combination of land-based features, ask questions about those features and 
lead to more informed land-use choices. 
 
Land-use suitability modeling refers specifically to the computer-aided process of 
combining information or data about multiple landscape features in a GIS program to 
assess the suitability of a given land use in a particular area. Land-use suitability is the 
process of determining the fitness of a given tract of land for a defined use (Hopkins, 
1977; Steiner 1983). A land-use suitability model can, for example, help a community 
identify sensitive lands in need of protection, which areas are most suitable for 
development or where exploitable resources are located within the study area.   
 

How land-use suitability models work  
Land-use suitability models work by loading a collection of land-based data into a 
computer system (representing existing land conditions) and setting “rules” about how 

the system is to process that information. The data 
loaded into the system will vary by location, 
availability and applicability to the model’s 
purpose. Once the data are in the system, each 
feature (such as a road or river) is measured for its 
proximity in relation to other features, according to 
defined “rules” or criteria. An identifier (usually a 
numerical score) is then assigned to each feature 
based on how the system was programmed to 
consider the relationships among the features. The 
results are then mapped revealing land based 

patterns, clusters, boundaries or any desired combination of the features included in the 
model. Often a regular grid is applied over the surface of the study area and the score or 
identifier is assigned to each grid cell, allowing the computer to more quickly process the 
complex feature relationships.    
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For example, a model developed to consider water quality factors might consider a 
proposed setback by measuring proximity to a stream. Any land area found within a 
given distance (i.e. 200 feet) of a stream corridor would be scored differently than those 
lands further from the stream. A map would result clearly indicating those lands “in” or 
“out” of that selected distance and if applicable, their respective scores.   
 
In the case of a residential development model the system might be programmed to 
identify lands within a designated growth area and code and map those areas differently 
than lands beyond the growth boundary. A model can be built to measure one type of 
feature as in the examples above or more commonly, each 
set of measurements are components of a larger model, 
measuring ,compiling and comparing information about 
multiple factors and indicators. Often a model would 
consider both of the above examples indicating which 
lands are within the growth boundary and within the stream 
corridor. Under those circumstances the model may be 
requested to indicate areas within the growth area that 
would impact water quality. A model can be developed to 
measure as many or as few factors as desired.  
 
Many land use suitability models utilize the numerical scoring methodology by applying 
a mathematical formula and enumerating a variety of feature relationships. Continuing 
the previous example, if the area within the stream corridor was also within the growth 
boundary, the resulting score would reflect that relationship. The model could use simple 
addition to compile each individual feature score. Often higher scores in a given area 

indicate some combination of features found there. 
Consequently, cumulative scores can identify 
significant “clusters” of features. Furthermore, the 
feature scores can be weighted in relation to one 
another. If, when the model criteria were defined, it 
was agreed that areas within the stream corridor were 
more important to the final outcome than the area 
within the growth boundary, the model could be 
adjusted to compute the stream area score as 60 percent 

of the total score while the growth area would count as 40 percent of the total score. All 
decisions about the features to be measured, criteria used to measure and score them and 
their relative importance or “weights” need to be carefully considered during the early 
stages of model development. Often, the criteria used to measure features in a suitability 
model are already part of an existing land-use management or comprehensive plan or a 
recognized best management practice. 
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Land-use suitability model components 
 
Land-use suitability model components include land-based GIS datasets; appropriate 
hardware and software and defined criteria or “rules” used to identify and quantify the 
relationships between datasets.   
 
Data: Minnesota is rich in useful and accurate land-based GIS data, though availability 
varies by location. More data exist in the Twin Cities metro area than beyond the metro 
region. Sources for land-based data include state agencies, counties, local governments, 
national agencies and other special purpose 
organizations, such as watershed districts. Any dataset 
used should ideally cover the entire study area, though 
allowances can be made for partial coverage. Data types 
typically used in land-use suitability models include 
ground and surface water including lakes, rivers and 
wetlands, known natural and significant ecological areas, 
slopes, floodplains, elevation, geology, transportation 
systems, population, land cover, resource potential 
including mineral extraction and wind potential, feedlot and farm locations, zoning and 
parcel boundaries and soils. However, the land-use suitability model is not limited to 
these datasets and any available data pertinent to the model’s purpose can be used.    
 
An important data consideration is the dataset structure. Most common datasets are stored 
in a vector data structure and features are represented by points, lines and polygons.  
Though vector data can be used for modeling, this structure is likely to result in 
substantially increased processing time due to the complex relationships between 

features. A raster data structure divides the 
information into grid cells, assigning each cell a 
value dependent upon the feature found within that 
cell. Raster grid structures are easier for the computer 
to compare, ennumerate and calculate, thereby 
allowing it to process more quickly and requiring less 
processing horsepower than a vector analysis. While 
the argument can be made that data precision is 
compromised when converting a vector feature to 
raster structure, the degree of error introduced is 

dependent upon a number of factors including the grid-cell size and the precision of the 
original dataset. In addition, each cell value can be averaged with the surrounding cells to 
minimize data distortion.  One study that looked specifically at vector-to-raster 
conversions in an environmental study of one thousand watersheds concluded that 
quantitative differences would not affect environmental assessment results and that 
correlations between vector and raster values were greater than 0.98 for all comparisons 
(http://www.srs.fs.usda.gov/pubs/6065). 
 
Hardware and Software: Land-use suitability modeling requires access to geographic 
information system software that can process digital land-based data. The most common 
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GIS system used to process land-use models is ArcGIS, which is available from 
Environmental Systems Research Institute (ESRI). This software includes a robust 
function called Model Builder that allows the user to create models graphically, aiding 
both the developer and other participants to better understand the underlying processes. A 
specialist trained in the use of a GIS program is recommended, as the software involves a 
steep learning curve, and any misinterpretation of the data, process or model results could 
lead to faulty decision making. That said, many local governments and special purpose 
districts throughout Minnesota have in-house GIS expertise sufficient to develop and run 
a model and there are many organizations that offer GIS services on a contract basis. Due 
to the complexity of land-use suitability models, a computer capable of running the 
software and analyzing multiple datasets is required. The size of the area being modeled 
and the number of layers of information employed in the model will determine the 
processing power required.   
 
Defining model criteria or “rules”: The criteria or rules applied during model 
development direct how the ground features are to be measured and coded and may be 

the most important factor in any suitability model. Take 
the example of the stream corridor mentioned earlier; 
model rules might state that lands be identified within 
200 feet of a stream corridor, or this distance might be 
increased to 300 feet. Whatever distance is input into the 
model is considered the criteria or “rule.” The power of 
the land-use suitability model is that these criteria can be 
variable and modeled at various distances, allowing the 
user to consider alternate scenarios. As stated earlier, 

criteria are often derived from existing local policy or recognized best practices, such as 
building setbacks or wetland buffers. 
 
Each analysis is unique and how features are measured is what allows a model to be 
customized. A county might have different land management goals than the 
municipalities within the county. A watershed may support another set of land-use 
standards. Often the criteria are determined through a group process that may include 
staff, stakeholders, community representatives, citizens and elected officials. Whatever 
process is used to determine model criteria, ensuring participants understand the process 
and soliciting broad buy-in for those criteria will help all concerned better understand and 
interpret model results. While the model-development stage can be challenging and time-
consuming, it is worthwhile to carefully think through this step to ensure the final results 
provide enough information to provide credible answers to the questions at hand.   
 

Benefits of a Land-Use Suitability Model  
 
Digital land-use suitability models allow the user to ask “what if” questions about 
potential land-use options. This analytical tool provides a consistent method to equally 
compare each portion of a given study area with every other portion of that given area 
and offers a stable and objective methodology for evaluating land-use options. GIS 
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allows decision makers to consider a broad collection of land-based data simultaneously 
and explore the relationships among those data. Technical models also allow the 
flexibility to consider alternate scenarios, measure impacts and compare results. Models 
can be updated or expanded as new data become available or supplementary analysis is 
required.  
 
Perhaps one of the most useful benefits is the ability for land-use suitability models to 
facilitate group decision making. Results are graphically visual, clearly illustrating 
outcomes in map form, helping participants “see” results. When consensus is drawn 
around how to measure land features and develop model 
criteria, it follows that the outcome should be recognized 
as valid by participants. Land-use models can help 
minimize the effects of sensitive personal issues that can 
arise in land-use decision making by focusing instead on 
evaluation based on an agreed-upon set of parameters. 
 
A land-use model can be a useful tool to support day-to-
day decision making. Models can be designed to inform 
long-term zoning and land-use policy as well as 
developed to measure the impacts of individual land-use change or variance requests. 
Model scores assigned to the parcel can quickly denote the appropriateness of a proposed 
land use change. Furthermore model results can be applied on a sub-parcel basis to direct 
placement of structures or other activities within a parcel boundary. 

Land-use suitability model caveats 
 
Any analysis is only as good as the underlying data and the same holds true for GIS data 
analysis. Datasets can vary in completeness and accuracy, so it is important that the 
model developer and participants understand the limitations of the data they are using.  
Most GIS datasets include metadata, which is documentation that provides information 
about when the data were developed, the geographic scope of the coverage, the original 
intended use and other helpful information.  If available, metadata should always be 
consulted before a dataset is included. Sometimes data aren’t perfect and the “best 
available” data for a particular set of important land features need to be included in a 
model. In this case, the model developer may recommend weighing the features in this 
dataset lower than another set of features that are known to be more accurate.   
 
Land-use suitability models are complex and changes or updates should be carefully 
considered. Complex relationships between data layers mean that each change may 
impact a number of other model components. Models are only one tool and cannot 
provide all the answers. Local knowledge or expertise should complement the 
interpretation of results. Sometimes, there is a tendency for decision makers to look to 
technology for the “right” answer to a difficult land-use decision. These models can 
provide guidance, but ultimately are just one factor among many for decision makers to 
consider. 
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Case Studies  
 
When considering developing and employing a local model, it is useful to understand 
what others have done and learn from those examples. This section focuses on a selection 
of existing land-use suitability models. This set of examples is not meant to be 
comprehensive but rather provide information about models developed for different 
purposes and at varying ranges of geographic extent.  
 
Each description summarizes why the model was developed, data and criteria used and 
outcomes, if known. Also, if available, information is included to help the reader access 
more information about each project. In addition to those included in this report, there are 
additional examples and other supporting information about this topic easily accessible 
on the internet.   
 

Olmsted County, Minnesota:  Comprehensive Land Use Evaluation 
System (CLUES) 
 
Overview:  Olmsted County has been using a land-use suitability model to guide 
development patterns for more than a decade. The purpose of the model is to apply land-
use policies and locational criteria in an objective manner that logically and consistently 
compares lands throughout the county. The CLUES model results are used to generate a 
future land-use map which becomes a component of the county’s land-use plan. This 

model is complex and sophisticated, 
a direct result of the knowledge of 
the developers and the confidence of 
county staff and commissioners in 
the model results.    
 
This future land-use map was 
developed based on model results. 
The map specifies a 25-year urban 
service area, 50-year urban reserve 
area, suburban development area and 
resource protection area. The model 
derives additional suitability scores 
for suburban development (very low-
density residential development on 
wells and septic systems) and 

resource protection. These scores are combined to determine the relative suitability of 
sites outside urban service areas for the two designations. Zoning ordinances and land-
use policy are developed to support these boundaries. This approach has helped the 
county identify the “best of the best” land suitable for development.     
 
Model development:   The Olmsted County CLUES model was originally developed in 
1995 using GIS software developed in Minnesota called EPPL7, and to a much lesser 
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extent ArcInfo and ArcView, and was based on the U.S. Department of Agriculture’s 
Land Evaluation and Site Assessment System (LESA). The model has been updated 
using ESRI’s ArcGIS software using model builder tools. An update to the model began 
in 2004 and was completed in 2006, maintaining the land-use goals of the original model, 
but including updated data sources and refining how some of the categories are 
calculated. The county land-use plan calls for the model to be reviewed for updates every 
five years.   
 
The model was developed by the county planning department under direction of the 
County Board and the County Planning Advisory Commission (PAC). The Olmsted 
County Planning Advisory Commission is an appointed advisory body to the Olmsted 
County Board of Commissioners. Composed of township officers, a County Board 
member, and community residents, the PAC has been an integral part of the Olmsted 
County General Land Use Plan since 1993 and has overseen the latest 2006 update. 
 
Model summary:  The model utilizes a raster data structure with a 1/10 acre cell size.  
For most layers cell values are normalized by averaging the outcome with the nine 
surrounding cells to create a 10-cell neighborhood mean score. Scores are then added or 
averaged, depending upon the component formula and reported on a numerical scale of 1 
– 100 for development predictors and 100 – 200 for resource protection layers.     
 
The Olmsted model incorporates and measures a number of layered and connected 
variables. Final model results are computed from three high-level components and lay the 
groundwork for the future land-use plan and map. These components include a resource 

protection score, suburban 
development score and an overlaid 
urban service area designation.  
 
The Resource Protection Score alone 
includes no less than 19 calculations 
incorporating at least a dozen 
underlying data layers. Often data are 
used in more than one calculation. For 
example, both soil and land-cover data 
are used to calculate cropland, pasture 
and forest management scores, all 

lower-level components of the Resource Protection Score. Another sub-component of 
this score is a Biological Survey Score. To reach that score the county biological survey 
dataset is reviewed three times, identifying and scoring three separate feature types 
included in those data. The maximum of the three separate scores is retained as the final 
cell score and then a 10-cell neighborhood mean is applied to find a continuous average 
of the three scores. Subsequently, it is evident that data can be compared, combined and 
scored in a variety of ways depending upon the question at hand, variables used and the 
methodology defined during model development. In the case of one shorelands 
calculation, the variable used to measure the shoreland setback buffer came directly from 
the zoning ordinance. Other variables are determined during model development by the 
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participants. The following diagrams illustrate sub-components or “mini models” used in 
the final scores, each representing additional underlying calculations. The model 
documentation does a good job of describing how each individual factor in the model was 
derived and the variables used. 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
The Olmsted CLUES model is an example of a powerful multi-component model that 
incorporates a host of GIS data and directly drives land-use policy. If a zoning or map 

Resource Protection Area Score 

Urban Service Area Designation 

Suburban Development Score 
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variation is requested, county staff will consult the model and provide maps for the 
requestor, focused on the area of requested change. Variances are rarely authorized.    
 
More information: A detailed description of the Olmsted County CLUES Model is 
included as an appendix to their adopted Land Use Plan. That plan and others are 
available at this link: http://www.co.olmsted.mn.us/planning/land_use_plans.asp.  
 

Stearns County, Minnesota: The Land Evaluation and Site 
Assessment (LESA) and the Resource Suitability Mode l (RSM) 
 
Overview:  Stearns County has developed and implemented two models, though one is 
used more widely than the other and they are applied differently. The Land Evaluation 
and Site Assessment (LESA) model is the more commonly used model and looks 
specifically at agricultural area assessments. The LESA model in use in Stearns County is 
a customized version of a suitability model developed by the U.S. Department of 
Agriculture’s Natural Resource Conservation Service. Various versions of the LESA 
model are in use across the country. The other land-use suitability model, the Stearns 
County Resource Suitability Model, considers a broader range of features within the 
county and is more similar to the Olmsted model previously described. Each model is 
described separately below. 
 
Land Evaluation and Site Assessment (LESA)   
 
In Stearns County, the LESA model is a tool that decision makers use to assess 
agricultural land across the county. The county is making an effort, based upon their 
comprehensive plan, to promote agricultural preservation and manage non-farm 
residential development. LESA is a numeric rating system for site scoring and was 
designed specifically to locate the best farmland. According to county documentation, 
“the system provides an objective and consistent tool for evaluating the relative 
importance of specific sites for continued agricultural use.” The LESA concept is 
intended to provide a more objective method of determining the appropriateness of 
converting certain lands from agricultural to other uses. The county uses the LESA 
system as an indicator, and does not rely on the model to dictate the use or zoning of 
properties. 
 
Model Development: The LESA system was recommended as a tool for planning and 
zoning activities in the 1998 County Comprehensive Plan. The system was developed in 
1999 with help from the Minnesota Department of Agriculture and was implemented into 
the Zoning Ordinance in 2000. The final LESA system score incorporates two sets of 
weighted evaluation scores, a land evaluation score (LE) and a site assessment (SA) 
score. The basic land unit for the LESA system is a parcel, and a LESA score can be 
generated for any parcel within the county. The county used the LESA manual developed 
by NRCS as a reference when selecting the LE and SA components and deciding how to 
weight them. Final decisions about scores and weighting were determined by two 
committees, one for the LE and one for the SA model components.  
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The LE committee was comprised of representatives familiar with soil types and ratings 
and included staff from the County, the Natural Resource Conservation Service, Farm 
Service Agency, MN Department of Agriculture and County Board members. A broader 
range of participants worked on the SA criteria and final scoring structure. For this model 
component, individuals representing builders, University of Minnesota Extension 
Services, Soil and Water Conservation District, Realtors, city and township officials, and 
county planning commissioners joined staff and County Board members in determining 
final scoring criteria.  
 
The Land Evaluation (LE) score represents 50 percent of the total system score and is 
based entirely on a review of soil types identified on a given site. Each soil type has a 
previously established value in the LESA system based upon the agricultural potential of 

that type of soil. The final LE score is 
determined by measuring the extent of each soil 
type found within the parcel and assigning the 
appropriate score.  
 
The graphic on the left illustrates a soil map and 
sample parcel from a GIS system with the LESA 
scores tallied in tabular form. The final LE score 
for this parcel was 32.25 out of a possible 50 
points, based on the values of soil types 
identified within that parcel. The graphic below 
shows the same parcel within the tax-system 
assessing SA – 1 factors as described below. 
The final score for this parcel including both LE 
and SA scores was 73.60, indicating desirable 
features for continued agriculture on this site. 
 

The Site Assessment (SA) scores are more complex and combine a number of additional 
elements within each parcel. Site Assessment (SA) rates non-soil factors affecting a site’s 
relative importance for agricultural use. Potential development sites where a land-use 
change is contemplated are evaluated against factors in three general categories as 
described below. 
(SA – 1 through SA – 3) 
 
SA – 1 factors measure non-soil site characteristics related to the potential for 
agricultural productivity or farming practices. 
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Compatibility with adjacent and surrounding land uses: The model measures both 
adjacent uses and land use within a specific distance based on the tax code land-use 
identifier. Land uses have been determined to be either 
conflicting or non-conflicting to farming. Residential, 
commercial and non-agricultural industrial are considered to 
be conflicting land uses. All other land use types are 
considered non-conflicting. The image at right shows the 
same parcel overlaid on a county tax code land identifier 
map.  
 

·  Adjacency measures points available = 7.5 
·  Non-adjacency measures points available = 5 

 
Percent of site suitable to farm: This factor emphasizes the 
site’s long-term agricultural resource value as opposed to its 
current use. The more farmland available to farm, the more 
likely the farm will remain viable.   
  

·  Percentage of site suitable to farm points available = 5 
 
 
Relationship of property to feedlots and animal units: This factor measures the number of 
animal units and feedlots within one mile. An increase in the number of residences in an 
agricultural area affects the ability of a farmer to conduct normal farming practices. 
 

·  Relationship of property to feedlots and animal units points available  = 4.5 
 
The total weight assigned to SA – 1 is 25% of the final LESA score 
 
SA – 2 factors measure development or conversion pressures on a site.   
 
Compatible with land-use plan: This measurement is based on whether or not the parcel 
is designated as agricultural in the land-use plan. 
  

·  Compatibility with land use plan points available = 7.5 
 
Distance to public sewer and water: These factors measure the potential conversion of 
agricultural land based on the proximity of the site to public sewer and water.  
 

·  Distance to public services – water points available = 3 
·  Sewer points available = 3 
 

Type of road access: This factor measures which types of roads are in proximity to the 
site. Roads that serve primarily farm uses are rated higher than roads built for residential 
services. Allowing non-farm residential development along rural roads may necessitate 
the upgrading and widening of rural roads.   
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·  Road access points available = 4 

 
The total weight assigned to the SA – 2 factors is 17.5%. 
 
SA – 2 factors measure the public values of a site, such as historic, cultural, scenic or 
environmental values.  
 
Environmentally Sensitive Areas (ESA): If the site under consideration has an ESA noted 
within one mile, it is less likely to be converted to another use. 
 
Percent of site mapped on the National Wetlands Inventory: Areas mapped on the NWI 
will be calculated. 
 
Percent of site located within the floodplain: The more of a site that is located within the 
floodplain, the more it should remain agricultural. Farming is one of the few land uses 
that can be compatible with floodplain areas. 
 
The total weight assigned to the SA – 3 factors is 7.5%. 
 
A one-page paper report of all factors with individual and final scores is generated as 
automated output of the model, in addition to the maps as illustrated below.  
 
Model Summary: The final LESA score combines the LE and SA scores and is 
compared to the county’s non-agricultural conversion threshold of 65. Scores of 65 or 

higher indicate sites with a combination 
of soils and other factors that make it 
more suitable for agriculture than sites 
with lower scores. Scores below 65 
indicate that the land is not as highly 
valued for agricultural preservation and 
may be converted to another land use. 
The LESA score only reflects its value as 
an agricultural property; it does not 
necessarily reflect its value for any other 
land use.  
 
When the LESA system was originally 
employed in Stearns County, only 
portions of it were automated. Since that 
time the county has fully automated 
LESA output within a GIS system. The 
LESA model is run whenever a change 
in land use is considered or requested 
and so has applicability on a day-to-day 
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basis. The LESA score is only one factor to help officials consider land-use change 
requests and is not considered a determinant in itself. 
 
The LESA system is also used on a site basis to help determine the most appropriate 
location for structures within a parcel. Agriculture is the priority consideration for the 
LESA system and the model will recommend building locations that preserve the largest 
contiguous area with the highest farming potential.  
 

Stearns County Resource Suitability Model (RSM) 
 
The Stearns County Resource Suitability Model is a county-wide model that considers a 
broad set of criteria. The model has been of limited use since its development because the 
development review process does not explicitly incorporate how the model should shape 
regulatory and development decisions. Staff has recommended that consideration be 
given as to how and if the model can be used as a tool in the development review process 
and have noted the importance of its processes being transparent to staff, commissioners, 
developers and the public.  
 
Model Development: This model was developed in 2006 by consultants at the direction 
of county staff and measures a number of different factors related to land use. The model 
was created with committee input including representation from county Environmental 
Services staff, the Soil and Water Conservation District, the MN Department of Natural 
Resources, the County Planning Commission and the consultants, Pro West and 
Associates.   
 
The committee decided on 13 different data feature to be included in the model. Each 
data type was converted to a 30-foot grid cell layer for processing. This model is a 
numeric computational model, where each grid was assigned a value between 1 – 3, 

dependent upon data features 
found within or in a given 
vicinity of each cell. The 
types of factors considered 
include wetlands, lake and 
rivers, prime farmland, 
county biological survey, 
groundwater sensitivity, 
feedlot locations, wellhead 
protection areas and soils.  
Variable criteria are used as 
measurements in this model 
ranging from any presence of 
a particular feature to the 
presence of a feature within a 
given distance from a 
boundary, such as a road or  
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watershed. In the final model all scores within each grid cell are added together. Higher 
scores indicate a high number of sensitive features found at that spot.  
 
Model Summary: As in the Olmsted example, this model has the potential to guide land 
use policy, though no policy has yet been developed based on model outcomes. Goals of 
the project include that the model clearly illustrate which land is most suitable for 
development and which land should be given extra protection and that the model be 
easily understood by decision makers and the public. Model considerations are broader 
than in the LESA model, which focuses on agricultural factors only and extends model 
considerations county-wide. Much of the information in the model is based on natural 
resources and therefore the model has the capacity to help county officials make more 
informed decisions relating to water quality, land protection and other natural resource 
considerations. 
 
More information: Further information about the Stearns County LESA System or 
Resource Sensitivity Model can be found by contacting the Stearns County 
Environmental Services Department, Land Use division by phone at 320.656.3613.  
 

Florence Township, Minnesota: Land-Use Suitability Model 
 
Overview:  Florence Township is situated on the shores of Lake Pepin, an area where the 
Mississippi River widens considerably on its course through southern Minnesota. The 
township is located within Goodhue County and is sandwiched between two growing 
cities, Red Wing and Lake City. The township 
completed a comprehensive plan in 2003 with a 
number of goals related to sustainable land use. 
Town planners considered model development as 
one way to realize those goals by better 
understanding the landscape and determining 
which areas were best suited for development 
and conversely, which areas were most 
vulnerable to degradation. There are a number of 
features that are unique to this area, including 
high potential for groundwater contamination 
due to the Karst topography that underlies it, a number of streams that bisect the county 
on their way to the river and the numerous bluffs along the river valley that are highly 
desirable for residential development.   
 
The Florence model was developed in response to the need for future land-use policy and 
the desire to better understand the landscape. The township was experiencing some 
frustration in reviewing development proposals in advance of county decisions and felt 
that their recommendations had less impact on final decisions than desired. The township 
determined that a land-use model could help by applying a consistent set of objective 
criteria to land-use decisions and would provide a scientific basis to their 
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recommendations to the county. Additionally, the model would reduce any perception of 
personal influence in local land-use decisions.  
 
The other driving factor was the ability to develop land-use policy based on model 
results. The township recognized the need for strong ordinance language to enforce the 
goals identified in the comprehensive plan, but needed to better understand the locations 
and relationships of sensitive land-based features, prime agricultural areas and where 
conditions would best support residential development.   
 
Model Development:  Model development took more than a year and was guided by a 
series of meetings to determine appropriate criteria. Meetings included representation by 
township and county officials, interested residents and paid consultants with primary 
oversight from the township’s Community Advisory Committee. 
 
The parcel was used as the basic land unit. All land features were measured in relation to 
each parcel boundary. Four high level scores were identified for this model representing 
the following considerations: natural resource connectivity sensitivity, agricultural 
sensitivity, water resource sensitivity and infrastructure sensitivity. Feature 
weighting was discussed but in the end, each set of measurements was weighted equally 
within the model.  
 
Each high level score comprises 4 individual datasets measured by the criteria determined 
during the model development process and described below. The final model results 
combine the 4 high level scores scores. Sixteen different features were measured (4 
scores with 4 features each) with a value of 1 assigned for each feature found within a 
parcel.  As a result, the highest overall score a parcel could receive was 16 when all 
scores were combined. Higher scores indicate a larger coincidence of sensitive features 
found within that parcel. The highest score actually assigned to any given parcel was 12, 
while each parcel received a score of at least 1 since groundwater sensitivity was found 
on every parcel in the township. 
 
Each score considers the following land-based features for a possible cumulative score of 
4 each. 
 
Agricultural sensitivity includes:  

·  Whether or not the land is currently tilled 
·  Whether or not there is a feedlot or specialty farm operation on the land 
·  If the Crop Equivalency Rating (CER) as identified in the county soil data is 

60 or above 
·  Whether or not the parcel is zoned A-1 (the strictest agricultural zoning) 

 
Natural resource connectivity sensitivity includes:   

·  Whether or not the County Biological Survey identified significant 
biodiversity 
·  Whether or not identified Natural Resource Inventory elements are present 
·  Whether or not the parcel is in public ownership 
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·  Whether or not the parcel contains an easement 
 
Water resource sensitivity includes: 

·  Whether or not wetlands are present 
·  Whether or not steep slopes are present 
·  If the parcel is highly susceptible to groundwater contamination 
·  Whether or not the parcel is within the 100-year flood plain 

 
Infrastructure sensitivity includes: 

·  If the parcel contains an identified special place 
·  If the parcel is within 500 feet of an existing road 
·  If the parcel contains parkland 
·  If the parcel is within the historic district 

  
Following model development a public meeting was held to demonstrate the findings and 
seek public input. Maps were developed showing each of the sixteen features measured in 
the model, as well as a final map of results shown below. In addition, section maps were 
created to show each individual parcel and the underlying feature scores, providing a 
reference to measured features within each parcel.   
 
This model was developed using original vector data and Community Viz, an extension 
to ESRI’s ArcGIS software that allows for complex formula building and evaluation.   
 
Model Summary:  The Florence Land Use Sensitivity model was originally developed 
to locate and measure areas in the township that would be sensitive to land-use change.  
During the process however it became apparent that the model could also help determine 
those areas least sensitive to land-use change and therefore, most appropriate to consider 

potential 
development. The 
model helped the 
township think 

about 
development 

patterns and any 
mitigation that 
should be required 
in order to apply 
for land-use 
change requests in 
areas identified as 
sensitive. Paper 
maps of model 
results are 
currently used as a 
general guide to 
sensitive areas 
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within the township and the model may be refined to identify sensitive areas at a sub-
parcel level. Based on model results the township has adopted a future land-use map and 
ordinance language is currently under consideration to support the land-use 
classifications proposed on that map. In addition, this work has helped to foster better 
communication about local land use with the county and is leading toward a more 
streamlined development review process. 
 
More information: Further information about the Florence Township Land Use 
Sensitivity Model can be found by contacting the township; http://www.florencetwp.org/   
or by contacting 1000 Friends of Minnesota, who provided the technical support for 
model development: www.1000fom.org or info@1000fom.org. 
 

The Trust for Public Land, Various Locations: Green printing Process 
 
Model Overview: The Trust for Public Land (TPL), a national conservation nonprofit, 
has developed a process for growth planning with land-use suitability at its core. The 
process is called Greenprinting and supports their mission of “Conserving Land for 

People.”  TPL defines Greenprinting 
as follows:  
  
Green • print • ing ( g re¯ n´ p 
ri�nt´ing) n . a smart growth strategy 
that emphasizes land conservation to 
ensure quality of life, clean air and 
water, recreation, and economic health. 
v. to employ a greenprinting strategy 
for growth. 
 
Greenprinting involves more than 
land-use modeling, but in its entirety is 
a holistic approach to land 

conservation that includes conservation visioning, conservation finance, conservation 
transactions and research and education. Land-use modeling is at the heart of the 
conservation visioning component. TPL has completed 34 Greenprints nationally. 
 
TPL describes the model as a proactive GIS modeling suite to prioritize greenspace and 
parkland acquisitions. The models incorporate criteria from a variety of data sources 
including demographics, water quality, land development, and health and economic 
benefits data. These models are designed to be applied to a variety of geographies using 
local and nationally developed datasets. Software used to develop and implement the 
model suite include ArcGIS, ModelBuilder, ArcGIS Spatial Analyst extension and 
CommunityViz. 
 
Model Development: Community values and concerns are expressed through a public 
process in which participants determine methods of evaluating land features to reach 
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community goals. For example, if water quality is a concern, the greenprinting model will 
assess water-quality threats and indicate conservation measures that could help to 
mitigate those threats. Each model component is described and measured with the 
intention of supporting community-generated conservation goals. Once local goals have 
been identified, analysis that serves each particular goal is developed as a “priorities 
map.”  Priority maps are expressed in terms of conservation values ranging from low to 
high across the region using a standard legend (tan to red).  
 
Land acquisition is one method to achieve stated community goals. Model results 
indicate which parcels, if protected, would contribute toward the stated goal and identify 
those that serve multiple goals as the highest priorities. 
Using this methodology the community can identify at-risk 
areas and develop a plan for acquisition. The GIS 
application TPL has developed allows citizens and officials 
to visualize and better understand land-acquisition 
alternatives. One example portrays the application as 
capable of crunching data from approximately 50 datasets 
including more than 500,000 individual land parcels, 
offering a unique blend of science and preference. This 
process is unique in that each step of the process relates 
directly to the conservation goals articulated during 
development.    
 
Through a public participation process TPL identifies the features and criteria to be 
measured toward each community goal. TPL uses ModelBuilder, a function built into 
ArcGIS, to process the data and criteria supporting each goal and then combines those 
individual analyses into final model results. The analysis is conducted using a raster grid 
with 100-foot cell size and parcel boundaries applied on top of model results  Zonal 
statistics, a GIS function, then assigns a score to each parcel based upon underlying 
features with a score of 0 – 5, 0 being no conservation value and 5 being the highest 
conservation value. Analysis can be weighted, allowing participants to emphasize the 
results of each sub-model in relation to one another, thus reflecting the importance of that 
value to the final outcome. The diagrams below help illustrate these processes, the first 
showing the relationship between the feature layers, sub-models and final model 
composite and the second showing the weighted values of the sub-models to the final 
outcome.  
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The Greenprinting process offers three useful products to interpret results: color-coded 
overview maps, parcel prioritization maps and a variety of text reports, including a model 
investigator report that states how well a parcel scored in meeting each of the individual 
community goals.   
 
For example, this report will indicate if a selected parcel is a priority because it protects 
water quality, because it is ideal for public access, or because it supports habitat 
protection or multiple goals. This type of refined analysis can help communities decide 
which parcels to pursue and what types of funding sources might be available to support 
acquisition. 
 
Model Summary: Greenprinting models are very robust and are built to support local 
conservation priorities. Each model is part of a larger process that works to define 
common goals and then strives to implement the recommendations identified by model 
outcomes in direct response to those goals. While most modeling initiatives generally 
include community interaction and model results can influence policy, the TPL process is 
unique in that the suitability modeling is one stage of a larger, well-coordinated strategy 
to implement conservation and land protection goals.   
 
More information: I information about TPL’s Greenprinting process can be found online 
at: http://www.tpl.org/tier3_cd.cfm?content_item_id=20150&folder_id=3130. A series of 
publications describing the Greenprinting process can be downloaded in PDF format at: 
http://www.tpl.org/tier3_cd.cfm?content_item_id=10648&folder_id=175. Additionally 
an example of a Greenprinting model developed for King County, Washington can be 
downloaded at: gis.esri.com/library/userconf/proc04/docs/pap1897.pdf.    
 

Conclusion 
 
Land-use suitability modeling is a powerful method to identify and illustrate the location 
and relationships of natural and man-made features across the landscape. Using cutting-
edge technology, land features are measured and scored based on locally developed goals 
and criteria. The purpose of each model may vary. Some models are developed to predict 
how an area might develop or project population patterns, while others are created to look 
specifically at sensitive natural areas with the goal 
of land protection and conservation. Additionally, 
other models are built to help decision makers 
identify where conditions are right to support 
residential or other types of development. If 
developed thoughtfully, land-use suitability 
models can serve multiple goals. 
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Land-use suitability modeling requires land-based digital data, a skilled model developer, 
a computer capable of processing the data and a GIS software program. A modest core 
model can be built and enhanced as resources permit. Whatever the model’s scale, 
loading land-based data into a GIS and using the program to identify relationships, ask 
questions and map the results can be a powerful tool to support local decision making.  
Land-use modeling provides an objective and scientific method to assess land-use 
decisions before they are made.   
 
Model results can inform policy and be used to support daily decisions. Mapped results 
help participants “see” the options and provide direction as to which areas will support 
increased use and which lands should be left undisturbed.   
 
There are a variety of models in use across the country and this paper has described a 
handful of local models and how they are being implemented to inform land-use 
decisions. From this research it is clear that land-use suitability modeling will continue be 
recognized as an important decision support tool and will become more even more 
widely employed as technology develops and expertise with local models and their 
potential grows. 
 


