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CHAPTER 2
Land Use and Transportation
Introduction
The Land Use and Transportation connection is an
important consideration for the 2040 MTP. Federal law
requires the MTP to be consistent with current land use
and to account for future land use trends. To ensure
this consistency, the 2040 Metropolitan Transportation
Plan was developed using a study detailing existing
and expected socio-economic and land use trends. The
future socio-economic data was determined through
a collaborative effort. The data was developed for the
Triad Region by a team with a diverse background in
transportation planning, land use planning, and business.
The socio-economic data includes information about
population, housing, employment, and schools for the
entire Triad Area, including the Greensboro Urban Area
MPO. The data plays an important role in determining
current and future travel demand. The socio-economic
data is linked to the area’s transportation system through
the use of a tool known as the Travel Demand Model.
The model allows travel demand to be measured based on
the Region’s socio-economic and transportation system
characteristics. A fuller discussion on the Travel Demand
Model and recommendations for the transportation
system are included in Chapter 4.

Land Use
Land use plans from Guilford County, Greensboro,
Pleasant Garden, Oak Ridge, Summerfield and Stokesdale
were all combined and generalized using American
Planning Association’s Land-Based Classification
Standards for Function. See Map 2-1 for generalized
future land use with road projects from this plan. It was
important to understand the planned future land uses in
the process of determining future road projects and the
impacts that each would have on the other. Uncontrolled
development without accompanying roadway projects can
lead to congestion while building overcapacity roadway
projects without development plans can lead to sprawl.
The future land use was an important part of the Travel
Demand Model.

Analysis
The Piedmont Authority for Regional Transportation
(PART) initiated a study in 2013 in conjunction with
the four Triad MPOs. The purpose of the study was to
forecast socio-economic data for the new model and was

undertaken by consultant Kimley-Horn. An overview of
the process and results has been included in this Plan.
The following socio- economic forecast is an update to
an analysis originally done in 2009. The 2009 analysis
was a minor update since data from the 2010 Census was
not available. However the 2013 analysis was a full socioeconomic forecast update based on 2010 Census for the
Triad MPOs.
The study developed socio-economic (SE) data forecasts
for years 2013, 2021, 2030, and 2040 for input into the
travel demand model. The Greensboro Urban Area, along
with the Burlington-Graham, High Point, and WinstonSalem MPOs, were divided into Subareas. The Subareas
were further divided into Traffic Analysis Zones (TAZ) as
this is the structure needed for the Travel Demand Model.
Map 2-2 shows the TAZ developed for the study.
For each geographic unit (TAZ), the SE data forecasts
were broken down by the following travel demand model
variables:
• Total Population (Household Population plus
Group Quarters Population)
• Households
• Employment by Standard Industrial Classification
(SIC) Groups
• Industrial Employment (SIC 1-49)
• Retail Employment (SIC 50-54, 56-57, 59)
• Highway Retail Employment (SIC 55, 58)
• Office Employment (SIC 60-67, 91-97)
• Services Employment (SIC 70-89, 99)
• School Employment (SIC 82)
• School and University Enrollment
In addition to these key model variables, several other
model variables such as car ownership (household
autos), average income, and household size (persons per
household) were included in the data set.
A four step approach was used to conduct the
socioeconomic update. A set of Baseline land use
conditions were needed to prepare future SE data
forecasts by TAZ for the Triad travel demand model. The
baseline land use condition was determined to start in
2013. Step one included updating the TAZ boundaries
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and identifying a data source for 2013 population and
employment county control totals. The Triad MPOs’
TAZs boundaries now follow Census geography as
aggregation of Census blocks. Several data sources were
reviewed by the Triad MPOs. The sources reviewed
included:
Data Source

Description

N.C. Office of Budget
and Management

Government source
providing county and
municipal-level population
estimates and projections.

Woods and Poole
(W&P)

Private source specializing
in county economic and
demographic estimates and
projections.

InfoUSA

Private source specializing in
employment data including
location, type, and number
of employees. (ESRI
Business Analyst Online)

Census Bureau
(Census 2010)

Government source
providing population and
household estimates at the
county level.(ESRI Business
Analyst Online)

National Center for
Education Statistics
(NCES)

Government source
providing data related to
education in the U.S. and
other nations.

FIGURE 2-1
Sources for 2013 Population and Employment County
Control Totals

The 2013 population and household measures were based
on block level 2010 U.S. Census data, aggregated up to
each TAZ in the region. The final 2013 numbers were
estimated using ESRI’s Business Analyst Online system
annualized growth rates between 2010 and 2013 by
Census Tract. Household size and population in group
quarters were held constant between 2010 and 2013.
Building permits data and local development approvals
were considered when forecasting the data from 2010 to
2013.
Step two of the analysis included developing 2040
forecasts for households, employment, and population.
Several sources as shown in Figure 2-1 were used
in ArcGIS along with a software tool known as
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County

2013 Population
County Control
Totals

2013
Employment
County
Control Totals

Alamance
Davidson
Davie*
Forsyth
Guilford
Orange*
Randolph*
Rockingham*
Stokes*

156,631
165,478
11,880
360,915
506,709
7,456
40,358
4,204
20,396

63,469
54,921
2,945
189,944
292,084
3,116
12,122
785
4,328

*MPO only covers a portion of the county.
FIGURE 2-2
2013 Population and Employment County Total

CommunityViz. CommunityViz is used for analyzing
urban planning, land use planning, and transportation
planning. The model uses a graduated grid system of cells
as the unit of analysis.
The CommunityViz model has three components:
build-out potential, land suitability, and allocation.
The build-out potential is an estimate of how much
residential and non-residential space is available on a grid
cell basis according to allowable densities and intensities
prescribed in the participating community plans. By
calculating build-out potential, we could more accurately
allocate forecasted socioeconomic data while ensuring
that we were not over allocating to areas that were already
fully developed. The land suitability component uses
a series of measurements of overlap and/or proximity
to different facilities to estimate how desirable each grid
cell is for development. Each grid cell receives a score
from 0 to 100 for its development suitability (100 being
most suitable and 0 being least). These scores guide how
the model allocates forecasted socioeconomic data. The
allocation component is the most fundamental part of
the SE data forecasting initiative. Using the capacity of
each grid cell for new development along with that grid
cell’s suitability score, the consultant ran a probability
exponential allocating module for the region to allocate
the regional control totals that were developed.
Probability exponential allocation takes into account each
grid cell’s capacity for new development, its score, and the
scores and capacities of all other grid cells. This type of
allocation will produce a slightly different result each time
it runs, but it also distributes growth more realistically
than straight probability based allocation
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An iterative process was used for developing the 2040
forecasts and included the following steps:
1. An existing CommunityViz model that was developed
for Piedmont Together (3 year process led by PART to
develop a regional plan focused on housing, transportation,
climate change, and healthy communities) was modified to
include the Triad MPO’s model area.
2. The six development categories in CommunityViz
(Single Family, Multi Family, Office, Retail, Industrial,
and Institutional) were expanded to include a Service
employment category to better match the model
employment categories.
3. Utilizing Woods and Poole forecast data for the
model region, the land suitability portion of the
CommunityViz model was run using the final
Piedmont Together preferred scenario suitability
scores. The preferred scenario, Hybrid Growth,
closely mirrored the Efficient Growth scenario from
Piedmont Together with four modifications. (See
Piedmont Together Scenario Modeling Technical documentation
for the modifications.)
4. The growth allocation portion of the CommunityViz
model was then run and output allocation values by
development category and county were compiled.
5. Land suitability scores were changed in two additional
scenario runs to test the sensitivity of the suitability
scores from the preferred alternative.
County

6. The sensitivity to suitability scores was found to be
low, so the allocation from the preferred growth
scenario scores was carried forward in analysis.
7. The CommunityViz allocation values by development
category and county were compared to each other,
along with known and forecasted trends to develop
county control totals by development category.
8. These county control totals were provided to the
stakeholders for input and approval of final county
control totals.
Once consensus was reached on initial county control
totals, the consultant reran CommunityViz. A probability
exponential based allocation for residential and each
employment sector on a county-by-county level was
performed to finalize county control totals as shown in
Figure 2-3. The allocations allowed distribution of the
county control totals to each grid cell in each county. Each
grid cell was tagged to the TAZ that it fell into. If the grid
cell was split by a TAZ, then the grid was assigned to
the TAZ with the largest proportion of overlap. The grid
cell allocations were aggregated by TAZ and by county
resulting in 2040 socioeconomic data forecast by TAZ.
Step three included, Kimley-Horn providing a
comparison of the household and employment forecast
data for 2013-2040 based on Woods and Poole, the North
Carolina Office of State Budget and Management, as
well as the allocation provided through CommunityViz.

Population Projections
2021
2030
2040

Employment Projections
2021
2030
2040

Alamance

166,893

178,446

191,296

70,037

76,408

84,205

Davidson*

173,809

183,178

193,608

59,444

64,789

70,840

Davie*

12,560

13,324

14,172

4,711

6,702

8,911

Forsyth

384,878

411,851

441,817

206,589

225,006

245,530

Guilford

545,901

584,232

626,637

319,742

350,644

384,996

Orange*

9,018

10,772

12,723

3,787

4,540

5,380

Randolph

41,602

42,998

44,551

12,819

13,646

14,506

Rockingham*

4,315

4,440

4,581

799

816

834

Stokes*

1,374

22,477

23,696

4,659

5,028

5,436

1,360,350

1,451,718

1,553,081

682,587

747,579

820,638

Total

*MPO only covers a portion of the county.

FIGURE 2-3
Forecasted Population and Employment County Totals
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Students were forecasted for grades K-12 were based on
the existing ratio of students per household by county.
Students were allocated among elementary, middle, and
high school facilities based on current shares by age cohort.
It was assumed approximately 35% of the new growth
would be accommodated in existing school properties.
Given standard North Carolina facility requirements,
the number of new schools that would be required to
accommodate the future growth was calculated. The total
new facility needs equate to twenty-four elementary, ten
middle, and nine high schools across the region. New
school locations were provided by the local stakeholders
whenever possible. For jurisdictions that did not have
future school locations available, schools were located
based on the proximity to new household growth and a
visual inspection in GIS of existing school locations.
Step four determined the interim year allocations. The
model currently has 2021 and 2030 as interim years. These
years were determined in consultation with FHWA.
Interim year data was calculated based on straight-line
interpolation from 2013 to 2040. Once this was complete,
data available by year was incorporated. Greensboro
provided a number of edits to household data that were
scheduled to come online before 2020. These were
carried through to 2021, 2030 and 2040 and interpolation
was not used in these locations. In addition, it would be
inaccurate to use interpolation for new school locations.
For these, a staggered completion approach was used that
allocated approximately 25% of new school growth in
2021, 30% in 2030 and the remaining 45% in 2040.

A summary of the final results from the study for
population (POP), household (HH), and employment
(EMP) for the Triad Model Area, Guilford County,
and Greensboro Urban Area have been included. A
significant finding from this socioeconomic update was
a slower growth rate across the region, especially in the
employment area.
Figure 2-4, shows a comparison between the baseline
year 2013 and the forecasted years, 2021, 2030, and 2040
for the Triad model area. Population in the region is
projected to grow by 22 percent by 2040, adding 278,054
people to the 2013 base of 1.274 million. The number of
households in the region would follow a similar growth
rate, with 126,597 new households. For jobs, the region is
expected to add 196,924 new jobs by 2040, representing
32 percent growth between 2013 and 2040. In addition to
slower growth, employment also experienced a decrease
in the number of employees between 2009 and 2013 with
a loss of 79,387. Although the Triad has experienced an
economic slowdown, long-term growth is expected given
its geographic location, changes in the industry mix, land
use policies, and economic partnerships.
Figure 2-4
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Population was forecasted based on households as
provided by the CommunityViz model. The average
household size was decreased by 3 percent in TAZs with
household sizes greater than 2. If the current household
size was less than 2, then this was held constant for
the future. This decrease was based on past household
size trends compared to existing household size trends
extrapolated to 2040, and was used to account for national
and state-wide trends demonstrating smaller household
sizes. Population in group quarters was held constant
through 2040.

Results of Analysis

Figure 2-4
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Following a review of the forecasts by county, KimleyHorn recommended a suggested allocation for each
county. The suggested allocation was then sent to the
stakeholders for detailed review at the TAZ level before
being finalized.

Guilford County

Figure 2-5
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Figure 2-6

Greensboro
Urban Area MPO
FIGURE 2-5
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Greensboro Urban Area MPO
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Figure 2-5 shows
the2021
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data forecasts
for Employment
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FIGURE 2-6
Greensboro Urban Area MPO
Socioeconomic Data Forecasts

Triad Notable Demographic Trends

Population Density
• Forsyth County has the highest population
density at 856.1 persons per square mile;
Stokes has the lowest at 104.9
• Between 2000 and 2010, Davie County
experienced the greatest increase in population
density at 18.4%, followed by Guilford,
Alamance, and Forsyth

Household Size
• In 2010, average household sizes in the region
ranged from 2.42 in Rockingham County to
2.60 in Orange County

Figure 2-6 shows the final SE data forecasts for the
Greensboro Urban Area MPO, which includes a total of
21 subareas. As illustrated, population in the Greensboro
MPO is projected to add 108,895 people to the 2013
population base of 385,149 by 2040, an increase of
approximately
28 percent. The number of households
Figure
2-6
in the MPO would follow a similar growth pattern, with
49,369 new households. For jobs, the Greensboro MPO
is expected to add 79,934 new jobs by 2040, representing
approximately 39 percent growth between 2013 and 2040
Figure 2-7 shows population and employment densities
for the 2013 base year and 2040 future year. Socioeconomic data is very important in estimating travel
demand. The SE data used as inputs for the Travel
Demand Model have a direct impact on the volume of
vehicles estimated to be traveling on the transportation
system.

• Owner-occupied household increased between
2000 and 2010 in all PART region counties with
the exception of Orange County, which declined
from 42% to 40%

Employee/Population Ratio
• As previously presented, employment in the region
declined by 9.4% between 2000 and 2010; similarly,
the employee/population ratio declined in every
PART region county
• In 2010, Orange, Randolph, Forsyth, and Guilford
counties had the highest employee/population
ratio, while Rockingham, Alamance, and Davidson
had the lowest

Commuting Patterns
• The number of vehicles per person declined in
every county in the region between 2000 and 2010

• Average household size decreased in all PART
region counties with the exception of Davie,
Forsyth, and Orange

• Forsyth and Guilford were the only two counties
in the region with positive net “in” commuting
patterns

• The share of single-person
households increased in all counties

• With the exception of Alamance County, average
commuting times to work declined between 2000
and 2010; residents in Stokes had the longest
commuting time (28.8 minutes) while Forsyth had
the shortest (20.7 minutes)

Household Tenure
• The share owner-occupied households in 2010
ranged from 19% in Davie County to 40% in
Orange County
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FIGURE 2-7
2013 and 2040 Population and Employment Density
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