
REAL | REGIONAL EXPRESS ACCESS LANES

1 Houston Regional Express Access Lanes (REAL) Plan  | Houston District 

For more information visit txdot.gov and keyword search "The REAL Plan". 

Figure 1: Recommended REAL Goods System

The Regional Express Access Lanes 
(REAL) System is planned to connect 
the greater Houston region through 
an interconnected system of managed 
express lanes and mobility hubs. The 
plan serves as the blueprint for building a 
future region-wide transportation system. 
More information about the REAL concept 
can be found in the REAL Primer. There 
are two aspects of the REAL System: 
the People System, which is concerned 
with the movement of passengers, and 
the Goods System, which concentrates 
on the movement of freight around the 
region. This document, the REAL Plan: 
Goods System Methodology White Paper, 
explains how the freight-focused portion 
of the REAL System was developed. More 
information about the People System 
methodology can be found in the REAL 
Plan: People System Methodology 
White Paper. These two aspects of the 
REAL Plan (the People System and the 
Goods System) will ultimately be unified 
into one coherent REAL System.

The recommended REAL Goods System, 
the final result of this methodology, is 
depicted in Figure 1.
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Figure 2: REAL Goods System Methodology Flowchart

What is the Purpose of the REAL Goods 
System Methodology?

The REAL Goods System methodology was 
developed to establish an integrated system of
Freight Centers and roadway infrastructure in order
to provide a more efficient, equitable, flexible,
and seamless multimodal mobility network for the 
movement of freight and goods in the Houston re-
gion. The processes and data sources used to create 
the REAL Goods System are explained and docu-
mented within this white paper.

What Steps Compose the Methodology?

The REAL Goods System methodology is a 
cumulative process which consists of three steps.

1. Identification of Freight Centers;
2. Categorization of Freight Centers;
3. Creation of the REAL Goods Network.

Each step includes results from the previous step, 
contributing to the design of a complete Goods 
System. Figure 2 depicts the methodology for the

REAL Goods System in flowchart form, while details 
of each step are discussed below.

Step 1: Identification of Freight Centers:

The foundation of the REAL Goods System 
methodology is the Freight Center. Freight Centers 
are defined as large geographic areas which are 
major generators or attractors of freight trips. As 
such, this component indicates which areas of the 
region have sufficient concentrations of warehousing, 
manufacturing, and other types of industrial or 
commercial activity to warrant the provision of 
additional or enhanced freight-related infrastructure.

Step 2: Categorization of Freight Centers: 

In this step, each Freight Center is assigned a 
category based on one of the typologies identified 
in the REAL Plan Mobility Hubs White Paper. The 
Freight Center typologies are based on the land uses 
inside the Centers, with Freight Villages serving more 
industrial and warehouse type uses and the Unified 
Distribution Districts serving more retail focused 
areas. Freight Villages were further broken down 
into Primary Freight Villages, which require more 
intensive and dedicated freight infrastructure, and 
Secondary Freight Villages which are less intensive. 
These designations will help direct investment and 
improve the relative efficiency of existing and future 
Freight Centers.

Step 3: Creation of the REAL Goods Network: 

The third step of the methodology uses specific 
modeling techniques to connect the Freight Centers 
into a coherent and complete network using roadway 
infrastructure. This step also involves creating a 
hierarchy of linkage types to better understand the 
kind of roadway infrastructure to be utilized.
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REAL GOODS SYSTEM DEVELOPMENT 
APPROACH
The REAL Goods System is designed to enhance 
economic development and facilitate freight 
movement to strengthen connectivity between 
Freight Centers and ensure that businesses and 
providers benefit from new infrastructure investment.

The methodology used to develop the REAL Goods 
System consists of three steps:

1.	 Identification of Freight Centers;
2.	 Categorization of Freight Centers (i.e., how 

Freight Centers should behave within the 
network);

3.	 Creation of the REAL Goods Network, which 
dictates how the transportation network is 
constructed and routed.

Step 1: Identification of Freight Centers

Freight Centers are relatively well-defined, large 
areas with focused industrial, warehousing, and 
retail land use concentrations. While Freight 

Centers may vary in size and characteristics, all 
would experience a large amount of freight traffic 
and freight tonnage. Some Freight Centers may 
be industry specific (e.g., Texas Medical Center), 
while others might be a cluster of several small 
businesses (e.g., Jersey Village), or located in the 
vicinity of large airports which handle various types 
of cargo (e.g., Greenspoint). As centers of industrial 
and commercial activity, these locations are the 
major generators and attractors of freight traffic, 
both in terms of raw materials and finished goods for 
delivery. Travel to and between these Freight Centers 
is the foundation of the needs-based REAL Plan.

A Freight Center is identified as an area with a 
concentration of one or more of the following 
parameters:

•	 Retail or industrial establishments
•	 Freight tonnage moving to or from an area
•	 Area of land marked ‘warehousing,’ 

‘industrial,’ or ‘retail’
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Freight Centers Data Approach

The identification of Freight Centers was based on 
a diverse set of data from several sources including 
TranSearch (an executive search organization 
which collects data on businesses and industries), 
CoStar (an organization which collects commercial 
real estate data), and the Houston-Galveston Area 
Council (H-GAC). To maintain consistency with 
the People System methodology, all data were 
transformed into H-GAC’s Activity-Connectivity 
Explorer dataset, dividing the data among identical 
91-acre hexagonal cells. The volume of freight moved 
in 2018 was derived from the TranSearch dataset, 
while the geographic distribution of industrial and 
commercial establishments in 2018 was derived from 
the CoStar dataset, and the land use for both 2018 
and 2045 was derived from H-GAC’s Regional Land 
Use Information System.

To identify Freight Centers, the number of 
establishments, volume of goods, and existing and 
future land use datasets were combined to create a 
composite score. Before being combined, however, 
they were each normalized to account for variations 
in their raw values, ensuring that a dataset with 
a greater range would not overshadow a dataset 
with a smaller range. Using this method, a cell with 
higher concentrations of industrial and commercial 
establishments, freight tonnage, and square footage 
of industrial/warehousing/retail uses would be 
ranked as having a higher potential to be part of a 
Freight Center. When multiple contiguous cells had 
similarly high scores, these were grouped together 
as “Freight Centers.” In other words, Freight Centers 
are clusters of several hexagonal cells with similarly 
high concentrations of industrial and commercial 
establishments, freight volumes, and warehousing/
industry/retail floor areas. A detailed approach to 
defining Freight Centers is included in Appendix 
A. Figure 3 depicts the data approach for the 
identification of Freight Centers in flowchart form.

Industrial and Commercial 
Establishments

Square Footage of 
Warehouse/Industrial/ 

Retail
Freight Tonnage

Normalization

Clustering

147 Freight Centers

Figure 3: Freight Center Identification Approach Flowchart
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Using this approach, 147 Freight Centers were 
identified across the region. Figure 4 shows the 
overall distribution of Freight Centers within the 
region.

Step 2: Categorization of Freight Centers

After the Freight Centers were identified, they 
were then classified into one of three categories: 
Primary Freight Village (FV1), Secondary Freight 
Village (FV2), and Unified Distribution District (UDD). 
These typologies emerged from the two freight hub 
typologies identified in the REAL Plan Mobility 
Hubs White Paper and are summarized further 
below.

Freight Villages

Freight Villages are defined areas within which 
all activities relating to transport, logistics and 
the distribution of goods, both for national and 
international transit, are carried out by various 
operators. Figure 5 depicts a representative 
Freight Village.

As the functions and forms of Freight Villages vary 
greatly by size, the Freight Village typology was 
further broken down into Primary Freight Villages 
(FV1) and Secondary Freight Villages (FV2).

Primary Freight Villages

Primary Freight Villages (FV1) represent large 
areas that have overwhelmingly industrial land 
uses, contain several industrial establishments, 
and attract or generate very high volumes of 
freight. Figure 6 is a representation of a Primary 
Freight Village.

Secondary Freight Villages

Secondary Freight Villages (FV2) typically include 
predominantly industrial land uses, with a cluster 
of small to medium industrial establishments and 
a moderately high volume of freight movement. 
Compared to the FV1 designation, FV2 would 

Figure 4: Distribution of Freight Centers

Figure 5: Example of a Freight Village in Germany (GVZ)

Figure 6: Primary Freight Village in Herne-Emscher, Germany (GVZ)

N
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be less intensive; however, a Secondary Freight 
Village would have the potential to become 
a Primary Freight Village with increased 
development. Figure 7 is a representation of a 
Secondary Freight Village.

Unified Distribution Districts 

Unified Distribution Districts (UDD) represent 
areas in which retail or commercial land uses are 
more predominant, but within which there is still 
a high volume of freight movement. While still 
attracting or generating a lot of freight traffic, the 
retail nature of a UDD would cause it to operate in 
a much different fashion compared to an FV1 or 
FV2 with fewer heavy trucks and more light and 
medium trucks. ​Figure 8 depicts a representative 
Unified Distribution District.

The Freight Center typologies were assigned based 
on a process of converting the three variables 
identified below to a Freight Center score and 
determining thresholds for the FV1, FV2 and UDD 
designations. In order to assign typologies to the 
Freight Centers, data profiles corresponding to 
each typology were established. These data profiles 
included the following data types:

•	 Land Use
Industrial or warehousing land uses corresponded 
more closely with a Freight Village while land marked 
as commercial or mixed use corresponded more 
closely with a Unified Distribution District. Similarly, 
the presence of an Emerging Freight Area also 
corresponded with FV1 and FV2, while the presence 
of an Emerging Commercial Area corresponded with 
a UDD.

•	 Volume of Freight
The presence of a high volume of freight 
corresponded with FV1 and FV2 as high freight 
volumes indicate heavy industrial and logistics uses. 
Lower freight volumes corresponded more with a 
UDD, as commercial and retail operations generally 
require a lower volume of freight deliveries.

•	 Truck Trips
A concentration of heavy truck trips corresponded 
with a Freight Village as heavy trucks are integral 
to the movement of freight.  While a UDD may 
sometimes necessitate the use of heavy trucks, the 
retail and commercial nature of these types of Freight 
Centers would result in a much lower volume of 
heavy trucks.

The three variables noted above were combined to 
create a single Freight Center score for every cluster.  
Variable conditions which indicated an FV1 or FV2 
typology (industrial or warehousing land uses, high 
freight volumes, and high heavy truck trip volumes) 
were given a high score, while variable conditions 
indicating a UDD typology (commercial or mixed-use 
land uses, lower freight volumes, and lower heavy 
truck trip volumes) were given a lower score. These 

Figure 8: Unified Distribution District (AECOM)

Figure 7: Secondary Freight Village (Design XY)
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scores resulted in a broad spectrum of values 
with Freight Centers best suited for large Freight 
Villages at the higher end and Freight Centers 
better suited for Unified Distribution Districts at 
the lower end.

In order to separate the spectrum of resultant 
scores into the typology designations, 
thresholds for each typology were determined. 
The initial threshold score was set at 50, 
meaning any Freight Center below 50 was 
oriented more towards commercial and retail 
uses and would be designated a Unified 
Distribution District. Similarly, any Freight Center 
with a score at or above 50 would be designated 
as a Freight Village. However, as there are major 
differences in form and function between a 
high-intensity Freight Village and a low-intensity 
Freight Village, a second threshold score was 
determined at 80 to represent the difference 
between a Secondary Freight Village (Scores 
50-80) and a Primary Freight Village (80-100).

Based on this methodology, the 147 Freight 
Centers identified in the first step of the 
process were categorized into Primary Freight 
Villages, Secondary Freight Villages, and Unified 
Distribution Districts. A detailed approach to 
categorizing Freight Centers is included in 
Appendix B.  Figure 9 depicts the data approach 
for the identification of Freight Centers in 
flowchart form.

Figure 10 shows the overall distribution of 
Freight Centers and their associated typology.

Land Use Data

Warehouse/ 
Industrial/Retail 
Square Footage

Freight Tonnage

Freight Centers

Freight Center 
Typologies

Figure 9: Freight Center Categorization Methodology Flowchart

Figure 10: Distribution of Freight Centers and Typologies
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Step 3: Creation of the REAL Goods 
Network

In addition to the Freight Centers identified and 
categorized in Steps 1 and 2, the REAL Goods 
System also includes the REAL Goods Network, 
an integrated system of roadway infrastructure (i.e., 
existing express lanes, new express lanes, new 
roadways, etc.), providing the foundation of the 
REAL System. This section details the process by 
which the REAL Goods Network was created. After 
linkages to be included in the REAL Goods Network 
were identified, the connections between the Freight 
Centers were then stratified into two levels or tiers.

What data was used to construct the REAL Goods 
Network?

The creation of the network relied on the reported 
origin-destination StreetLight Index from StreetLight 
data (a data source which provides traffic volumes 
based on GPS data). The core of the Houston 
Region was broken into zones and the volume of 
truck traffic for each zone was calculated. StreetLight 
origin-destination data were reported by truck type, 
separating all truck trips by heavy and medium 
truck types. In addition to the StreetLight data, the 
Texas State Freight Network and the National Freight 
Network datasets were also used to extract roadways 
that have been designated as freight routes. Freight 
network designation from these two datasets 
indicated routes already identified as major corridors 
for freight movement using multiple data sources 
and records, and the current analysis is intended to 
leverage that system.

What were the methods used to construct the REAL 
Goods Network?

After the StreetLight truck origin-destination trip data 
were collected for the area, all routes between all 
zones were extracted using the Open Street Map 
(OSM) road network, a crowdsourced street network 
with information on speed and traffic rules. Based 
on the OSM, a single preferred route was derived for 

each pair of StreetLight origin and destination zones; 
the route was then weighted based on the StreetLight 
truck volumes of the two zones. In this way, a route 
between two zones with higher StreetLight volumes 
would be weighted higher than a route connecting 
two zones with lower StreetLight volumes. Finally, 
all the routes were overlayed, and the volumes 
aggregated to visualize the extent to which any 
given road segment is involved in the regional truck 
movement. The roadway segments with the highest 
truck volumes were included in the REAL Goods 
Network.
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What are the major observations from the analysis?

Comparing heavy and medium truck trip densities 
as seen in Figures 11 and 12, respectively, the routes 
with the highest trip densities follow the major freight 
corridors already present in the state freight system. 
Heavy truck type trips are more concentrated across 
several corridors, with I-10 being the primary route 
for both internal and through trips for heavy trucks. In 
addition, I-45, US-90, and I-69 are major heavy truck 
conduits, while SH-146, SS-330, SH-225, as well as 
the northern and eastern portions of the I-610 loop, 
are prominent in the support of significant freight 
activity that takes place in the eastern portion of the 
region. Medium truck trips display a more distributed 
pattern compared to heavy truck trips, concentrating 
around the regional core with clear radial movement 
on I-610, Beltway 8, and the north-west portion of 
SH-99. Higher volumes of through traffic is more 
pronounced for the heavy truck trips than for the 
medium truck trips.

How were the REAL Goods Network Tiers Identified?

After determining which segments to include in 
the REAL Goods Network, the segments were 
categorized by tier. The tier approach served 
two major functions. First, tiers suggest different 
levels of projected loads (or use) when planning 
an interconnected transportation system across 
the region, accounting for the most heavily used 
segments as well as the less loaded segments. 
Second, the process of defining tiers offers insight 
into the realistic hierarchy of a planned transportation 
system and helps define specific parameters of 
infrastructure identified as part of the system.

The tier designations were based on the following 
datasets:

•	 StreetLight truck flow density along the 
highway network

•	 Texas State Freight Network and National 
Highway Freight Network (NHFN)

•	 Primary Highway Freight System (PHFS) 
designation

Figure 11: Heavy Truck Trip Density Derived from StreetLight Index Figure 12: Medium Truck Trip Density Derived from StreetLight Index

N N
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For the REAL Goods Network, the 
StreetLight truck flow density was 
the main factor used in determing 
the appropriate tier. REAL
Goods Network segments with 
higher heavy or medium truck
trip densities and medium-high 
density values for heavy truck 
trips were designated as Tier 1. 
Segments with medium-high trip 
densities for medium trucks were 
designated Tier 2. Figure 13 de-
picts the methodology for REAL 
Goods Network creation and tier 
designation in flowchart form. As 
the network currently only depicts 
existing roadways, as new facili-
ties are built such as portions of 
the Grand Parkway, they can be 
added to the network.  

The distribution of the REAL 
Goods System Network tiers 
can be seen in Figure 14.

REAL Goods Network  
Tier Designations

REAL Goods  
Network

 
Freight Centers

Categorization of  
Freight Centers

StreetLight  
Index Data

Origin / 
Destination Data

Heavy vs Medium 
Truck Volumes

1 2

Figure 13: REAL Goods Network Creation and Tier Designation Methodology Flowchart

Figure 14: REAL Goods Network Tiers
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RESULTS AND COVERAGE

The resulting REAL Goods System is illustrated in 
Figure 15.

The System is comprised of 13 FV1, 51 FV2, and
83 UDD. As can be seen in Figure 16, the System is 
also composed of 406 miles of Tier 1 and 407 miles 
of Tier 2 roadways. The total mileage is subject to 
change since the limits of each segment in the REAL 
Goods System network are approximate.

The REAL Goods Network primarily leverages 
existing infrastructure along state, interstate, and
US highways, accounting for 48%, 39% and 11% of 
the total REAL Goods Network miles respectively. 
The majority of the interstate highway miles are in 
Tier 1 (with the exception of the western section of 
I-610 and the southern portion of I-69). The majority 
of the Tier 2 roadways consist of US, state and local 
highways. Mileage by highway classification can be 
seen in Figure 17.

Total Miles of REAL Freight Network by Tier

The resulting REAL Goods System is composed of 
406 miles of Tier 1 and 407 miles of Tier 2 roadways. 
The total mileage is subject to change since the limits 
of each segment in the REAL Goods System are 
approximate.
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ClevelandCleveland
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Figure 15: REAL Goods System

Figure 16: Total Miles of Real Freight Network by Tier

Figure 17: Total Miles for the Top Three Roadway Classifications
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The resulting REAL Goods System is composed of 406 miles 
of Tier 1 and 407 miles of Tier 2 roadways. The total mileage 
is subject to change since the limits of each segment in the 
REAL Goods System are approximate.  
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Table 1 ranks the top twelve highways in the REAL 
Goods System by their mileage. The top five 
highways include Interstates 45, 10, and 69, as well 
as Beltway 8, and US 290.

Highway

Miles of 
REAL 
Goods 
Network

Highway

Miles of 
REAL 
Goods 
Network

I-45 101 SH-99 59

I-10 92 SH-35 41

SH-8/
Beltway 8

88 SH-146 40

I-69/
US-59

75 I-610 38

US-290 67 SH-249 27

SH-288 60 US-90 22

The Freight Centers included in the REAL Goods 
System were examined to capture the geographic 
extent and distribution of the major freight related 
activities in the region. These Freight Centers cover 
roughly 31% of the regional business establishments, 
36% of the freight tonnage circulating in the region 
and 44% of the regional industrial land use.

As seen in Figure 18, out of the business 
establishments in the region, 16% (about the same 
percentage as is captured by both freight village 
typologies) are covered by Unified Distribution 
Districts, while the freight tonnage breakdown is 
close among the three categories. Primary Freight 
Villages cover 19% of the industrial land uses within 
the region, the most of any Freight Center type.

As the REAL Goods System and the REAL People 
System will be combined to create a single, unified 
REAL System, examining how many Mobility Hubs 
(explained further in the REAL Plan: People System 
Methodology White Paper) are captured within 
the Freight Centers illustrates where freight activity 
can be co-located with the passenger activity in the 
region.

Table 1: Total Miles of the REAL Goods Network by Top Twelve Highways

Figure 18: Regional Coverage of Business Establishments, Freight Tonnage, and Industrial Land Use by the Identified Freight Centers (denominator is the 
H-GAC regional total by a corresponding variable)
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total captured by the
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Figure 19 lists coverage of the REAL passenger 
Mobility Hubs by the REAL Goods System broken 
down by Tier. The REAL Goods System Tiers cover 
100% of the Primary, 84% Secondary and 55% Local 
Hubs. 87% of both Primary and Secondary Hubs are 
covered by Tiers 1 and 2.

To evaluate the benefits of the REAL Goods System, 
three example routes were selected to conduct a 
truck travel time reliability (TTTR) index. A TTTR 
measures the consistency or dependability of travel 
time, or in other words how much variation there
is in travel time along a corridor from day to day. 
Reliability is one of the most important factors for 
freight providers, allowing drivers to accurately 
forecast their schedule. In a TTTR, a higher score 
indicates larger variation, making it more difficult
to accurately predict travel time. The TTTR for this 
analysis was conducted both with and without the 
recommended REAL Goods System, allowing for a 
reliability comparison.

The examples in Figure 20 on the following page are 
major strategic corridors for moving goods to and 
from the Galveston and Houston port areas. The 
84-mile segment on I-45 from Conroe to Galveston 
currently (in 2019) has a TTTR value of 1.83 and
can be improved by as much as 37% if the REAL 
Goods System is implemented. Similarly, a 70-
mile segment along I-10 from Brookshire to Mont 
Belvieu can become up to 45% more reliable through 
the implementation of the REAL Goods System. 
Finally, one of the least reliable segments along SH 
225 from I-610 to SH 146 currently has a TTTR of
2.41 and is projected to improve by 52% through
the implementation of the REAL Goods System.
For more information about the data sources and 
methods used to calculate the TTTR, please see 
Appendix C.

Coverage of the Passenger Mobility Hubs by 
the REAL Freight Network Tiers
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Figure 19: Coverage of the Passenger Mobility Hubs by the REAL Goods 
Network Tiers
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Figure 20: Truck Travel Time Reliability Improvement Estimates for the Example Routes
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APPENDIX A
The Freight Center identification approach 
consisted of three main steps: 1. data aggregation 
and normalization; 2. clustering; and 3. cluster 
refinement. A detailed list of datasets used in 
creating the Freight Centers is listed in Table A1. 

Step 1: Data Aggregation and 
Normalization
To maintain consistency with the People System 
methodology, all data was transformed into H-GAC’s 
Activity-Connectivity Explorer dataset, dividing the 
data among identical 91-acre hexagonal cells. 

To identify the Freight Centers, the number of 
establishments, volume of goods, and existing and 
future land use datasets were combined to create a 
composite score.  Before being combined, they were 
each normalized to account for variations in their 
raw values, ensuring that a dataset with a greater 
range would not overshadow a dataset with a smaller 
range.  Large warehouses such as Amazon, UPS, and 
FedEx were also considered in the process.

Step 2: Clustering 
The second step in the process involved creating 
clusters based on data gathered in the previous step. 

Two instances of K-means clustering, an algorithm 
seeking to group similar items together, were run 
in ArcGIS Pro. One analysis was run using datasets 
1-2 in Table A1 to identify clusters of existing freight 
activity. The clustering algorithm was run again using 
dataset 3 in Table A1 to identify clusters which might 
appear in the future.

Step 3: Cluster Refinement 
The results of the clustering algorithm performed in 
Step 2 were used as the base of Step 3. In order to 
refine the boundaries of the clusters, the identified 
existing and future clusters were laid on top of each 
other. Then, boundaries were drawn to ensure the 
following parameters were met: 

a. All areas of known importance were covered
by a cluster.

b. Clusters were not bigger than 910 acres.

c. Clusters covering more than one industry-
specific area were broken into multiple
clusters.

d. Clusters on the outskirts of the region were
also represented in the results.

Once these boundaries were set, they were then 
compared to the warehouse locations (Dataset 
4 in Table A1). While most of the warehouses fell 
within an identified cluster, the cluster boundaries 
were manually extended to include any warehouse 
location not originally included within a cluster. 

Using this three-step methodology, 147 Freight 
Centers were identified across the region.  

Number Dataset Year Source

1
CURRENT, 
NUMBER OF 
ESTABLISHMENTS

2018 Costar

2
CURRENT, 
QUANTITY OF 
FREIGHT

2018 Transearch

3
FUTURE LAND 
USE (INDUSTRIAL/ 
WAREHOUSE)

2018 H-GAC ACE

4 CURRENT, 
WAREHOUSES 2018 COSTAR

Table A1: Freight Center Identification Variables
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To determine the appropriate Freight Center 
typology for each of the 147 Freight Centers 
identified, a classification exercise was performed. 
Under a multi-criterion evaluation framework, the 
datasets used in the Freight Center identification 
approach, as well as additional truck trip data, were 
used to construct a composite score for each of 
the Freight Centers.  Through this process, each 
Freight Center was classified into one of three 
Freight Center typologies: Primary Freight Village 
(FV1), Secondary Freight Village (FV2), and Unified 
Distribution District (UDD).  These typologies 
emerged from the typologies identified in the 
REAL Plan Mobility Hubs White Paper and more 
information can be found in that document.    

The analysis was conceptualized as a choice 
question - “Is a given Freight Center an appropriate 
fit for a Primary Freight Village (FV1) typology?” - 
where the logical answer could either be “Yes” or 
“No”.  This hypothesis helped shape the method 
discussed below.

Step 1: Data Processing and Variable 
Construction
Data for seven variables of interest were gathered 
and processed to prepare them for the classification 
exercise. The data processing allowed the variables 
to be represented using the 91-acre hexagonal 
cell format and enabled meaningful comparisons 
across non-commensurate variable types. The 
mathematical operations used in processing 
consisted of normalizing the variables using a 
MinMax system. In such a system, the actual value 
of each variable is scaled between the highest and 
lowest value in the set. This method preserves the 
relative difference in magnitude while not allowing 
a variable with a large range to have an outsized 
impact on the final scores. A detailed list of the seven 
variables is presented in Table B1.

Step 2: Nature and Weights of Variables; 
Creating Composite Weight
Since the theoretical question underpinning the 
analysis was whether a given Freight Center would 
be appropriate for a FV1 typology, variable qualities 
which denoted a Freight Village were identified. 
These variables were assigned a +1 score in the 
analysis, meaning the higher a Freight Center’s score 
the more similar the Freight Center would be to a 
Freight Village typology with intensive activity or 
use. Conversely, variable qualities which denoted a 
Unified Distribution District were assigned a -1 score 
resulting in Freight Centers more similar to a UDD 
typology receiving a lower composite score. 

APPENDIX B
Table B1: Freight Center Categorization Variables

Number Theme Metric Symbol

1 LAND USE
Percentage of land 
marked “commercial” or 
“mixed lane use” in 2018

LU_
CM18

2 LAND USE
Percentage of land 
marked “industrial” or 
“warehousing” in 2018

LU_IW18

3 LAND USE

Percentage of land 
overlapping with CoStar 
designated Emerging 
Freight and Commercial 
Areas

LU_EFCA

4 LAND USE

Percentage of land 
overlapping with CoStar 
designated Emerging 
Commercial Areas

LU_
ECOM

5 ECONOMICS & 
FINANCE

Tonnage of loads hauled 
from/to Cluster EF_TONS

6 TRIPS Medium Truck Trips (from 
Streetlight)

TR_
MDTR

7 TRIPS Heavy Truck Trips (from 
Streetlight)

TR_
HVTR
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APPENDIX C
A Truck Travel Time Reliability Index (TTTR) measures 
the magnitude of unexpected delay for trucks. It is 
computed as the 95th percentile truck travel time 
(near-worst case travel time) divided by the average 
truck travel time. For the No Build Scenario (without 
the REAL Goods System), INRIX’s 15-min internal 

truck speed data is utilized to compute truck travel 
time. For the REAL System Scenario (with the REAL 
Goods System), it is assumed that the average 
speed is close to the free-flow speed (5 mph less 
than the posted speed) and 95th percentile speed is 
80% of the posted speed.     

Further, variables related to projections about 
the future were discounted 50% in weight due to 
the uncertain and unpredictable nature of these 
projections.  The analysis impact and weights of 
each of the variables can be seen in Table B2. 

To obtain the composite weight, the variables were 
multiplied with the impact and weight flags. The 
variables were then summed to obtain the final 
calculated composite weight, resulting in scores 
between -6 and +6. 

Step 3: Distribution of Composite Weight
Through Step 2 of the analysis, the composite 
weights for each Freight Center were calculated, 
resulting in a score between -6 and +6. While this 
does result in a score for each Freight Center, the 
spectrum of scores still needs additional processing 
before they completion. In order to finally answer the 

binary question posed earlier (would a given Freight 
Center be appropriate for a FV1 typology?), the 
composite weight was distributed along a logistic 
curve.

Assuming that w is the composite weight of a 
particular freight cluster, the average composite 
weight of all freight clusters would be w’. Thus, the 
Logistic (w) would be:

The θ is a scaling factor used to spread the 
Logistic(w) between 0 and 1. For this analysis, a θ of 
3 was found to produce a satisfactory Logistic(w) 
score between 0 and 1. The Logistic(w) parameter 
is essentially a probability that does not rise/
fall linearly. Logistic distribution works well in this 
instance because it allows the composite weights 
to be divided neatly into three categories – for FV1, 
FV2, and UDD. This step avoided the need for extra 
steps/post-processing.

Finally, the bins chosen for identifying Freight 
Centers were:

1.	 Primary Freight Village: ≥ 0.8

2.	 Secondary Freight Village: [0.5, 0.8)

3.	 Unified Distribution Districts: < 0.5

Through this methodology, all 147 Freight Centers 
received typologies.  

Table B2: Freight Center Categorization Variables

Number Symbol Impact Weight

1 LU_CM18 -1 1

2 LU_IW18 +1 1

3 LU_EFCA +1 0.5

4 LU_ECOM -1 0.5

5 EF_TONS +1 1

6 TR_MDTR +1 1

7 TR_HVTR -1 1




