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I.  Project Overview 
 

Introduction 
 

Sustainable Sandhills is a nonprofit organization with a focus in the eight county region 
surrounding Fort Bragg. This region contains the entire Sandhills Longleaf Pine Ecosystem, one 
of the 21 most endangered ecosystems in the world.   The organization is committed to raising 
awareness of not only our environment, but also our economy and quality of life through 
programs ranging from recycling to green business to eco-tourism.  Programs engage both 
governmental and non-governmental organizations, the military, and most importantly, the 
residents and businesses of the region in a grassroots effort for a more Sustainable Sandhills. 

 

 Background 
 

As part of Sustainable Sandhills’ regional sustainability initiative, Sustainable Sandhills engaged 
local communities and businesses in the creation of custom regional models and maps that will 
be the basis for sustainable land use and related policies and collaborative actions.   The project 
team also leveraged numerous geospatial datasets and projects funded by state agencies and 
nonprofit organizations in North Carolina by engaging the NC Center for Geographic 
Information and Analysis (CGIA) for technical services.  CGIA brought experience in geospatial 
analysis in general and suitability modeling in particular to the project.  The second release was 
enhanced with technical expertise from the US Fish & Wildlife Service in collaboration with 
CGIA.  This report is a technical description of the project intended to explain the custom maps 
and models developed for the region.  The text restates much of Sustainable Sandhills’ project 
report to US EPA (2008) and is intended to be a companion document to “Land Suitability Maps 
for the Sustainable Sandhills Region, Release 2” (June 2009).      
 
The first release of suitability maps for the region was funded primarily by a three-year grant 
from the US Environmental Protection Agency’s (EPA) Science To Achieve Results (STAR) 
program, and specifically the US EPA’s Office of Research and Development’s (ORD) 
Collaborative Network for Sustainability (CNS) program.  Additional funding was provided by 
SS’s project partners at Fort Bragg, the NC Department of Environment and Natural Resources, 
and the Base Closure and Realignment Regional Task Force (BRAC RTF) funding from the 
Office of the Secretary of Defense’s (OSD) Office of Economic Adjustment (OEA).   The 
second release (May 2009) was funded by the NC Department of Transportation in support of 
the NC Interagency Leadership Team.   
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Conceptual Design 
 

Land suitability analysis is a method for evaluating, classifying and mapping a regional 
landscape.  Suitability represents potential for a type of land use, not actual use or predicted use.  
This project created models to analyze geospatial datasets and produce suitability maps.  The 
conceptual design of the models relies on specification of criteria to apply to the best available 
geospatial datasets.  Before looking at data, the concepts and criteria were developed by project 
stakeholders within the framework of answering key questions about sustainable land use.  For 
this project, the key questions were: 

·  What makes an area most suitable for each land use type?  (criteria) 
·  Where are the most suitable areas?  (map) 
·  How much area? (table) 
·  Where are locations that are suitable for more than one land use type? (interpreting and 

combining maps) 
 
The suitability modeling approach used a rule-based, expert-opinion approach to developing 
custom criteria.  This approach relies on the experience and judgment of local experts in 
economic development, business, planning, conservation, forestry, farming, and environmental 
protection.  The project organized land suitability analysis around six land use types:  industrial 
development, commercial development, residential development, natural areas, working forests, 
and working farmland.   
 
The rule-based approach poses questions about each type of land use.  What makes a particular 
location highly suitable for a type of land use?  What land characteristics are most important?  
What features are most important to be in or near?  Does suitability depend on satisfying an 
entire set of rules (e.g., near a road, and in a sewer service area, and near dense settlements) or 
satisfying any one of a set (e.g., in an endangered species habitat or next to a stream)?   Are the 
suitability factors equally important or are some more important than others (e.g., more weight 
on the ratings for roads than sewer service areas)?  
 
The stakeholders considered specific land features and qualities (e.g. coincidence of tree cover, 
soil type, water features) and location relative to factors that can be represented on a map (e.g., 
proximity to major roads, streams, public sewer service areas, wildlife habitat, factories, or dense 
settlements).  Local experts developed specific criteria that quantified how near is “near,” how 
far is “far,” what are the relative values or ratings based on coincidence and proximity, and what 
are the relative weights of different factors (e.g., prime farmland soils versus cropland).   
 
Note that the conceptual design does not include techniques for predicting which locations in the 
region are likely to realize their highest or preferred potential first.  The suitability analysis can 
answer questions about relative potential for different types of land use and offers multiple 
perspectives on unique and competing potential.  The suitability analysis does not rate locations 
for their probability of being developed or protected over time.  Building a regional predictive 
model that relies on statistical analysis and assumptions about rates of urbanization is beyond the 
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scope of this project.  The benefits to be gained by the project team by applying a more complex, 
perhaps proprietary predictive model are not clear.    
 
To provide a perspective on the future, this report describes alternative ways to modify the 
suitability models (for example, with planned infrastructure) and to present the suitability results 
that focus on questions about unique and competing values by type of land use. Supplemental 
analyses of land parcels and zoning districts add views on suitability in the region. 
 
The conceptual design was shaped by the intention of the project team to make the GIS models 
simple, clearly documented, replicable, transferable and useable by regional and local planners 
and analysts.  The project team worked to achieve a balance of detail and accessibility.  This 
report describes the maps and models developed for the project and presents results that are 
available to inform plans and policies in the 11-county region.  
 
Focus groups were invaluable to the process of refining criteria for the suitability models.  Each 
of four groups reviewed and evaluated maps from Release 1 and suggested minor revisions to 
suitability criteria to refine the concepts.   
 

·  The Working Forests focus group consisted of four participants including a forestry 
consultant, a private landowner, an extension forestry specialist from NC State 
University, and an assistant regional forester from the N.C. Division of Forest Resources. 

 
·  The Working Farms focus group consisted of four participants including two county 

agricultural extension agents, the chairman of the Moore County Voluntary Agriculture 
District, and an environmental programs specialist from the N.C. Department of 
Agriculture and Consumer Services. 

 
·  The Natural Areas focus group consisted of three participants including two 

representatives from the N.C. Natural Heritage Program and a regional supervisor from 
the N.C. Wildlife Resource Commission.  

 
·  The Development focus group included four private development specialists representing 

commercial, industrial, and residential development as well as a county planner.   
 
The project team integrated the suggestions and comments of the focus groups into the models 
and maps produced for this second release of Sustainable Sandhills Suitability Maps.   
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II. Intended Uses of Maps 
 
The Sustainable Suitability Maps represent potential for six different land use types.  The maps 
are intended to inform public and private decisions about land use with six perspectives on value.   
The maps are intended to display patterns across the region for each of the six land use types; to 
highlight concentrations of high value; and through combination cases involving multiple maps, 
to reveal unique and overlapping locations of high suitability.  Each map was created 
individually to capture the unique perspectives of a particular land use; however, it is important 
to note that the maps are designed to be used as a set.   
 
The maps do not represent monetary value of land which is expressed in public land records or 
private databases as appraised property value or estimated market value.  Instead, the values 
represented in the suitability maps are “ordinal” with locations (cells) ranked from low to high.  
The six perspectives for a location of interest help answer questions such as: 
 

·  If this location is developed for residential land use, what other value is lost in terms of 
working lands or natural areas? 

·  If this location is conserved as wooded land, what other value is lost in terms of 
commercial or industrial development? 

 
The relative ratings, cell by cell, map by map, are normalized on a scale of 1 (lowest) to 9 
(highest).  Expert opinion and stakeholder judgment informed the ratings (and relative weights of 
the map layers).  However, the stakeholders and focus groups did not evaluate the relative value 
of a 9 for one land use against a value of 9 in each of the other five land uses.  It is important to 
explain to map users that comparing one suitability map to another involves value judgments as 
well as math.   
 
For simplicity, composite maps (combination maps) for this project assume that the highest 
valued locations for one land use type should be displayed as equivalent to the highest valued 
locations for a second land use type.  Users may add complexity by reclassifying the results to 
express value judgments that favor one land use type over another (see the Technical Information 
section below).  
 
An appropriate interpretation of areas of competing value (overlapping high suitability) requires 
acknowledgement that pairs of any six land use types may have compatibility in some locations.  
For example, wildlife habitat can tolerate some degree of infrastructure and buildings depending 
on the density of remaining vegetation and wildlife requirements and adaptability.  Similarly, 
some density of infrastructure and buildings can be successfully designed (perhaps with some 
additional cost) to be compatible with flood hazard areas, steep slopes, and other natural features.  
Various combinations of industrial and commercial or commercial and residential land uses can 
be successful as well.  The suitability maps are based on criteria that express relative values 
across the region.  The current patterns of infrastructure, buildings, land protection, working 
farms, and working forests in the Sandhills are distinct in some areas and blended in others.  The 
maps of suitability, particularly the areas of competing value, are intended to highlight the 
implications of choosing to build, re-build, protect, or restore in particular areas.  An intended 
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benefit of the Sustainable Sandhills suitability mapping project is to frame everyday decision and 
choices in terms of regional potential and cumulative changes that affect potential for future 
generations.  
 
The maps were created using datasets that were represented by grid cells 98.425 feet on a side.  
Consequently, features on the ground would be larger than the inside of a baseball diamond to be 
classified with a suitability rating, and meaningful patterns would be evident with groups of 
adjacent cells having the same rating.  This is a moderate level of precision for representing map 
features.  Results are reported in tables as area in acres (about 5 cells per acre).   The map results 
are not ‘smoothed” by statistics or any other technique.  The project team preferred to display the 
model results as generated by the criteria applied to the best available data, and to let users apply 
their judgment in evaluating and comparing the results.  
 
The datasets used in mapping vary in their currency.  For example, the land use classification 
(based on 2001 satellite imagery) is older than datasets for roads (2008) and may under represent 
developed areas near new roads.  Most datasets are less than two years old, but a few of the 
datasets were collected in 2000 (Census) or earlier (some county soil surveys).  The suitability 
results are sensitive to changes in source datasets that may be dynamic in some locations (e.g., 
land cover, infrastructure, or subdivided parcels; see the Technical Information section below). 
 
Given the limitations in the precision and currency of the source datasets, the map results are not 
appropriate for site-specific analysis.  Although users may overlay property boundaries on the 
suitability results, it would not be informative to determine which cells apparently fall within a 
specific site.  The maps alone do not reveal the actual conditions on the ground for a specific site. 
 
Suitability expresses potential.  The maps do not represent predictions of how locations will 
change.  Potential is based on land characteristics and location factors that combine to represent 
areas where the particular land use type would likely occur already or would be likely to occur.  
A higher suitability rating implies a higher likelihood of realized potential, but there is no 
probability expressed and no reference to a future year.  Predictive models, in contrast, use 
statistical methods to assign probabilities to locations and may include a time factor to identify 
likely change in land use over several time periods.  
 
Sustainable Sandhills encourages users to display planning-related geospatial datasets on top of 
the suitability maps to frame and evaluate plans and alternatives.  For example, zoning districts 
and the underlying suitability may highlight opportunities to refine the zoning approach.  Current 
land use (e.g., commercial, industrial, residential, forests, public land, open space, etc.) could be 
compared to suitability to highlight the locations where potential and current land use are 
consistent or in competition.  Plans and decisions will be better informed if potential realized and 
potential foregone can be represented on maps.  The suitability maps help planners and decision 
makers visualize and quantify the “triple bottom line” of sustainability: social well-being, 
economic vitality, and environmental quality.    
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III. Technical Information 
 

A. Creating Models to Represent the Concepts 
 
Based on the conceptual design and specific criteria, the project team built models to produce the 
maps and numbers needed to inform the region about suitability in the context of sustainability.  
The guiding principles for modeling were to make the processes simple, transparent, and 
replicable.  The project team applied Model Builder, a tool within ArcGIS 9.1, Spatial Analyst 
Extension (ESRI).   The models work with ArcGIS 9.2 or 9.3 as well.  The advantages of this 
software were (a) the diagram and model report features were well suited to collaborative work 
and clear documentation, and (b) the familiarity of the project team with the software tools from 
previous modeling projects.   
 
The modeling steps may be summarized as the following: 

�  Clarify and record in spreadsheet format the criteria and rules 
�  Determine best available geospatial data to represent the concepts and express the criteria 

in geospatial terms (i.e., data layers, selections, distance) 
�  Group the data layers to represent the concepts (e.g., land features, location factors, 

assets, constraints) 
�  Specify the ratings (1 to 9 with 9 the highest suitability) to represent the rules 
�  Specify relative weights for combining layers within groups 
�  Prepare the geospatial datasets (layers) 

o One meaningful value field per layer 
o Create buffers around features to represent proximity 
o Convert to grid cells (cell size = 98.425 feet = 30 meters on a side) 

�  Create models to process the grids (raster data) 
o Organize the datasets 
o Reclassify to represent the 1-9 ratings 
o Use map algebra to assign maximum or minimum values from a group of layers 
o Weighted overlays combine layers within a group or combine groups 
o Extract by mask to exclude cells or trim to region boundaries 
o Use math to combine multiple suitability maps 

�  Symbolize the results in map designs 
�  Export tables from the grid results to count cells and convert to acres 
�  Review results and refine based on stakeholder comments 
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Modeling is necessarily an iterative process to make the best use of stakeholder insights and 
perspectives and to integrate the qualitative concepts with quantitative processes.  A model may 
be thought of as: 

�  Representation of reality 
�  Collection of data and processes 
�  Ways to understand, describe, or predict how things work  
�  Simplified version of a feature or phenomenon 
�  Information (map and numbers) 

 
The guiding principles for Sustainable Sandhills modeling are that models should be: 

�  Simple 
�  Informative 
�  Transparent 
�  Repeatable 
�  Well documented 
�  Credible 

 

B.  Defining Criteria for Models 
 
In this modeling approach, the most important and time-consuming tasks are to specify the 
criteria or rules that are applied to the datasets so that (1) each cell is assigned meaningful sets of 
values, and (2) combinations of datasets (layers) will produce a single value per cell that best 
represents relative suitability.  Sustainable Sandhills used multiple steps to develop criteria for a 
rule-based analysis based on information that is both quantitative (relationships between GIS 
data layers) and qualitative (stakeholder and expert opinion).   
 
The purpose of an initial regional workshop was to begin to define the framework, content, and 
criteria for a regional model.  The project team described a regional model (or set of models) as a 
tool to communicate regional plans and opportunities, and to inform local strategies and actions. 
The workshop participants identified dozens of questions relating to Environment, Economy and 
Society, the answers to which would inform planning and policies for a sustainable region.  A 
summary of the workshop is attached as Appendix A.  The questions posed highlighted the need 
for multiple perspectives of the region.  Participants emphasized the importance of natural areas 
and biological value, working farmland, working forests, and economic development.  Topics 
less adaptable to geospatial analysis but of high importance were cultural resources and 
questions of equity and balance across the region.  
 
A round of county workshops generated quantitative and qualitative information on model 
criteria, with attention to the relative importance of suitability factors.  A suitability factor is a 
geospatial representation of a concept.  For example, locations near an Interstate, US or NC 
highway have more commercial development potential than locations far from a major road, all 
other things equal.  The suitability factor is the location in proximity to the major road.  For the 
county workshops, the project team organized the factors as “assets” (positive factors that 
heighten potential, such as locations near major roads) or “constraints” (negative factors that 
lessen potential, such as locations in flood hazard areas where the cost of commercial 
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development would be relatively high if not prohibitive).   The team presented sets of assets and 
constraints for each of six suitability (land use) types (natural areas, working forests, working 
farmland, commercial development, residential development, and industrial development).  Note 
that an asset for one land use type (e.g., next to a stream for natural areas) can be a constraint for 
another land use type (e.g., next to a stream for residential development).  Workshop participants 
rated the relative importance of each factor for each land use type on scorecards that were 
retained by the project team.   
 
The results of the county workshops were processed as quantitative information (the mean 
ratings by factor) and qualitative information (comments, concerns, and suggestions about the 
factors represented by geospatial data).  There was consistency in the ratings from county to 
county.  See Appendix B.  The mean ratings were recorded as suggested relative weights that 
would inform the building of weighted overlays of multiple factors (geospatial data layers) in the 
suitability models.   
 
In addition to the regional workshop and county workshops, the project team organized Focus 
Groups for each of the six suitability (land use) types.  The purpose of the focus groups was to 
review and refine the draft criteria, with attention to the specific quantitative rules applied to the 
geospatial data.  The focus groups helped the project team specify distances and sizes (How near 
is “near a major road”? How large is a “large conservation land”?) and relative values on a scale 
of 1 to 9 (e.g., how do three distance “rings” translate into ratings?).  Focus groups met at least 
once and communicated via email in an iterative process of finalizing criteria. 
 
Advice from participants in the workshops and focus groups led to construction of a set of 
regional models that represent six perspectives on land use potential in the 11-county region: 
areas with natural value, working forests, working farmland, residential development, 
commercial development and industrial development.  These six struck a balance between 
complexity and simplicity.  The project team distinguished between the group of six that 
represent land-based suitability and other GIS layers that may inform strategies and policies but 
are not as appropriate for the quantitative approach used in this project.  Layers that represent 
connectors (e.g., roads, streams, railroads, airspace) are not in the models directly, but proximity 
to such connectors is included.   
 
For each of the six suitability types, the project team constructed a suitability model to answer 
three primary questions:   

o What makes an area most suitable for retention of its natural value (criteria)? 
o Where are the areas (map)? 
o How much area (table)? 
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Criteria for Natural Areas (high natural value) 
The project team, guided by the quantitative and qualitative information developed in the process 
of engaging stakeholders, concluded that highly suitable locations (cells) satisfy the following 
criteria: 

1. Guild core areas, connectors, and corridors defined by the Natural Heritage Program 
2. Located in areas with high biological value based on significant natural heritage areas 

and clusters of Red-Cockaded Woodpeckers or other species surveyed in the region 
3. In or near existing lands managed for conservation and open space (includes protected 

natural areas, easements, national parks, state parks, national forests, and other areas that 
have permanent non-development status) 

4. Located within a riparian buffer or a related floodplain 
5. In a wetland type of high biological value 
6. Not in a location that is high intensity developed (pavement, buildings, etc.) 
7. In other areas where land cover that is suitable for natural areas 
8. Location is not out of bounds for natural areas ( water bodies, or military bases) 

 
Criteria for Working Forests (high value for sustainable timber production) 
Highly suitable locations meet the following criteria: 

1. In an area with productive soils for woodland management 
2. Sufficiently large land parcel sizes (current boundaries) to support timber production 
3. Current land cover is forested, with lesser suitability for shrub/scrub, woody wetlands, 

cultivated lands, grasslands or pastures 
4. Not adjacent to a primary road 
5. Not in urban areas based on population density 
6. Location is not out of bounds for sustainable forestland (water bodies, developed, or 

military bases) 
 
Criteria for Working Farmland (high value for susta inable farming) 
Highly suitable locations meet the following criteria: 

1. In an area with soils classified as high in cropland capability 
2. Current land use is cropland with some crops having higher productivity value 
3. Current land use is cultivated, grasslands or pastures 
4. Not adjacent to a primary road 
5. Not in urban areas based on population density 
6. Farmland viability based on NC Agriculture assessment 
7. Location is not out of bounds for sustainable farmland (developed land, water bodies, 

conservation land except preserved farmland, or military bases) 
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Criteria for Industrial Development (high value for factories and warehouses)  
Highly suitable locations satisfy the following criteria: 

1. Near an Interstate Highway ramp or near a US or NC highway ramp 
2. In or near an area served by public water 
3. In or near an areas served by public sewer 
4. Near active rail service 
5. Not in a densely populated area 
6. Not near a farm lagoon 
7. In a location where land cover is not a constraint 
8. Not in a wetland 
9. Not in a flood zone 
10. Slope is gentle, not steep 
11. Location is not out of bounds for industrial land use (conservation land, water supply 

watershed critical protection area, water bodies, or military installations) 
 
Criteria for Commercial Development (high value for retail operations and offices) 
Highly suitable locations satisfy the following criteria: 

1. Near an Interstate, US or NC highway ramp 
2. In or near an area served by public water 
3. In or near an areas served by public sewer 
4. In an area with sufficient population density and household income 
5. Not near a farm lagoon 
6. In a location where land cover is not a constraint 
7. Slope is gentle, not steep 
8. Not in a wetland 
9. Not in a flood zone 
10. Location is not out of bounds for commercial land use (conservation land, water supply 

watershed critical protection area, water bodies, or military installations) 
 
Criteria for Residential Development (high value for homes) 
Highly suitable locations meet the following criteria: 

1. In or near an incorporated city or town 
2. Near an Interstate, US or NC highway 
3. In or near an area served by public water 
4. In or near an areas served by public sewer 
5. Near military installations, but not too near 
6. Not near a farm lagoon 
7. Not in a wetland 
8. Not in a flood zone 
9. Slope is gentle, not steep 
10. Location is not out of bounds for residential land use (conservation land, water supply 

watershed critical protection area, water bodies, or military installations) 
 
Details on each of the six suitability maps are described in the context of building models and 
generating maps (Section E).   
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C.  Data Selection and Preparation 
 
Selection of geospatial datasets followed the concepts of the workshops and the subsequent sets 
of criteria.  Fortunately, the project team had a Sandhills GIS Database maintained by the 
Sandhills GIS Coordinator through 2008 (a SS Land Team member from the NC Department of 
Commerce, Division of Community Assistance, Fayetteville Regional Office).  In particular, 
current datasets representing municipal boundaries and property boundaries (cadastral data) were 
valuable to the project.  In addition, the NC OneMap Database had a wide range of statewide 
datasets at an appropriate scale for regional modeling.  The manager of the database, the NC 
Center for Geographic Information and Analysis, also had project experience in the 11-county 
region through the Joint Land Use Study (2002) and related efforts with the partners of 
Sustainable Sandhills.  With the exception of a dataset representing current land use (needing a 
significant data development effort), geospatial datasets were available to represent the concepts 
and criteria.  
 
Several datasets needed updates to be most useful for the suitability models.  Lands managed for 
conservation and open space needed significant updates by the Sandhills GIS Coordinator and 
CGIA.  This is a dynamic dataset with numerous sources.  Municipal boundaries have changed 
significantly in parts of the region, requiring a recent compilation of city and county files.   
 
Most datasets required either merging of county datasets into an 11-county region or clipping of 
statewide datasets to the 11-county boundaries.  The most intense processing involved digital 
soils, detailed streams, flood hazard areas, and land cover. The datasets used in the project are 
listed in Table C-1. 
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Table C-1. Geospatial Datasets for Suitability Maps 
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Table C-2. Geospatial Datasets for Suitability Maps (continued) 
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Table C-3. Geospatial Datasets for Suitability Maps (continued) 
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Table C-4. Geospatial Datasets for Suitability Maps (continued) 
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Table C-5. Geospatial Datasets for Suitability Maps (continued) 
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Preparation of GIS datasets included verifying the field to use as the value field for modeling, 
checking the projection or re-projecting to match the desired projection (North Carolina state 
plane coordinates, NAD 1983 feet in this case), checking for completeness, verifying the scale of 
the data (see metadata) and converting to grids (raster).  In some cases, additional data 
processing was required to integrate county datasets into a regional dataset or to analyze and 
combine datasets that contribute to a particular concept.  Three particular datasets required 
multiple steps in preparation for modeling: cadastral data, commercial factors, and natural area 
layers.  



CGIA     Sustainable Sandhills  

Page 17 of 68 

1. Cadastral Data in the 11-County Region 
 
The region consists of 11 entire counties with the following number of cadastral records by 
county: 
Bladen (32,231) 
Cumberland (132,219) 
Harnett (61,177) 
Hoke (23,264) 
Lee (30,879) 
Montgomery (30,607) 
Moore (67,654) 
Richmond (31,810) 
Robeson (75,489) 
Sampson (49,076) 
Scotland (21,172) 
 
Files were obtained by the Sandhills GIS Coordinator late in 2008 (published in 2008 or latest 
available).  For this project, a limited set of fields are needed for analysis, and a full regional 
dataset is needed for modeling.  The county files were processed so that each dataset contained 
the following fields, populated from fields and values in the original cadastral data. 
 
Field   Type  Description 
UID    long integer Unique identifier (FID plus 1) for second county, plus 
highest UID for first county.   
PIN_SH  text 20  Parcel identification number (Sandhills) 
TOTALVAL  double  Total assessed value 
BLDGVAL  double  Total building value  
LANDVAL  double  Total land value 
ACRES_SH  double  Parcel area in acres (Sandhills) 
VAL_ACRE  double  Total assessed value per acre 
BLD_ACRE  double  Total building value per acre 
LAN_ACRE  double   Total land value per acre 
LANDTYPE  text 15  Land type (urban or rural) 
OWNER  text 50  Owner name 
YR_BUILT  text 10  Year structure built if coded by county 
USETYPE  text 30  Land use type if coded by county (commercial, industrial, 
residential, federal, state, local, nonprofit) 
ZONETYPE  text 30  Zoning type classified from zoning district data, 
predominant type within parcel 
PROTECT  text 15  Current level of protection (high, medium, low, none) 
NEEDPROT  text 15  Need level of protection (critical, important, none) 
FUTURE  text 20  Future land use recommendations/suitability (critical, 
important, urban density, low density) 
COUNTY  text15  County name in upper case 
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For each of 11 counties, the fields above were added to the attribute table.  The steps used 
included (a) mapping out the original fields that correspond to new fields, (b) populating the new 
fields by calculating each one with the values from a corresponding field in the original county 
file, and (c) deleting fields not in the set above using the “fields” toolset in ArcToolbox.  Note 
that some new fields may be blank (no corresponding field and values in the original county 
dataset).   
 
Using a geodatabase for the parcel files will produce a field ShapeArea that is automatically 
calculated in the geodatabase and can be used to calculate the ACRES_SH field.  It is important 
to have all positive values in the ACRES_SH field (or select records > zero) before calculating 
total value per acre, building value per acre, etc. (attempting to divide by zero will produce an 
error in ArcGIS).   
 
2. Data for the Commercial Suitability Model 
 
For the commercial suitability model, the concept of combining population density and income 
can be represented by the following derived dataset.  
 
For Census 2000 Block Group boundaries with Summary File 3 attributes, determine quantiles 
(3) for median household income (high, medium and low).  Prepare a table from the Census 
Block Group SF3 layer to join to the Census Block layer on the BGROUP field.   
 
For Census 2000 Block boundaries define classes for urban, transition and rural densities (break 
points are 166 and 554 persons per square mile).  
 
Add a field (BGROUP text, 15) to the Census Block table and populate it with the first 12 digits 
(from the left) of the block id number as = Left([BLOCKNUM],12).   
 
Join the table on BGROUP.  Export to blk_with_bgroup_inc_density_bracrtf.shp and create a 
new field (comm_blk, integer) that will contain the rating for each census block.  Select by 
attributes records that satisfy the following rating scheme (1 is lowest suitability for commercial 
and 9 is highest), and calculate comm_blk as the rating based on the case.  
 

1 2 3 4 5 6 7 8 9 

rural-
lower-
income 

rural-
mid-

income 

rural-
upper-
income   

transition-
lower-
income 

urban-
lower-
income 

transition-
mid-

income 

urban-mid-
income and 
transition- 

upper 

urban-
upper-
income 
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3.  Data for the Natural Areas Model 
 
The data preparation for the Natural Areas (high biological value) was complicated by five 
useful datasets, each of which contributed to natural value.   
 

a. Upland Areas 
These areas are based on primary Significant Natural Heritage Areas, protosites (sphab) 
and manat sites as well as secondary sites and buffers of primary areas and sites (one-half 
mile for a controlled burn buffer).  The Natural Heritage Program supplied the source 
layers.  A process of selecting and identifying subsets, formatting the attributes, and 
merging produces a layer for uplands (or separate buffer).  
 
b. Aquatic Areas 
These areas are a subset of Significant Natural Heritage Areas with “aquatic habitat” in 
the site name.  Aquatic significant natural heritage areas (ASNHA) indicate aquatic 
resources of high natural value.  Buffers are assigned according to the criteria used in the 
State's One NC Naturally Conservation Planning Tool (300 feet buffer on ASNHA, 200 
feet buffer on streams within a watershed containing an ASNHA, 100 feet on streams that 
contribute (or intersect) to ASNHA watershed.  The significance of each ASNHA 
dictates the rating it receives (all were A-federal, B-state, or C-regional in this case; no 
D-county). 
 
The following steps were taken to prepare the data from a and b that represent reserve 
design. 
 
Add fields to SNHA:  ZONE_RES text field for zone type (known core, known buffer, 
manat and sphab) and SPF for notes on the source (sh_prim_up_spf for original primary 
upland shapefile in the BRACRTF Region; sh_prim_x_spf for original aquatic, “aquatic 
habitat” for the updated SNHA records that contain that description in the SITE_NAME 
field.  Also add a text field for LOCATION that can be SH_Ecosystem or other areas as 
needed to distinguish polygons. 
 
Using the new data supplied by NHP (expanded protosites—for the 11-county region, 
and manat—for the 11-county region) select new polygons in the BRACRTF Region to 
modify the reserve design sets (prim_up_spf and primary_x_spf).  None of the expanded 
protosites were already in the new SNHA dataset.   
 
Use ERASE to omit the parts of expanded manat that are already mapped as part of 
SNHA.    
 
Note that prim_up_spf contains polygons that were developed from previous protosites 
and are not part of the new SNHA or the expanded protosites.   142 records of the new 
SNHA have their center in prim_up_spf.  41 of the records in SNHA have their center in 
primary _x_spf.  Conversely, 143 of 267 prim_up_spf have their center in SNHA (124 
are not in SNHA).  43 of 54 pimary_x_spf have their center in SNHA (11 are not in 
SNHA).   Made separate subsets of protosites not in SNHA.   
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To integrate the pieces that make up reserve design areas, add the following fields: 
 Field  Type   Values 

UID  long integer  FID+1 
SET  text 10   upland or aquatic 
MODEL text 15   SH_Ecosystem BRACRTF 
CLASS text 30   known core, known buffer, sp hab, manat 
RATING small integer    1 to 9 
SOURCE  text 30   SH_prim_up_not_SNHA, 

SH_prim_aq_not_SNHA, BRAC_proto_07, 
BRAC_manat07, SH_prim_known_buffer, 
SH_prim_up, SH_prim_up_new, 
SH_prim_aq, 
SH_prim_aq_new, BRAC_SNHA 

 
Buffers of 100 feet for aquatic and 0.5 miles for upland were created using ArcToolBox 
buffer tool.  Erased aquatic buffer area by reserve_design polygons.  Added field for 
RATING = 7. 
Attempted to erase upland buffer (topology problem) 
 
Created grid for reserve design merged upland and aquatic (ratings 7,8,9).  Created grid 
for aquatic buffer (rating 7). Created grid for upland buffer (rating 6); extract cells that 
are not reserve design. Created grid for potential (7 to 9) and potential buffer (6) 
 
c. Potential Areas 
These potential areas were developed for the Sandhills Ecosystem, but not other areas in 
the 11-county region.  In the model, the Reserve Design group of cells will include 
potential areas in the Ecosystem area only and should be noted in the results.    
 
d. Study Areas 
Similarly, sections of the 11-county region outside of the Sandhills Ecosystem will not 
include Study Areas. 
 
e. Red Cockaded Woodpecker (RCW) Partitions 
Partitions are based on field work and analysis by the US Fish and Wildlife Service and 
partners in the Sandhills Ecosystem.  Sections of the 11-county region outside of the 
Sandhills Ecosystem will not include RCW Regional Partitions. 

 
f. Guilds (Landscape Indicator) 
The Natural Heritage Program furnished a guilds dataset (core_areas_2-dec-08).  GIS 
processing included clipping the dataset to the 11-county region and editing the attribute 
table so that every guild had a proper score and S-rank assigned (see table below).   
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Then, every individual guild (number of unique guilds = 26 in the 11-county region) was 
selected and made into its own feature class, converted to a raster based on its Score, and 
reclassified to convert No Data cells to 0 and create an integer raster for further 
reclassification processes (score values rounded up or down accordingly; steps shown in 
model below).  Finally, to consider various rating options, all reclassified guilds were 
summed in a Map Algebra step or combined for maximum value in a Map Algebra step 
(the summed dataset was used in the suitability map).  
 
The ‘Summed’ guild was reclassified in two ways: the first was to break the summed 
score range of 0 – 247 into 6 groups and assign the highest ranking, 7, to the group with 
scores that ranged from the score of the highest individual scoring guild to the maximum 
summed score (i.e. �  89).  The rest of the groups were then assigned a 6, 5, 4, and 3.   
The ‘Summed’ guild was also reclassified in the same manner that the ‘Max Value’ guild 
was processed.  For this reclassification, the score ranges (either the summed score or the 
max value score ranges) were broken into groups that corresponded to the State Ranks, 
S1 – S5.  It is important to note that for the summed score, this reclassification assumes 
that the sum of lower State-ranked guilds can result in the assignment of a higher State-
rank and thus a higher suitability score.  For example: S5 guild + S5 guild = S4 guild.   
 
Maps and bar graphs that demonstrated how outputs differed based on the processing and 
reclassification steps were presented to the focus group.  The final consensus was that the 
‘Summed’ guild approach reclassified according to corresponding State-ranks would be 
used and that suitability ranks would be assigned as follows: S5 �  4; S4 & S4 equivalent 
�  5; S3 & S3 equivalent �  6; S2, S1, S2 and S1 equivalents �  7. 
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g. Natural Value Model Notes 
In the current model design, cells from upland, aquatic, and potential areas may overlap; 
the process will take the maximum value for the group of three.  There is no need to 
process the polygons to be mutually exclusive (though the designations are mutually 
exclusive – the polygons may overlap as a potential area becomes part of the SNHA, 
protosite or manat datasets).   
 
Aquatic areas were revised in September 2009 to include the 300-foot buffer regions that 
were inadvertently omitted from the draft in May.  
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D.  Model Processes 
 
The modeling process involves geospatial analysis that can be described in eight steps: 

1. Define criteria for the analysis 

2. Define data needed 

3. Determine what GIS analysis operations should be performed 

4. Prepare the data 

5. Create a model 

6. Run the model 

7. Analyze results  

8. Refine the model as needed 

 
The iterative modeling approach is illustrated in Figure 1.   
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Figure D-1:  Steps in GIS Analysis for Suitability Maps 
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The specific geospatial analysis processes used for the suitability models are reclassify, weighted 
overlay, map algebra, and extract by mask.  The six suitability models apply these processes in 
different ways to represent the concepts and criteria in each model.  This section describes the 
processes (tools) that are used in Section E (model building).   
 
1.  Reclassifying Datasets 
 
Geospatial datasets that represent the model criteria are typically in vector format (points, lines 
and polygons) with the exception of land cover classified from satellite imagery (raster or grid 
cell format).  The Model processes use data in grid format to enable fast processing of multiple 
layers and mathematical operations to analyze the layers.  Raster datasets have one meaningful 
value per cell.  Vector datasets are converted to raster format based on one value field.   
 
After conversion, grid datasets need to be re-classified to represent the ratings in the criteria.  
The process is located in ArcGIS 9.x, ArcToolBox/Spatial Analyst Tools/Reclass.  For example, 
grid conversion of road buffers uses the distance field so that grid values are 1000, 2000, 3000, 
etc. representing distance from a primary road.  Reclassification changes those values to their 
respective 1 to 9 ratings to prepare the grid for a process involving other classified grids. 
 
2.  Weighted Overlay and Map Algebra – Evaluating Multiple Grids 
 
In the Natural Areas model, the focus group identified a drawback in using a weighted overlay to 
evaluate a set of grids that represent conservation value.  For ModelBuilder, the weighted 
overlay function is found in ArcGIS 9.x ArcToolBox under Spatial Analyst Tools/Overlay.  A 
weighted overlay for two or more grids (layers) takes the value from each grid for the same cell 
(location) and applies relative weights entered by the user to produce a single value for the cell.  
For example, an overlay of three layers with weights of 20 percent, 50 percent and 30 percent, 
respectively (adding to 100 percent) would produce a result for each specific cell as follows: 
layer1value*0.20+layer2value*0.50+layer3value*0.30.  In other words, each layer contributes a 
portion of a cell value based on the assigned weights.  This concept works best in suitability 
analysis when the value of a cell is highest when it has high values in each and every one of the 
constituent layers.  If the layers were on a checklist, having more layers checked off (as high 
value) would mean higher overall value.  This approach helps identify cells where there may be 
multiple benefits.  In any case, the result is a single value for each cell. 
 
For datasets that are mutually exclusive or nearly so, the weighted overlay gives too much 
weight to non-valuable areas in each of the datasets.  Consequently, it is difficult to retain the 
highest rating for those specific areas that have the highest value by the criteria established for 
that dataset.   For example, primary upland areas do not coincide with primary aquatic areas.  An 
“either or” concept would produce the highest rating for either of the equally important primary 
area types.   
 
To illustrate, consider two datasets:  population density (the higher the density, the higher the 
rating for commercial suitability) and septic suitability (based on soils—the more suitable the 
soils for septic, the higher the rating).  See Figures D-2 and D-3.  All layers are symbolized by a 
color scheme in which 2 is least suitable for development and 6 is highest: 
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Rating 

 
 

 
Figure D-2.  Population Density Example 

 

 
Figure D-3.  Septic Suitability Example 

Rating 
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Model processes are shown in Figure D-4.  The process for Single Output Map Algebra is found 
in ArcToolBox, Spatial Analyst Tools, Map Algebra. 
 

 
Figure D-4.  Example of Model Processes 

The map algebra interface is shown in Figure D-5. The MIN function is also available for 
multiple layers for which a low value in any of the layers would mean low suitability (e.g., a cell 
need not be in a wetland and in a flood hazard area to have an overall low value).  
 
The comparative results for the Weighted Overlay and MAX value processes are displayed in 
Figures D-6 and D-7.  
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Figure D-5.  Map Algebra Process Using MAX 
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Figure D- 6.  Output from Weighted Overlay Equal Weights 

 

 
Figure D-7.  Output from MAX Process 

Rating 

 
 
The output from the MAX process retains the higher ratings and provides more variation in the 
results.  In cases where “either-or” logic applies, this map algebra function produces more 
satisfying results.  In cases where the datasets are additive (i.e., coincidence of map features is 
more valuable than non-coincidence of features; in industrial development, proximity to utilities 
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AND a major highway AND a railroad are more desirable than proximity to any one or two of 
the three) a weighted overlay is the appropriate process.   For the concepts in the natural areas 
model, primary areas tend to not overlap and not have additive value.  Caution—if any of the 
grids in MAX function have NODATA, then that carries through the analysis (holes may result).  
One solution is to reclassify each input grid so that there are values throughout the study area.  
 
3.  Extract by Mask 
 
Masks are a useful way to remove specific cells from a suitability map.  In the suitability models, 
some layers have cells just outside of the 11-county region to account for proximity to map 
features on or near the region boundaries.  For suitability maps of the region, a region mask (a 
grid layer created from the 11-counties, all with the same single value) will extract just the cells 
inside the region.  The process is in ArcGIS 9.1, ArcToolBox/Spatial Analyst Tools/Extraction.   
 
Masks are included in the models to remove cells that are “out of bounds” for the type of 
suitability being analyzed (for example, land with permanent conservation status is removed 
from the commercial suitability map).  This gives a cell count for the cells still in bounds for 
analysis.  The drawback to this approach is that once the cells are removed, those cells will drop 
out of any subsequent overlays.  A solution is to reclassify the output of the extraction so that the 
“NODATA” cells equal the lowest suitability (=1).   
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E.  Building the Suitability Models and Maps 
 
The project team applied the criteria to the datasets to create models that created results for 
mapping and analysis.  Specific criteria and datasets are described for each of the six suitability 
types in the context of a model.  
 
The project team used ArcGIS 9.1 (ESRI) with the Spatial Analyst Extension that includes the 
Model Builder tool that is well suited for land suitability modeling.  The criteria were organized 
in spreadsheets to guide the model building.  For each of the six models, the datasets were raster 
(grid) format with cells of 98.425 feet (30 meters) per side.  This report provides detail for the 
commercial model only.  The GIS files for the project contain the data, criteria, and models used 
for all six suitability types. 
 

1. Building a Model: Commercial Suitability Example  
 
The geospatial data layers that represent the concepts of commercial suitability (locations that 
have potential to support commercial buildings and operations) were organized in a spreadsheet 
in three groups.  In Figure E-1 the pink data layers represent infrastructure, the blue represent 
market and location preferences, and the green represent land factors that may significantly raise 
the cost of commercial development or make a location unsuitable for other reasons.   The gray 
layers are areas that are essentially out of bounds for commercial development (land protected 
for conservation and/or recreation, land inside military installations, critical protection areas for 
water supply watersheds, and large water bodies).   
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Figure E-1.  Data Layers in Commercial Suitability Model 

 
The spreadsheet is constructed with data layers in the first column and the criteria displayed in 
columns with ratings 1 through 9 with 1 the lowest suitability and 9 the highest.  See Figure E-2.  
The criteria may be selections of a layer that has been classified (e.g., urban population density 
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and higher household income based on Census data by block), or within a specific distance of a 
map feature (e.g., within 1,000 feet of a major highway ramp), or within a specific range (e.g., 
slope between 6 and 10 percent).  
 
 

 
Figure E-2. Suitability Ratings for Classification of Grid Cells in Commercial Model 

 
The far right columns of the criteria spreadsheet, shown in Figure E-3, includes the operations on 
the layers within groups and operations between groups to derive a suitability rating for each grid 
cell.  Relative weights are recorded in the spreadsheet as well.  Assumptions and notes are 
included in a “comments” field. This spreadsheet serves as a guide to model building. 
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Figure E-3. GIS Operations and Assumptions for Commercial Model 

 
The Model Builder Tool in ArcGIS includes a diagram that enables adding data layers and 
processes to produce new datasets ready for mapping.  The full commercial suitability model 
diagram is shown in Figure E-4.  The diagram is barely legible in its entirety, but the interface 
enables the user to zoom and pan to work on sections of the model.  Data layers (grids in this 
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case) are displayed as blue ovals with files names.  Processes (spatial analysis) are shown as 
yellow boxes with the process name.  Output (resulting grids) is represented by green ovals with 
file names.  Data layers are added to the model diagram from the table of contents (drag and 
drop) and processes are added from ArcToolBox (drag and drop).   
 

 
Figure E-4.  Model Diagram for Commercial Suitability Map 

 
It is useful to look away from the model diagram and display each of the data layers in map 
format before building the model to become familiar with the data and be able to spot 
unexpected model results that may indicate a flaw in the processing.  See the section on model 
design in Land Suitability Maps For the Sustainable Sandhills Region, Release 2. 
 
The section of the model for processing the layers in group 1 is shown in Figure E-5. 
Open the ArcGIS map document and edit (not open) the commercial model to display the 
content and structure.  This description is a sample of the modeling process. For example, right 
click and open the first reclassify process to check the values against the criteria spreadsheet.  In 
Figure E-6, the old values for commercial roads were 1000, 2000, etc. (distances from highway 
ramps) and the new values are the ratings from 1 to 9 that correspond with the distances.  
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Figure E-5. Model Data and Processes for Group 1 of Commercial Suitability Model 

 

 
Figure E-6. Reclassify Values for Highway Ramp Proximity for Commercial Suitability Model 

 
After reclassifying the layers in group 1, the layers are used in a weighted overlay process with 
relative weights as noted in the criteria spreadsheet (Figure E-3, above).  In Figure E-7, the 
weights are added and values checked to be sure there are no “NoData” cells emerging from the 
overlay.   
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Figure E-7.  Weighted Overlay for Group 1 in Commercial Suitability Model 

 
The result from the weighed overlay of the group 1 layers is shown in Figure E-8.  The dark blue 
areas have the highest suitability rating; green areas are intermediate to high; and yellow areas 
have the lowest suitability rating. 
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Figure E-8.  Map of Results from Weighted Overlay of Group 1 

 
Group 2 uses a similar approach to combining three data layers (weighted overlay).  The results 
are shown in Figure E-9.   
 

 
 Figure E-9.  Map of Results from Weighted Overlay of Group 2 
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The process for analyzing the layers in group 3 is not a weighted overlay.  In this case, a location 
(cell) has a higher cost for development if it is either in a floodplain, or in a wetland, or has steep 
slope.  The location need not meet more than one of the criteria to be rated with low suitability.  
Conversely, if a location is free of all of the three constraints, the rating would be high for 
commercial development suitability.  A process that accommodates this concept is Map Algebra 
and the minimum value.  A cell takes the minimum value from the three layers in the process.  In 
this case, a cell inside of a floodplain would get a rating of 1 no matter what the values are for 
the other group layers at that location. See Figure E-10. 
 

 
Figure E-10. Process for Group 2 in Commercial Suitability Model 

 
The results for group 2 are shown in Figure E-11.  The dark blue areas have the highest 
suitability ratings; green are intermediate; yellow areas have the lowest ratings, indicating the 
greatest constraints to commercial development.   
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Figure E-11. Map of Group 3 Results in Commercial Suitability Model 

 
The next sequence in the model is analysis of Commercial groups 1, 2 and 3 together in a 
weighted overlay as shown in the diagram in Figure E-12 and the map of the results in Figure E-
13. 
 



CGIA     Sustainable Sandhills  

Page 41 of 68 

 
Figure E-12. Weighted Overlay of Groups 1, 2 and 3 in Commercial Suitability Model 
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The dark blue areas in Figure E-13 are the most suitable areas based on a weighted overlay of 
groups 1, 2 and 3 in the commercial suitability model.  The color sequence moves to lighter blue, 
to green, to light green, to yellow as the suitability ratings decrease.   
 

 
Figure E-13. Map of Results of Weighted Overlay in Commercial Suitability Model 

 
For commercial suitability, some areas are essentially out of bounds.  In this model, the layers 
are combined in a weighted overlay, the values of which create a mask – NoData for the areas 
that are inside the military installations, protected lands, etc., and a value of 1 for areas that are 
outside those features or “in bounds” for commercial suitability.  The model diagram and the 
map of those areas (white = NoData and gray = 1) are displayed in Figures E-14 and E-15, 
respectively. 
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Figure E-14. Overlay of Layers That Are Out of Bounds for Significant Commercial Development 

 
 

 
Figure E-15. Map Representing a Mask for Areas Where Commercial Development is In Bounds (gray) and 
Out of Bounds (white) 
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The process of “extraction by mask” is useful in this model for trimming the data to the region 
boundaries as well as applying the mask for the cells that are out of bounds.  An additional 
reclassify step is used to convert “NoData” to the value of 1 (least suitable) so that the final 
output (com_map in this case) will have not holes.  This is important for future processing that 
will combine multiple suitability types.  In Figure E-16, com_region is the result of the overlay 
of groups 1 and 2 extracted for the 11-county region; com_output is the result minus the cells 
that were out of bounds; com_full is the reclassified result that fills in holes with a value of 1; 
and com_map is the same again trimmed to the region boundaries for mapping and analysis. 
 

 
Figure E-16. Extraction and Reclassification of Results for Commercial Suitability Map 

 
 



CGIA     Sustainable Sandhills  

Page 45 of 68 

The final grid in a map layout looks like Figure E-17.  Again, the highest suitability is 
represented by dark blue, followed by light blue, then dark green, light green, and yellow as the 
potential for commercial development decreases.  
 

 
Figure E-17.  Suitability Results for Commercial Development, 11-County Region 2008 

 
The final grid table provides a count of the number of cells by suitability rating.  The attribute 
table for com_map was exported to DBF format and formatted in a spreadsheet to convert grids 
to square feet to acres as shown in Table E-1.  Note that the area in acres includes areas classified 
as “out of bounds” for development (conservation lands, military bases, lakes, etc.).  
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Table E-1.  Suitability Ratings for Commercial Development in the 11-County Region 

 
 
Commercial suitability needs to be viewed in the context of the other suitability types, but the 
results of this model indicate that about 6.9 percent of the region has high potential (rating 7, 8 or 
9) for commercial development.  Some of this area may be developed already and other types of 
development (residential or industrial) may be suitable in some of the same locations.  And some 
of the locations (cells) may have high suitability for natural and working lands as well.  The 
competing values are analyzed in Section G. 
 
Documentation of the commercial model is contained in a report generated by Model Builder.  
The reports are included in the reports folder in the project data.   The commercial report is 
included in the grid metadata (.xml).  
 
The modeling approach was similar for all six suitability types.  Variations emerged from the 
focus groups in efforts to make the model results as meaningful as possible.  The models 
(contained in the tools folder in the project data) and the map documents (.mxd files in the map 
documents folder) that display the data and models are the best reference source for 
understanding and using the results of this project.  .   
 
Any of the six suitability maps may be viewed in more detail (closer view, or larger map scale).  
For example, the commercial suitability map for the Lillington vicinity displays the variation in 
suitability.  The influence of densely settled areas (blue) is evident.  Coincident with rivers and 
streams and floodplains, suitability is low.   See Figure E-18.   
 



CGIA     Sustainable Sandhills  

Page 47 of 68 

 
Figure E-18. Suitability Map for Commercial in Harnett County, NC 
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F.  Updating or Modifying Suitability Maps 
 
The process of updating or modifying one or more suitability maps involves the following steps: 
 

o Make a copy of the model 
o Produce a new shapefile for one or more of the model inputs  
o Convert the shapefile to raster (98.425 feet and output extent same as display or same as 

region; set the model properties for this cell size if it is not set already) 
o Edit the copy of the model, replacing one or more of the model inputs 
o Delete and replace a reclassify process if any 
o Edit or replace a weighted overlay or other process 
o Check to verify or edit reclassification values and weighted overlay values 
o Check to verify or edit output names to either overwrite or avoid overwriting output grids 

(To retain model output from the previous run, either direct the new output to a new 
workspace folder or change the output names, noting that there is a 10-character limit for 
output grids) 

o Run the parts of the model that are affected (following connections from process to 
output to process to output, etc.) 

o Save the model 
o Verify that the output is consistent with expected or previous output 
o Produce a model report 

 
For example, a flawed raster representing future public water service areas and the proximity 
distances specified in the criteria is updated in vector format, and then converted to raster with 
distance as the value for the grid cells.  In Figure F-1, the old raster (input) is selected for 
deletion while other inputs (e.g., roads and sewer service areas) are unchanged.  
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Figure F-1: Select an Input for Deletion in Model Editing 

 
As shown in Figure F-2, the deletion of the input “breaks” the model from the point of the input 
forward as indicated by the lack of color in processes and output symbols.  The next step is to 
repair the break by adding the updated dataset (input) and editing the processes.  It is best to 
replace a reclassify process unless there were more than a few values to reclassify from the input 
raster.  The previous reclassify process can sometimes drop a value that should be reclassified.  It 
is worth the effort to drag in another reclassify process (Figure F-3); open the reclassify process, 
set the new values, and connect to the next process (Figure F-4).  Note the yellow caution sign 
next to the output file name in Figure F-4.  This indicates that there is already a file with that 
name.  In this case, the decision is to overwrite the previous (flawed) output file.     
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Figure F-2: Deleting Input Breaks the Model (Input Missing for Processes) 

 

 
Figure F-3: Add in Updated Input and Replace the Reclassify Process 
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Figure F-4: Edit New Values in Reclassify 

 
In this example, the next process is a weighted overlay.  Again, it is best to replace the weighted 
overlay (note the weights and values, delete, and drag in a new process) to avoid dropped values.  
The interface for entering or editing values is shown in Figure F-5.   
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Figure F-5: Weighted Overlay Example for Connecting the Updated Reclassify Output 
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The next step is to run the modified Reclassify process (select the Reclassify box, chose “RUN” 
from the File menu).  The box will turn red while the process is running (See Figure F-6).  Note 
that other processes down the model chain will run because the inputs keep changing starting 
with the reclassified water service areas as an input to the weighted overlay. 
 
 

 
Figure F-6: Run the Reclassify Process (Red) Which Will Re-Run Process Down the Model Chain 

 
 
Any and all of the model inputs and processes can be replaced or edited.  It is best to be cautious 
about values retained in processes when inputs are replaced; replace the processes using the same 
inputs, values and weights as specified in the criteria (spreadsheet).   
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G.  Using Models to Analyze the Suitability Maps 
 
The land suitability maps display areas in the region that have distinct suitability for one of the 
land use types.  More common are areas that are suitable for more than one land use type.  Those 
areas of competing value (e.g., working farmland versus residential development) are likely to be 
of most interest to regional planners, policymakers, private developers, transportation planners, 
and economic and environmental analysts.  Using the grid results from the six suitability models, 
comparisons of one suitability type versus another and comparisons of grouped types are 
structured by multiplying and reclassifying the cell values to distinguish the cells for which 
suitability types (or groups) overlap.  The approach is to identify a question about the suitability 
results and construct a case that can be displayed on a map and summarized by area. 
 

1.  Constructing the Combination Cases 
The six suitability maps for the 11-county region represent six perspectives on potential 
suitability.  The maps can be combined in ways that reveal numerous cases of overlapping 
suitability values.  The process of combining the maps relies on math and on symbolizing the 
results to display the various cases (e.g., high suitability for both residential development and 
sustainable farmland, or high suitability for both commercial and residential development, etc.). 
 
A useful way to distinguish combinations of the six suitability maps is to create a new raster 
dataset that has six-digit values that reveal the suitability ratings in each cell.  One approach is to 
use multiplication and addition as follows. 
 
Multiply the 1-9 values for natural times 100000 (6th digit from the right) 
Forest times 10000 (fifth digit) 
Farmland times 1000 (fourth digit) 
 
Residential times 100 (third digit from right) 
Commercial times 10 (second digit) 
Industrial – no multiplication (first digit) 
 
Use the Plus function (ArcToolBox/Spatial Analyst/Math/Trigonometric/Plus or 
MapAlgebra/SUM) to add the numbers for each cell so that the six-digit number for the 
natural/working lands group contains the corresponding values in the first three digits from the 
left.  Use Plus again for the second (development) group (last three digits). Use Plus to combine 
the two groups into a grid with 6-digit values (sum6maps).   The grid (sum6maps) has values 
such as the following: 
 
511898 – reading from left to right, this represents a value of 5 from the natural areas model, 1 
from forests, 1 from farmland, 8 from residential, 9 from commercial and 8 from industrial. 
 
996655 – again reading from left to right, this cell has values of 9 for natural, 9 for forests, 6 for 
farmland, 6 for residential, 5 for commercial and 5 for industrial. 
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In these examples, the higher values (7-9 on a scale of 1-9) in any one cell come from different 
suitability maps.  There are too many possible combinations of ratings from the six maps to 
display individually.   The grid sum6maps is useful for point and click identification for 
individual cell values, but is not useful for mapping by itself.  A reclassification of cells to group 
into high (7-9) versus medium (4-6) and low (1-3) combined as “not high” will be more useful 
for analysis and mapping purposes. 
 
It is best to reclassify cells for the natural/working lands group and the development group 
separately.  The result of the PLUS operation for the natural group was cell values such as 
998000, 875000, 966000, etc. where the first three digits from the left record the respective cell 
ratings and the last three are reserved for the development group.  The result for the development 
group produced 3-digit numbers such as 863, 731, 487, etc.   
 
Reclassify each unique combination in the natural areas/forests/farmland group as one of 8 cases 
of high suitability (these are cases, not ratings, based on values 7-9 as high suitability and 1-6 as 
“not high” suitability).  For example, a value of 955000 would be a high natural areas rating, but 
low for both forest and farmland, reading left to right.  In this group, high suitability cases (with 
arbitrary numbers to represent the 8 cases) would be: 
1 – none 
2 – farmland only  
3 – forest only 
4 – forest and farmland 
5 – natural and farmland 
6 – natural, forest and farmland 
7 – natural and forest 
8 – natural only 
 
The output grid is rcl_natwrk79. 
 
Reclassify the development group in the same way but start with 10 and increase 10 (arbitrary 
numbers to represent the 8 possible cases based on ratings 7-9 from the suitability maps as high 
suitability and ratings 1-6 as not high).  For example, a cell from the Plus function for the 
development group might have a value of 773 which would be high suitability for both 
residential and commercial and low for industrial reading left to right.  In this group, high 
suitability cases would be: 
 
10 – none 
20 – industrial only 
30 – commercial only 
40 – industrial and commercial 
50 – residential and industrial 
60 – residential, commercial, industrial 
70 – residential and commercial 
80 – residential only 
 
The output grid is rcl_dev79. 
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Use PLUS to add the groups to create values 11-18, 21-28, 31-38, 41-48, 51-58, 61-68, 71-78, 
and 81-88.  The output grid is plus_devnat79. Again, these are arbitrary numbers that represent 
the possible cases for cells for the six suitability maps together.  For example, 11 is classified as 
“none” (none in both groups), 12 is “farmland only” (farmland plus none), 13 is “forest only,” 
etc.  The value 21 would be “industrial only,” 22 would be “industrial and farmland,” 23 
“industrial and forest,” etc.  The cells with the most competing types would have a value of 66 
(all six types having high suitability in a particular cell).   
 
A map displaying all of the possible cases would have far too many symbols to show meaningful 
patterns.  The reclassification of cells again helps distinguish groups of cases that highlight 
competing values.   
 
A detailed combination map is available by reclassifying the results form the PLUS operation 
(where high suitability was 10-80 for development and 1-8 for natural/working resulting in 11-88 
values after addition of the values in each cell) into 10 new classes as follows: 
 
Old values New value New Class Name 
11   1  None (all low suitability) 
12   2  Farmland only 
13   3  Forests only 
18   4  Natural areas only 
21   5  Industrial only 
31   6  Commercial only 
81   7  Residential only 
 
14-15   8  Mix of farmland and natural or forest 
16-17  11  Mix of natural and forest 
 
41,51,61,71  9  Mix of development types 
22-29, 32-38,  
42-48, 52-58,  
62-68, 72-78,  
 
82-88  10  Mix of natural and development  
 
Output grid is combo_cases11. 
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2.  Symbolizing Combination Cases 
Users need not manipulate the reclassification process in the combination model to vary the 
presentation of combination cases.  Symbolization of the results can include group of classes.  
The recommended approach is to use the grid result combo_cases11 (11 cases of interest) and 
start with symbolization like the example in Figures G-1 and G-2 (the lower part of the same 
interface shown in Figure G-1).  Alternative grouping to create fewer (more general cases) can 
be accomplished with symbolization as shown in Figure G-3 (grouping of cases 2 and 8 and of 3 
and 4). 
 

 
Figure G-1. Example of Symbolization of Combination Cases 
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Figure G-2. Symbolization of Combination Cases (Continued) 
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Figure G-3.  Grouping Values from Combination Cases 

 

3. Other Combination Cases and Grouping 
For a general combination, reclassify into low-low, high-low, low-high, and high-high classes 
based on high suitability for any member of a group.  In this case, arbitrary numbers are used to 
distinguish cases as follows:  100 was assigned to low-low, 200 to low development, high 
natural/working, 300 for high development, low natural/working, and 400 for both high.  The 
assignment of values to cases is the following. 
 
Old values      New value New Class Name 
22-28,32-38,42-48, 
52-58,62-68,72-78, 
82-88   400 High development and high natural/forest/farmland 
 
21,31,41,51,61,71,81 300 High development and low natural/forest/farmland 
12-18   200 Low development and high natural/forest/farmland 
11   100 No high suitability 
 
Output grid is combo_hi_low. 
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The user may construct other perspectives on the results based on prioritizing suitability types.  
For example, a user may wish to see all cells that have a high suitability rating for natural areas 
(7-9 ratings classified in the combined 11-88 scheme above), then remaining cells that have a 
high rating for residential development, then remaining cells that are highly rated for commercial 
development, then remaining cells for industrial, then working lands (farmland or forest), and 
then remaining cells that have no high suitability ratings.  This priority reflects a strategy for 
representing potential for land.  The reclassification would be: 
 
Old values New value New Class Name 
15-18, 25-28, 
35-38, 45-48, 
55-58, 65-68, 
75-78, 85-88  6 Natural areas (alone or competing) 
 
51-54, 61-64, 
71-74, 81-84  5 Residential (not natural) 
 
31-34, 41-44  4 Commercial (not natural or residential) 
21-24   3 Industrial (not natural, residential or commercial) 
12-14   2 Working land (not any of the other types) 
11   1 No high suitability 
 
Output grid is comb_chris_a. 
 
A less detailed approach is to prioritize the results in fewer classes.  This may be thought of as a 
tiered perspective on the suitability maps.  For example, a cell with a high rating (7-9) for natural 
areas is assigned a 4, a cell that has a high rating for forest (not natural) is reclassified as 3, a 
high rating for farmland (not natural, not forest) is 2, and low ratings for all 3 is assigned a 1.   
 
Output grid is rcl_natw_tier. 
 
A tier for the development group could start with residential, then commercial (not residential) 
and then industrial (not residential or commercial) with similar 4,3,2,1 values.    
 
Output grid is rcl_dev_tier. 
 



CGIA     Sustainable Sandhills  

Page 61 of 68 

The tiered groups can be combined (PLUS) to result in arbitrary values 11 to 44 and labeled to 
represent the exclusive and overlapping cells.  
 
11 – none 
12 – farmland only 
13 – forest only 
14 – natural only 
21 – industrial only 
22 – industrial and farmland 
23 – industrial and forest 
24 – industrial and natural 
31 – commercial only 
32 -  commercial and farmland 
33 – commercial and forest 
34 – commercial and natural 
41 – residential only 
42 – residential and farmland 
43 – residential and forest 
44 – residential and natural 
 
Output grid is combo_tier4. 
 

4.  More Cases to Highlight Unique and Competing Va lues 
The suitability maps for the six types separately offer six different perspectives on suitability in 
the 11-county region.  A combination of the six maps reveals numerous cases of suitability 
values – distinct for one type and competing among two or more types.  Thinking of the 
combination maps in terms of potential (not current or predicted) and value (evaluated for six 
types) puts everyday decisions about plans, land transactions, design, permits, ordinances, 
construction, protection, grant proposals and awards, and private investment in perspective.   
 
As described in the preceding section, the most versatile combination dataset (combo_cases11 
from the Sustainable Sandhills suitability model) enables various map designs to highlight 
different sets of distinct and competing values.  An alternative set of grids constructed in the 
combination model focuses on each suitability type in the context of other types that are least 
compatible for sustaining value.  These cases represent a different way to “sort” the six 
suitability layers.    
 
For each of the new cases (or other desired variations), create a new reclassification from the 2-
digit values from 11 to 88 representing high suitability (plus_devnat79) from the combination 
model (section 1 above).  For example, using suitability for residential land use as the focus, the 
concept is to reclassify the cells that have high (7-9) suitability for residential and low or mid-
range (not high) suitability for natural areas, farmland, or forestland as the first residential case.  
A second case is high residential with high natural area suitability.  A third case is high 
residential with high farmland or forestland.  The remaining cells would be cases of low and 
medium residential suitability, no matter what the ratings in other land use types (fourth case).   
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The resulting map highlights the areas of high suitability for residential (that may or may not 
overlap high commercial or industrial suitability) not in competition with the most valuable 
natural or working lands, as well as those locations where residential competes with one or more 
of the “non-development” land use types.  See Figure G-4. 
 

 
Figure G-4. Combination Map Highlighting Residential Land Use Potential 

 
The reclassification scheme for residential looks like this: 
 
Residential Land Use 
 
Old Values from plus_devnat79 Case #  Case description 
51, 61, 71, 81       1  High resid., not high nat. or working land 
 
55-58, 65-68, 75-78, 85-88     2  High residential with high natural 
 
52-54, 62-64, 72-74, 82-84     3  High residential with high working land 
 
11-18, 21-28, 31-38, 41-48     4  Other cases (residential not high) 
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The reclassification schemes for the other five land use types and the resulting maps follow: 
 
Commercial Land Use 
 
Old Values from plus_devnat79 Case #  Case description 
31, 41, 61, 71       1  High comm., not high nat. or working land 
 
35-38, 45-48, 65-68, 75-78     2  High commercial with high natural 
 
32-34, 42-44, 62-64, 72-74     3  High commercial with high working land 
 
11-18, 21-28, 51-58, 81-88     4  Other cases (commercial not high) 
 
 

 
Figure G-5. Combination Map Highlighting Commercial Land Use Potential 
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Industrial Land Use 
 
Old Values from plus_devnat79 Case #  Case description 
21, 41, 51, 61       1  High ind., not high nat. or working land 
 
25-28, 45-48, 55-58, 65-68     2  High industrial with high natural 
 
22-24, 42-44, 52-54, 62-64     3  High industrial with high working land 
 
11-18, 31-38, 71-78, 81-88     4  Other cases (industrial not high) 
 

 
Figure G-6. Combination Map Highlighting Industrial  Land Use Potential 
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Natural Area Value 
 
Old Values from plus_devnat79 Case #  Case description 
18        1  High natural only 
 
16, 17        2  High natural with high forest 
 
15        3  High natural with high farmland 
 
25-28, 35-38, 45-48, 55-58,        
65-68, 75-78       4   High natural with comm. or ind. 
 
 
85-88        5  High natural with high residential 
 
12-14, 22-24, 32-34, 42-44, 52-54,  
62-64, 72-74, 82-84, 11, 21, 31, 41,  
51, 61, 71, 81       6  Other cases (natural not high) 
 
 

 
Figure G-7. Combination Map Highlighting Natural Ar ea Potential 
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Farmland Value 
 
Old Values from plus_devnat79 Case #  Case description 
12, 14, 15, 16       1  High farmland, not high development 
 
22, 24-26, 32, 34-36, 42, 44-46,  
52, 54-56, 62, 64-66, 72, 74-76    2  High farmland with high comm. or ind. 
 
82, 84-86       3  High farmland with high residential 
 
13, 23, 33, 43, 53, 63, 73, 83, 17,  
27, 37, 47, 57, 67, 77, 87, 18, 28,  
38, 48, 58, 68, 78, 88, 11, 21, 31,  
41, 51, 61, 71, 81      4   Other cases (farmland not high) 
 

 
Figure G-8. Combination Map Highlighting Farmland Potential 
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Forestland Value 
 
Old Values from plus_devnat79 Case #  Case description 
13, 14, 16, 17       1  High forestland, not high development 
 
23, 24, 26, 27, 33, 34, 36, 37, 43,  
44, 46, 47, 53, 54, 56, 57, 63, 64,  
66, 67, 73, 74, 76, 77        2  High forest with high comm. or ind. 
 
83, 84, 86, 87       3  High forestland with high residential 
 
11, 12, 15, 18, 21, 22, 25, 28, 31,  
32, 35, 38, 41, 42, 45, 48, 51, 52,  
55, 58, 61, 62, 65, 68, 71, 72, 75,  
78, 81, 82, 85, 88      4   Other cases (forestland not high) 
 
 

 
Figure G-7. Combination Map Highlighting Forestland Potential 
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