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1. Project Overview for Release 2 of Sustainable 8dhills Suitability Maps
1.1 Project Summary

With funding from the NC Department
of Transportation on behalf of the
Interagency Leadership Team, the
Sustainable Sandhills project has
refined and updated land suitability
maps for the 11-county region in North
Carolina: Bladen, Cumberland, Harnett,
Hoke, Lee, Montgomery, Moore,
Richmond, Robeson, Sampson and
Scotland. This is Release 2. The first
release of suitability maps (2007) was
funded by a USA EPA STAR grant. A
subsequent project funded by the NC
Department of Environment and
Natural Resources, the Strategic Lands
Inventory (2008) advanced the
modeling concepts in a similar
stakeholder-driven process.

The land suitability maps serve as a frameworlef@luating plans and strategies by local and
regional governments and other key stakeholdeustal8lity maps for the 11-county area have
been developed and refined for six land use ty@ssdential, commercial, industrial, sustainable
farmland, sustainable forestland, and natural ickd value. The maps rely on GIS datasets
that represent land and location, the natural améd énvironments, and special areas including
military installations. To validate the modelse tproject team used an extensive stakeholder
input process involving Federal, State, regionadl lmcal partners. Combinations of the
suitability results provide a decision support feamork that helps users visualize benefits for
local and regional governments, economic developmp@nnerships, conservation organizations
and other key stakeholders.

The Sustainable Sandhills project team includefl stan the NC Department of Commerce,
Division of Community Assistance, the US Fish & Wife Service, and many other
collaborators including staff from county and dityencies, the Sandhills Area Land Trust, and
the NC Department of Environment and Natural Resesir The North Carolina Center for
Geographic Information and Analysis (CGIA) has pded technical services in the
development of the Sustainable Sandhills suitgmtiodels and decision framework as well as
related analyses and maps for the BRAC Regiond Fasce, the Fort Bragg and Pope AFB
Regional Land Use Advisory Commission, and thetJoamd Use Study (2002-2008). The
Conservation Fund developed companion suitabiliypsfor another 33 counties east of
Interstate 95 in North Carolina’s Strategic Lanageintory (2008) in collaboration with the
Southeast Regional Partnerships for Planning asta#ability. That project also informed
enhancement of the suitability maps in the Sarslhaigion.
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The following sections describe the Suitability Mamd Results, Model Design, and Frequently
Asked Questions.

1.2 Maps and Results Summary

A common framework for land-related questions eesldlecision makers to collaborate and
develop successful plans, strategies and policiég framework may include a common set of
facts, statistics and map features. The purposandfsuitability modeling and mapping is to
engage local communities and businesses in théamez custom regional models and maps
that will be the basis for sustainable land useratated policies and collaborative actions. Land
suitability analysis is a method for evaluatingsdifying and mapping a regional landscape.
Suitability represents potential for a type of larsg, not actual use or predicted use.
Stakeholders identify and validate specific craerModel building applies the criteria (or rules)
to the best available geospatial datasets to genarset of maps and statistics.

This section focuses on the suitability model ressidr the second release. Design details for the
model building process and specific criteria amspnted in Section 3. In this report, the 1 to 9
ratings are grouped as highest (7 to 9), mediuto @ and lowest (1 to 3). Other groupings are
available (e.g., 6 to 9 as highest) if the mapgtesi chooses to classify the results differently.

1.2.1 Commercial Suitability Map

Commercial land has structures that accommodatgpsig centers, restaurants, stores, and
offices and other activities relating to tradeafice, real estate, entertainment, health and other
services. Locations that have the most poterdratd@irrent or future commercial use tend to be
near infrastructure (e.g., major roads, water awes service), near buying power (dense
population and sufficient income), free of consttaithat would raise the cost of developing and
operating a commercial business (e.qg., floodplawgtlands), and not blocked by current land
restrictions (land with permanent conservationustamnilitary bases, water supply watershed
critical protection areas) or in water bodies (kked ponds).

Sustainable Sandhills rated all locations in tlggae, represented by grid cells 98.425 feet on a
side (about the size of the inside of a basebathdnd). The map criteria and analysis produced
a rating for each cell expressing relative valuectimmercial land use. By counting cells and
converting to acres, the ratings may be summaiizégbles. Suitability ratings are in the range
of 1 to 9 with 9 the highest suitability for comro land use. The results are shown in Figures
1-3 for the region with county boundaries, the oegvith primary roads for reference, and detalil
in Harnett County.
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Figure 1. Commercial Suitability Map

Figure 2. Commercial Suitability with Interstate, US and NC Highways

4



Sustainable Sandhills

Figure 3. Commercial Suitability in Harnett County in the Vicinity of Lillington.

Suitability Maps

June 2009

The suitability map is composed of cells that carekpressed as acres by rating (1-9) as shown
in Table 1. Looking at the highest (7-9) suitdbiliatings, 6.9 percent of the region has high
commercial suitability. This includes areas algeddveloped for commercial land use.

Table 1. Commercial Suitability Results

Rating Acres
434,722
500,867
291,193
680,736

1,650,547
436,084
200,268

92,184
2,281

©CO~NOUIAWNPE

TOTAL 4,288,881

Sum7to9 294,732

Percent
10.1
11.7

6.8
15.9
38.5
10.2

4.7

2.1

0.1

100.0

6.9
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1.2.2 Industrial Suitability Map

Industrial land includes structures that accommedadnufacturing, food processing,
warehousing, and other similar operations. Sogte lnanufacturing may resemble office
operations and better fit the commercial model epts Suitability for a given location is
related to infrastructure (highway access rampBlipwater and sewer services, railways) and
other location factors that can be representedroam(not too densely populated, but not far
from a workforce). Constraints are related to arefas, densely populated locations, and other
factors that raise the cost of developing and dpeyandustrial structures. Areas out of bounds
include military bases, conservation lands, watgpsy watershed critical protection areas, and
lakes and ponds. The suitability results are shiowiigures 4-6 for the region, the region with
primary roads, and detail in Lee County, respebtive

Figure 4. Industrial Suitability Map
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Figure 5. Industrial Suitability with Primary Road s

Figure 6. Industrial Suitability Detail in Lee County
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The suitability map translates to acres by ratmgt@own in Table 2. Considering the highest (7-
9) suitability ratings, 9.3 percent of the regi@sthigh industrial suitability. Note that the
results for industrial alone are not influencedcbynmercial or other suitability types. Many of
the same locations that are highly rated for ingaistould be rated highly for commercial as
well given the similarity in the criteria (see Seat3).

Table 2. Industrial Suitability Results

Rating Acres Percent

Rating Acres Percent

1 413,750 9.6

2 186,506 4.3

3 456,106 10.6

4 810,526 18.9

5 1,405,456 32.8

6 617,177 14.4

7 242,064 5.6

8 139,808 3.3

9 17,487 0.4

TOTAL 4,288,881 100.0
Sum7to9 399,359 9.3

1.2.3 Residential Suitability Map

The third type of suitability that relates to stwes is residential land use. Residential lared us
includes single and multi-family homes and otheinty quarters. Suitability for a given location
is related to infrastructure (major roads, publatev and sewer services) and other assets that
can be represented on a map (e.g., municipal bowsila Constraints are related to wet areas
and other land and location factors that raisectis of structures. A minimum distance from
military installations and swine lagoons is assutioelde desirable for all concerned. Areas out
of bounds include military bases, conservation $ameater supply watershed critical protection
areas, and lakes and ponds. The suitability resmét shown in Figures 7-9 for the region, the
region with primary roads, and detail in Moore Cyumespectively.
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Figure 7. Residential Suitability Map

Figure 8. Residential Suitability with Primary Roads
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Figure 9. Residential Suitability in Moore County

The suitability map translates to acres by ratsmgtown in Table 3. Considering the highest (7-
9) suitability ratings, 31.3 percent of the regi@as high residential suitability. Note that the
results for residential alone are not influenceaccbmmercial or other suitability types. Many of
the same locations that are highly rated for regidecould be rated highly for commercial as
well given the similarity in the criteria (see Seant3).

Table 3. Residential Suitability Results

Rating Acres Percent
1 626,021 14.6
2 26,985 0.6
3 202,249 4.7
4 438,409 10.2
5 526,632 12.3
6 1,125,178 26.2
7 839,937 19.6
8 306,854 7.2
9 196,617 4.6
TOTAL 4,288,881 100.0
Sum7to9 1,343,408 31.3
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1.2.4 Working Farmland Suitability Map

There are three suitability types that do not ddpmmsignificant structures: farmland,
forestland, and natural areas. The Farmland Sliiyalldap indicates areas with potential for
commodity crop farming. Working farm value is repented by data describing areas that are
currently cultivated; contain soils capable of supipg agriculture; have economic viability; are
sparsely settled; and that are not set aside f@r @urposes (conservation, military operations).
Areas adjacent to major highway ramps are class#geunsuitable for reasons of land use
compatibility and air quality. The map does regiresent potential for intensive animal
operations or specialty crops for urban marketiomgh of which would have different criteria for
land and location.

Areas out of bounds include military installatiolssge water bodies, developed land, and
conservation lands that are not preserved farm|di suitability results are shown in Figure
10 for the region and Figure 11 for detail in Blad&ounty.

Figure 10. Working Farmland Suitability Map
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Suitability Maps

Figure 11. Working Farmland Suitability, Detail in Bladen County

June 2009

The suitability map translates to acres by ratsgteown in Table 7. Considering the highest
suitability ratings (7-9), 45.2 percent of the mghas high farmland suitability. Note that the
results for farmland alone are not influenced kng$tiand, natural biological value or other

suitability types. Many of the same locations #ua highly rated for farmland could be rated

highly for forestland or natural areas given simiti@s in the criteria (see Section 3).

Table 4. Sustainable Farmland Suitability Results

Rating Acres

1,576,316
518
10,602
17,188
164,925
578,718
995,738
626,637
318,324

©CO~NOOUIAWNPE

TOTAL 4,288,966

Sum7to9 1,940,699

Percent

36.8
0.0
0.2
0.4
3.8

135

23.2

14.6
7.4

100.0

45.2
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1.2.5 Working Forestland Suitability Map

The Working Forests Suitability Map indicates are@h potential to provide commercially

viable sources of wood or other forest productsméany instances, it provides ancillary benefit
as wildlife habitat. Suitability for working fortssis represented by data that describe areas with
current tree cover, soils that support timber pobtity, settlement that is moderate to sparse,
and areas within large land holdings.

Areas adjacent to major roads are classified &4 seatable because controlled burning of
vegetation impedes traffic visibility. Areas outlmdunds include military installations,

developed land, and large water bodies. The slityatesults are shown in Figure 12 for the
region and Figure 13 for detail in Robeson County.

Figure 12. Sustainable Forestland Suitability Map
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Figure 13. Sustainable Forestland Suitability in Rbeson County

Suitability results are shown in Table 5. Considgthe highest (7-9) suitability ratings, 74.9
percent of the region has high forestland suitgbiliNote that the results for forestland alone ar
not influenced by farmland, natural biological v@lor other suitability types. Many of the same
locations that are highly rated for forestland doloé rated highly for forestland or natural areas
given similarities in the criteria (see Section 3).

Table 5. Sustainable Forestland Suitability Results

Rating Acres  Percent

1 284,232 6.6

2 1,406 0.0

3 7,311 0.2

4 49,744 1.2

5 363,607 8.5

6 368,267 8.6

7 911,719 21.3

8 1,908,319 44.5

9 394,362 9.2

TOTAL 4,288,966 100.0
Sum7to9 3,214,400 74.9

14
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1.2.6 Natural Areas Suitability Map

The Natural Areas Suitability Map indicates ardes tontribute to the biological value
necessary to sustain priority species, natural conities, and ecosystems. These locations
support rare species or high quality communitiesuo in or near important wildlife habitats,
lands managed for conservation, and/or areas tHfgrtaquatic systems; and provide
connectivity between or buffer natural areas.

Areas that are out of bounds for land conservaholude developed land, military bases, and
large water bodies.

The suitability results are shown in Figure 14tfoe region and Figure 15 for detail in
Montgomery County.

Figure 14. Natural Areas Suitability Map
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Figure 15. Natural Areas Suitability in Montgomery County

Suitability results are shown in Table 6. Consiugthe highest (7-9) suitability rating, 21.4
percent of the region has high natural area stittabi Note that the results for natural areas may
overlap with highly rated locations for working fialand or forestland.

Table 6. Natural Areas Suitability Results

Rating Acres Percent
1 511,398 11.9
2 904,149 211
3 1,346,547 314
4 228,357 5.3
5 209 0.0
6 381,441 8.9
7 639,585 14.9
8 91,885 2.1
9 185,395 4.3
TOTAL 4,288,966 100.0
Sum7to9 916,864 21.4
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1.2.7 Summary of Suitability Maps: High, Medium ard Low Ratings by Land Use

Suitability Maps

June 2009

The high, medium and low ratings in acres by lasel type for the region are displayed in Table
7. The percentages add across the rows. For dgaf percent of the region has high
suitability (ratings of 7 to 9) for commercial lande, with 64.5 percent in the medium range (4
to 6) and 28.6 percent in the low range (1 to Iptal area in the region amounts to nearly 4.3

million acres.

Table 7. Summary of Suitability Ratings by Land Us Type,

Sustainable Sandhills Region, Release 2

High ratings (7-9)

Medium ratings (4-6)

Low ratings (1-3)

Acres
Land Use Type (000)
Commercial 295
Industrial 399
Residential 1,344
Natural areas 917
Forestland 3,214
Farmland 1,941

Percent
of
Sandhills

6.9
9.3
31.3
21.4
74.9
45.2

Acres
(000)

2,767
2,833
2,090
610
782
761

*Total area includes military bases and water badie

Percent of
Sandhills

17

64.5
66.1
48.7
14.2
18.2
17.7

Acres
(000)

1,227
1,057
855
2,762
293
1,587

Percent
of
Sandhills

28.6
24.6
19.9
64.4

6.8
37.0

All Ratings (total)*

Acres
(000)

4,289
4,289
4,289
4,289
4,289
4,289

Percent
of
Sandhills

100.0
100.0
100.0
100.0
100.0
100.0
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1.2.8 Integration of Suitability Maps: High-Low Combination Cases

The six suitability maps were built independentlycteate distinct perspectives on the region.
However, the map features and criteria behind eatle six were overlapping in many
instances. The strategy to integrate the six petgses was to derive combinations of the six to
highlight cases that can inform plans and decisidifse cases are based on likely questions
from users: where are the locations that have suggability for more than one structural
suitability type (e.g., commercial and resident#lallVhere are locations that are rated highly for
commercial land use alone? Where are the compbetyigvalues between structural types
(commercial, industrial, residential) and non-stuwal types (farm, forest, natural)?

Three combinations of suitability results createv perspectives to help answer questions. The
first is a four-way combination that groups theethstructural types and the three non-structural
types. In Figures 16-17, the blue areas reprdéseations where suitability was high (7-9) for at
least one of the structural types and at leasbbtige non-structural types. The figures include
primary roads and detail in Richmond County.

Figure 16. Combination of Grouped Suitability Types, Four Cases
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Figure 17. Combination of Grouped Suitability Types, Four Cases, Detail in Richmond County

The four-way combination results are translatedd®s and shown in Table 8. Both groups
(structural and non-structural) have high suit&pil 24.7 percent of the region. The competing
values in those areas present a particular chalérgsustainability.

Table 8. Combination of Grouped Suitability Results Four Cases

Case Acres Percent
Both high 1,050,605 24.5
Structural high 322,443 7.5
Non-structural high 2,585,810 60.3
Both low 329,983 7.7
Total 4,288,842 100.0

Note: Suitability ratings 1-9: high = 7-9, low =61
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1.2.9 Integration of Suitability Maps: Nine Combiration Cases That Include Medium
Ratings

The second set of combination maps is based ostihetural (commercial, industrial and
residential) and non-structural (natural areagdtband and farmland) groups with the addition

of a medium (ratings 4-6) category to summarizeréisellts. Maps are shown in Figures 18 and
19, including detail in Hoke County.

Figure 18. Combination of Grouped Suitability Types, Nine Cases
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Figure 19. Combination of Grouped Suitability Types Nine Cases, Detail in Hoke County

The nine-case combination results are translatedres and shown in Table 9. This perspective
indicates that breaking out the medium range rat{de6) and low ratings (1-3) from the four-
case grouping (low = 1-6) adds information abouaatmns with competing values. For example,
in the four-case results, low (1-6) structural ahility with high (7-9) non-structural suitability
combined to account for 60.3 percent of the callsth low defined as 1-3 and high 7-9 as
before, the low-high case accounts for 16.0 pergottite cells.

Table 9. Combination of Grouped Suitability Resuls, Nine Cases

Non-
Structural Structural Acres Percent
high high 1,050,605 24.5
high medium 235,041 55
high low 87,402 2.0
medium high 1,901,502 44.3
medium medium 124,180 2.9
medium low 5,841 0.1
low high 684,308 16.0
low medium 24,902 0.6
low low 175,061 4.1

4,288,842 100.0

Note: Suitability ratings 1-9: high = 7-9, medigm-6, low = 1-3
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1.2.10 Integration of Suitability Maps: Eleven Unque and Combination Cases

The third combination scheme creates 11 caseptesent areas that have unique high
suitability for one suitability type, and other easvhere more than one type has high suitability.
See Figures 20 and 21, including detail in Hoker@ypu

Figure 20. Unique and Mixed Suitability, 11 Cases
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Figure 21. Unique and Mixed Suitability, 11 Casedetail in Hoke County

Suitability Maps

June 2009

The eleven-case combination results are transtatadres and shown in Table 10. For
example, 20.0 percent of the region has high silittafor sustainable forestland only (where
other types have low suitability). Other uniqugthsuitability types account for single-digit

percentages of the region.

Table 10. Combination of Suitability Results, 11 @ses

High Suitability

Farmland only

Forestland only

Natural only

Industrial only

Commercial only
Residential only

Farm and natural or forest
Natural and forest
Structural types competing
Structural and non-structural
No high suitability

Total

Note: Suitability ratings 1-9: high =

Acres
104,557
858,869

77,630
2,261
8,136

101,974
853,868
690,887
210,072
1,050,605
329,983

4,288,842

7-9, low =61
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Percent
2.4
20.0
1.8
0.1
0.2
2.4
19.9
16.1
4.9
24.5
7.7

100.0
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1.2.11 Cases That Highlight a Land Use Type and ®eted Competing Types

More perspectives on land suitability are availdiyteorganizing the final ratings to highlight
certain combinations. Each cell (each grid squagasuring 98.425 feet on a side) has six
suitability ratings combined from the six individgaitability maps. For example, to focus on
commercial land use potential and its competitidat watural and working land potential, the
suitability ratings can be arranged as follows:
» Classify cells that have high suitability (7-9) fmymmercial (either unique or coincident
with industrial and/or residential high suitabi)ity
AND do not have high potential for natural or faamdl or forestland
» Classify cells that have high suitability for cormzial AND high potential for natural
areas
» Classify cells that are high commercial AND highriwog land potential (farmland or
forestland)

The resulting map, with an “other cases” categsrg, simpler display of the same information
that is represented in the 4-case and 11-case nsgesFigure 22.

Figure 22. Selected Suitability Cases, Commerci@levelopment Perspective

The next variation is an industrial suitability tecwith cell values reclassified as follows:
» Classify cells that have high suitability (7-9) fadustrial (either unique or coincident
with commercial and/or residential high suitability
AND do not have high potential for natural or faamdl or forestland
» Classify cells that have high suitability for indugl AND high potential for natural areas

24
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» Classify cells that are high industrial AND high rkimg land potential (farmland or
forestland)
See the results in Figure 23.

Figure 23. Selected Suitability Cases, IndustridDevelopment Perspective

Similarly, the focus can shift to residential deyghent as in Figure 24 to find cells that have
high residential ratings (whether coincident witdustrial or commercial or not) and where
those cells compete with high potential for natwralvorking lands.

25
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Figure 24. Selected Suitability Cases, ResidentiBlevelopment Perspective

The suitability results can highlight farmland paiel with cells reclassified as follows:
» Classify cells that have high suitability (7-9) farmland (either unique or coincident
with forestland and/or natural area high suitailit
AND do not have high potential for commercial, isthal or residential land use.
» Classify cells that have high suitability for faamd AND high potential for commercial
or industrial land use
» Classify cells that are high farmland AND high desitial potential
See the results in Figure 25.
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Figure 25. Selected Suitability Cases, Working Fanland Perspective

Similarly, the focus shifts to forestland and natwareas in Figures 26 and 27, respectively.
Other combinations are available (e.g., areas Wgh potential for only two types, such as

farmland and residential development) through s=ifeation of cells to create cases (with

arbitrary numbers) that can be symbolized (colatect) on a map.
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Figure 26. Selected Suitability Cases, Working Fastland Perspective

Figure 27. Selected Suitability Cases, Natural AeePerspective

28



Sustainable Sandhills Suitability Maps June 2009

2. Sustainable Sandhills: Model Design

2.1 Purpose

The purpose of land suitability modeling and magpsito engage local communities and
businesses in the creation of custom regional nsaaled maps that will be the basis for
sustainable land use and related policies andumoidive actions. For the Sustainable Sandhills
Project, the CGIA assisted Sustainable Sandhillisitsrproject team in developing critical GIS
datasets to support regional sustainability plagnifhis section describes the conceptual
design, model design for a set of land suitabiiitydels using geospatial datasets, and methods
for synthesis and validation of the models.

2.2 Conceptual Design

Land suitability analysis is a method for evalugtiolassifying and mapping a regional
landscape. Suitability represents potential foype of land use, not actual use or predicted use.
The conceptual design relies on specification wéca to apply to the best available geospatial
datasets to represent suitability. The Sustaing&atedhills project engaged stakeholders to
develop concepts and criteria within the framewalirknswering key questions about sustainable
land use:

What makes an area most suitable for each lantyps@ (criteria)

Where are the most suitable areas? (map)

How much area? (table)

Where are locations that are suitable for more tranland use type? (synthesizing

maps)

Sustainable Sandhills used a rule-based, expeniespapproach to developing criteria. This
approach relied on the experience and judgmerdoafl lexperts in economic development,
business, planning, conservation, forestry, farmamgl environmental protection. The project
organized land suitability analysis around six lasé types: industrial development,
commercial development, residential developmeritjrahareas, working forests, and working
farmland. A similar project for 33 counties ealtrerstate 95, “The Strategic Lands
Inventory” adopted this framework in 2008.

The rule-based approach posed questions aboutygaebf land use:

What makes a particular location highly suitablelémd use A?

What land characteristics are most important?

What features are most important to be in or near?

Does suitability depend on satisfying an entireadetlles (e.g., near a road, and in a

sewer service area, and near dense settlemerga)isfiying any one of a set (e.g., in an

endangered species habitat or next to a stream)?

0 Are the suitability factors equally important oeaome more important than others (e.qg.,
more weight on the ratings for roads than sewesice)?

o O O0Oo
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The stakeholders considered specific land featamdsqualities (e.g. tree cover, soil type, water
features) and location relative to factors thatlbamepresented on a map (e.g., major roads,
streams, public sewer service areas, wildlife lagpiactories, dense settlements). Local experts
developed specific criteria (how near is near, f@ws far, what are the relative values or
ratings based on coincidence and proximity, andt\&hathe relative weights of different factors
(e.g., soils with high crop capability versus ceopl classified from satellite imagery).

The Strategic Lands Inventory Project used thematdeveloped by the Sustainable Sandhills
project (Release 1) as a draft design, and modifiectriteria to account for regional differences.
In turn, the project team and focus groups in thst&@nable Sandhills project considered and in
part adopted concepts and criteria from the Stialends Inventory project for Release 2 in the
Sandhills region. Suitability modeling and mappisigustomized for a region and is easily
modified in an iterative process over time to refthe maps.

2.3 Model Design

The Sustainable Sandhills project applied geograpifiormation systems (GIS) and the best
available geospatial data to create custom molatgproduce maps and numbers to inform the
region about suitability in the context of sustéitity. The guiding principles for modeling
were to make the processes simple, transparentegiidable. The project team applied Model
Builder, a tool within ArcGIS 9.x Spatial Analysktension (ESRI). The strengths of Model
Builder as the tool are the diagram and reporufeatthat enable efficient model iterations and
convenient documentation. The project team builpaevious suitability modeling projects by
adopting the modeling framework and applying lesdearned working with the same software
and comparable datasets.

The model design is dependent on stakeholder itssagid preferences and expert opinion.
Engaging regional stakeholders was essential ipitheess of designing, refining and
implementing the suitability models. In brief, tnodeling steps may be summarized as the
following:
Clarify and record in spreadsheet format the datand rules that determine how
locations will be rated for suitability
Determine best available geospatial data to reptéke concepts and express the criteria
in geospatial terms (i.e., data layers, selectidiséance); note that the analysis is driven
by concepts, not by an array of available datasets
Group the data layers to represent the concepfs [@nd features, location factors,
constraints)
Specify the ratings (1 to 9 with 9 the highestauiiity) to represent the rules
Specify relative weights for combining layers witlgroups
Prepare the geospatial datasets (layers)
0 11-county region, NC state plane, NAD 1983 feet
o0 One meaningful value field per layer
o Create buffers around features to represent proximi
o Convert to grid cells (raster data, cell size 4928.feet on a side or 900 square
meters, equivalent to about 1/5 acre)
Create models to process the grids (raster data)
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Organize the datasets in models

Reclassify to represent the 1-9 ratings

Use map algebra to assign maximum or minimum véhaes a group of layers
Weighted overlays combine layers within a groupambine groups

Extract by mask to exclude cells or trim to regomundaries

Reclassify to assure that all cells have a ratingrépare for steps that combine
suitability results (synthesis)

Symbolize the results in map designs

Export tables from the grid results to count caftsl convert to acres

Review results and refine based on stakeholder cntsn

O 0O O0OO0OO0Oo

In detail, the project team constructed six suliigfyinodels using specific criteria to create raste
datasets.

2.3.1 Commercial Development
The model for commercial suitability design usesveh rule-based criteria. 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. Inor near an areas served by public sewer
4. In an area with sufficient population density amdi¥ehold income
5. Not near a farm lagoon
6. In alocation where land cover is not a constraint
7. Slope is gentle, not steep
8. Not in a wetland
9. Notin a flood zone
10. Location is not out of bounds for commercial lars@ conservation land, water supply
watershed critical protection area, water bodiesnititary installations)

The project team, with advice from a focus grouyarged specific criteria for Release 2 as
follows.
- Users of the first release noted that areas adjaodimited access Interstate, US and NC
highways had high suitability, even in rural aredere other structures, infrastructure and
activities are absent. The solution was to usgipnity to highway ramps (NC DOT dataset) as
the factor instead of proximity to the highwaysrttselves. This better represents access to
transportation and markets.
The team added land cover as a factor to refinedtiregs of land that is not developed. Land
that is already cleared (farmland and grasslandjdvoave somewhat lower development costs
than forested areas. This mainly affects landhlaatmedium to low ratings by other factors.
The concept of wet areas having higher developrests and, therefore, lower ratings, is
represented by wetlands and flood zones. Theréhsase also included hydric soils. However,
inconsistencies in the classification of hydrids@iom county to county led the project team to
drop hydric soils as a map factor.
Slope ratings were modified slightly to lower tla¢img of 15 percent slope to reflect the
experience of focus group members.
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Applying the criteria to regional datasets produtesraster datasets shown in Figures 28-37.
Displaying these maps in sequence helps stakelsalaelerstand the model design and have
confidence in the model results. The map set wtdees the advantage of a model that can

process more than a dozen datasets into a compuete Stakeholders can grasp these maps
one-by-one, but there are too many concepts t@hlrsiall at once.

Figure 28. Distance to Highway Ramps, Sustainab®&andhills Region
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Figure 29. In or Near Public Sewer Service Areagustainable Sandhills Region

Figure 30. In or Near Public Water Service AreasSustainable Sandhills Region
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Figure 31. Combination of Population Density and Mdian Household Income, Sustainable Sandhills Regio

Figure 32. Areas within 2,500 Feet of a Farm Lagan Sustainable Sandhills Region
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Figure 33. Percent Slope, Sustainable Sandhills Bien

Figure 34. Water Supply Watershed Critical Areas, 8stainable Sandhills Region
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Figure 35. Flood Hazard Zones, Sustainable SandlslRegion

Figure 36. Wetlands from National Land Cover DataSustainable Sandhills Region
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Figure 37. Areas Out of Bounds for Development, Stiainable Sandhills Region

Another concept that was considered but not incdugas proximity to historic buildings or
sites. At a regional or county scale, historiddings and sites are relatively small and not
necessarily incompatible with nearby commercialeliggment. Also, there was not a
comprehensive geospatial dataset available foretien.

2.3.2 Industrial Development
The model for industrial suitability uses many loé same criteria. Like commercial land use,
industrial operations depend on access to infretstre and structures onsite, though the types of
structures are different. Access to rail serviceriportant for industrial operations, but not as
valuable for commercial land use. Population dgnsialso a factor. See Figures 38-39.
Highly suitable locations satisfy the following teriia:
1. Near an Interstate Highway ramp or near a US ohiGway ramp
2. In or near an area served by public water
3. Inor 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 alocation where land cover is not a constraint
8. Not in a wetland
9. Notin a flood zone
10. Slope is gentle, not steep
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11.Location is not out of bounds for industrial largkyconservation land, water supply
watershed critical protection area, water bodiesnititary installations)

The project team, with advice from a focus grou@anged specific criteria for Release 2 as
follows.
- Users of the first release noted that areas adjaocdimited access Interstate, US and NC
highways had high suitability, even in rural aredeere other structures, infrastructure and
activities are absent. The solution was to usgimity to highway ramps (NC DOT dataset) as
the factor instead of proximity to the highwaysrttselves. This better represents access to
transportation and markets.
The team added land cover as a factor to refineatiregs of land that is not developed. Land
that is already cleared (farmland and grasslandjdvoave somewhat lower development costs
than forested areas. This mainly affects landhatmedium to low ratings by other factors.
The concept of wet areas having higher developests and, therefore, lower ratings, is
represented by wetlands and flood zones. Theréilsaise also included hydric soils. However,
inconsistencies in the classification of hydrids@iom county to county led the project team to
drop hydric soils as a map factor.
Slope ratings were modified slightly to lower tla¢img of 15 percent slope to reflect the
experience of focus group members.

Figure 38. Incremental Distance to Active Rail Lires, Sustainable Sandhills Region
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Figure 39. Population Density for Industrial Potenial, Sustainable Sandhills Region

2.3.3 Residential Development
Suitability for residential land use depends orxprity to infrastructure, but with greater
distances (and mobility) considered. Constrairdssamewhat different than those for
commercial and industrial land use. See Figure440Highly suitable locations for residential
land use 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. Notin a wetland

8. Not in a flood zone
9. Slope is gentle, not steep
10. Location is not out of bounds for residential lars® (conservation land, water supply

watershed critical protection area, water bodiesnititary installations)

The project team, with advice from a focus grou@anged specific criteria for Release 2 as
follows.
Users of the first release noted that areas adjacdimited access Interstate, US and NC
highways had high suitability, even in rural aredere other structures, infrastructure and
activities are absent. The solution was to addiprity to highway ramps (NC DOT dataset) as
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a factor in addition to proximity to the highwaygetselves. This better represents access to
transportation, commercial services, education@ices, and cultural amenities.

The team added land cover as a factor to refineativegs of land that is not developed. Land
that is already cleared (farmland and grasslandjdveave somewhat lower development costs
than forested areas. This mainly affects landhhatmedium to low ratings by other factors.
Slope ratings were modified slightly to lower tla¢img of 15 percent slope to reflect the
experience of focus group members.

Distance from streams was dropped as a map fadtotive recommendation that areas near
streams be used as a planning overlay. The relatilue of areas adjacent to streams in terms of
residential development was unclear to the focasgand project team.

Proximity to both hospitals and public schoolsds imcluded in Release 2. The relative values
were unclear. The entire region is within a reasbs driving distance to a hospital, and the
entire region is served by public schools. Theativeness of certain schools is too variable and
dynamic to be captured fairly for modeling purpos&he recommendation is to use hospital
locations and school locations as planning overlays

Distance from swine lagoons was added as a magr fiactepresent areas (within 2,500 feet of a
swine lagoon) that are less attractive for residédevelopment. While the impact could be
mitigated in some cases, the cost of residentialdpment would be higher near the sources of
odor.

Figure 40. Municipalities and Their Areas of Influence, Sustainable Sandhills Region
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Figure 41. Proximity to Military Installations, Sustainable Sandhills Region

Other criteria were considered, but not includ@&tie project team assessed detailed soils septic
limitations ratings to consider constraints on tawas outside of an area served by public water.
Inconsistencies in the classification of soilsgeptic suitability from county to county greatly
diminished the value of this concept for suitapiftodeling. The data may be useful in a
planning overlay county by county.

2.3.4 Sustainable Farmland

Suitability for sustainable farmland is the firgttloe set of three suitability types that do not
depend on structures or infrastructure. Curremd leonditions are important map factors and
compatibility with military training missions is@nsideration. The geospatial datasets that
were not used in the three structural models desdrabove are displayed in Figures 42 and 43.
Highly suitable locations meet the following criter

In an area with solils classified as high in crodlaapability

Current land use is cropland with some crops hakigger productivity value

Current land use is cultivated, grasslands or pestu

Not adjacent to a primary road

Not in urban areas based on population density

Farmland viability based on NC Agriculture assessme

Location is not out of bounds for sustainable famal ( developed land, water bodies,
conservation land except preserved farmland, dtanjylbases)

The project team, with advice from a focus grouyarged specific criteria for Release 2 as
follows.

NoakwnNpE
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The project team and focus group refined areasmikt productive soils for crops (and added

soils for Montgomery County), changing the soilstéa from prime farmland to a land capability

rating to make the factor more specific to cropdpaivity.

The ratings for land cover were modified to deceghg rating for open water and grasslands and
increase the rating for forested land cover. Bhiangement of land cover types better represents

their relative importance in relation to farming@atial. In particular, tree cover may disguise
former and/or future farming potential where soibther factors are favorable.

In the cropland by type, an index rating (NatioAgticultural Statistics Service dataset) of
‘woods and woodland pastures’ (type 63) has a highiability rating (5 instead of 2). This

change is intended to include land with tree cthat if cleared (or re-cleared), has potential for

farming.
With the addition of detailed soils for MontgomeéZpunty (published in April 2009), the

integration of the land factors in group one inth@del could be changed from a maximum value

to a weighted overlay to better reflect the intemsi of the stakeholders and focus group that
defined criteria for Release 1.

The agriculture viability assessment was addedfastar based on the findings of NC
Department of Agriculture & Consumer Services, Hand Preservation Assessment, 2008.

Figure 42. Soils with High Cropland Capability from Detailed Soil Surveys, Sustainable Sandhills Regio
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Figure 43. Suitability Based on Current Cropland, Sistainable Sandhills Region

2.3.5 Sustainable Forestland

The model for sustainable forestland places emplmasproductive forested areas in large land
parcels away from urbanized areas. Datasets edtinanodels described above are displayed
in Figures 44-47. Highly suitable locations méwt tollowing criteria:

1.
2.
3.

4.
5.
6

In an area with productive soils for woodland mamagnt

Sufficiently large land parcel sizes (current boamek) to support timber production

Current land cover is forested, with lesser sulitgifior shrub/scrub, woody wetlands,
cultivated lands, grasslands or pastures

Not adjacent to a primary road

Not in urban areas based on population density

Location is not out of bounds for sustainable foeesl ( water bodies, developed, or
military bases)

The project team, with advice from a focus grouyarged specific criteria for Release 2 as

follows.

Land characteristics include land cover and sdls.suggested by the focus group, the soils
concept is expanded to include both loblolly anthleaf pine forest productivity ratings. Soils
tables were updated from the USDA Soils Mart.

The focus group recommended switching the basikfat cover from the National Land Cover
Data (USGS) to a derived land cover set based@eame satellite imagery but classified by the
Southeast GAP Analysis. Land cover ratings bysctae displayed in a separate sheet in the
criteria spreadsheet. The focus group reviewedatiggs used in the Strategic Lands Inventory
project and modified the ratings slightly for thenghills region.
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The three map factors in this group are combinétusap algebra (maximum) to capture the
highest rating from any of the three map factors.

This version drops the concept of proximity to ssviagoons and industrial plants. As noted in
the focus group meeting, recent field experienddénDivision of Forest Resources indicates that
tree growth is not retarded near swine lagoonsadtiition, swine operations tend to repel
residential and commercial development, makingsiopeoduction as sustainable if not more
sustainable. Regarding industrial plants, therg beacases where industrial emissions harm
adjacent tree growth, but industrial operationsvarged and prevailing wind conditions
complicate the concept. The factor is not impdréamough to warrant a separate emissions/tree
growth model, and the likely results would be ingistent across the region. The omission of
proximity to swine and industrial plants producesrenmeaningful results for regional analysis.
The ratings for population density classes wereifigatby the focus group to lower the ratings
for intermediate density values. Population degrisibased on Census 2000 population by block.
Comparable data from Census 2010 may be availat2611.

The concept of parcel size as a location factauitability fits with Group 2, particularly as a
constraint where parcels are small (likely resigéisubdivisions). Instead of a separate group
for parcel size, Group 2 becomes a three-factarommbined with relative weights.

Figure 44. Soil Types Most Suitable for Loblolly Tmber Production, Sustainable Sandhills Region
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Figure 45. Soil Types Most Suitable for Longleaf imber Production, Sustainable Sandhills Region

Figure 46. Forestland Suitability Based on Land Pael Size, Sustainable Sandhills Region
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Figure 47. Forestland Suitability Based on Populadn Density, Sustainable Sandhills Region

2.3.6 Natural Areas

Natural areas suitability is based on conceptological networks, biodiversity, and wildlife
habitat. Existing lands managed for conservatimh@en space are included as highly suitable
locations where natural value has been establighdglaced out of bounds for development of
significant structures. Datasets not used in tbdets described above are displayed as Figures
48-55. The model did not include coastal and neacniteria, although additional concepts may
be added in future modifications as additional skeitsbecome available. Highly suitable
locations (cells) satisfy the following criteria:

1.
2.

©oNo A

Guild core areas, connectors, and corridors definyetthe Natural Heritage Program.
Located in areas with high biological value basedignificant natural heritage areas
and clusters of Red-Cockaded Woodpeckers or offemies surveyed in the region

In or near existing lands managed for conservaiwhopen space (includes protected
natural areas, easements, national parks, stdts, peational forests, and other areas that
have permanent non-development status)

Located within a riparian buffer or a related flptain

In a wetland type of high biological value

Not in a location that is high intensity develogpdvement, buildings, etc.)

In other areas where land cover that is suitabl@&tural areas

Location is not out of bounds for natural areasfewbodies, or military bases)
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The project team, with advice from a focus grouyarged specific criteria for Release 2 as
follows:
The focus group refined areas with the highesbbjichl value, using updated and expanded
datasets from the Department of Environment andifdbResources. The analysis is consistent
with but not identical to the Biodiversity and Wifd Habitat Assessment (2009) by the
Department’s One NC Naturally program.
Guild core areas, connectors, and corridors definetthe Natural Heritage improved the
representation of natural networks.
The team added land cover as a map factor to diffete relative values within areas that are not
of highest biological value but have some natuaslle absent development.

Figure 48. Upland Areas with High Biological Value Sustainable Sandhills Region
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Figure 49. Aquatic Areas with High Biological Valie, Sustainable Sandhills Region

Figure 50. Potential Areas with High Biological Vdue, Sustainable Sandhills Region
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Figure 51. Landscape Habitat Indicator Guilds, Suwinable Sandhills Region

Figure 52. Red-cockaded Woodpecker Centers, Sustaible Sandhills Region
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Figure 53. Habitat Corridors and Connectors, Sustimable Sandhills Region

Figure 54. Within or Near Lands Managed for Consevation and Open Space, Sustainable Sandhills Region
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Figure 55. Land Cover Grouped for Conservation Corpatibility, Sustainable Sandhills Region

Note that land cover classes from the National L&@&oder Data were used to represent most
compatible and least compatible land cover typeg#ch of the six suitability types.
Implementation of the model design included evatumadf the overlay and math operations that
best represented influence of current land covgraiantial uses and relative values.
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2.4 Combinations of Suitability Maps

The design of the synthesis of the six suitabitigps applies math to the grid cells to represent
combination cases that highlight different perspeston the results. The land suitability maps
display areas in the region that have distinciasulity for one of the land use types. More
common are areas that are suitable for more thaaml use type. Those areas of competing
value (e.g., working farmland versus residentialali@oment) are likely to be of most interest to
regional planners, policymakers, private developeassportation planners, and economic and
environmental analysts. Using the grid resultsiftbe six suitability models, comparisons of
one suitability type versus another and comparisdiggouped types are structured by
multiplying and reclassifying the cell values tstthguish the cells for which suitability types
(or groups) overlap. The approach is to identifuastion about the suitability results and
construct a case that can be displayed on a mapuanoharized by area.

2.4.1. Constructing the Combination Cases

The six suitability maps for the 11-county regiepresent six perspectives on potential
suitability. The maps can be combined in ways téatal numerous cases of overlapping
suitability values. The process of combining thegsirelies on math and on symbolizing the
results to display the various cases (e.g., highalsility for both residential development and
sustainable farmland, high suitability for both cosrcial and residential development, etc.).

A useful way to distinguish combinations of the sixtability maps is to create a new raster
dataset that has six-digit values that reveal titalsility ratings in each cell. One approachois t
use multiplication and addition as follows.

Multiply the 1-9 values for natural times 100008 git 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)

By adding the grids to product a new grid with §#values (sumémaps), each cell has six
values available to classify in various combinagionFor example:

511898 — Reading from left to right, this represemvalue of 5 from the natural areas model, 1
from forests, 1 from farmland, 8 from residentfafrom commercial and 8 from industrial.

996655 — Again reading from left to right, thisldes values of 9 for natural, 9 for forests, 6 for
farmland, 6 for residential, 5 for commercial anfbbindustrial.

In these examples, the higher values (7-9 on & sxfdl-9) in any one cell come from different

suitability maps. There are too many possible doatlons of ratings from the six maps to
display individually. The grid sum6maps is usdtulpoint and click identification for
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individual cell values, but is not useful for mapgiby itself. A reclassification of cells to group
into high (7-9) versus medium (4-6) and low (1-8bined as “not high” will be more useful
for analysis and mapping purposes.

The approach is to reclassify each unique comlaunat the natural areas/forests/farmland
group as one of 8 cases of high suitability (thegecases, 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 forstl farmland, reading left to right. In this
group, high suitability cases (with arbitrary nungow 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.

The approach is similar for the development graaplassifying starting with 10 and increase 10
(arbitrary numbers to represent the 8 possibleschased on ratings 7-9 from the suitability
maps as high suitability and ratings 1-6 as ndthid-or example, a cell from the Plus function
for the development group might have a value of wiARh would be high suitability for both
residential and commercial and low for industredding 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.

The groups are combined with addition so that d¢eige values 11-18, 21-28, 31-38, 41-48, 51-
58, 61-68, 71-78, and 81-88. Again, these ardrarginumbers that represent the possible cases
for cells for the six suitability maps togetherorfexample, 11 is classified as “none” (none in
both groups), 12 is “farmland only” (farmland plusne), 13 is “forest only,” etc. The value 21
would be “industrial only,” 22 would be “industriahd farmland,” 23 “industrial and forest,”

etc. The cells with the most competing types wdidde a value of 66 (all six types having high
suitability in a particular cell).
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A map displaying all of the possible cases wouldehfar too many symbols to show meaningful
patterns. The reclassification of cells again seligtinguish groups of cases that highlight
competing values. A detailed combination map mlable by reclassifying the results 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
4151,61,71 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.

Other reclassifications of cells based on thesigR-+ehlues are used to highlight one land use
type with selected overlapping land use types &sgares 22-27 above in Section 2.
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3. Frequently Asked Questions

l. Existing Model Assumptions

1. ALL MODELS: Do the Suitability Maps predict gréivand change in the region?

The Suitability Maps represent potential for siatient land use types, not a prediction
of how locations will change. Potential is basedand characteristics and location
factors that combine to represent areas wheredtteplar land use type would likely
occur already or would be likely to occur. A higlseitability rating implies a higher
likelihood of realized potential, but there is nolpability expressed and no reference to a
future year. Predictive models, in contrast, duagstical methods to assign probabilities
to locations and may include a time factor to idgrikely change in land use over
several time periods.

2. ALL MODELS: When viewing the suitability map fsuitability values, how can I tell what
contributed to the final ratings in a specific lboca?

Each cell in the suitability raster dataset hay ame meaningful value (a rating of 1 to
9). The map factors (raster) that were processedch model can be displayed in
ArcMap for visual reference, or vector layers oftgalar interest may be displayed over
the grids.

3. ALL MODELS: Why did you ‘mask’ out military inatlations?

Given the complexity of land use inside the ‘fetioe: of military installations and an
inability to map land use on the installations, wasked them out of the suitability model
results. However, military users of the Suitabilyps are removing these masks to
complete specific land use planning tasks, and a@dvencourage other users of the
maps to collaborate with the military on land ukenping projects near installations.

GIS suggestion: in each suitability model the gmidduced by the last weighted overlay,
prior to the extraction-by-mask, may be displayethe GIS.

4. ALL MODELS: Why are lakes not classified astahie for any of the suitability types?

The focus of the maps is land that could suppautsires or working lands or conserved
lands. Cells that represent water bodies areawtted as suitable in the results. Water
may function as wildlife habitat, but the polici@sd rules related to water and land are
different enough to draw a distinction in the shility models.

GIS suggestion: Although not all water is equdiinction and quality, lakes could be

counted as highly suitable for natural value byaemg the lakes grid from the “out of
bounds” group in the natural areas model, andrigkakes to an overlay process.
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5. ALL MODELS: Could the model replace distancarrbighway ramps with travel time to
major road access points?

The models are not limited to the current datasBileases 1 and 2 of the suitability
maps used the best available geospatial datase¢tisati full regional coverage. Data
preparation included some analysis (for exampkadce from business locations to the
nearest primary road was used in developing thamte criteria for commercial
development). Additional analysis to prepare agsgntation of travel time would be an
enhancement to the models. Release 2 used a i®dabtion that improves the road-
related map factors: distance to highway ramptebegpresents access to commercial
and industrial buyers and suppliers as noted irRiélease Notes above.

6. DEVELOPMENT MODELS: The cell size is 98.425 fb§t98.425 feet or 30 meters by 30
meters — about the size of the inside of a basdimiiond. Does the size make the suitability
maps valid for residential/commercial/industrigesanalysis?

The cell size is most appropriate for representaggonal patterns and local clusters of
like-suitability. The resolution of the underlyiigta layers and the suitability results is
too coarse to inform site analysis reliably. Thé#scare indicators of relative values, but
the actual characteristics of a particular sitain@ghigher-resolution data and site
inspection for valid assessments.

7. DEVELOPMENT MODELS: How is land adjacent to nigeand streams classified?

In Release 1, the residential land suitability Mpsiieeams with a classification by the
NC Division of Water Quality are buffered by 10@f¢o represent areas that are too
close to streams for successful development. Btddters did not include that map
factor in industrial and commercial developmentlos basis that water quality
regulations, floodplains, and wetlands in proxintdythe streams were likely greater
constraints to development requiring large footigrihan proximity to streams. In
Release 2, the focus group considering residetdatlopment suggested that a location
near a stream may have heightened real estate asmlell as water quality implications.
For Release 2 residential suitability, the streaoximity is dropped. Water quality
factors are represented in the floodplains andand# data. Site analysis would be
needed to determine the specific water quality irequents and opportunities.

8. RESIDENTIAL MODEL.: Are locations near water bedj but not in floodplains, more
valuable for residential development and how is tepresented?

Water features near homes may be of high valuerteegrospective home buyers.
North Carolina has many rivers and streams, soméhatfh are scenic and some of
which may not be visible from a home site with atheut dense vegetation.
Considering the variables involved, this is a specific value that is not suitable for
representation at the scale of the suitability maps
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9. RESIDENTIAL MODEL: Is land adjacent to consergatareas more valuable for residential
development (privacy and adjacent open spaceracttte for low density development) than
areas far from conservation lands?

The suitability criteria are designed to represantl and location factors, not specific
amenities such as scenery, open space, waterdsaiupther aesthetic factors, however
valuable in real estate calculations. Amenitiestaest applied as planning layers (if
represented on a map) or site-specific considerstio

Il Incorporating Other Factors

10. Can proximity to ports and airports be incogted into the models?

Yes, they were not included in the original modstee those factors can be somewhat
industry specific. However, those can easily beeddd the industrial and commercial
models within the category of site location prefees. The current models’ distance to
highway access points is related to this conceftaliepresentation of travel time from a
port or airport is missing.

11. Can the working farms model be separated wtoseparate models, one for large scale
production and one for specialty production?

Yes, this would be useful in some land use planex®ycises. The current models are
better suited for evaluating suitability for largeale production based on soils and yield
factors. A specialty production suitability moaebuld likely focus on the proximity to
markets for high margin, locally developed products

12. Public water and sewer service is not uniforauvgilable within a defined service area. How
could the concept of access to water and sewezflveed?

The current comprehensive dataset representingcpséswer and water service was
published by the NC Rural Economic Development €eimt 2006-2007. The defined
service areas contain distribution and collectigresg, but the pipes are not represented.
Refinement would require a local dataset of pipihk standard attributes relating to pipe
size and type. Users/stakeholders would needreeain a set of criteria relating to
proximity to pipes for different types of developmbe When distances are set, the pipes
could be buffered by their respective distancediacand the resulting areas would be
rated for potential (1 to 9). The resulting rastatasets would replace the respective
service area datasets in the three developmentimode

13. Could nodes be included in the model to be#eresent centers of commercial activity?
Analysis of nodes would be a planning exercise thasespecific criteria related to

local/regional understanding of commercial, resi@gnndustrial, or cultural drivers as
well as desired outcomes. A modification to theo¥amity to major road access” model
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factor (see previous question) to a travel timeceph could condense commercial
suitability around cross roads and highway accesgpthat may be related to intended
nodes of activity.

14. There are sinkholes in my jurisdiction; canytbe included in the model?

This is an example of a local planning issue foichIspecific areas that are vulnerable to
a natural hazard (sinkholes) could be delineafdte model could be modified to reduce
the suitability in those locations. Another pexdpe is to report the potential for
development and working lands that is at risk forim hazard mitigation planning.

15. Why are impaired waters not included in the ets/@l

Streams classified by the NC Division of Water @yaind areas within 100 feet of
streams are included in the suitability modelsoSéhareas receive the highest rating for
natural areas. Distinguishing stream segmentsipgirment (and their suitability
ratings) would imply that segments that are notairgdl are more suitable for
development, or less suitable for conservationat Bpproach may be useful for stream
restoration objectives, but a preventive approacistreams with good water quality
would be undermined by the rating scheme. The satimgy for areas near all classified
streams provides a more consistent approach.
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16. Why are high quality/outstanding resource vteds not included in the models?

Watersheds with regulatory rules such as high tyalitstanding resource watersheds
may have post-construction stormwater requiremantgher best practice requirements
that may affect the cost of commercial, residemrahdustrial development. Local
governments have discretion in how watershed prog@e carried out and actual costs
related to rules are difficult to estimate. Ratargentire watershed in a suitability model
tends to obscure detail that emerges from the ay@fl more variable datasets. The
choice in this project has been to use watersheg@gest-model overlays of regulatory
requirements, not as data layers that define sliiyabalues from cell to cell.

17. Water supply watersheds and other special sletds have a threshold of percent
impervious surface on a development site that énggxpenses related to stormwater
management practices. Why do the models only dectbe critical watershed protection areas
(around the drinking water intake locations) asastraint on development?

As noted in the previous question, local discretrowatershed programs makes the
mapping of the rules difficult. The critical wasked protection areas have strict, more
tightly delineated areas that are unlikely to supdevelopment in any case.

18. Why are zoning districts not included in thedeis?

Zoning ordinances and districts that can be reptedeon maps provide an informative
overlay. The statistical tool in ArcGIS called Zbistatistics was used in the Sandhills
region to summarize cell ratings within generalizeding districts. In general, industrial
suitability was relatively high within industriabmes, and likewise for commercial
suitability.

Zoning is more of a policy tool than a determinahliand use potential. Zoning informs
local decisions on commercial, industrial and restdl development, and there is much
local discretion in granting zoning variances aratlifying zoning districts.
Consequently, zoning works better as an overlay #saa map factor representing land
or location.

19. Why are land use plans not included in the rs@de

Land use plans express logical intentions and ieslicf local jurisdictions, but areas
representing various land uses are not bindinguandlly quite generalized. The
intersection of land use planning areas and thenlyidg land use potential (and
competing values) would help describe the relatalees and trade-offs expressed by a
land use plan.
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20. | see locations where suitability for commakes high, but | know those locations are
already developed as residential areas. Why isyaneial suitability high there?

Commercial and residential suitability criteria basimilarities, particularly in relation to
public water and sewer services and densely seitkas. The suitability models do not
include current land use and therefore cannotrdjgish between areas that are already
developed (realizing potential) and areas thanhataleveloped. Actual development
patterns are related to local factors that maybeadpparent from comprehensive GIS
datasets.

21. The criteria for industrial development aras@nable, but what about labor force quantity
and quality as factors?

Labor force is an essential ingredient to indukttévelopment. Representing labor force
as a map factor is beyond the scope of this prépedtvo reasons: (1) With the
exception of the decennial census, labor forceaattaristics are published in geographic
units (counties) that are too large for meaningfalusion in the suitability analysis; (2)
labor is very mobile in North Carolina where thatstroad network is extensive and
settlement patterns are characterized by smallgonore than densely settled urban
areas; commuting patterns suggest that much ofeamgegion has similar accessibility to
labor force.

22. Can future roads or state road improvements fvietropolitan Planning Organization
(MPO) be incorporated into the models?

Yes, you may want to run different suitability sagns based on incorporating these
layers into a model run to game and test land lss®mg options. GIS suggestion:
Process the new road segments (and/or new higramags) separately first (creation of
multi-ring buffers to match the map criteria) ammanbine with the existing road (or
ramp) buffers in an “identity” process and clasgiBting) based on the maximum rating
for any piece where the new overlap the old. Aerahtive is to create a grid from the
new buffers and process using map algebra (maxinadier) being sure that all cells have
a value (reclassify so that missing data = 1) wmcdropping cells from the results.

23. There are some areas near military installd@ane-lines that show high suitability for
development uses, but some of these areas arendexigas anti-encroachment areas by the
military. Why the discrepancy?

Proximity to military installations was used asaatbr in the development models, but it
was one of many factors. So, if an area was viesedo the fence but also did not have
development constraints, had access to water aner setc., you could have a high
suitability score (i.e. high potential for a deyeda use) in an area that may have been
designated an Accident Potential Zone, an aredgbftise, or other designation. As
these encroachment zones can change relativelyentély based on new noise contours
and the like, we did not collect installation sfieanformation for these factors and
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instead used the proximity factors. It probablykesasense for military users and their
associated local governments to ‘mask’ out or los@relopment suitability within areas
such as Accident Potential Zones, Crash Zonesaggas of high noise. We felt for the
purposes of the Suitability Maps, that it was bett to do this so that everyone could
see these potential conflicts and collaborate erd#velopment of strategies to avoid
incompatible uses near military installations ia fhture.

24. Should a Suitability Map be used in an evatuatif a local land development proposal?

Yes, but with caution and with more detailed infatian. The set of 6 Suitability Maps
and the combination maps may be useful in idemigfywhat might be gained and what
might be lost with the proposed action. For exanalproposal in an area that appears
dominated by high commercial development suitgbitibm that perspective, but also

has a high farmland rating would imply that the déféa of development are competing
with the benefits of farmland (working land). Té@tability maps are a synthesis of
many factors relating to land and location, buythee not of high enough detail to be a
determining factor, and site-specific informatigressential for decision making in a case
like this.

25. How does a rating of, for example, “7” in dard use type compare to a rating of “7” in
another land use type? Are the six suitability snafpequal value to a sustainable region?

The ratings for the map layers were assigned tkebtdders and focus groups one land
use type at a time. The process steps were cens@td the rating scales were the same
for all six land use types. Within each land ugeet map layers were assigned relative
importance. However, a map layer in one land yge (e.g., proximity to highway
ramps in the commercial model) was not comparedrt@ap layer in a different land use
type (e.g., proximity to conserved land in the natarea model) in terms of relative
value or importance. Similarly, in the combinatimaps, the highest commercial land
potential (composite rating) is matched with thghleist natural area value to identify
areas of competing value. This project did nagrafit to assign relative importance
(weights) to each of the six maps. It is up tortteg user to interpret the results. For a
practical application, the relative importance atle land use type depends on the
planning question, strategy, or policy issue. @ouently, the suitability maps do not
produce a single “best use” picture; the user hagesspectives on the region and
various combination maps with which to answer goastabout the best ways to sustain
the region.
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