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EXECUTIVE SUMMARY
The vibrant flow of goods and services is one of the physical signs of a healthy urban economy.
They are the direct evidence of the myriad of social and economic interactions between individuals,
firms, government, and social institutions. Despite their acknowledged significance, there have
been few attempts by transportation planners and policy makers to gain a deeper understanding
through travel demand modeling, in spite of Federal legislation that highlights the need to
incorporate freight related activities into the long range transportation planning process. The
Piedmont Triad region is one of the world’s largest transportation and logistics clusters. This
cluster originally emerged from serving the manufacturing sector, but has continued to grow
through diversification into Transportation and Warehousing and Retail Trade. Not surprising
given the confluence of I-85 and I-40 and the connectivity they provide to major logistic centers like
Atlanta to the south, and the Boston-New York-Washington Mega-Region to the north.
In recognition of the importance of freight in the Triad, the Piedmont Authority for Regional
Transportation (PART) and the Triad Metropolitan Planning Organizations (MPOs) embarked on a
three phased approach to developing an enhanced freight component for the Piedmont Triad
Regional Model (PTRM). This report documents the first phase of that effort, the identification of
key freight nodes in the region and the collection of survey data to better understand the key
attributes and trip making characteristics of these facilities. At the core of this data collection effort
was the development of a geospatial database of freight nodes in the Triad region, supplemented by
descriptive data for each node. Surveys were administered to a stratified sample of freight nodes
resulting in the retrieval of 158 surveys. The survey data includes information on facility square
footage, number of employees, facility type, daily truck operations, commodity, average daily truck
trips, and truck type distributions.
Profiling the freight nodes represented in the database shows the highest concentration of facilities
in Guilford County, followed by Forsyth and Alamance counties. The majority of the facilities
represented in the database are classified as medium-sized facilities. Firms classified as major
shipper represent the largest percentage of the firms (~55%) followed by distribution centers
(~21%), and then retail (~16%). Intermodal facilities represent less than 10 percent of the firms,
but they have the highest number of average truck trips per day across all vehicle types. The survey
data also reveals some other useful findings with respect to the relationships between building
square footage, full time employment, the number of truck bays and the number of daily truck trips.
One interesting and useful finding is the relationship between the building square footage and truck
trips per day, and the number of truck bays and truck trips per day. This is relevant because these
metrics are easily collected and could be used to inform truck trip patterns around the region. It is
however worth noting that the challenge of relying too heavily on these variables may be the
difficulty of forecasting these variables and the lack of sensitivity over time.
The survey data collected as a part of this study fused with the freight facilities represented in the
freight node database provide Triad planners and decision makers with a powerful tool for
understanding freight in the region and for supporting freight related transportation planning and
analysis. This effort also lays the groundwork for both short- and long-term travel modeling
improvements.
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BACKGROUND
The vibrant flow of goods and services is one of the physical signs of a healthy urban economy.
They are the direct evidence of the myriad of social and economic interactions between individuals,
firms, government, and social institutions. The nature of those interactions is as varied as the
people and firms that undertake them. The routine delivery of mail is substantially different than
movements of retail goods through distribution centers, which in turn is quite different in character
from visits from plumbers, builders, salespeople, and school buses. Individually they seldom seem
to make a large impact upon the transport system or the mobility of people using it. Collectively,
however, they contribute to a large portion of the total vehicle-miles traveled in urban areas. The
efficient planning and operation of urban transportation systems therefore requires an
understanding of these flows, the factors that give rise to and influence them, and their likely
responses to new policies and investments.
Despite their acknowledged significance, there have been few attempts by transportation planners
and policy makers to gain a deeper understanding through travel demand modeling, in spite of
Federal legislation that highlights the need to incorporate freight related activities into the long
range transportation planning process. Part of this is due to the complexity of the problem, for even
within the simple segmentation of firms there are many more combinations than in person trip
purpose segmentation, and the sheer variety and variability associated with firms within each
economic sector are enormous compared to person travel. Moreover, commercial vehicle
movements were historically thought to be only a minor contributor to roadway congestion. As
congestion has worsened and our economy has become more dependent on supply chains, just-intime production, and delivery of e-Commerce, the economic importance and mobility impacts of
commercial travel have increased to the point where they are receiving the same level of attention
as person travel. This is especially true in the Piedmont Triad region, one of the world’s largest
transportation and logistics clusters that originally emerged from serving the manufacturing sector,
but has continued to grow through diversification into Transportation and Warehousing and Retail
Trade. A simple look at traffic statistics for the I-85 and I-40 corridors through the Triad region
confirms the importance of freight and freight movements. The percentage of trucks in these
corridors is around 14%, resulting in average annual truck volumes in the range of 5,600 – 14,000
depending on the roadway segment. Not surprising given the confluence of these two significant
routes and the connectivity they provide to major logistic centers like Atlanta to the south, and the
Boston-New York-Washington Mega-Region to the north. Robust and insightful data and tools are
required to effectively understand and plan for commercial travel serving these unique markets
and economic sectors.
The Triad region has taken bold steps to understand freight and logistics in the region, including
the creation of the Piedmont Triad Logistics and Distribution Roundtable. The region has also
formed alliances with experts in the field of logistics through relationships with NC A&T State
University and the North Carolina Center for Global Logistics. The Region continues to take bold
steps in this area through the recognized need and a move towards improved modeling and
analysis tools.
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In recognition of the importance of freight in the Triad, PART and the Triad Metropolitan Planning
Organizations (MPOs) have embarked on a three phased approach to developing an enhanced
freight component for the Triad region’s Piedmont Triad Regional Model (PTRM). This report
documents the first phase of that effort, the identification of key freight nodes in the region and the
collection of survey data to better understand the key attributes and trip making characteristics of
these facilities.

IMPORTANCE OF FREIGHT RELATED PLANNING IN NORTH CAROLINA
The Freight Study for the Piedmont Triad region of the State of North Carolina reflects the
recognition by the state it must increase its understanding of freight flows and trends as an
important element of the long-range transportation planning efforts. This section of the report
describes recent developments that highlight this trend.
As presented in Table 1, total freight traffic in 2012 in North Carolina was almost 400 million tons
with a total value of $454 billion. In 2040, the total weight of freight traffic is predicted to increase
to over 450 million tons with a combined value of $628 billion. Between 2012 and 2040 total
freight traffic is estimated to increase by 13.5% in terms of weight and 38.4% in terms of value.
Domestic traffic will continue to dominate the total flows, accounting for 96% in 2040, down from
97.8% in 2012. As the table shows, the volume of export traffic from North Carolina is expected to
grow by almost 150% during the forecast period (values in the table have been converted).
TABLE 1 NORTH CAROLINA F REIGHT TRAFFIC F LOWS 1
Domestic
Imports
Year
Tons
Value
Tons
Value
(000)
($M)
(000)
($M)
2012
389,989 $431,021
3,078
$5,588
2040
432,402 $558,488
5,746
$20,375
% Change
10.9%
29.6%
86.7%
264.6%

Exports
Tons
Value
(000)
($M)
5,837
17,240
14,545
49,200
149.2%
185.4%

Combined
Tons
Value
(000)
($M)
398,904 $453,848
452,693 $628,063
13.5%
38.4%

The value of the freight traffic reflects the economic activity of North Carolina. As Table 2 shows,
the average value of all domestic freight is expected to increase between 2012 and 2040 from
$1,100 to $1,300 per ton. In contrast the value of all types of import freight is predicted to increase
from $1,800 per ton to over $3,500 per ton between 2012 and 2040, while the value of types of
export freight flows is estimated to increase from almost $3,000 per ton in 2012 to almost $3,400
per ton in 2040.
TABLE 2 UNIT VALUES OF NORTH CAROLINA FREIGHT TRAFFIC F LOWS2
Average $/Ton
Domestic
Imports
Exports
2012
$1,105
$1,815
$2,954
2014
$1,292
$3,546
$3,383

1
2

Combined
$1,138
$1,387

US Department of Transportation, Freight Analysis Framework Data Tabulation Tool
US Department of Transportation, Freight Analysis Framework Data Tabulation Tool
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Previous administrations have authorized numerous studies concerning freight transportation in
the State of North Carolina. The Seven Portals Study3, the NC Maritime Strategy4 and the Statewide
Logistics Plan 5are examples of those studies. In the past two years under the leadership of
Governor McCrory and North Carolina Department of Transportation (NCDOT) Secretary Tata,
decisions have been taken and supporting legislation passed that supports the development of a
new planning and funding system for transportation projects.
The Governor’s 25 Year Vision, the Strategic Transportation Investments6 program, and the
Transportation Strategic Corridor7 framework are all elements of this new focus on freight flows.
Underlying this effort is the recognition of the intimate relationship between freight flows and
economic development.
On a regional basis, a study conducted recently in the Piedmont Triad entitled “Piedmont Together”8
highlights the importance of freight transportation and logistics infrastructure and services vis-àvis the economic wellbeing of the region and its residents. That study identified a series of goals and
objectives that are directly related to enhancing and developing the multimodal freight system of
the region as a tool to benefit the residents of the region and the economic development of the
Piedmont Triad.
Finally, the formation of the North Carolina Freight Advisory Council (NCFAC) signifies recognition
by NCDOT as to the importance of freight transportation and infrastructure. The NCFAC will
provide advice and counsel to the NCDOT Secretary of Transportation regarding strategies that will
enhance the status of North Carolina as a freight friendly state.

25 YEAR VISION FOR NORTH CAROLINA
Transportation impacts almost every citizen of North Carolina on a daily basis and plays a central
role in the overall economic health of the state. Transportation is an essential factor in sustaining
economic development.
Providing a robust and responsive transport system is further complicated by the fact that North
Carolina is one of the fastest growing states in the nation (the population is expected to increase by
32% to 12.5 million people by 20409), and both current and future transportation needs of the state
are diverse. When combined with the generally expected inability of future revenues to fund all
transportation needs of North Carolina, the situation calls for innovative as well as multifaceted
solutions.

http://www.ncdot.gov/doh/preconstruct/tpb/research/download/2010-34-0masterfinalreport.pdf
http://www.ncdot.gov/download/business/committees/logistics/Maritime/NC_Maritime_final_report_2012-06-26.pdf
5 http://www.ncdot.gov/business/committees/statewidelogistics/
6 www.ncleg.net/Sessions/2013/Bills/House/PDF/H8717v10.pdf
7 https://connect.ncdot.gov/projects/planning/TPB%20Documents/STC_PrioritizationPolicy.pdf and
https://connect.ncdot.gov/projects/planning/TPB%20Documents/NCTN%20Framework%20and%20Definitions.pdf
8 Piedmont Together, Comprehensive Regional Plan, PART, 2014
9 http://www.ncdot.gov/ncvision25/ncvision25.pdf
3
4
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With that in mind, in his first two years in office, Governor McCrory authorized the NCDOT to travel
all over the state and seek input from all stakeholders, partners and citizens “to evaluate how we
can make the greatest impact with our limited resources, and how we can work together to invest in
the right way for North Carolina”. The result of this is distilled into the report titled “Mapping Our
Future”. This is essentially a 25 year strategic plan for the logistics and transportation
infrastructure of North Carolina providing a guide on how the transportation infrastructure of the
state can be enhanced to “better connect all North Carolinians with jobs, education, healthcare,
recreation and each other”.
Based on the projected growth in population as well as associated transportation needs, this plan
estimates that by 2040, it will cost between $94 billion and $123 billion to maintain and enhance
the existing infrastructure of the state, an amount that falls short of expected revenues from
traditional public sources. As a result, this plan has engendered two major new initiatives by
NCDOT. The first is to look at new sources of funding such as toll-collecting highways. The second,
and more transformative initiative, is a complete overhaul of the process used to prioritize
transportation infrastructure investments by the state in the form of a new framework which is
referred to as the Strategic Transportation Investments (STI).
In recognition of the diverse needs of the state with respect to transportation, the 25 year strategic
plan has divided the state into four fundamental regions (Western, Central, Eastern and Coastal)
and developed different long-term initiatives and goals for each region. In addition to this, some
statewide goals and initiatives have also been developed such as improving public transportation
including passenger rail and supporting greater broadband connectivity through existing Right of
Way.
The Central North Carolina region stretches from Charlotte to Research Triangle Park and includes
the Piedmont Triad. The report recognizes the Central region as a center for high-tech industry, life
science industry, and higher education. This Central region is the state’s largest economic engine,
“providing $300 billion in gross domestic product and accounting for 67 percent of the state’s total
GDP” and currently housing 61% of the total population of the state. In recognition of the
challenges faced by this region over the next 25 years such as population growth that outstrips the
current capacity of the transportation system, deteriorating quality of the infrastructure, and the
associated growing costs of maintenance, the plan has set the following goals and initiatives for the
Central Region over the next 25 years
i.
ii.
iii.
iv.
v.

Relieve Congestion for People and Products
Expand Mass Transit Options
Enhance Access to Inland Ports
Improve Connectivity to Logistics Hubs and
Support Connections to Privately Developed Mega Sites.

Reference: Mapping Our Future: Governor Pat McCrory’s 25 year vision for North Carolina.10
10

http://www.ncdot.gov/ncvision25/ncvision25.pdf
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NC DEPARTMENT OF TRANSPORTATION STRATEGIC TRANSPORTATION INVESTMENTS
It is inarguable that the most significant piece of legislation passed by Governor McCrory with
regards to transportation infrastructure in North Carolina has been the “The Strategic
Transportation Investments (STI) Law (House Bill 817)”11. The law gives NCDOT a structured
framework which allows a prioritization of competing investments based on their impact on
enhancement of the state’s infrastructure and support for economic growth, job creation and high
quality of life. At the heart of STI is the “Strategic Mobility Formula”, which is a new way of
allocating available revenues based on data-driven scoring and local input. This represents a sharp
departure from the formulaic manner in which transportation investments were made previously
in North Carolina.
The Strategic Mobility Formula12 funds projects in three categories: Statewide Mobility Category
which carries 40% of the entire available funding followed by Regional Impact Category which
carries 30% and finally Division Needs Category which carries the final 30% of the available
funding. Projects within each category are evaluated and prioritized according to different criteria
and different sets of data and input. These criteria were developed in 2013 by transportation
professionals and stakeholders and were subsequently adopted by the NC Board of Transportation.
The most important category, namely the Statewide Mobility Category, which accounts for 40% of
all available investment, is focused on projects with a statewide impact. These projects are analyzed
according to following five criteria:
 Congestion (weight = 30%)
 Benefit/Cost (weight = 30%)
 Economic Competitiveness (weight = 10%)
 Safety (weight = 10%)
 Multimodal, Freight and Military (weight = 20%)
The second category, Regional Impact, receives 30% of the available revenue and proposed projects
compete within regions made up of two NCDOT Transportation Divisions, with funding divided
among the regions based on population. The projects in this category are analyzed according to four
criteria:
 Congestion (weight = 25%)
 Benefit/Cost (weight = 25%)
 Safety (weight = 10%)
 Accessibility/Connectivity (weight = 10%)
The formula also allows for Statewide Mobility projects to be analyzed separately in the Division
Needs category and to be considered for funding if this category if they are not funded in the
Statewide Category. Projects in this third category receive 30% of the available revenue, shared
equally over NCDOT’s 14 Transportation Divisions across the state. The criteria used to analyze
and prioritize projects in this second category are:
11
12

http://www.ncleg.net/Sessions/2013/Bills/House/PDF/H817v10.pdf
http://www.ncdot.gov/strategictransportationinvestments/
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Congestion (weight = 20%)
Benefit/Cost (weight = 20%)
Safety (weight = 10%)

It is noteworthy that the analysis and prioritization of the projects in these last two categories are
based on two sets of data: empirical data collected by NCDOT as well as rankings of these projects
by MPOs, Rural Planning Organizations (RPOs), and Division Offices. Another noteworthy feature
of the Strategic Mobility Formula is that in an attempt to accommodate unique local needs, it allows
regions and divisions to develop alternate criteria tailored to their individual needs.
Shortly after the passage of the STI law referenced above, NCDOT implemented the same by
releasing its Draft 10-year State Transportation Improvement Program (STIP)13 which lists the
projects proposed for full or partial funding. Using the Strategic Mobility Formula, full or partial
funding is provided for 1,073 projects in all 100 counties across the state between 2016 and 2025.
Per NCDOT, the use of the Strategic Mobility Formula has allowed the agency to fund 300 more
projects and create about 126,000 more jobs than under the old formula, representing a 273%
increase in highway projects and a 172% increase in jobs compared to the old formula.
Finally, note that in addition to highway projects, the proposed STIP also invests in North Carolina’s
transportation infrastructure in other ways such as 140 non-highway projects, 389 interstate
maintenance and bridge projects and 17 safety related projects. As examples, projects listed in the
STIP for the Piedmont Triad include Project Number TIP: U-2525C, which is the well-known
construction of the “outer Greensboro loop” or the future I-840, funded under the Statewide
Mobility Funding Category for an estimated cost of $170,059,000; Project number TIP: U-5760, to
widen the existing Kernersville Southern Loop funded in the category of Division Needs for an
estimated $27,000,000 and Project number TIP: B-5717, to replace Bridge number 121 over South
Buffalo Creek in Greensboro funded under a non-Highway category (Bridge) for an estimated
budget of $3,312,000.

NORTH CAROLINA STRATEGIC TRANSPORTATION CORRIDOR FRAMEWORK
An element of the new transportation planning process undertaken by the NC Department of
Transportation is the identification of strategic transport corridors throughout the state. These
corridors include both road and rail routes. Some of the corridors are wholly within the boundaries
of North Carolina, while others link the state to adjoining states.
The NCDOT is defining the network of multimodal Strategic Transportation Corridors because they
form the backbone of the state’s transportation system. The corridors are recognized as routes over
which pass most of the state’s freight and intercity travel (passengers), link critical centers of
economic activity and international air and sea ports, and generally support interstate commerce.
The goals of the Strategic Transportation Corridors program include:

13

https://connect.ncdot.gov/projects/planning/Pages/Draft-STIP.aspx
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i.
ii.
iii.

System connectivity – essential links within the entire transport system;
Mobility – facilitating significant movements of freight and people; and
Economic prosperity – support economic development and efficiency of transport logistics.

A significant number of Strategic Transportation Corridors are within the Piedmont Triad region.
They include numerous interstate and major highway corridors including I-40, I-73, I-74, I-77, I-85,
US 29 and US 220 as well as rail corridors including the NS Crescent Corridor. These corridors not
only serve economic centers within the Piedmont Triad region, but also provide critical links to
other parts of North Carolina as well as the rest of the United States.

PIEDMONT AUTHORITY FOR REGIONAL TRANSPORTATION (PART)
The Piedmont Authority for Regional Transportation (PART) is responsible for the management
and maintenance of the Piedmont Region Transportation Model (PTRM). Because of its
responsibility for the PTRM, PART was the lead organization for the Freight Study in the Piedmont
Triad region.
In addition to managing the PTRM, PART led the development of a comprehensive transportation
and development study and plan for the Piedmont Triad region. That plan recognizes the value of
the existing freight transport system in the region and the importance of protecting the existing
system and enhancing it for future needs. The study, which is known as “Piedmont Together”, is a
living document that has brought together a wide variety of stakeholders that are concerned with
the agriculture, economic, urban, human, and transportation development throughout the
Piedmont Triad region of North Carolina.
With regards to freight transportation, the Piedmont Together report noted that “Freight
movement will remain a driving economic force. To protect this asset the region includes freight
movement in the planning and prioritization of the regional transportation infrastructure.
Providing more transportation options on a regional scale will help us maintain minimal congestion
and create advantages to provide an attractive lifestyle and a welcoming environment for
businesses to thrive and create more job opportunities.”14
The study identified two primary goals related to freight planning and operations within the region.
Those are:
1. Provide more transportation choices through the development of safe, reliable and
economical transportation infrastructure and services to decrease household
transportation costs, reduce our nation’s dependence on foreign oil, improve air quality,
and promote public health.
Two of the five objectives associated objectives with this goal incorporated a freight focus.
Those are:
Objective 1 Establish an enhance a robust network of multimodal transportation choices at
the statewide, regional, county and municipal levels involving highways, passenger and
14

Piedmont Together, Comprehensive Regional Plan, PART, 2014
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freight rail, regional and local transit, para-transit services, sidewalks, cycling
infrastructure, and recreational trails and greenways.
Objective 2 Conduct local research and education on the benefits of a multimodal regional
network.
This goal and these objectives highlight the recognition with the Piedmont Triad region of
the value and importance of freight flows.
2. Maintain and enhance the region’s competitive edge as a freight transportation and logistics
hub on the Eastern Seaboard by focusing on facilities and infrastructure planning,
improving coordination and cooperation among stakeholders.
All four of the objectives associated with this goal are focused on freight transportation and
logistics issues. The four objectives are:
Objective 1: Develop a comprehensive vision for freight infrastructure in the region.
Objective 2: Develop a multimodal freight network strategy in the region designed to create,
protect and maintain transport links, connecting intermodal facilities and appropriate
modes, both public and private.
Objective 3: Maintain a low level of traffic congestion in the region along Unlimited Truck
Routes.
Objective 4: Expand logistics education and career opportunities for the Piedmont Triad
workforce.
This goal and the associated objectives underscore the importance of freight flows to the Piedmont
Triad region and recognized need by PART through the Piedmont Together study and report to
devote efforts to understand the existing freight infrastructure and flows and to formulate focused
plans that will enhance the existing freight system in the Piedmont Triad region.
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FREIGHT NODE GEO-DATABASE
At the core of the freight survey data collection effort was the development of a geospatial database
of freight nodes in the Triad region, supplemented by descriptive data for each node and in-person
interviews/survey data for key nodes. This section describes the development of the Freight Node
Geo-Database, the contents of the Database, and potential applications of the Database for the
freight planning and analysis.

DATABASE DEVELOPMENT
INITIAL DATABASE
An initial list of freight nodes was developed by the North Carolina Center for Global Logistics
(NCCGL) using this general process:





Identified generators/handlers of freight from each county Chamber of Commerce (11
organizations)
Verified listing against company websites and other Internet sources
Reviewed initial list and identified missing major nodes across all counties and added to the
list based on local knowledge in the region
Classified each node in terms of freight traffic flows (large, medium, small) based on
vehicular traffic and typical vehicle size (freight tonnage not considered)

This initial list was then processed into a geospatial database by Parsons Brinckerhoff (PB). The
majority of the data records were geocoded to an address, but numerous records required manual
review, cleaning and geocoding. Several records could not be geocoded due to presence of PO Box
addresses in the original data list and the inability to locate these businesses through a Google
search. The geocoded freight node data records were then cross referenced against an InfoUSA
geodatabase in order to populate data fields for NAICS code and total number of employees. This
database was further supplemented by freight nodes available from the North Carolina Department
of Transportation (NCDOT) and the North Carolina Statewide Transportation Model (NCSTM). The
richness of the data for each data record varies based on the ability to match with InfoUSA data and
NCSTM freight node data. At a minimum, each record in the freight node database identified
through this initial development process contains the following field categories:




Location (street address, city, county)
Contact (name, phone, contact person)
Type (industry sector, facility type, primary commodity)

The initial freight node database included a total of 661 freight nodes.

FINAL DATABASE
During the survey data collection phase of the project, several deficiencies were identified in the
initial freight node database. The first deficiency was the fact that the database did not include all
freight nodes in the Triad region, but only those whose contact information was available in the
Chamber of Commerce listings. The other deficiency was that much of the contact information was
12

either missing or out of date. This posed a challenge for the survey interviewing process as is
discussed in detail in the Freight Node Survey section. Enhancements to the freight node database
were deemed necessary both from the standpoint identifying freight nodes and surveying freight
nodes. The initial freight node database was supplemented with additional freight nodes through a
comprehensive comparison of the initial freight node locations and Google Earth in combination
with Google Maps, this intensive visual review process lead to the identification of additional major
freight facilities that were not available in the original list. A secondary benefit to this visual review
process was that in addition to identifying the facility name, address, type of facility, and
commodity, the facility square footage, number of truck bays, and truck parking could also be
identified and entered into the freight node record. The final freight node database includes 969
freight nodes. Table 3 provides a summary of the database field names and descriptions. The field
“RecordID” is a value that is unique to each record in the freight node database and can be linked to
the “RecordID” in the survey database as described in later section.
TABLE 3 FREIGHT NODE GEO -DATABASE F IELD NAMES AND D ESCRIPTIONS
Field Name
Description
ID
TransCAD unique ID
Longitude
Record longitude
Latitude
Record latitude
RecordID
Unique Record ID (matches RecordID in survey database)
Source
Source of the Freight Node data
SurveyComp
Survey completed by
Status
Type of survey administered
Name
Name of the Freight Node
Address
Address for Freight Node
City
City for Freight Node
County
County for Freight Node
MPO
MPO designation
FacType
Facility Type
Category
Facility Category (Distribution Center, Intermodal Facility, Major Shipper,
Retail)
Commod
Freight Node primary commodity
Bays
Number of truck bays (per GoogleMaps)
BldgSF
Building square footage (per GoogleMaps)
MapLink
Web link for Freight Node location
IndustrySector
NAICS Industry Sector from NCCGL review
InfoUSA_ID
ID from InfoUSA database
InfoUSA_Name
Freight Node name from InfoUSA database
InfoUSA_NAICS
Full NAICS code from InfoUSA database
3-digit_NAICS
Derived from 8-digit InfoUSA code
PTRM_NAICS_Group
NAICS code grouping used for PTRM
InfoUSA_Emp
Employment as reported in the InfoUSA database
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LESSONS LEARNED
With respect to lessons learned in the development of the freight node geo-database, our study
team found that Chamber of Commerce listings, business listings, and an employment database
proved to be a good starting point in the development of a comprehensive freight node
geodatabase, but these should not be the sole source of information. These sources should be
supplemented with a detailed review of the region using a combination of Google Earth and Google
Maps. Figure 1 shows a sample area with green dots representing candidate facilities and red dots
representing surveyed locations. The map appears to show that some truck facilities may not have
been represented in the original databases. It should be noted that current chamber lists provided
the most up-to-date source of information. Records recorded here proved to be current and valid.
However, the contact information provided did not allow for easy contact. It may be that these lists
are public and many companies access these lists for marketing purposes. Thus the freight
companies may not trust or answer contact requests via this public information.

F IGURE 1 E XAMPLE OF CANDIDATE LOCATION DENSITY ( GREEN) AND SURVEY LOCATION DENSITY ( RED)

DATABASE BENEFITS
The Freight Node Geo-database is a powerful planning and analysis tool for the Triad region,
especially when paired with information from the freight node survey described in the following
section. The database provides a geographic representation of all identified freight nodes and can
be classified by various descriptive variables such as facility type, category, commodity, number of
truck bays, building square footage, and number of employees. Figure 2 shows an example of
freight nodes by category scaled by employment data. This information can be useful in identifying
areas of high freight concentration for the purposes of informing land use planning, economic
development or transportation improvement priorities.
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F IGURE 2 FREIGHT NODES BY C ATEGORY S CALED BY INFOUSA E MPLOYMENT D ATA
When paired with the data collected through the freight node survey, this database becomes a more
powerful tool through the extension of information gained through the surveys to the remaining
facilities in the region. For example, Figure 3 shows another representation of freight nodes
classified by category and scaled by estimated total trucks at the facility.

F IGURE 3 FREIGHT NODES BY C ATEGORY S CALED BY E STIMATED TOTAL TRUCKS
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FREIGHT NODE SURVEY
The PART freight survey was implemented to collect regional freight data to support freight
forecasting models. These predictive models require local information regarding current daily
truck operations by facility type, size, and commodity. The resulting survey of 150 freight facilities
was conducted in the form of an interview or mail-back survey. The priority data elements
collected from each survey included: facility square footage, number of employees, facility type,
daily truck operations, commodity, and truck type distributions. Appendix A shows the full
dictionary of data items in the final data deliverable.
Two subcontractors to Parsons Brinckerhoff conducted the survey. The North Carolina Center for
Global Logistics (NCCGL) identified candidate facilities in the region, contacted the facilities for
interviews, developed interview schedules for all interview teams, and provided two interview
teams. Westat developed the survey instrument, sampling strategy, interviewer training, data
management, project oversight, and one interview team.
The interview approach was designed to collect the vital base information needed to support the
models, but was also designed to build a proactive relationship with PART and to provide survey
respondents with the opportunity to identify specific transportation needs for their business.
During the course of the survey, it was determined that scheduling interviews was increasingly
difficult to accomplish due to the lack of specific names and contact information for key individuals.
General phone numbers for companies typically resulted in dead ends. The survey team revised the
contact strategy to visit facilities unannounced and establish contact under the premise that people
respond better in person. If facility operation managers were not able to meet at that time, then a
survey form was left for them to fill out and return by mail. This change in procedure was
successful and the majority (76%) of the survey results were received via mail-back forms.
This section discusses the sampling plan, survey results, and lessons learned. Copies of the survey
instruments and final database fields are provided in Appendix B.

SAMPLING PLAN
The sampling plan identified the survey sample size by category, the initial selection of facilities to
contact, and the methods for ensuring that the final number of surveys adequately represents the
original sample size target. Additionally, the sampling plan identified how the sample was selected
and modified during the project.
For the Phase 1 survey, the master sampling frame was the initial database of 661 freight nodes
provided by NCCGL and developed from lists of known and current freight-related businesses in the
study area as discussed in the previous section.
In order to ensure that the freight model has the capability to forecast future truck demand, the
sample was stratified based on certain categories. The categories were elements that could be used
to estimate truck activity, such as commodity type, and facility type. Further, there was some effort
to ensure that there was no geographic bias in the sample. The variation of commodity types can be
numerous and complex and it is unlikely that a reasonable sample size for model estimation can be
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achieved for this category. Therefore, commodity type, while collected in the survey, is not used to
stratify the sample. Instead, the facility type is used as different categories can represent distinct
differences in the extent and type of daily truck activity. Additionally, facility size is included in the
stratification to ensure that the variation in the scale of operation is represented. And finally,
geographic location is included when conducting the random component of the sample selection to
ensure that samples from various parts of the region are represented.
The distribution of facility type and size within the sampling frame of 661 facilities is shown in
Table 4 with the percentage shown in Table 5. Note that small retail stores are not considered
candidates for the sample due to their limited truck freight demand. Also note that there are fewer
numbers of large facilities but larger facilities also represent more of the overall demand for truck
traffic in the region. This variation in available candidates and importance will impact the final
sample. Note that large, medium, and small in Tables 4 and 5 reference estimated freight flows
based on vehicular traffic and typical size. This is an asserted value based on local knowledge of the
freight community in the Triad.
TABLE 4 SAMPLING FRAME (CANDIDATES) DISTRIBUTION BY FACILITY TYPE AND SIZE
Distribution Center
Intermodal Facility
Shipper
Retail
Total

Large
7
20
26
6
59

Medium
84
27
201
99
411

Small
48
11
132
NA
191

Total
139
58
359
105
661

TABLE 5 SURVEY CANDIDATE PERCENTAGE BY FACILITY TYPE AND SIZE
Distribution Center
Intermodal Facility
Major Shipper
Retail
Total

Large
1.1%
3.0%
3.9%

Medium
12.7%
4.1%
30.4%

Small
7.3%
1.7%
20.0%

Total
21.0%
8.8%
54.3%

0.9%
8.9%

15.0%
62.2%

NA
28.9%

15.9%
100.0%

One additional parameter was included in the sample selection and that is based on the NCCGL
initial interaction with many facilities and managers in the region. Some facilities have already
represented a willingness to assist and participate in an effort to gather information to aid freight
and logistics planning. These facilities will be included if they fit into the appropriate sampling
objectives. Experience indicates that participants that are informed and involved provide a higher
quality of data and a willingness to provide more detail.
The preferred freight facilities were combined with a random selection of other facilities to ensure
that each facility type and size had enough samples to adequately support model development.
Given that there are mode shippers in the region, some effort was placed to oversample intermodal
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facilities. This list of facilities to contact for interviews was therefore a prioritized list of the
original 661 records.
During the interview process, two confounding issues for sampling were identified. First, the
original list 661 records was not a comprehensive list of facilities in the region. Secondly, the
interview scheduling process using the original list was not successful due to the lack of specific
phone contact information for key individuals at each facility. Therefore, an effort was made to
identify additional facilities in the region by supplementing the freight database with facility data
from a second source (statewide facility node data from the NCDOT) and from remote identification
through aerial imagery and web searches. Paired with this new approach, a revised contact method
was developed that involved direct site visitation for the initial contact attempt.
The impact of the added records and revised contact methods resulted in sampling strategy that
required constant review. As surveys were collected, results were updated daily to identify the
survey distribution by facility type and facility size. Lists of candidate records were distributed to
the field teams in sets of 50 that were selected based on sample need and by geographic location (to
ensure efficient visitation logistics). This approach was successful and maintained until the end of
the data collection period.

FREIGHT DATA COLLECTION
Initially, NCCGL was responsible for contacting prospective firms to schedule in-person interviews.
The goal was to schedule interviews primarily on Tuesdays, Wednesdays, and Thursdays with
Friday reserved for performing review and quality checks on the collected data. The scheduling of
interviews considered 30 minutes of active communication and 1.5 hours between interviews to
allow for travel time between sites. The initial goal was to schedule 2 -3 interviews per day
geographically clustered in as much as possible in order to minimize travel time. The scheduling of
in-person interviews was preceded by an official letter signed by elected officials from each of the 4
metropolitan planning organizations (MPOs) in the Triad region.
Prior to mobilization of the survey teams, Westat conducted on-site interviewer training covering
the purpose of the survey, basic work flow, team member roles, logistics, and general interview
etiquette.
Advance letters went out in early September, and interview scheduling started the week of
September 15, 2014. Early in the interview process, the survey teams encountered firms that
expressed a preference for completing a phone interview rather than scheduling a site visit. Rather
than miss the opportunity to collect data for that firm, the approach was modified slightly to allow
the collection of survey data over the phone for firms requesting this mode of data collection.
However, site visits were still required by the survey teams in order to collect important visual
information about the site.
At onset of the interview scheduling process, it became apparent that modifications to the approach
would likely be needed. While a high number of phone calls were being placed in an effort to
schedule the in-person interviews, it was seldom the case that an actual person was reached during
the initial call. Talking to the appropriate person generally required several phone calls and
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messages. In other cases, the phone number in the database was no longer in service and that
candidate had to be removed from the contact list. As a result, rather than achieving the initial goal
of 2-3 surveys per day, interviews were being scheduled at one to two per week. In consideration of
the number of phone calls being placed to the number of surveys being scheduled, the response
rate was less than 5 percent. By the end of October data collected efforts had yielded completed
surveys representing only 7 percent of target. It was evident that without a change in strategy, the
survey goal of 150 completes would not be reached within the allotted time frame.

REVISIONS TO THE DATA COLLECTION STRATEGY
Early results of the data collection effort suggested the need for a new strategy to secure the key
data elements needed to support freight planning and analysis. Westat took the lead on the
development of a revised approach that included supplementing the original freight node database
and modifying the strategy for collecting data from the freight nodes.
One of the first observations from the field data collection effort was the absence of key freight
nodes in the original sample geodatabase (661 records). A detailed review of the freight node
geodatabase in comparison to Google Earth showed that not all freight nodes in the region were
included in the original geodatabase developed from a series of secondary data sources such as
chamber listings, business listings and employment data records. As a supplement, records from
North Carolina statewide model were added and matched to existing lists to identify any additional
freight facilities. Additionally, Google Earth in combination with Google Maps also proved to be a
useful resource in identifying more freight facilities in the region. In addition to identifying the
location of the freight node, information was also obtained on facility name, address, type of facility,
commodity, square footage, number of truck bays, and truck parking. The combined efforts to
increase the freight node database resulted in the inclusion of an additional 335 freight nodes.
These additional methods did have a lower accuracy regarding the name, street address, and status.
Site visits to these locations showed a much higher error rate (~15%) than the list developed
through the chambers of commerce sources. When an error was discovered by the field team
(facility name was not found at the address listed), the field team asked someone at that address if
the facility name had changed or there was a recent change in address. In some cases, these
conditions were discovered and the correct company was provided a survey. The field team also
noted that change in name or address so that the freight node database could be updated. In other
cases where the address was an empty building and web searches revealed no further information,
the facility was dropped from the survey list and removed from the node database. If a new
address was found, the field team visited the new address and asked for them to complete a survey.
In addition to identifying additional freight nodes to include in the survey, a pilot was conducted by
the Westat team to evaluate the new approach to collecting the survey data. First, the in-person
survey instrument was modified slightly to include only the most important data attributes.
Secondly, rather than calling each freight node to try and schedule an in-person interview, Westat
field crews personally visited each freight node on the pilot survey list. If possible, they talked to a
person in charge and administered the survey. If that person was unavailable they left the survey
along with a stamped and addressed envelope and a request to complete and return.
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The revised approach also took advantage of Google aerial imagery to reduce the number of
questions in the mail-back survey. Facility square footage, number of truck bays, and locational
attributes could all be captured without information needed from respondents. This helped reduce
the number of questions and thereby increasing the likelihood that the surveys would be returned.
This pilot effort resulted in an initial response rate of 25%, much higher than the 7% connection
rate from the initial approach. Other strategies were also investigated, but none yielded the positive
results achieved through the site visit survey drop off method. For example, NCCGL hosted several
freight related meetings and events where the surveys were provided to participants, however, no
completed surveys were obtained from this effort. The project team also reached out to the North
Carolina Truckers Association. A survey postcard was emailed to association members (the exact
number of association members receiving the survey is unknown), resulting in two completed
surveys.
Given the success of the piloted data collection approach, both Westat and NCCGL converted fully to
the new data collection approach in late November. The response rate using the new approach
continued to improve to close to 30%. A review of the survey results in comparison to the survey
targets by type and size shows that surveys are well distributed across the target cells.

SURVEY RESULTS
The survey resulted in 151 “complete” surveys from a set of 158 surveys. Complete surveys are
those that had all key elements populated: facility name, facility location, facility square footage,
employment, facility type, primary commodity, and the number of daily truck operations. Of the
158 surveys, 32 were completed using the initial interview process and 126 were retrieved through
the mail-back survey forms. Ten facilities directly refused to participate. Over 800 facilities were
contacted or visited in person.
Figure 4 shows the distribution of the 968 candidate freight facilities around the region. Almost all
of these locations (800+) were contacted or visited during the survey effort. Smaller retail
establishments were not contacted. Figure 5 shows the locations of the successful surveys by
facility type.
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F IGURE 4 CANDIDATE FREIGHT FACILITY LOCATIONS IN THE STUDY AREA

F IGURE 5 S URVEYED FREIGHT FACILITIES IN THE STUDY AREA
Table 6 shows how the “complete” survey distribution by facility type compares to the original
sample of facilities that was used to develop the sampling plan. For example, 21% of the facilities in
the original sample were classified as Distribution Centers, while approximately 31% of the
completed surveys are classified as Distribution Centers. Given the importance of Distribution
Centers and Intermodal Facilities, a focused effort was made to capture as many of these types of
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facilities as possible without overly skewing the percentages as compared to the original sample.
Likewise, there was a specific intent not to over represent retail.
TABLE 6 C OMPLETE SURVEYS BY TYPE COMPARED TO THE ORIGINAL SAMPLE
Original Sample
Final Complete Survey
Difference
Distribution Center
21.0%
31.1%
+10.1%
Intermodal Facility
8.8%
11.9%
+3.1%
Major Shipper
54.3%
49.0%
-5.3%
Retail
15.9%
7.9%
-8.0%
Total
100%
100%
Table 7 shows the distribution of facility type and facility square footage. A few facilities that were
surveyed do not have significant building square footages (such as quarries or cement
manufacturing) and were not included in this table. Table 8 shows the distribution of facility type
and full time employment for these locations. Table 9 shows the distribution of facility type and the
number of truck arrivals per day. It should be noted that the totals in these tables are not equal as
some respondents chose to not answer all questions. Table 10 shows average values by facility
type.
TABLE 7 D ISTRIBUTION OF FACILITY BY TYPE AND SQUARE FOOTAGE
Facility Square Footage
<20,000 sf
>=20,0000 sf
>=50,000 sf and >= 150,000
and <50,000 sf <150,000 sf
sf
Distribution Center
6
8
25
8
Intermodal Facility
6
5
5
4
Shipper
16
21
17
20
Retail
7
3
0
2
Total
35
37
47
34
Percent
22.9%
24.2%
30.7%
22.2%
TABLE 8 D ISTRIBUTION OF FACILITY TYPE AND FULL TIME EMPLOYMENT
Full Time Employment
< 20
>=20 and
>= 50 and
>= 150
<50
<150
Distribution Center
11
12
15
7
Intermodal Facility
4
2
10
4
Shipper
24
18
12
23
Retail
6
4
1
0
Total
45
36
38
34
Percent
29.4%
23.5%
24.8%
22.2%

Total
47
20
74
12
153
100%

Total
45
20
77
11
153
100%
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TABLE 9 D ISTRIBUTION OF FACILITY TYPE AND TRUCK ARRIVALS PER DAY
Truck Arrivals per Day
<5
>=5 and <20 >= 20 and <50 >= 50
Distribution Center
9
13
14
11
Intermodal Facility
2
5
4
7
Shipper
29
22
17
6
Retail
8
2
1
1
Total
48
42
36
25
Percent
31.8%
27.8%
23.8%
16.6%
TABLE 10 AVERAGE VALUES BY FACILITY TYPE
Count
Avg. Full Time
Employees
Distribution Center
48
105.6
Intermodal Facility
20
137.2
Retail
12
24.9
Shipper
78
146.6
Grand Total
158
124.6

Avg. Building
Square Footage
161,595
92,998
40,108
138,226
131,797

Avg. number
of Truck Bays
32.2
43.6
3.8
13.0
21.9

Total
47
18
74
12
151
100%

Average Daily
Trucks
36.9
85.5
8.7
16.3
30.4

The locations of surveys by county are shown in Table 11. The core five counties (Guilford, Forsyth,
Alamance, Davidson, and Randolph) contain the majority of the surveys. Six other counties are also
represented with smaller numbers. Figure 6 shows the survey locations thematically displayed by
the number of truck arrivals per day.
TABLE 11 D ISTRIBUTION OF SURVEYS BY COUNTY
County
Surveys
Percentage
Guilford
60
38.2%
Forsyth
30
19.1%
Alamance
18
11.5%
Davidson
15
9.6%
Randolph
12
7.6%
Rockingham
8
5.1%
Surry
6
3.8%
Orange
3
1.9%
Davie
3
1.9%
Iredell
1
0.6%
Stokes
1
0.6%
Yadkin
1
0.6%
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F IGURE 6 S URVEY LOCATION SHOWN BY THE NUMBER OF TRUCK ARRIVALS PER DAY
The survey team assigned NAICS codes based on the primary commodity type at each surveyed
locations. Table 12 shows the top ten most frequent NAICS descriptions represented in the surveys.
Full NAICS codes are available, but these results were tabulated by the three digit code.
TABLE 12 T OP TEN NAICS DESCRIPTIONS FOR THE COMPLETED SURVEYS
3 digit NAICS
Count
NAICS Definition (2012)
Code
484
23
Truck Transportation
423
22
Merchant Wholesalers, Durable Goods
337
11
Furniture and Related Product Manufacturing
541
11
Professional, Scientific, and Technical Services
332
9
Fabricated Metal Product Manufacturing
326
6
Plastics and Rubber Products Manufacturing
333
6
Machinery Manufacturing
313
5
Textile Mills
315
5
Apparel Manufacturing
325
5
Chemical Manufacturing

SURVEY GEO-DATABASE DESCRIPTION
The final survey records were processed into a geo-database with one record for every completed
survey. This geo-database is uniquely linked to the freight node geo-database through the use of the
RecordID. Table 13 provides a summary of the survey database field names and descriptions in the
order that the field names are displayed in the database.
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TABLE 13 FREIGHT S URVEY GEO-DATABASE F IELD NAMES AND D ESCRIPTIONS
Field Name
Description
ID
TransCAD unique ID
Longitude
Record longitude
Latitude
Record latitude
RecordID
Unique Record ID (matches RecordID in Freight Node database)
Name
Name of the Freight Node surveyed
Street_Add
Address for Freight Node surveyed
City
City for Freight Node surveyed
ZIP
Zip code for Freight Node surveyed
County
County for Freight Node surveyed
MPO
MPO designation
Type
Type of facility
Category
Facility category (Distribution Center, Intermodal Facility, Retail, Shipper)
SurvDate
Survey Date
NAICS
NAICS code populated by NCCGL
PTRM_NAICS_Group
NAICS code aggregated to PTRM categories
FT_Empl
Number of full time employees
Bldg_SF
Facility building square footage
TrkBays
Number of truck bays
OpenTime
Open time
CloseTim
Close time
RailAcc
Rail Access (Y/N)
RailPerc
Percent of freight shipped by Rail
IB_Comm1
Inbound commodity 1
IB_Comm2
Inbound commodity 2
IB_Comm3
Inbound commodity 3
OB_Comm
Outbound commidity
DailyTrk
Average daily trucks
Cntainer
Percent container trucks
Conv5axl
Percent 5-axle
SingUnit
Percent single unit
Del_Vans
Percent delivery vans
OtherTrk
Percent other trucks
Reporting
Respondent comments
Reportin_1
Respondent comments
Reportin_n
Respondent comments 2 - 4
Additional
Respondent comments
Addition_1
Respondent comments
Addition_n
Respondent comments 2-4
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FREIGHT SURVEY FINDINGS AND ANALYSIS
The freight survey was designed to capture enough local freight samples to support freight model
algorithms. Additionally, the freight survey data reveals some findings that may be of value to
transportation planners. Table 14, Table 15, and Table 16 show the estimated relationships
between building square footage, full time employment, the number of truck bays, and the number
of daily truck trips, respectively. The statistical strength of these relationships varies by facility
type. Shippers, including all manufacturing, show the weakest relationship between the survey
variables and the number of trucks per day. It is difficult to identify the reasons for this difference
without a more in-depth investigation and analysis of the survey data. Manufacturing facility truck
operations likely vary with commodity as opposed to facility size or employment. The survey does
not have a large enough sample size to build relationships based on commodity. Distribution
centers and intermodal facilities have strong relationships with the number of truck bays and truck
trips per day. Retail centers, with the lowest sample size, have strong relationships with both the
number of employees and the number of truck bays. It should be noted that the number of truck
bays is a variable that can be readily observed without the need to contact a facility manager. Note
that smaller firms tend to have disproportionally higher truck trip rates. This finding is in line with
Holguín-Veras et al. (2013), who explain that smaller firms tend to get smaller shipments per truck
trip, but they still need a disproportionally large number of truck deliveries.15
TABLE 14 R ELATIONSHIP BETWEEN BUILDING SQUARE FOOTAGE AND TRUCK TRIPS BY FACILITY TYPE

Holguín-Veras J, Sánchez-Díaz I, Lawson C, Jaller M, Campbell S, Levinson H, Shin H-S (2013) "Transferability of Freight
Trip Generation Models" In: Transportation Research Record: Journal of the Transportation Research Board. Vol. 2379.
Pages 1-8.
15
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TABLE 15 R ELATIONSHIP BETWEEN EMPLOYMENT AND TRUCK TRIPS BY FACILITY TYPE

TABLE 16 R ELATIONSHIP BETWEEN NUMBER OF TRUCK BAYS AND DAILY TRUCKS BY FACILITY TYPE
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Additional analysis of the freight survey data provides some insight into the average number of
truck trips per day as stratified by various explanatory variables. Table 17 provides a summary of
average truck trip per day stratified by employment type and number of employees. The
employment type classifications match the employment type categories used in the Piedmont Triad
Regional Model (PTRM). Nodes classified as industry have the highest average trucks per day and
show an increasing trend when compared to the number of employees at the site. The second
highest is retail and the lowest is for freight nodes classified as office.
TABLE 17 AVERAGE TRUCKS TRIPS PER DAY BY E MPLOYMENT T YPE AND NUMBER OF E MPLOYEES
Number of Employees
Employment Less than 26 – 50
51 – 100
101 – 500 Greater
All
Type
25 (n=64) (n=25)
(n=24)
(n=36)
than 500
(n=9)
Industry
7.9
9.1
31.2
51.9
183.4
35.9
Retail
18.1
12.8
27.0
20.8
NA
18.6
Office
2.5
1.0
NA
NA
10.0
4.0
Service
1.4
7.5
30.0
25.0
15.0
10.7
All
10.2
9.6
30.4
46.1
145.4
29.0
Utilizing the reported percentages of truck trips by vehicle type, Table 18 reports the average
number of truck trips by truck type for each of the classified freight nodes. For comparison
purposes in the following tables, a single unit truck (SUT) is defined by FHWA Vehicle Classification
Groups 5-7 and multi-unit trucks (MUT) are defined as FHWA Vehicle Classification Groups 8-13.
The number of records for each category is shown as “n”. Freight nodes classified as Intermodal
Facilities show the highest average number of trips across all classes of vehicles, with the highest
average number of trips being served by multi-unit trucks.
TABLE 18 AVERAGE TRUCK TRIPS PER DAY BY NODE C LASSIFICATION AND TRUCK T YPE
Freight Node Classification Average Trips by Average Trips by SUT
Average Trips by MUT
Autos/Vans
Distribution Center (n=48)
3.6
3.0
25.4
Intermodal Facility (n=20)
15.9
3.4
57.1
Retail (n=12)
1.4
0.8
6.5
Major Shipper (n=78)
2.0
3.0
10.3
Total (n=158)
4.2
2.9
20.5
Utilizing the reported percentages of trucks by truck type and the number of reported full time
employees from each surveyed freight node, average trip rates per employee were calculated for
the employment groupings used in the PTRM. Table 19 summaries these results. It should be noted
that these trip rates have been calculated from the survey responses, and as such are only
representative for trip making at these surveyed freight nodes. As the survey focused on highvolume freight nodes, the calculated rates are likely to be somewhat higher than the actual number
of vehicles generated by the employment types shown in Table 19. Furthermore, the small sample
sizes particularly for service and office nodes indicate that values in the last two rows of Table 19
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should be used with caution. For comparison purposes, the average trip rates derived from the
original Triad Commercial Vehicle (CV) survey conducted in 1995 are reported in Table 20, and the
average trips rates reported in the FHWA Quick Response Freight Manual are reported in Table 21.
These rates are known to be on the high side of actual trip generation, as data were collected in
1992 in Phoenix, AZ. Note that the tables have been aligned and color coded to try and facilitate
comparisons across employment categories and vehicle types.
The rates for autos and vans are comparable between the current freight node survey and the 1995
Triad Commercial Vehicle Survey. The estimated multi-unit truck (MUT) rates for industry are
noticeably higher than those estimated using the 1995 survey. These rates are in fact more
comparable to the rates reported in the FHWA QRFM. The rates for SUT by Retail employment
trend well across all three data sets. Some categories are undoubtedly impacted by sample size but
are still a good comparative measure of trip rates in the region.
TABLE 19 FREIGHT S URVEY AVERAGE T RIP RATES PER D AY PER E MPLOYMENT AND VEHICLE T YPE
Employment Grouping
Autos/Vans
SUT
MUT
Industry (n=105)
0.04
0.01
0.20
Retail (n=35)
0.05
0.13
0.12
Service (n=14)
0.02
0.01
0.06
Office (n=4)
0.00
0.01
0.02
TABLE 20 CV S URVEY AVERAGE T RIP RATES PER D AY BY EMPLOYMENT AND VEHICLE TYPE
Employment Grouping
Autos/Vans Pickups
Trucks
Industry
0.01
0.01
0.09
Retail
0.04
0.06
0.19
Service
0.02
0.03
0.07
Office
0.04
0.03
0.08
(Source: 1995 Piedmont Triad Commercial Vehicle Survey)

TABLE 21 QRFM AVERAGE TRIP R ATES PER DAY BY E MPLOYMENT AND VEHICLE T YPE
Employment Grouping
4-tire trucks SUT
MUT
Agriculture, Mining, and
Construction
1.11
0.29
0.17
Manufacturing, Trans,
Comm, Utilities, Wholesale
0.94
0.24
0.10
Retail Trade
0.88
0.25
0.07
Office and Services
0.44
0.07
0.01
(Source: FHWA QRFM Table 4.1)

These are but a few of the statistics that Triad partners can generate from the freight survey data in
order to better understand truck freight patterns in the Triad region.

RECOMMENDATIONS FOR FUTURE DATA COLLECTION
The truck survey revealed the following issues that could be further explored in future data
collection.
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1. The freight node database should be expanded. Comparisons between the freight node data
and aerial imagery (see Figure 4) suggest that many truck facilities may not be represented
in the current node database. Given that there are enough surveys to estimate truck trip
generation, future node data should focus on identifying the location, type, building square
footage, and number of truck bays. These items do not require field visitation of contact.
Expanding this database would allow the model to include location specific truck demand.
2. Truck travel patterns could be explored through a travel diary or through the analysis of
truck GPS data. The survey revealed that the intermodal facilities generate the most truck
activity per facility. A diary survey at select intermodal facilities would reveal the types of
travel patterns that are typical within the region including temporal patterns, off-site
parking issues, frequency of local trips, etc.
3. The freight survey revealed that the shipper category (manufacturing) is difficult to forecast
regarding truck trip generation. An effort could be conducted to review national trends in
truck trip generation by commodity and facility size. This information could be used in
conjunction with the survey data to allow a better establishment of truck trips for this
seemingly highly-variable category.

LESSONS LEARNED
The key lessons learned in this freight data collection effort focus primarily on the methodology for
delivering the survey and collecting key data from the freight agencies.
Having a prior relationship with existing firms is most beneficial for a few large, unique, and hard to
reach firms where data may not have otherwise been obtained. However, the ability to rely on the
expertise of a well-qualified survey data collection firm cannot be overstated in the data collection
effort. These relationships may prove more valuable when longer discussions regarding freight
policy and planning are desired.
Care should be taken to keep the survey instrument as concise as possible to reduce respondent
burden and increase the response rate. The highest rate of return appears to be a site visit
combined with the dropping off of a concise survey instrument. Additionally, the concise survey
instrument did not ask for any private information (name, address, phone, email, etc.) and this may
have resulted in a willingness to share operational details more freely. If a more in-depth
conversation with freight industry representatives is desired, this should be focused on a few
representative firms where strong relationships exist and the focus is on the quality of responses
rather than on the quantity of responses.
It is suspected that the drop-off approach has a distinct advantage over other survey methods in
this case because of the face-to-face contact with a person. Most of the time, the person contacted
was an administrator at a front desk or security officer. These individuals were mostly friendly and
promised to get the survey form to the right management person that has the authority to respond.
This approach may convey that the information request in sincere and not the result of a mass
marketing effort relying on impersonal communication methods.
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PROJECT FINDINGS
LONG TERM FREIGHT PLANNING
Freight movement is critical to the competitiveness of an advanced industrial economy. The
effectiveness and efficiency of freight transportation is a major factor in manufacturing costs and,
directly and indirectly, in retail costs. Manufacturers seek reliability, speed, and quality control in
the carriers delivering raw materials and finished products. If shipments of raw materials are late,
all other processes are impacted, degrading productivity and affecting total company costs.
Retailers assume a cost of transport lower than the cost of maintaining large inventories and
associated distribution centers. This assumption is based on the overall strength of our
transportation system. However, as congestion affects transportation reliability, costs will increase,
affecting the price of retail items.
Freight movement also impacts a region’s quality of life. It is essential to ensure heavy truck traffic
has suitable routes to and from the national highway or rail networks, avoiding established
residential areas. The challenges faced when trying to meet the safety needs of freight
transportation, privately owned vehicles and public transportation are complex.
Federal legislation, Moving Ahead for Progress in the 21st Century (MAP-21), recently placed
additional emphasis on the role of freight in regional transportation planning. The inclusion of
freight-based transportation modes in community planning studies will ensure that both consumer
goods and materials required for companies recruited or expanded through economic development
efforts are considered as an equal to other transportation challenges.
All too often, freight flow is not given adequate consideration in the infrastructure planning
process. As efforts are made to address the issues of increasing freight volumes on US highways,
22.5 billion tons in 2020 (FHWA 2002) and a 98% increase in highway freight traffic by 2035 (USGAO 2007), municipalities and states struggle to rationalize infrastructure needs with projected
resources. In a case study example presented in The Role of Freight Flow in Urban Planning and
Economic Development (Kathryn E. Dobie Ph.D. with C. David Hauser), METRANS International
Urban Freight Conference (I-NUF), Long Beach CA, 2013, noted that the NC Maritime Strategy
report (2012) showed that trucks carried 82.4% of freight traffic in North Carolina in 2007, while
rail carried 13.6%. The same analysis predicted that by 2040 the total truck freight carried would
increase to 85.18% while the rail freight would decrease to 10.16% (NC Maritime Strategy Report,
2012).
The information collected and provided in this study provide locally collected data that lay the
ground work for the Triad region to be able to address critical freight related questions such as:




What routes are the trucks utilizing?
What entry points and exit points from an interstate are most heavily used and by what
type of freight vehicle?
What urban and rural roads are the most heavily traveled and at what times of day or
night?
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GUIDANCE FOR ECONOMIC DEVELOPERS
An excellent example of the need for a freight flow analysis of existing infrastructure revolves
around an area’s economic development, especially areas with “Mega-Site” capability. A loose
definition of a “Mega-Site” is an available area of land comprising 1000 plus acres with existing
transportation infrastructure, water and sewer, power and rail access. The availability of land in the
area under consideration which has mega-site capability must be considered. Its location and
potential impact on existing infrastructure in the event of the construction of a major
manufacturing facility moving hundreds of trucks a day must be considered. Having a strong
relationship with county and state economic development groups is important as economic
development efforts are competitive and they have far reaching impact to job creation, real estate
values and incentive packages.
Success at any such sites will have a major impact to traffic and freight flow in the region. Not only
will these sites have a significant increase in traffic flow, but the area surrounding the possible sites
and the region in general will see a major increase in commuters and freight flow due to the
increase of workers and suppliers of the company or companies that would locate to these sites.
Further, with manufacturing now a global endeavor, freight flows to and from container ports will
have and increasing impact on traffic congestion. Import and export freight movement will increase
on primarily I-40 and I-85 as they are the major routes into and out of the region from the ports of
Norfolk, Wilmington and Charleston. Intermodal cargo movements will increase along these routes
with a major impact being felt at the Norfolk Southern Intermodal ramp in Greensboro (Patterson
Street). Without room to grow, the Greensboro intermodal ramp may be required to shift cargo
movement to the Charlotte, NC facility. In any case, the increase of truck traffic will be impactful.
Since the issuance of NCDOT’s previous STIP, (Charting a New Direction for NCDOT, September,
2004), a number of national and North Carolina initiatives have highlighted the importance of
freight and logistics in relation to long-term economic health and growth in the state. In North
Carolina, freight and logistics have emerged as a state priority that can help underpin economic
development and economic competitiveness. In North Carolina, this topic then relates to the
movement of raw goods and materials as well as finished goods and products, between their origins
and ultimate destinations including in-state distribution to businesses and consumers and out-ofstate markets. As a result, freight and logistics touch all key aspects of the state’s multifaceted
economic development targets including agriculture, bio-medical, tourism, education, military, and
manufacturing.
The 2004 STIP included a number of direct and indirect references to the importance of “freight”
and “logistics” in establishing transportation planning priorities. Starting with its initial discussion
of domestic and international trade factors, the report identified a linkage between North Carolina’s
future economic prosperity on the ability of its transportation system to support freight and
logistics demands. The report further discusses the importance of the freight rail infrastructure
needs and the economic impact of the industries primarily served by rail as a means of further
underscoring this freight and economic growth linkage. Finally, the report encouraged the
enhanced adoption and use of NCDOT’s Strategic Highway Corridor (SHC) concept, which
specifically identifies statewide economic prosperity as a major focus for SHC-designated assets;
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this effectively acknowledges the linkage between freight movements and economic growth. This
report acknowledges the linkage of economic growth to the state’s transportation infrastructure.
The data collection for this study provides statistics that can help quantify linkages between freight
and economics.

FREIGHT DATA ANALYSIS
Profiling the freight nodes represented in the freight node database show the highest concentration
of freight nodes in Guilford County, followed by Forsyth and Alamance counties. The majority of the
firms represented in the database were classified as medium-sized facilities with firms classified as
major shipper representing the largest percentage of the firms (~55%) followed by distribution
centers (~21%), and then retail (~16%). Intermodal facilities represent less than 10 percent of the
represented firms, but analysis of the survey data shows that they have the highest number of
average truck trips per day across all vehicle types (commercial autos, single unit trucks, and multiunit trucks). The survey data also reveals some other useful findings that may be of value to
transportation planners with respect to the relationships between building square footage, full time
employment, the number of truck bays and the number of daily truck trips. One interesting and
useful finding is the relationship between the building square footage and truck trips per day, and
the number of truck bays and truck trips per day. This is relevant because these are metrics that are
easily collected and could be used to inform truck trip patterns around the region.
A review of the freight node database does show that freight nodes tend to cluster, which can
provide insight to future land use and transportation strategies designed to be freight supportive.
As expected, the data show that the impact of freight truck traffic varies by facility type,
employment sector, and facility size. The survey responses paired with the relationships to the
freight node database provide useful relationships and information that Triad agencies can use
transportation planning and analysis. This effort also lays the groundwork for both short- and longterm modeling improvements.

GUIDELINES FOR FUTURE STUDIES
PHASE 2 – MODEL DEVELOPMENT
A detailed synthesis of model design, data requirements, and implementation considerations for the
PTRM are documented in a technical white paper prepared by Rolf Moeckel with the National
Center for Smart Growth, University of Maryland; and Rick Donnelly and Leta Huntsinger with
Parsons Brinckerhoff. The reader is referred to that document for this detailed synthesis. The key
recommendation from that report was for PART to implement a bi-level model supported by the
development a Common Modeling Elements database that contains consistent input data for both
the person travel demand model and the freight model. Such a database would need to be flexible
enough to allow the addition of further models, such as an economic forecasting tool, a land use
model or environmental impact models. Other options for supporting freight modeling in the region
are document in detail in the technical white paper.
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PHASE 3 – DATA COLLECTION
Included in the technical white paper are recommendations for Phase 3 data collection to support
the overall Piedmont Triad Freight Study. Given the recommendation of the PTRM model team to
advance the concept of a tour-based truck model, the region will need to consider conducting a
fairly detailed commercial vehicle survey. While to some degree such surveys could be borrowed
from other jurisdictions and transferred to the Triad region, some additional surveying in the study
area is likely to be necessary to capture region-specific travel behavior. Such surveys have been
conducted elsewhere with mixed results. While some surveys generated valuable travel diaries that
were used in model estimation, other surveys missed key elements and were found to have limited
use for modeling. Feedback from several agencies around the country who have participated in the
collection of surveys to support freight modeling is included in the technical white paper. PART and
its member agencies should avail themselves of this firsthand experience to best identify survey
methods that worked well, and to avoid the pitfall that other agencies experience. The insights
provided in the white paper will help the Triad succeed.
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APPENDIX A SURVEY DATA FIELDS AND DESCRIPTIONS16
Field Name

Description

ID

Unique ID that corresponds to the freight node database

Name

The name of the business

Street Address

Physical street address of the facility

City

City listed with physical address

ZIP

Zip code

Longitude

Longitude in decimal degrees

Latitude

Latitude in decimal degrees

County

County where the majority of the facility resides

Type

Type description from the freight node database

Category

Shipper, Distribution Center, Intermodal facility, or retail

Survey Date

Approximate date the survey was received

NAICS

Full NAICS code as estimated from the primary commodity description

FT_Empl

Reported number of full time employees at the facility

Bldg_SF

OpenTime

Building square footage of facility as reported or estimated from aerial imagery
Number of truck bays as reported or estimated from aerial imagery or Google
streetview
The start time for operations (0300 records are open 24 hrs)

CloseTime

The close time for operations (0300 records are open 24 hrs)

RailAcc

Is rail access available at the facility (Y or N)

RailPerc

Reported percentage of product shipped by rail

IB_Comm1
IB_Comm2
IB_Comm3
OB_Comm
DailyTrk
Cntainer
Conv5axl
SingUnit
Del_Vans
OtherTrk

Reported primary inbound commodity

TrkBays

Reporting Traffic Problem 15
Additional Comment 1-5

Reported secondary inbound commodity
Reported tertiary inbound commodity
Reported outbound commodity
Reported number of trucks arriving on a typical day
Reported percentage of container trucks
Reported percentage of conventional five axle trucks
Reported percentage of single-unit trucks
Reported percentage of delivery vans
Reported percentage of specialty trucks (cement mixers, bucket trucks, etc.)
List of reported traffic problems
List of additional comments

GIS_Freight_Locations_Final.xlsx, SurveyResults; field names listed in the order they appear in the
workbook
16
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APPENDIX B INTERVIEW QUESTIONS
1. Date and Time:
2. Interviewer names:
3. Interviewee names:
4. Name and address of establishment:

5. What is the NAICS code for this establishment (filled out before)?

 Site verified

6. Names of people present:

7. How many full time employees work at this facility?
8. What is the square footage of this facility (all buildings combined)?
9. Can you tell me the number of truck bays at this facility?
10. What are your hours of operation?
Is that the same time that trucks are allowed to enter your facility?
11. Do you have direct rail access at this facility?
If yes, what is the approximate percentage of product shipped by rail?
12. Do you have a primary “inbound” commodity? If yes,

(If no) Can you tell me your top three? 1.
2.
3.
13. Is your “outbound” commodity different? If yes,

14. On a typical day, how many trucks enter and leave this facility?
(Enter)

, (Leave)

If there is no “typical” day, is there a day of week or seasonal variation? If yes, describe:
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15. Can you tell me the approximate percentage of trucks by type that operate through this facility?
Container truck:
Conventional 5 axle trailer trucks:
Single-unit trucks:
Tankers, flat beds, or other large specialty trucks:
Delivery vans:
16. Do you have any recurring origins or destinations in the Triad region such as an intermodal facility?
If Yes: Can you tell me the approximate location of that facility and how many trips per day are typical
(use map and write down area number)
Area Number:

Trips per day:

Area Number:

Trips per day:

Area Number:

Trips per day:

Area Number:

Trips per day:

Area Number:

Trips per day:

Area Number:

Trips per day:

Area Number:

Trips per day:

Area Number:

Trips per day:

17. Do the truck operators report any re-occurring traffic related problems such as safety (blind spots),
traffic congestion, etc.?

18. Do you have any additional comments or suggestions to convey to the transportation planners for the
region as they explore investment decisions that promote efficient freight travel?

OTHER NOTES:
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APPENDIX C MAIL BACK QUESTIONNAIRE
The Piedmont Authority for Regional Transportation (PART), in cooperation with our regions
Metropolitan Planning Organizations (MPO’s), Burlington-Graham, Greensboro, High Point and
Winston-Salem, are developing and prioritizing strategies to improve the reliability and
efficiency of truck travel in the region.
The Triad MPO’s, NCDOT and PART are utilizing professional services from a team led by Parson
Brinkerhoff to better understand goods movement and freight travel issues to assist our MPO
transportation planning process for the region. We need your assistance to achieve a successful
project and better understanding of your industry to allow our local governments to better
serve your needs in freight movement and planning. Please answer the following questions at
the bottom of this page, place the page in the pre-stamped envelope, and drop this in with your
outgoing US mail. Your information will not be shared with anyone outside of the project
participants. Results of the survey will be used to improve truck and freight transportation in
the Triad region.
Approximately how many full time employees work at this facility?
What are your hours of operation for receiving or dispatching trucks?
If you have direct rail access at this facility, what is the approximate percentage of product shipped in by
rail?
What types of products or materials are brought in by truck? (List major types)
What types of products or materials leave by truck? (List major types)
On a typical day, how many trucks enter this facility?
Can you list the approximate percentage of trucks by type that enter this facility?
Container truck:
Conventional 5 axle trailer trucks:
Single-unit trucks:
Delivery vans:
Other:

(%)
(%)
(%)
(%)
(%)

Do the truck operators report any re-occurring traffic related problems such as safety, traffic congestion,
etc.?

Do you have any additional comments or suggestions to convey to the transportation planners for the
region as they explore investment decisions that promote efficient freight travel?

For questions regarding this survey, please contact XXXXXXX.

38

