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Introduction and Purpose

The Minnesota landscape is rapidly changing inamse to increasing demand for new
housing, retail and industry. Making decisions abproposed land-use changes is a
struggle for communities throughout Minnesota, eslly in areas that are fast-growing
and have rich ecological features. Problems cae @riland-use changes are not carefully
and thoughtfully considered in advance. Some of gb&ential negative outcomes of
poorly planned development include impaired watemality, the need for costly
infrastructure improvements, degradation of natwsydtems and negative impacts on
human health. An understanding of existing pattamthe potential impact of change is
essential for local governments to make informedicds. Fortunately, there are
technological resources available to help commemibetter understand their land-use
alternatives and guide healthy development pattdrnis report offers information about
one such resource, the GIS-based land-use stuiyaitidel.

There are many GIS-based models that have beerogedefor a broad range of
purposes, including those that relate specificaliand use. These computerized models
analyze land characteristics to help plannerszams, elected officials and others better
understand the variability across the landscape dwuitle where a particular land use
might be most appropriate, given a set of locaflyeloped goals and criteria.

This report includes findings from a study of lamgk suitability models and their
application at a local level. The purpose of thisgdg was to review existing GIS-based
land use models with specific interest in theirligbito support land-use planning,
conservation efforts and policy development. Thelg{period consisted of six months in
mid-2007, when information was collected about @axgsmodels, their development and
how results inform local land-use decisions. Frdrat tresearch, four examples were
chosen to illustrate how land use models can bdieabfocally. Three of the models
described were developed in Minnesota and the Hol@is been replicated across the
country. These examples portray distinct approathesilizing land use models but are
similar in their outcomes.

The intent of this paper is to summarize existirgaling efforts so the reader will better
understand how a suitability model might be empiblgeally to support strategic land-
use planning and considerations involved in moasietbpment. While a selection of
case studies is included to provide real-world eplasof existing models it is important
to note that each model is only briefly describedhis report. Details on where to find
more information is included in each of the modemmaries. All suitability models
included are used to assess current conditions gande future land use and were
developed either in-house or with the help of hitedsultants.

This study and report was commissioned by the Miote Department of Natural
Resources and conducted by 1000 Friends of Minaesot
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The Land Use Suitability Model Overview

Over the past decade it has become increasinglynmonio use geographic information
system technology (GIS) to support land-use detssié geographic information system
is a computer-based system for capturing, storamglyzing and managing data and

associated attributes which are spatially referénce

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 matu

or man-made resource potential. A GIS-based
model can help decision-makers understand and

visualize a combination of land-based features, qséstions about those features and
lead to more informed land-use choices.

Land-use suitability modeling refers specifically the computer-aided process of
combining information or data about multiple laralse features in a GIS program to
assess the suitability of a given land use in éiqudar area. Land-use suitability is the
process of determining the fitness of a given tadckand for a defined use (Hopkins,
1977; Steiner 1983). A land-use suitability modah,cfor example, help a community
identify sensitive lands in need of protection, ethiareas are most suitable for
development or where exploitable resources ardddoaithin the study area.

How land-use suitability models work

Land-use suitability models work by loading a cciien of land-based data into a
computer system (representing existing land coms)i 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 measuredtsor i
proximity in relation to other features, accordiog
defined “rules” or criteria. An identifier (usually
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 amatibn of the features included in the
model. Often a regular grid is applied over thdae of the study area and the score or
identifier is assigned to each grid cell, allowithg computer to more quickly process the

complex feature relationships.
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For example, a model developed to consider watatitgyufactors might consider a
proposed setback by measuring proximity to a stredny land area found within a
given distance (i.e. 200 feet) of a stream corridould be scored differently than those
lands further from the stream. A map would resldady indicating those lands “in” or
“out” of that selected distance and if applicalbieir respective scores.

In the case of a residential development modelsystem might be programmed to
identify lands within a designated growth area aade and map those areas differently
than lands beyond the growth boundary. A model lmarbuilt to measure one type of
feature as in the examples above or more commealgh
set of measurements are components of a larger Impde
measuring ,compiling and comparing information abgu
multiple factors and indicators. Often a model wvaot
consider both of the above examples indicating Wwhjc
lands are within the growth boundary and within sheam
corridor. Under those circumstances the model may| b
requested to indicate areas within the growth dhed
would impact water quality. A model can be devetbpa
measure as many or as few factors as desired.

Many land use suitability models utilize the nuroatiscoring methodology by applying

a mathematical formula and enumerating a varietjeafure relationships. Continuing
the previous example, if the area within the streammidor was also within the growth
boundary, the resulting score would reflect th&trenship. The model could use simple
addition to compile each individual feature scaddten higher scores in a given area
indicate some combination of features found there.
Consequently, cumulative scores can identify
significant “clusters” of features. Furthermore,eth
feature scores can be weighted in relation to one
another. If, when the model criteria were defingd,
was agreed that areas within the stream corridoe we
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 6énper
of the total score while the growth area would ¢cas40 percent of the total score. All
decisions about the features to be measured,iariised to measure and score them and
their relative importance or “weights” need to @efully considered during the early
stages of model development. Often, the criteredus measure features in a suitability
model are already part of an existing land-use mamnt or comprehensive plan or a
recognized best management practice.
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Land-use suitability model components

Land-use suitability model components include laaded GIS datasets; appropriate
hardware and software and defined criteria or Sulesed to identify and quantify the
relationships between datasets.

Data: Minnesota is rich in useful and accurate land-8aS& data, though availability
varies by location. More data exist in the Twini€tmetro area than beyond the metro
region. Sources for land-based data include sigdedces, counties, local governments,
national agencies and other special purpgse
organizations, such as watershed districts. Anyasidt
used should ideally cover the entire study areaygh
allowances can be made for partial coverage. Dagiast
typically used in land-use suitability models iradu
ground and surface water including lakes, riversl gn
wetlands, known natural and significant ecologeraas,
slopes, floodplains, elevation, geology, transpmnmta
systems, population, land cover, resource potential

including mineral extraction and wind potentialedéot and farm locations, zoning and
parcel boundaries and soils. However, the landsus&bility model is not limited to
these datasets and any available data pertinéiné¢ tmodel’s purpose can be used.

An important data consideration is the datasetgira. Most common datasets are stored
in a vector data structure and features are reptedeby points, lines and polygons.
Though vector data can be used for modeling, thiscwire is likely to result in
substantially increased processing time due to dbmplex 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 thepaer

to compare, ennumerate and calculate, thereby
allowing it to process more quickly and requiriegs
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-cgll size and the precision of the
original dataset. In addition, each cell value baraveraged with the surrounding cells to
minimize data distortion. One study that lookededsfically at vector-to-raster
conversions in an environmental study of one thodswatersheds concluded that
guantitative differences would not affect enviromta assessment results and that
correlations between vector and raster values grerater than 0.98 for all comparisons
(http://www.srs.fs.usda.gov/pubs/6065).

Hardware and Software: Land-use suitability modeling requires access toggaphic
information system software that can process ditatad-based data. The most common
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GIS system used to process land-use models is Arc@hich is available from
Environmental Systems Research Institute (ESRI)s ®oftware includes a robust
function called Model Builder that allows the usercreate models graphically, aiding
both the developer and other participants to bettelerstand the underlying processes. A
specialist trained in the use of a GIS progranec®mmended, as the software involves a
steep learning curve, and any misinterpretatiotmefdata, process or model results could
lead to faulty decision making. That said, manyalogovernments and special purpose
districts throughout Minnesota have in-house Glfeetxse sufficient to develop and run
a model and there are many organizations that Gffrservices on a contract basis. Due
to the complexity of land-use suitability models,camputer capable of running the
software and analyzing multiple datasets is requifde size of the area being modeled
and the number of layers of information employedthe 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 areetonbasured and coded and may be
the most important factor in any suitability mod&ake
the example of the stream corridor mentioned earlie
model rules might state that lands be identifiedhiui
200 feet of a stream corridor, or this distance hhige
increased to 300 feet. Whatever distance is inuotthe
model is considered the criteria or “rule.” The Eovof

the land-use suitability model is that these aatean be
variable and modeled at various distances, allowirgg
user to consider alternate scenarios. As statelierear
criteria are often derived from existing local pglior recognized best practices, such as
building setbacks or wetland buffers.

Each analysis is unique and how features are meéssrwhat allows a model to be
customized. A county might have different land ngement goals than the
municipalities within the county. A watershed maypgort another set of land-use
standards. Often the criteria are determined thrcaugyroup process that may include
staff, stakeholders, community representativeszeris and elected officials. Whatever
process is used to determine model criteria, engyrarticipants understand the process
and soliciting broad buy-in for those criteria wiklp all concerned better understand and
interpret model results. While the model-developnstage can be challenging and time-
consuming, it is worthwhile to carefully think thugh this step to ensure the final results
provide enough information to provide credible aessito the questions at hand.

Benefits of a Land-Use Suitability Model

Digital land-use suitability models allow the user ask “what if” questions about
potential land-use options. This analytical toab\pdes a consistent method to equally
compare each portion of a given study area withryewéher portion of that given area
and offers a stable and objective methodology fealuwating land-use options. GIS
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allows decision makers to consider a broad cobectif land-based data simultaneously
and explore the relationships among those datahrieml models also allow the
flexibility to consider alternate scenarios, measumpacts and compare results. Models
can be updated or expanded as new data becomakd®adk supplementary analysis is
required.

Perhaps one of the most useful benefits is thetyalidr land-use suitability models to

facilitate group decision making. Results are giegdly visual, clearly illustrating

outcomes in map form, helping participants “seesufts. When consensus is drawn
around how to measure land features and develogimpd
criteria, it follows that the outcome should beagized | «
as valid by participants. Land-use models can h
minimize the effects of sensitive personal issinas tan
arise in land-use decision making by focusing mdten
evaluation based on an agreed-upon set of parasneter

A land-use model can be a useful tool to suppoyttda
day decision making. Models can be designed torrmfq
long-term zoning and land-use policy as well las
developed to measure the impacts of individual 4asel change or variance requests.
Model scores assigned to the parcel can quicklpi#etihe appropriateness of a proposed
land use change. Furthermore model results capieed on a sub-parcel basis to direct
placement of structures or other activities withiparcel boundary.

Land-use suitability model caveats

Any analysis is only as good as the underlying daichthe same holds true for GIS data
analysis. Datasets can vary in completeness angraG so it is important that the
model developer and participants understand théalilmns of the data they are using.
Most GIS datasets include metadata, which is doatetien that provides information
about when the data were developed, the geogragpbjme of the coverage, the original
intended use and other helpful information. If ilkde, metadata should always be
consulted before a dataset is included. Sometinaa dren’t perfect and the “best
available” data for a particular set of importaanhd features need to be included in a
model. In this case, the model developer may recemdgtweighing the features in this
dataset lower than another set of features thdtreoen to be more accurate.

Land-use suitability models are complex and chargespdates should be carefully
considered. Complex relationships between datardayeean that each change may
impact a number of other model components. Modeds amly one tool and cannot

provide all the answers. Local knowledge or expertishould complement the

interpretation of results. Sometimes, there isral¢acy for decision makers to look to
technology for the “right” answer to a difficultid-use decision. These models can
provide guidance, but ultimately are just one faeimong many for decision makers to
consider.
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Case Studies

When considering developing and employing a locabteh, it is useful to understand
what others have done and learn from those exanifiés section focuses on a selection
of existing land-use suitability models. This sdt examples is not meant to be
comprehensive but rather provide information aboutdels developed for different
purposes and at varying ranges of geographic extent

Each description summarizes why the model was dpeel, data and criteria used and
outcomes, if known. Also, if available, informatigincluded to help the reader access
more information about each project. In additiothtose included in this report, there are
additional examples and other supporting infornmaout 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 suitalmodel to guide

development patterns for more than a decade. Tipope of the model is to apply land-

use policies and locational criteria in an objextimanner that logically and consistently

compares lands throughout the county. The CLUESem@s$ults are used to generate a

future land-use map which becomes a componenteofcttunty’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 combineetirndine the relative suitability of
sites outside urban service areas for the two das@ns. Zoning ordinances and land-
use policy are developed to support these bourslafikis approach has helped the
county identify the “best of the best” land suigabdr development.

Model development: The Olmsted County CLUES model was originally deped in
1995 using GIS software developed in MinnesotaedalEPPL7, and to a much lesser
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extent Arcinfo and ArcView, and was based on th&.WDepartment of Agriculture’s
Land Evaluation and Site Assessment System (LESAg model has been updated
using ESRI's ArcGIS software using model buildesl$o An update to the model began
in 2004 and was completed in 2006, maintainingdhd-use goals of the original model,
but including updated data sources and refining hsawne of the categories are
calculated. The county land-use plan calls forrttuzlel to be reviewed for updates every
five years.

The model was developed by the county planning rdieyesmt under direction of the
County Board and the County Planning Advisory Cossion (PAC). The Olmsted
County Planning Advisory Commission is an appoingelisory body to the Olmsted
County Board of Commissioners. Composed of towngificers, a County Board
member, and community residents, the PAC has berentegral part of the Olmsted
County General Land Use Plaimce 1993 and has overseen the latest 2006 update.

Model summary: The model utilizes a raster data structure with'z acre cell size.
For most layers cell values are normalized by ayegathe outcome with the nine
surrounding cells to create a 10-cell neighborho@én score. Scores are then added or
averaged, depending upon the component formulaepuaited on a numerical scale of 1
— 100 for development predictors and 100 — 20@dsource protection layers.

The Olmsted model incorporates and measures a muofblyered and connected
variables. Final model results are computed froragtnigh-level components and lay the
groundwork for the future land-use plan and mapesehcomponents include@source
protection score suburban
development scoreand 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 Protectioar& Another sub-component of
this score is a Biological Survey Score. To redwt score the county biological survey
dataset is reviewed three times, identifying andriag three separate feature types
included in those data. The maximum of the thrgesde scores is retained as the final
cell score and then a 10-cell neighborhood meapjdied to find a continuous average
of the three scores. Subsequently, it is evidesit dlata can be compared, combined and
scored in a variety of ways depending upon the tqpreat hand, variables used and the
methodology defined during model development. e ttase of one shorelands
calculation, the variable used to measure the &desetback buffer came directly from
the zoning ordinance. Other variables are detemincheing model development by the
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participants. The following diagrams illustrate stdmponents or “mini models” used in
the final scores, each representing additional wdyidg calculations. The model
documentation does a good job of describing hov @adividual factor in the model was
derived and the variables used.

Resource Protection Area Score

Suburban Development Score

Urban Service Area Designation

The Olmsted CLUES model is an example of a powarfulti-component model that
incorporates a host of GIS data and directly drilaesl-use policy. If a zoning or map
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variation is requested, county staff will consuietmodel and provide maps for the
requestor, focused on the area of requested chslagances are rarely authorized.

More information: A detailed description of the Olmsted County CLUE®del is
included as an appendix to their adopted Land Us@.PThat plan and others are
available at this linkhttp://www.co.olmsted.mn.us/planning/land_use_pksis

Stearns County, Minnesota: The Land Evaluation and Site
Assessment (LESA) and the Resource Suitability Mode | (RSM)

Overview: Stearns County has developed and implementedrtedels, though one is

used more widely than the other and they are applitferently. The Land Evaluation

and Site Assessment (LESA) model is the more comynased model and looks

specifically at agricultural area assessments.LH®A model in use in Stearns County is
a customized version of a suitability model develbpy the U.S. Department of
Agriculture’s Natural Resource Conservation Servigarious versions of the LESA

model are in use across the country. The other-Usedsuitability model, the Stearns
County Resource Suitability Model, considers a devarange of features within the
county and is more similar to the Olmsted modelimesly described. Each model is
described separately below.

Land Evaluation and Site Assessment (LESA)

In Stearns County, the LESA model is a tool thatigien makers use to assess
agricultural land across the county. The countynaking an effort, based upon their
comprehensive plan, to promote agricultural prestesa and manage non-farm
residential development. LESA is a numeric ratirygtesm for site scoring and was
designed specifically to locate the best farmlafsdcording to county documentation,
“the system provides an objective and consisteml for evaluating the relative

importance of specific sites for continued agrigtdt use.” The LESA concept is

intended to provide a more objective method of mieiteing the appropriateness of
converting certain lands from agricultural to otheses. The county uses the LESA
system as an indicator, and does not rely on thdeit dictate the use or zoning of
properties.

Model Development: The LESA system was recommended as a tool fompignand
zoning activities in the 1998 County Comprehenghan. The system was developed in
1999 with help from the Minnesota Department ofiégiture and was implemented into
the Zoning Ordinance in 2000. The final LESA syststore incorporates two sets of
weighted evaluation scores, a land evaluation s¢oE) and a site assessment (SA)
score. The basic land unit for the LESA system [gaecel, and a LESA score can be
generated for any parcel within the county. Thentpused the LESA manual developed
by NRCS as a reference when selecting the LE andd®d#ponents and deciding how to
weight them. Final decisions about scores and wieighwere determined by two
committees, one for the LE and one for the SA modeiponents.
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The LE committee was comprised of representatigesliar with soil types and ratings
and included staff from the County, the Natural ®Rese Conservation Service, Farm
Service Agency, MN Department of Agriculture andu@ty Board members. A broader
range of participants worked on the SA criteria &ndl scoring structure. For this model
component, individuals representing builders, Ursitg of Minnesota Extension

Services, Soil and Water Conservation District, [®es, city and township officials, and

county planning commissioners joined staff and @pwoard members in determining
final scoring criteria.

The Land Evaluation (LE) scorerepresents 50 percent of the total system scatasan
based entirely on a review of soil types identifead a given site. Each soil type has a
previously established value in the LESA systenetagoon 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) scorese more complex and combine a number of additional
elements within each parcel. Site Assessment (&#&¥smon-soil factors affecting a site’s
relative importance for agricultural use. Potentiavelopment sites where a land-use
change is contemplated are evaluated against $a@tothree general categories as
described below.

(SA — 1 through SA - 3)

SA — 1 factors measure non-soil site characteristics related h@ potential for
agricultural productivity or farming practices.
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Compatibility with adjacent and surrounding landeas The model measures both

adjacent uses and land use within a specific distdrased on the tax code land-use
identifier. Land uses have been determined to Ieerei
conflicting or non-conflicting to farming. Residéalt

commercial and non-agricultural industrial are ¢desed to
be conflicting land uses. All other land use typsa®

considered non-conflicting. The image at right shae
same parcel overlaid on a county tax code landtiitlem
map.

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

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

Percentage of site suitable to farm points avaelabb

Relationship of property to feedlots and animaksinihis factor measures the number of
animal units and feedlots within one mile. An irage in the number of residences in an
agricultural area affects the ability of a farmeiconduct normal farming practices.

Relationship of property to feedlots and animatsippints available =4.5
The total weight assigned to SA — 1 is 25% of thenaal LESA score

SA - 2 factorsmeasure development or conversion pressures ibeL a s

Compatible with land-use plahis measurement is based on whether or not theelpar
is designated as agricultural in the land-use plan.

Compatibility with land use plan points availablg 5

Distance to public sewer and wateFhese factors measure the potential conversion of
agricultural land based on the proximity of the $@ public sewer and water.

Distance to public services — water points avadahB
Sewer points available = 3

Type of road acceshis factor measures which types of roads are axiprty to the
site. Roads that serve primarily farm uses aredrhaigher than roads built for residential
services. Allowing non-farm residential developmaldng 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 i7.5%.

SA — 2 factorsmeasure the public values of a site, such as hastoultural, scenic or

environmental values.

Environmentally Sensitive Areas (ESHK)the site under consideration has an ESA noted
within one mile, it is less likely to be convertedanother use.

Percent of site mapped on the National Wetlandsrtory: Areas mapped on the NWI

will be calculated.

Percent of site located within the floodplaiftie more of a site that is located within the
floodplain, the more it should remain agriculturdarming is one of the few land uses
that can be compatible with floodplain areas.

The total weight assigned to the SA — 3 factors 65%.

A one-page paper report of all factors with induadl and final scores is generated as
automated output of the model, in addition to tlepmas illustrated below.

Model Summary: The final LESA score
compared to the county’s non-agricultural

Employing a Suitability Model to Support Local Lahbe Decisions

combines the LE and SA scaed is
converdioreshold 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 helficiels consider land-use change
requests and is not considered a determinanteaH.its

The LESA system is also used on a site basis tp teelermine the most appropriate
location for structures within a parcel. Agricukuis the priority consideration for the
LESA system and the model will recommend buildiogations that preserve the largest
contiguous area with the highest farming potential.

Stearns County Resource Suitability Model (RSM)

The Stearns County Resource Suitability Model e®anty-wide model that considers a
broad set of criteria. The model has been of lichitse since its development because the
development review process does not explicitly ipocate how the model should shape
regulatory and development decisions. Staff hasmeeended that consideration be
given as to how and if the model can be used aslart the development review process
and have noted the importance of its processeg lginsparent to staff, commissioners,
developers and the public.

Model Development:This model was developed in 2006 by consultanteetirection

of county staff and measures a number of diffefactors related to land use. The model
was created with committee input including représon from county Environmental
Services staff, the Soil and Water Conservatiortriots the MN Department of Natural
Resources, the County Planning Commission and thesuttants, Pro West and
Associates.

The committee decided on 13 different data featarbe included in the model. Each
data type was converted to a 30-foot grid cell dafge processing. This model is a
numeric computational model, where each grid wasgaed 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 withinregad cell are added together. Higher
scores indicate a high number of sensitive featio@sd at that spot.

Model Summary: As in the Olmsted exampl#his model has the potential to guide land
use policy, though no policy has yet been develdgessttd on model outcomes. Goals of
the project include that the model clearly illusgravhich land is most suitable for

development and which land should be given extaeption and that the model be

easily understood by decision makers and the publadel considerations are broader
than in the LESA model, which focuses on agricaltdactors only and extends model
considerations county-wide. Much of the informationthe model is based on natural
resources and therefore the model has the capachglp county officials make more

informed decisions relating to water quality, lgotection and other natural resource
considerations.

More information: Further information about the Stearns County LES/t&n or
Resource Sensitivity Model can be found by contactithe Stearns County
Environmental Services Department, Land Use dixigip phone at 320.656.3613.

Florence Township, Minnesota: Land-Use Suitability Model

Overview: Florence Township is situated on the shores of [Rd@n, an area where the
Mississippi River widens considerably on its coutls®ugh southern Minnesota. The
township is located within Goodhue County and isdsached 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 {se.
Town planners considered model development as
one way to realize those goals by betfer
understanding the landscape and determining
which areas were best suited for developmgnt
and conversely, which areas were mgst
vulnerable to degradation. There are a numbef of
features that are unique to this area, includ|ng
high potential for groundwater contamination
due to the Karst topography that underlies it, enlber of streams that bisect the county
on their way to the river and the numerous bluftsg the river valley that are highly
desirable for residential development.

The Florence model was developed in response toebe for future land-use policy and
the desire to better understand the landscape.t@aship was experiencing some
frustration in reviewing development proposals dvance of county decisions and felt
that their recommendations had less impact on tiealsions than desired. The township
determined that a land-use model could help byyappla consistent set of objective
criteria to land-use decisions and would provide saientific basis to their
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recommendations to the county. Additionally, thedelonvould reduce any perception of
personal influence in local land-use decisions.

The other driving factor was the ability to devell@md-use policy based on model
results. The township recognized the need for gtandinance language to enforce the
goals identified in the comprehensive plan, butdeeeto better understand the locations
and relationships of sensitive land-based featysase agricultural areas and where
conditions would best support residential developime

Model Development: Model development took more than a year and wadeguby a
series of meetings to determine appropriate caitdvieetings included representation by
township and county officials, interested resideatsl paid consultants with primary
oversight from the township’s Community Advisoryr@mittee.

The parcel was used as the basic land unit. Al features were measured in relation to
each parcel boundary. Four high level scores waegstified for this model representing
the following considerationsnatural resource connectivity sensitivity, agricultral
sensitivity, water resource sensitivity and infrastucture sensitivity. Feature
weighting was discussed but in the end, each setealsurements was weighted equally
within the model.

Each high level score comprises 4 individual ddasaseeasured by the criteria determined
during the model development process and desciigdolv. The final model results
combine the 4 high level scores scores. Sixteeferdiit features were measured (4
scores with 4 features each) with a value of 1gassl for each feature found within a
parcel. As a result, the highest overall scoreaacql could receive was 16 when all
scores were combined. Higher scores indicate @idargincidence of sensitive features
found within that parcel. The highest score acjuadisigned to any given parcel was 12,
while each parcel received a score of at leashdesgroundwater sensitivity was found
on every parcel in the township.

Each score considers the following land-based featfor 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 faperation on the land
If the Crop Equivalency Rating (CER) as identifiadhe county soil data is
60 or above
Whether or not the parcel is zoned A-1 (the stsicégricultural zoning)

Natural resource connectivity sensitivity includes:
Whether or not the County Biological Survey idaetifsignificant
biodiversity
Whether or not identified Natural Resource Invep&lements 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 groundwatentamination
Whether or not the parcel is within the 100-yeaodl plain

Infrastructure sensitivity includes:
If the parcel contains an identified special place
If the parcel is within 500 feet of an existing doa
If the parcel contains parkland
If the parcel is within the historic district

Following model development a public meeting walsl he demonstrate the findings and

seek public input. Maps were developed showing eathe sixteen features measured in
the model, as well as a final map of results shbelow. In addition, section maps were
created to show each individual parcel and the nyidg feature scores, providing a

reference to measured features within each parcel.

This model was developed using original vector datd Community Viz, an extension
to ESRI's ArcGIS software that allows for complexrhula building and evaluation.

Model Summary: The Florence Land Use Sensitivity model was origyndeveloped
to locate and measure areas in the township thatdwme sensitive to land-use change.
During the process however it became apparentlieatnodel could also help determine
those areas least sensitive to land-use changéharefore, 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 refineddentify sensitive areas at a sub-
parcel level. Based on model results the townshgpddopted a future land-use map and
ordinance language is currently under consideration support the land-use
classifications proposed on that map. In additibins work has helped to foster better
communication about local land use with the couatyl is leading toward a more
streamlined development review process.

More information: Further information about the Florence Township d.adse
Sensitivity Model can be found by contacting therrship; http://www.florencetwp.org/
or by contacting 1000 Friends of Minnesota, whovted the technical support for
model developmentyww.1000fom.orgor info@1000fom.org

The Trust for Public Land, Various Locations: Green printing Process

Model Overview: The Trust for Public Land (TPL), a national consgion nonprofit,

has developed a process for growth planning witld4ase suitability at its core. The

process is called Greenprinting and supports thegsion of “Conserving Land for
People.” TPL defines Greenprinting
as follows:

Green e« print = ing (g ren p
rinting) 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 visioniognservation finance, conservation
transactions and research and education. Land-us#elmg is at the heart of the
conservation visioning component. TPL has compl8te&reenprints nationally.

TPL describes the model as a proactive GIS moddaliriig to prioritize greenspace and
parkland acquisitions. The models incorporate gatérom a variety of data sources
including demographics, water quality, land develept, and health and economic
benefits data. These models are designed to bedppla variety of geographies using
local and nationally developed datasets. Softwaeduo develop and implement the
model suite include ArcGIS, ModelBuilder, ArcGIS &ipl Analyst extension and
CommunityViz.

Model Development: Community values and concerns are expressed thraygublic
process in which participants determine methodewafluating land features to reach
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community goals. For example, if water quality iscacern, the greenprinting model will
assess water-quality threats and indicate consenvaheasures that could help to
mitigate those threats. Each model component isritbesi and measured with the
intention of supporting community-generated conagown goals. Once local goals have
been identified, analysis that serves each paatcgbal is developed as a “priorities
map.” Priority maps are expressed in terms of eoraion values ranging from low to
high across the region using a standard legenddtesd).

Land acquisition is one method to achieve stateshngonity goals. Model results

indicate which parcels, if protected, would conitdtoward the stated goal and identify
those that serve multiple goals as the highestripes.
Using this methodology the community can identifyisk
areas and develop a plan for acquisition. The GIS
application TPL has developed allows citizens éffidials
to visualize and better understand land-acquisijon
alternatives. One example portrays the applicatamn
capable of crunching data from approximately 5Caskeiis
including more than 500,000 individual land parcels
offering a unique blend of science and preferefdeas

process is unique in that each step of the procsages
directly to the conservation goals articulated wigri
development.

Through a public participation process TPL idegsfithe features and criteria to be
measured toward each community goal. TPL uses NBodlder, a function built into
ArcGIS, to process the data and criteria supporgiagh goal and then combines those
individual analyses into final model results. Thmalgsis is conducted using a raster grid
with 100-foot cell size and parcel boundaries auplon top of model results Zonal
statistics, a GIS function, then assigns a scoreatth parcel based upon underlying
features with a score of 0 — 5, 0 being no consienvavalue and 5 being the highest
conservation value. Analysis can be weighted, atigwparticipants to emphasize the
results of each sub-model in relation to one arrpthes reflecting the importance of that
value to the final outcome. The diagrams below higigtrate these processes, the first
showing the relationship between the feature laystd-models and final model
composite and the second showing the weighted satfieghe sub-models to the final
outcome.
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The Greenprinting process offers three useful petedto interpret results: color-coded
overview maps, parcel prioritization maps and aetarof text reports, including a model
investigator report that states how well a parcefrad in meeting each of the individual
community goals.

For example, this report will indicate if a selaettgarcel is a priority because it protects
water quality, because it is ideal for public asgesr because it supports habitat
protection or multiple goals. This type of refinadalysis can help communities decide
which parcels to pursue and what types of fundmgaes might be available to support
acquisition.

Model Summary: Greenprinting models are very robust and are baikupport local
conservation priorities. Each model is part of egéa process that works to define
common goals and then strives to implement themetendations identified by model
outcomes in direct response to those goals. Whdstmodeling initiatives generally
include community interaction and model results icdlnence policy, the TPL process is
unique in that the suitability modeling is one stad a larger, well-coordinated strategy
to implement conservation and land protection goals

More information: | information about TPL’s Greenprinting process carfdund online
at: http://www.tpl.org/tier3_cd.cfm?content_item_id=Z0Rfolder_id=3130 A series of
publications describing the Greenprinting process loe downloaded in PDF format at:
http://www.tpl.org/tier3_cd.cfm?content_item_id=#8&folder_id=175 Additionally
an example of a Greenprinting model developed forgkCounty, Washington can be
downloaded atgis.esri.com/library/userconf/proc04/docs/pap188fZ.p

Conclusion

Land-use suitability modeling is a powerful methoddentify and illustrate the location

and relationships of natural and man-made featacesss the landscape. Using cutting-
edge technology, land features are measured ameldsbased on locally developed goals
and criteria. The purpose of each model may vasyné&models are developed to predict
how an area might develop or project populatiotegpas, while others are created to look
specifically at sensitive natural areas with thalgo
of land protection and conservation. Additionall
other models are built to help decision make
identify where conditions are right to suppa
residential or other types of development.
developed thoughtfully, land-use suitabilit
models can serve multiple goals.
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Land-use suitability modeling requires land-basigital data, a skilled model developer,
a computer capable of processing the data and as@t®vare program. A modest core
model can be built and enhanced as resources pénatever the model's scale,
loading land-based data into a GIS and using tbgram to identify relationships, ask
guestions and map the results can be a powerfult@osupport local decision making.
Land-use modeling provides an objective and sdientnethod to assess land-use
decisions before they are made.

Model results can inform policy and be used to supgaily decisions. Mapped results
help participants “see” the options and provideection as to which areas will support
increased use and which lands should be left wmibist.

There are a variety of models in use across thatopand this paper has described a
handful of local models and how they are being en@nted to inform land-use
decisions. From this research it is clear thatJasel suitability modeling will continue be
recognized as an important decision support toal airl become more even more
widely employed as technology develops and expmentgh local models and their
potential grows.
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