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Purpose:

The regional freight study has two separate, but interrelated purposes. The first purpose is to estimate
the relationship between number of employees in a business and the value, volume and weight of
outbound and inbound freight in the Roanoke Metropolitan Planning Organization (RVAMPO) Study
Area Boundary 2035. The second purpose is to apply the empirical results, found by pursuing the first
purpose, to the RVAMPO Transportation Analysis Zone (TAZ) structure, and to discuss the applied results
with regards to other regional transportation planning factors such as:

e Environmental Justice -which incorporates impacts on low-income and minority populations;
e Public Transportation;

e Non-motorized Transportation;

e Transportation Safety; and,

e Regional Air Quality

The reason that freight transportation is discussed in relation to these other planning factors, is that
freight transportation has an interrelation with passenger transportation, employment dynamics and
economic development implications. Freight vehicles that use the public right-of-way also intermingle
with passenger vehicles in the same transportation infrastructure. Finally, federal guidance encourages
metropolitan planning organizations and rural planning agencies to address transportation planning
with a multi-modal lens while incorporating larger community and economic dynamics.

Motivation:

According to federal law, every urban area with a population of 50,000 or greater in the United States is
required to form a Metropolitan Planning Organization (MPO) and develop, maintain and update a
regional Constrained Long-Range Transportation Plan (CLRTP). Typically CLRTP’s are focused on
estimating passenger travel demand for a base year and projecting passenger travel demand to a future
horizon year typically 20 years or more from the base year. Freight transportation is assessed indirectly
in this process through calibration and validation of the computerized 4-step travel demand model.
Essentially, traffic counts are taken which indicate the proportion of vehicles with 3 or more axels in a
traffic flow, and that proportion is reported as a truck percentage. This truck percentage is then
converted into passenger car equivalents using equivalents such as: a vehicle with a certain number of
axels is the equivalent of three passenger cars as far as traffic flow is concerned. The passenger car
equivalents and then assessed during the “Traffic Assignment Step” (Step 4) of the 4-step travel demand
model. This conventional indirect method of factoring in freight transportation is likely to be incomplete
given current realities of freight transportation demand such as:

e the increasing popularity of supply chain management and logistics management approaches in
manufacturing, light manufacturing, distribution and retail businesses;

e the increasing popularity of retail purchases from the internet which require shipment to the
purchaser; and,
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e the increasing use of third party fulfillment and logistics providers as businesses “outsource”
logistics to market providers while focusing on their “core business.”

For the aforementioned reasons, researchers and planners desire to more completely assess and
estimate freight transportation demand and to incorporate that demand with the passenger travel
demand estimated by the conventional 4-step travel demand model. Fully incorporating freight travel
demand estimates into the transportation planning process is a complicated and multi-year research
endeavor. This study seeks to complete the first step of the process by investigating and assessing
regional specific (RVAMPO) relationships between the number of employees in a business and average
freight generated (outbound) and received (inbound) as measured by freight volume, value and average
shipment weight. These relationships will then be used with the socioeconomic data that is used in the
transportation planning process to generate a “freight generation” profile in the base year for the
various Transportation Analysis Zones (TAZs) in the RVAMPO Study Area Boundary (see map below).
The scope of this study will end at the regional freight generation profile. Subsequent research will be
needed over the years to incorporate the three other travel demand estimation steps (trip distribution,
mode choice and traffic assignment) specifically with regards to freight transportation.

Roanoke Valley Area MPO 2035 Study Area Boundary

=

Bedford County

\

County Boundary ‘

Mont?émery)ﬁ‘)County 3 2035 study Area
N S Y

/ o
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The development of a regional freight generation profile will still be useful as a separate “filter” or
“lens” to use in the transportation planning process and will be used as additional information to the
process. Additionally, the results of this study may be useful to the economic development community.
A relationship between employees and freight value could provide useful information to regional
economic developers.

Literature Review:

There is some past research on freight trip generation estimates within the United States and abroad.
Past research has generally focused on specific industry sectors of interest. There has generally not
been research into overall freight per employee or freight per square foot measures that can be applied
to an entire MPO at the TAZ level. This research will fill that gap by developing general freight
generation estimates and applying them to the RVAMPO TAZ structure where applicable. With this goal
in mind, following is a review of the applicable literature.

In 2003 Jones and Sharma presented a paper to the Transportation Research Board Annual Meeting in
Washington DC titled “Development of Freight Statewide Trip Forecasting Model for Nebraska” Their
research estimated freight trips using and economic input-output model called IMPLAN which is
developed and maintained by the University of Minnesota. IMPLAN is tailored to model economic
transactions and multiplier effects over a specific geography, in this case Nebraska. An estimate of
freight trips were derived from the economic transactions modeled in IMPLAN. In this regard, freight
transportation was not surveyed directly; rather it was derived by the economic transactions within
Nebraska. Following is a table listing estimated freight tons per employee according to industry code in
Adams County:

TABLE 1 Freight trip production table for Adams county

SI((/:(‘:;( C Employment Comments ;‘;‘;Eﬁl s].;li-;;Zd County Total
1 657 | SIC Farm count 5871 385713
13 0 | assumed 0 906.34 00
14 0 | assumed 0 1202.83 00
19 0 | assumed 0 084 00
20 765 39275 300454 9
22 0 | assumed 0 147.57 00
23 10 877 87.7
24 41 127.80 52399
25 10 38.94 3894
26 175 160.41 280719
27 108 1158 12504
28 60 164.18 9850.6
29 0 | assumed 0 11470.24 0.0
30 198 2850 56437
31 10 1091 109.1
32 38 112.10 42599
33 79 66.83 52794
34 175 2582 4519.0
35 1347 10.19 137251
36 0 | assumed 0 732 00
37 0 | assumed 0 402 00
38 375 3.69 13836
39 10 6.78 67.8 Sum
40 10 | SIC 5093 277.37 27713.7 421,678
Total annual tons attracted for all counties = 19,819,323
Total annual tons attracted at state level = 19,075,491 Error =3.9 %

(Jones and Sharma, 11)

Another report out of the Transportation and Economic Development Center at George Mason
University titled “Mega-regions and Freight: Evidence from Commodity Flow Survey and Freight Analysis
Framework” by Dr. Jonathan Gifford et al. specifically deals with the question of whether freight
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generation measures such of annual tons per employee are different in so-named Mega Regions than in
other outside of Mega Regions. A geographic representation of Mega Regions using two different
definitions for North America follows:

Megaregions in the United States (America 2050 Definition) Megaregions in the United States (Using CFS Area Boundaries)

(Gifford,
Chen, Kelekar, Zebrowski and Zhou, 10)

This report estimates tons per employee and value per ton for general “freight related businesses” both
inside and outside of Megaregions using the CFS area boundaries depicted above. The estimates derive
from the Commodity Flow Survey and the Freight Analysis Framework. Both are federal level
publications of aggregate freight data. A summary of relevant estimates to the RVAMPO study follow:

Mean Value Non-Mega-regions | Mega-Regions | t-value *
Tons per employee (in ‘000) 3.38 1.45 5.3727
Value per employee (in millions) 1.76 1.43 3.2269
Ton-miles per employee (in millions) 1.41 0.34 5.4526
Value per ton (Outbound) 1.32 0.74 | (5.4341)
Value per ton (Inbound) 1.09 0.80 | (4.8618)
Outbound-to-Inbound Value ratio 0.90 1.05 | (3.0154)
Outbound-to-Inbound Tonnage ratio 0.90 1.13 2.3024
Note: * - Welch’s t-test yielded t-values indicating significant differences between the two groups.

(Gifford, Chen, Li, Kelekar, Zebrowski and Zhou, 15)

A third study, from the Netherlands titled “Freight trip generation by firms” was prepared by Iding,
Meester and Tavasszy for the 42n European Congress of the Regional Science Association in 2002. Iding
et al. explicitly acknowledge that
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“Road congestion is gradually becoming worse, and while much attention has been given to the role of
the private car in this context, the contribution of freight transport by trucks to traffic congestion has
received relatively little attention so far.... In order to predict traffic generation by industrial sites, the
relation between the different activities on an industrial site and the number of freight trips has to be
specified. Information about this relation is scarce however. In the Netherlands and elsewhere, it has
hardly been studied yet.” (lding, Meester and Tavasszy, 2)

Iding et al. summarized results from the previous freight trip generation studies in the United States in
the following table:

Table 1: Freight trip generation by sector of industry (U.S. studies)

Per 1000 m2? floor area Per hectare site area of firm
BTS Tadi & BTS Chatterjee et Zavattero &
Balbach al Weseman
Production 2.4 39-6.5 7.6 10.1 -16.1 8.9
Wholesale 24-99 4.0
Light industry 16.0 6.5
Services 43.9 35.2

Source: editing of data from Bureau of Transportation Statistics, Chatterjee et al (1979), Zavattero &
Weseman (1993) and Tadi & Balbach (1994)

(Iding, Meester and Tavasszy, 5)

In order to establish up-to-date estimates of freight trip generation relationships, Iding et al. developed
a study methodology based on a large sample size and linear regression relationships. The initial sample
size of 10,000 firms yielded 1,529 responses or a response rate of 15%. lding et al. separated industry
sectors by industry code and reported results of sectors with more than 10 respondents. They found
that

“For most of the sectors a relation between size (measured either by area or by number of employees)
and number of freight trips can be proven. The strength of this relation varies considerably, however. In
some branches of industry (like wood products, chemicals, glass and pottery) R’ is rather high. For
wholesale activities, the relation is weak but nevertheless significant.” (Iding, Meester and Tavasszy, 9)

Iding et al reported the regression coefficients for the various industry sectors in the study. Below is an
example of their results for outbound freight by area and number of employees in the Netherlands:
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Table 4: Regression analysis: number of trips taking out freight, by sector of industry

SBI- Site area of firm (in 1112) Number of employees
code N | } c b N | } c b
15 |Food & drinks 45 24 | 598 | .04 47 | 24 | 6.67 | .05
17 |Textile 20| 46 | 353 | .01 19 | .70 | 258 | .03
19 |Leather & leather products 16 | .00 | 3.64 | .00 19 | 34 | 125 | .13
20 |Wood products (excl. furniture) 36 | .60 | 1.73 | .02 36 | .39 | 257 | .03
22 |Printed matter 38 | .04 | 514 | .02 38 | .73 262 | .10
24 |Chemicals 36 | .52 | 5.62 | .02 39 | 43 | 547 | .04
25 |Products of rubber & synthetics 40 | .15 | 3.54 | .02 42 | .71 | 0.79 | .13
26 |Glass, pottery etc. 37 | 83 | 551 | .04 3 68 | 759 | 12
28 |Metal products 66 | 41 | 2.71 | .04 71| .00 | 483 | .00
29 |Machinery 46 | .02 | 579 | .01 46 | .00 | 645 | .00
33 |Medical devices & instruments 19 | 01 | 499 | .00 19 | .14 | 349 | .04
34 |Cars, trucks, trailers 40 | 33 | 290 | .03 42 | 40 | 3.64 | .05
36 |Furniture & various commodities 24 | 59 | 1.68 | .02 25| .28 | 149 | .08
45 |Construction 254 14 | 629 | .02 264 | 01 | 682 | 01
50 |Trading & repair of motor vehicles | 77 | .05 | 3.03 | .03 86 | .15 | 3.01 | .10
51 |Wholesale 240 24 | 415 | .08 257 02 | 756 | .04
60 |Land transport 89 | .35 [11.01| .09 90 | 49 | 7.89 | .33
63 |Services for transport 16 | .72 |1246 | .11 17 | .17 | 1545 ] .05

*  Bold: F sign. (p < .05)
((Iding, Meester and Tavasszy, 10)

In summary, the literature review reinforced that freight trip generation rates have not been well
studied in the literature. There are three studies of note with partial applicability to the RVAMPO Study
Area summarized below:

Study Data Source/ Approach Relevance to RVAMPO Study
Development of Freight IMPLAN , an economic Estimated annual freight weight
Statewide Trip Forecasting assessment package employing generated per employee for a
Model for Nebraska an input-output model was used | variety of industries in Nebraska.

to estimate freight trips based
on economic activity

Mega-regions and Freight:
Evidence from Commodity Flow
Survey and Freight Analysis
Framework

Commodity Flow Survey from
the Bureau of Transportation
Statistics and Freight Analysis
Framework from Federal
Highway Administration

Estimated annual freight weight
generated per employee and
annual freight value generated
per employee at the “Mega
Region” geographic scale.

Freight trip generation by firms
(Netherlands)

10,000 firms sampled with 1,529
responses. Data relationships
evaluated using linear regression

Corroborates a linear regression
approach and provides R’ values
for comparison.
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Literature review reinforces the concept that a freight generation study focused on the Roanoke Valley
is needed to uncover local freight generation relationships. Results from the existing studies are not
general enough to apply directly to the RVAMPO study area as they are.

A fourth study is mentioned separately because it had a direct influence on the design and execution of
this particular study. The Mobile Area Metropolitan Planning Organization Freight Plan — Final Report
June 21, 2010 prepared for the South Alabama Regional Planning Commission by the Center for
Management & Economic Research at the University of Alabama in Huntsville was used to develop the
survey instrument. Originally the plan was to partner with the Center for Management & Economic
Research at the University of Alabama in Huntsville and have them analyze RVAMPO data based on their
sophisticated technique using survey results and Freight Analysis Framework (FAF) national level data.
Unfortunately, funding did not come through for the Center for Management & Economic Research
analysis and RVAMPO staffs were required to develop an alternative in-house data analysis
methodology.

Methodology:

The methodology for this study centers around a two page survey instrument that was targeted at
businesses that ship or receive inputs or final product on a fairly routine basis. The target was not
necessarily transportation, freight or third-party logistics firms; rather it was firms in other areas of
business who generate freight in the normal operation of business. The two-page survey instrument,
depicted on the following pages, was derived from a similar survey developed for the South Alabama
Regional Planning Commission (Mobile Area) by the University of Alabama in Huntsville Center for
Management and Economic Research.

The sampling methodology for Phase 1 of data gathering process consisted of sampling businesses in the
top 10 freight producing industry classifications in the Roanoke Region on a geographic basis using
Geographic Information Systems software. The goal was to get a representative geographic coverage of
businesses, and to schedule “freight interviews” with executives at the business to gather information
and discuss freight transportation issues. This involved a time consuming process of cold calling the
targeted businesses and setting up an appropriate interview time for a planner to visit the business at a
later date. In total 29 of the eventual 57 survey responses were obtained in this face-to-face manner.
After some time it became clear that the face-to-face method would not produce a sufficient quantity of
completed surveys in a reasonable amount of time. In Phase 2 of the data gathering process an
electronic version of the two-page survey was created and hosted on SurveyMonkey. The
SurveyMonkey link was posted to Facebook Pages and Linkedin Groups for the Roanoke Regional
Chamber of Commerce, the Roanoke Partnership, the Roanoke Blacksburg Technology Council and other
industry associations and groups. The SurveyMonkey link was distributed in both the City of Roanoke
and Roanoke County’s economic development e-newsletters. In addition, a planner would attend
regional conferences and events such as the Roanoke Career and Lifestyle Fair with small business card
sized survey invitations completed with the electronic survey link. The more mass market approach to
data gathering in Phase 2 garnered an additional 28 responses for a total of 57 responses from Phases 1
and 2. Since both a geographically diverse targeting method and a mass market method were employed
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in data gathering, it is felt that the sample is representative of the general business community in the
Roanoke Valley. Due to the nature of the questions which ask about value and revenue, there was a
noticeable incidence of partially completed surveys where one or more responses were skipped due to
proprietary reasons of the businesses themselves. As such, some measures reported in the analysis
portion of this report will have between 20 and 40 data points rather than the full 57.

Freight Survey Respondents

[C] Roanoke Valley Area MPO
@ In-person Survey
@ Surveymonkey.com Survey]

Botetourt County

b [
@ City of Salem

.Town of Vinto

BedfordCounty

Roanoke County

0 2 4
Miles

Franklin County
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Freight Transportation Survey
Induw:oy Interview Form - Roanoke MPO
Eoanoke Valley-Alleghany Fegional Commission

[CORTACT IRFORAATION

DATE OF VIBIT: |

.

Company Nams:
Sorest Addross:
City/State:

7

[Phone:

Comtact Manvs:

Comtact Tithe Poaition:

[En=ail Addrass:
T ramsportation Anabriis Zons
SCTG

|E‘ommn:|it'['
GIN SURVEY QUESTIONS:

1 Hew would youn describe the primary bondnes: operadom/activicy af thiz location?

E I T SR I T e T I I i =

1

! Heow mamy employee: do ven have st this becaison?

Frll-tme= Fart-time= Toml sl FT+FT =

3 Do you receive or pemerate regular shipments to/from this lecadon by:

(circle amswar)  Imbound Receipiz Ouibound Skipment:
Truck: Yes Mo Truck: ves Mo
Rail: Yes Mo Rail:  wes Mo
Air: Y Mo Air: Yes Mo

4 How many deliveries {nmmber of traiders, vehicles, andior comtaimers) for each mode de yoRECEIVE sach WEEKT

Truck Tractor Trailer 2  Dwlivary Van &
Rail Contaimer E] Radl Car =
Air Container = Cribar =
5 How mamy thipment: (pumber of trailers, velxicles, and'or containers) for each mode do yoiZENERATE each WEEE?
Truck Tractor Trailer 2 Dalivery Van =
Rail Contaimer E] Radl Car =
Air Container = Cribar =

§ From where are the INBOUND deliveries coming?

{Specific citins, states, st

Approx Don't Compas: Direction inte this site:
Query if mo specific anzwers: * knew { cizcls all that apply)
Within the Roancke Valley  Yas Me N E | W 5
Outsids the Roanoks Valley  Yas Mo
7 Te where are the OUTEOUND shipments going™
Cramisd by Lishutevils
o bz1 Frmght Logistics mmd Toarscorbeion Page 102
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Freight Transportation Survey
Indusoy Interview Form - Roanoke MPO
Roanoke Valley-Alleghany Fegional Commission

{Specific cities, sttes, &bo)

Apprex  Dom't Compass Direction from this site:
Qmery if mo specific answers: b ke { circle all that apmly)
Within the Foancks Vallsy Vs Mo [ w | = w 5
Ouisids the Roanoks Vallew  Yes Mo
8 For each mode of debivery, does MOAST of the freighi unloaded loaded st your location require a LTL or FL:
|ereeck best nesponse for each mode) Inbound Deliveries Duibomnd Skipment:
Less tham Fuil Lesss Fan Fu
Tull boewd load Tul load =
Track
Radl car

9 For each mode of debivery, what is the NORAMAL weight of s full zhipment?
Inbomnd Ctbonnd

Track Tha T
Radl car i L

10 Approzimately what iz the SQUARFE FOOTAGE of yeur lecatonnndar roof)
g ft. Doa't Enow
11 Do vem anticipate an expamsion within 5 years at this locaten™
Mo Expansion sxpacted Double Cermant Size Imcraass of % ar g ft (By Year 1
11 For last YEAR at this locarion, what was che total value of goods received & shipped?:
Yalye of poods Yalus of soods

Yar | ) Remived? § Shipped? £

13 What was chis lecaton's ANNUAL volume of total shipmenis (mumber of tratlers, vehicles, and/or comtximers)

received last year & five year: aga?

Year: {Last Year) Year: {5 Years Apo)
Inbound: 2 shipovents 2 shipouents
Crathoand- £ shipmenis 2 shipmsents
14 What de yeu expect the sznnal volume to be 5 years from now?
Wear: (5 Year: from Now)
Imbsound: 2 shipreis
Crathooend- 2 shipovents

15 Are vou currenily experiencing sey iransperiation reluted problems in shippisg or receivimg
your predmce: from this lecation?

16 Are there any ranspariation infrastrectere improvement: meeded in the Feansoke area to becter merve your
current and fumere need:?

Cramied by Udrurtovile -
Coicm for Prmight, Logintics m~d| Tramesoriison Fage 2aof2

Analysis:

Ordinary Least Squares (OLS) linear regression analysis was used to model the relationship between
variables in the survey results. For single variable regressions there were some relationships that
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produced statistically significant results based on F-test for the entire regression equation and t-test
and/or P-values for the individual parameters. The table below summarizes the status of the various
single variable relationships. The significant relationships will be described first and the relationships

that are not statistically significant will also be reported for informational purposes.

_ Yes - Significant Yes - Significant

Yes - Significant Not Significant for entire data
set. Significant for sub-sets i.e.
SCTG-33

_ Not Significant for entire data  Not Significant for entire data
set set

Annual Freight Value (Inbound) per Employee — Statistically Significant:

Annual Inbound Value Regressed on # of
Employees
$14,000,000 y = 87397x - 562993
R?=0.7569

$12,000,000 P
(1]
=]
S $10,000,000
>
z L 4
®  $8,000,000
I .
'§ $6,000,000 & Seriesl
3 L :
__g $4,000,000 Linear (Series1)
® L 2
2 $2,000,000 *
<

$0 T T T 1
60 80 100 120
-$2,000,000
Number of Employees
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Regression Statistics

Multiple R 0.87000568
R Square 0.756909882
Adjusted R Square 0.743404876
Standard Error 1683944.377
Observations 20
ANOVA

dar SS MS F Significance F
Regression 1 1.5893E+14  15893E+14 56.04661357  6.22185E-07
Residual 18 5.1042E+13 2.83567E+12
Total 19  2.09972E+14

Coefficients Standard Eror tStat P-value Lower95% Upper 95%ower 95.0% Upper 95.0%

Intercept -562992.75  506748.8738 -1.110989642 0.281193347 -1627632.628 501647.1 -1627633 501647.1279
X Variable 1 87397.34079  11674.10325 7.486428626 6.22185E-07  62870.95996 111923.7 62870.96 111923.7216

The relationship between the annual value of inbound freight value and the number of employees is
described by the following equation: Annual Value Inbound = (587,397 x Number of employees) -
$562,993. The Adjusted R?of this model is 0.74 (note the graph displays R* instead of Adjusted R’
because of Microsoft Excel default functionality), which means that approximately 74% of the variation
in the data is explained by this equation. The regression equation as a whole is significant at the 1%
level according to the Significance F value, and the variable itself is significant at the 1% level according

to the P-value.

Essentially the equation provides an annual rate of $87,397 of inbound freight value generated per
employee. This compares with a ratio of the mean inbound freight value/ mean number of employees
which equals $68,017. A summary of these two results follows:

Estimate for amount of Annual Inbound Freight
Value per Employee

Coefficient of Regression Analysis $87,397 per employee

Mean Value/ Mean Number of Employees $68,017 average per employee

~~ NOT TO.SCALE. FOR |LLUSTRATION PURPOSES ONLY.
> BASE IMAGE PROVIDED'BY MICROSOFT MAPS.LIVE.COM

Computer illustration of right hand access lanes (i.e. jug handle and turns - highlighted in orange
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Annual Freight Value (Outbound) per Employee — Statistically Significant:

$50,000,000
2
y = 273544x - 1E+06
$40,000,000 R?=0.5347
)
=
20
2 L 4
- $30,000,000
c
3
o
K]
5
O $20,000,000 @ Value of goods shipped
s ®
o . .
o —— Linear (Value of goods shipped)
= .
> ®
= $10,000,000
1]
2
. ¢ ¢
$0 T T T T 1
20 40 60 80 100 120
-$10,000,000
Number of Employees
Regression Statistics
Multiple R 0.731253751
R Square 0.534732048
Adjusted R Square 0512576431
Standard Error 7972535.566
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 1.53407E+15 1.53407E+15  24.13528155 7.36665E-05
Residual 21 1.33479E+15 6.35613E+13
Total 22 2.86886E+15
Coefficients Standard Error tStat P-value Lower 95% Upper95% Lower 95.0% Upper95.0%
Intercept -1470970.478 2337849.551 -0.629198092  0.536004771 -6332794.77 3390853.815 -6332794.77 3390853.815
TOTAL EMPOYEES 273544.0663 55680.24195 4.912767198  7.36665E-05 157750.6642 389337.4683 157750.6642 389337.4683

The relationship between the annual value of outbound freight and the number of employees is

described by the following equation: Annual Value Outbound = ($273,544 x Number of employees) -
$1,470,970. The Adjusted R?of this model is 0.51 (note the graph displays R? instead of Adjusted R*
because of Microsoft Excel default functionality), which means that approximately 51% of the variation

in the data is explained by this equation. The regression equation as a whole is significant at the 1%

level according to the Significance F value, and the variable itself is significant at the 1% level according

to the P-value.
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Essentially the equation provides an annual rate of $273,544 of outbound freight value generated per
employee. This compares with a ratio of the mean outbound freight value/ mean number of employees
which equals $223,717. A summary of these two results follows:

Estimate for amount of Annual Outbound Freight
Value per Employee

Coefficient of Regression Analysis $273,544 per employee

Mean Value/ Mean Number of Employees $223,717average per employee

Annual Truck Weight (Inbound) per Employee - Statistically Significant:

Annual Inbound Truck Weight Regressed on # of
Employees without 2 Outliers
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Regression Truck Weighton Employees

SUMMARY OUTPUT
Regression Statistics
Multiple R 0.796970841
R Square 0.635162521
Adjusted R Square 0.613701493
Standard Error 24051349.82
Observations 19
ANOVA
dar SS MS F ignificance F
Regression 1 1.71204E+16 1.71204E+16 29.59609 4.41E-05
Residual 17 9.83395E+15 5.78467E+14
Total 18 2.69543E+16
Coefficients Standard Error tStat P-value Lower95% Upper 95.0%
Intercept 1333590.017 6484274.762 0.205665254 0.839495 -1.2E+07 15014213.92
TOTAL EMPOYEES 232375.4387 42714.27634 5.440228857 4.41E-05 142256.2 3224946843

The relationship between the annual weight of inbound freight and the number of employees is
described by the following equation: Annual Freight Weight Inbound (in lbs) = (232,375 Ibs x Number of
employees) + 1,333,590 Ibs. The Adjusted R’ of this model is 0.61 (note the graph displays R? instead of
Adjusted R? because of Microsoft Excel default functionality), which means that approximately 61% of
the variation in the data is explained by this equation. The regression equation as a whole is significant
at the 1% level according to the Significance F value, and the variable itself is significant at the 1% level
according to the t-stat and P-value.

Essentially the equation provides an annual rate of 232,375 |bs of inbound freight weight generated per
employee. This compares with a ratio of the mean inbound freight weight/ mean number of employees
which equals 249,100 Ibs/employee. A summary of these two results follows:

Estimate for amount of Annual Inbound Freight
Weight per Employee

Coefficient of Regression Analysis 232,375 lbs per employee
Mean Inbound Weight/ Mean Number of 249, 100 Ibs average per employee
Employees

NoT TO SCALE. FOR ILLUSTRATIVE PURPOSES ONLY
BASE IMAGE PROVIDED BY MICROSOFT MAPS.LIVE.COM

Computer illustration of right hand access lanes (i.e. "jug handle”) to accommodate left hand turns - highlighted in yellow
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Annual Truck Weight (Outbound) per Employee — Not Statistically Significant:

Annual Truck Weight Regressed on # of
Employees
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SUMMARY OUTPUT

Regression Statistics
Multiple R 0.171654941
R Square 0.029465419
Adjusted R Square -0.031192993
Standard Error 96461756.69
Observations 18
ANOVA

dar SS MS F ignificance F
Regression 1 451993E+15 4.51993E+15 0.485759815 0.495828
Residual 16 1.48878E+17 9.30487E+15
Total 17 1.53398E+17
Coefficients Standard Error tSiat P-value Lower 95%Upper 95%ower 95.0%/pper 95.09

Intercept 38960234.24 26773163.75 1.455197249 0.164953783 -1.8E+07 95716806 -1.8E+07 95716806
TOTALEMPOYEE 120242.9719 172523.7581 0.696964715 0.495827533  -245491 485977  -245491 485977

The relationship between the annual weight of outbound freight is not statistically significant. The
Adjusted R*of this model is negative. The regression equation as a whole is not significant at any
conventional significance level according to the Significance F value, and the variable itself is not
significant at any conventional significance according to the t-stat and P-value.

This lack of significance could be due to the fact that many businesses are shipping out less than
truckload (LTL) quantities due to logistics or just-in-time supply reasons. For instance a sophisticated
retailer such as Wal Mart may have an integrated ordering system whereby when a certain amount of
product is sold off the shelf an automatic replenishment order is sent to the supplier. This means that
the supplier may have shipping weight per shipment that fluctuates directly with retail patterns and
demand and does not correlate with number of employees at the supplier. It is noteworthy that the

18| Page



RVAMPO and RVARC Regional Freight Study — Technical Report — Final 11-15-2012

difference between the regression coefficient rate and the mean is much larger than the previous

example. This is probably due to the fact that the regression equation is not statistically significant. A

summary of results follows (warning not statistically significant):

Estimate for amount for Annual Outbound Not Statistically Significant

Freight Weight per Employee

Coefficient of Regression Analysis 120,243 lbs per employee

Mean Inbound Weight/ Mean Number of 595,690 |bs average per employee
Employees

If the analysis is narrowed to the businesses that fall within the standard transportation classification

SCTG-33, which primarily includes metal work and metal fabricators, the results become statistically

significant. However, there are only 6 data points that correspond with SCTG 33 in our sample.

Following are the SCTG 33 results for comparison:

400,000,000
350,000,000
300,000,000
250,000,000
200,000,000
150,000,000

100,000,000

Annual Truck Weight in LBS

50,000,000
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Annual Truck Weight Regressed on # of
employees for SCTG 33 Only
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SUMMARY OUTPUT For SCTG 33 Only
Regression Stalistics
Multiple R 0.916100738
R Square 0.839240563
Adjusted R Square  0.799050703
Standard Error 63566347.27
Observations 6
ANOVA
dar SS MS F ignificance F

Regression 1 8.43771E+16 8.43771E+16 20.88189847 0.010263
Residual 4 1.61627E+16 4.04068E+15
Total 5 1.0054E+17

Coefficients Standard Error tStat P-value Lower 95%Upper 95%ower 95.0%pper 95.09
Intercept -17293043.16 33475978.06 -0.51658067 0.632695777 -1.1E+08 75651172 -1.1E+08 75651172
X Variable 1 3623801.619 793011.3893  4.569671593 0.010263342 1422049 5825554 1422049 5825554

Interestingly, an exponential regression fits the date for SCTG 33 even better than a linear regression

(below):
Annual Truck Weight Regressed on # of
employees for SCTG 33 Only
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Annual Volume (Inbound) # of shipments per Employee — Not Statistically Significant:
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Last Year - # of shipments vs. # of employees
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SUMMARY OUTPUT
Regression Statistics
Multiple R 0.14537266
R Square 0.02113321
Adjusted R Square -0.0165155
Standard Error 2985.66307
Observations 28
ANOVA
dar SS MS F Significance F

Regression 1 5003763.953 5003764 0561326  0.460451755
Residual 26 231768782.7 8914184
Total 27 236772546.7

Coefficients Standard Error  tStat P-value Lower95% Upper95%ower 95.0%pper 95.0%
Intercept 1205.80552 643.175342 1.8747695 0.072101 -116.2603333 2527.871 -116.26 2527.871
TOTALEMPOYEES  3.82995005 5.111937076  0.749217 0.460452 -6.677787093 14.33769 -6.67779 14.33769

The relationship between the annual (inbound) volume - # of shipments is not statistically significant. In
fact the regression output is very similar to the previous case of annual outbound truck weight. The
Adjusted R*of this model is negative. The regression equation as a whole is not significant at any
conventional significance level according to the Significance F value, and the variable itself is not
significant at any conventional significance according to the t-stat and P-value.

This lack of significance could be due confusion over the word “shipment.” The researchers meant that
the word “shipment” apply to a vehicle (i.e. truck) entering or leaving the premises. It became clear in
the face-to-face interviews during Stage 1 of the data collection that some businesses use the term
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“shipment” in a manner akin to an order or purchase order depending on which accounting or
enterprise resources planning software they were using. In this regard a particular vehicle could have
many “shipments” on it from their perspective. This confusion was cleared up in later versions of the
survey instrument; however, it could have influenced results for this question. Also, similar to the case
of annual outbound weight per employee, many businesses have switched to a supply chain
management, logistics management or just-in-time type of approach for inputs and/or finished product.
The number of “shipments” could be driven by upstream or downstream logistics management factors
rather than the number of employees. This may not have been an issue for the annual value analyses
because a bunch of small “shipments” would still aggregate up to a stable annual value of freight. For
this and other variables that do not show statistical significance in the regression analysis, the mean
(average) value per employee may be a better measure. Nevertheless, a summary of results follows
(warning not statistically significant):

Estimate for amount for Annual Volume Not Statistically Significant
(Inbound) per employee

Coefficient of Regression Analysis 3.83 shipments per employee
Mean Inbound Weight/ Mean Number of 23.80 shipments per employee
Employees

Once again there is a large discrepancy between the mean and the coefficient.

Annual Volume (Outbound) # of shipments per Employee — Not Statistically Significant:

Annual Shipment vs. # of Employees
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SUMMARY OUTPUT
Regression Statistics

Multiple R 0.201212
R Square 0.040486
Adjusted R Square -0.00123
Standard Error 5622.397
Observations 25
ANOVA

dar SS MS F Significance F
Regression 1 30678083 30678083 0.970477  0.334811818
Residual 23 7.27E+08 31611352
Total 24 7.58E+08

Coefficientéandard Enr__tStat P-value Lower 95% Upper95%  Lower95.0% Upper 95.0%

Intercept 2777172 124829 2224781 0.03619 194.8873247 5359.456407 194.8873247 5359.456407
TOTALEMPOYEES 51282 5.205619 0.985128 0.334812  -5.640442957 15.896842 -5.64044296 15.896842

The relationship between the annual (outbound) volume - # of shipments is not statistically significant.
In fact the regression output is very similar to the previous cases of annual (inbound) volume and annual
outbound truck weight. The Adjusted R”of this model is negative. The regression equation as a whole is
not significant at any conventional significance level according to the Significance F value, and the
variable itself is not significant at any conventional significance according to the t-stat and P-value.

As in the previous case, this lack of significance could be due confusion over the word “shipment.” The
researchers meant that the word “shipment” apply to a vehicle (i.e. truck) entering or leaving the
premises. It became clear in the face-to-face interviews during Stage 1 of the data collection that some
businesses use the term “shipment” in a manner akin to an order or purchase order depending on which
accounting or enterprise resources planning software they were using. In this regard a particular vehicle
could have many “shipments” on it from their perspective. This confusion was cleared up in later
versions of the survey instrument; however, it could have influenced results for this question. Also,
similar to the case of annual outbound weight per employee, many businesses have switched to a
supply chain management, logistics management or just-in-time type of approach for inputs and/or
finished product. The number of “shipments” could be driven by upstream or downstream logistics
management factors rather than the number of employees. This may not have been an issue for the
annual value analyses because a bunch of small “shipments” would still aggregate up to a stable annual
value of freight. For this and other variables that do not show statistical significance in the regression
analysis, the mean (average) value per employee may be a better measure. Nevertheless, a summary of
results follows (warning not statistically significant):

Estimate for amount for Annual Volume Not Statistically Significant
(Outbound) per employee

Coefficient of Regression Analysis 5.13 shipments per employee
Mean Inbound Weight/ Mean Number of 31.80 shipments per employee
Employees

As with all the cases in which the regression model is not statistically significant, there is a gap between
the coefficient of the regression and the mean per employee. In these cases it is probably advisable to
go with the mean, rather than the regression model.
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Multiple Regressions for Three Cases of Statistical Insignificance:

For the three cases in which the OLS regression is not significant when regressed on employees (annual
truck weight outbound, annual volume inbound and outbound) a multivariate regression was performed
using both employees and square feet under roof as independent variables. Results for these three
cases follow:

Annual Truck Weight Outbound: - Multivariate regression not statistically significant.

Annual Outbound Weight
regressed on employees
and square feetunder roof

SUMMARY OUTPUT
Regression Stalistics
Multiple R 0.392450591
R Square 0.154017466
Adjusted R Square 0.033162819
Standard Error 58207183.46
Observations 17
ANOVA
daf SS MS F__ Significance F

Regression 2 8.63555E+15 4.32E+15 1.2744 0.31012
Residual 14 4.74331E+16 3.39E+15
Total 16 5.60686E+16

Coefficients Standard Error tStat  P-value Lower95% Upper95%ower95.03Upper 95.0%
Intercept 25705779.99 17077004.76 1505286 0.15448 -10920752 62332312 -1.1E+07 62332312.5
TOTAL EMPOYEES 463172.7473 3319334786 1.395378 0.18464 -248753.76 1175099 -248754 1175099.25
Square feetunder roof -349.8784297 3234568071 -1.08169 0.29767 -1043.6243 343.8674 -1043.62 343.867424

The multivariate regression still does not produce an acceptable Adjuster R Square and the P-values for
the variables are not statistically significant at any of the conventional significance levels (10%, 5% or
1%). Also, the Significance F for the regression as a whole is not statistically significant at any of the
conventional significance levels (10%, 5% or 1%). In this case, the multivariate regression did not
substantially help in building a better model.

Annual Volume (number of shipments) Inbound: - Multivariate regression not statistically significant.
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Regression Statistics
Multiple R 0.184500623
R Square 0.03404048
Adjusted R Square -0.049956
Standard Error 3138.04997
Observations 26
ANOVA
dar SS MS F___ Significance F

Regression 2 7981495.885 3990748 0.40526 0.67147162
Residual 23 226489225.1 9847358
Total 25 234470721

Coefficients Standard Error  tStat  P-value Lower95% Upper95%ower 95.0%Upper 95.0%
Intercept 1412.08385 7334583116 1.925241 0.06665 -105.19027 2929.358 -105.19 2929.35797
TOTAL EMPOYEES 9.917101467 11.86011 0.836173 0.41166 -14.617405 34.45161 -14.6174 34.4516083
Square feetunder roof -0.006487724 0.010948516 -0.59257 0.55925 -0.0291365 0.016161 -0.02914 0.01616101

The multivariate regression still does not produce an acceptable Adjuster R Square and the P-values for

the variables are not statistically significant at any of the conventional significance levels (10%, 5% or
1%). Also, the Significance F for the regression as a whole is not statistically significant at any of the
conventional significance levels (10%, 5% or 1%). In this case, the multivariate regression did not

substantially help in building a better model.

Annual Volume (number of shipments) Outbound: - Multivariate regression statistically significant at the

10% confidence level.

SUMMARY OUTPUT
Multiple Regresssion - Annual Volume Out

Regression Statistics
Multiple R 0.475077537
R Square 0.225698667
Adjusted R Square 0.151955682
Standard Error 5205.243093
Observations 24
ANOVA

df SS MS F Significance F
Regression 2 165851847.6 82925924 3.06061206 0.068164001
Residual 21 568985668.9 27094556
Total 23 734837516.5
Coefficients Standard Error tStat P-value Lower95% Upper95%  ower 95.0%pper 95.0

Intercept 1297.389679 1308.124643 0.991794 0.332589301 -1423.004439 4017.783797 -1423 4017.78
TOTAL EMPOYEES 0.999493889 5.182886318 0.192845 0.848933186 -9.778908254 1177789603 -9.77891 11.7779
Square Footage 0.020047255 0.009016659 2.223357 0.037299719 0.001296086 0.038798424 0.001296 _ 0.0388

In this case the Adjusted R-square is not optimal; however the Significance F indicates that the
regression model as a whole is significant at the 10% level. Similarly, the square feet coefficient is
significant at the 5% level; however, the employees coefficient is still not significant and any of the
conventional significance levels (10%, 5% or 1%). In this case the multivariate regression did help to
achieve some statistical significance. Following is a single variable regression focusing on square feet
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under roof:
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.473632183
R Square 0.224327445
Adjusted R Squa 0.189069602
Standard Error 5090.067395
Observations 24
ANOVA
id SS MS F Significance F
Regression 1 1648442226 1.65E+08 6.36248345 0.019393379
Residual 22 569993293.9 25908786
Total 23 734837516.5
Coefficients Standard Error tStat P-value Lower95% Upper95% Lower95.0% Upper95.0%
Intercept 1347.881062 1253.295592 1.075469 0.29381829  -1251.294911 3947.057036 -1251.29491 3947.057036
Square Footage 0.020685902 0.008200893 2.522396 0.01939338 0.003678292 0.037693513 0.003678292 0.037693513

The R-Square and p-values are similar for the coefficient of square feet under roof as in the multivariate

case indicating that the regression relationship between Annual Volume outbound and square feet

under roof is significant.

Results Summary:

The following is a summary of results from the regression analyses. The statistically significant cases are

depicted with green font and the non-significant cases are depicted in red font. The mean (average) is

also given to compare with the regression coefficient. The regression coefficient can be thought of as a

rate in the sense that when one more employee is added the annual outbound freight value increases

by $273,544. A similar relationship holds for the other coefficients. The average is merely the average

for the dataset.

Annual Freight Value
per Employee

Annual Truck Weight
per Employee

Annual Volume (#of
Shipments) per
Employee

Coefficient =
$87,397/employee
Mean =
$68,017/employee

Coefficient= 232,375
Ibs/employee

Mean = 249,100
Ibs/employee

Coefficient= 3.83
shipments/employee
Mean = 23.80
shipments/employee

Coefficient =
$273,544/employee
Mean =
$223,717/employee

Coefficient= 120,243
Ibs/employee

Mean = 595,690
Ibs/employee

Coefficient= 5.13
shipments/employee
Mean = 31.80
shipments/employee
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The three cases in which the regression does not yield statistically significant results the mean may be
better suited to use for freight generation purposes. Please note that the gap between the regression
coefficient value and the mean is much greater with the statistically insignificant results than with the
statistically significant results.

The results can be useful to regional planning efforts. The statistically significant results for inbound and
outbound freight value per employee will allow for an estimation of freight value at the TAZ level for
transportation planning purposes. Freight value does not particularly help with traffic flow or
congestion measures; however, it could be of use in a joint transportation planning/ economic
development planning endeavor. The statistically significant result for annual inbound truck weight per
employee could help by establishing freight attractions at the TAZ level for the region. The regression
coefficients for the three statistically insignificant cases cannot be used with confidence in long-range
planning. However, the means can be substituted as an alternative measure. There still may not be
much confidence in using the means; nevertheless, the means represent the average of the actual data
collected.

There are several possible reasons that contributed to the lack of statistical significance for the three
cases. First of all, there was initial confusion between the accounting and/or information technology
meaning of “shipment” and the transportation meaning of “shipment.” The survey designers intended
the word “shipment” to represent a vehicle carrying freight entering or leaving the premises. Some
businesses use the word “shipment” to refer to a specific item such as a customer order generated by
their accounting/information technology system. Thus, from their point of view a particular vehicle
could carry many “shipments.” This confusion was noticed early in the data gathering process and
subsequent versions of the survey instrument clarified that shipment was intended to signify a vehicle
carrying freight. Additionally, the widespread adoption of supply chain management and logistics
management techniques by businesses and their suppliers and/or customers could contribute to a lack
of statistical relationship between shipments and truck weight versus employees. For instance, a
supplier to large retail establishments such as Wal-Mart or Target may have to conform to a delivery
frequency dictated by the customers’ logistics system, which is likely to be driven by sales and
inventories. Thus the driver in the relationship are retail market and logistics management dynamics,
not the number of employees at the supplier. The annual value results should be unaffected by these
issues because the many small shipments required by a logistics management system would aggregate
up to an annual value.

Application of Results to RVAMPO Study Area:

The freight generation rates per employee defined by the coefficients of the three statistically significant
regression equations were applied at the TAZ level for the RVAMPO Study Area 2035.




RVAMPO and RVARC Regional Freight Study — Technical Report — Final 11-15-2012

Inbound Annual Freight Value Per TAZ
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Annual inbound freight value per TAZ, depicted on the preceding page, and annual outbound freight
value per TAZ, depicted below, show similar geographic patterns as would be expected. The annual
value ranges per color are higher in the outbound annual freight value map as would be expected by

firms shipping in raw materials and then adding value and shipping out a more valuable finished
product.
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Outbound Annual Freight Value Per TAZ
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The geographic pattern for the inbound annual truck weight per TAZ, depicted on the next page, shows
a somewhat similar pattern as the previous patterns pertaining to freight value with some slight

variations. This is due to different relationships between value per employee and truck weight per
employee estimated by the regression equations.

Phato-Simulation of managed lanes in current |-81 median configured for peak truck demand. Managed
- lanes could be coupled with a Variable Message Sign (center).
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Inbound Annual Truck Weight Per TAZ
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The map depicted on the next page relates the Outbound Annual Freight Value per TAZ to recent
Average Annually Daily Traffic (AADT) Truck Percentages estimated from published VDOT traffic counts.
In most cases higher AADT Truck Percentages are observed in close proximity to TAZs that are estimated
to generate higher annual freight value according to the regression equation. However, the area along
419 “Electric Road,” depicted inside the red circle below, shows medium to high annual freight value
estimates and a relatively light AADT Truck Percentage. This is likely due to several factors:

e The employment along the corridor may currently be skewed toward office and retail uses.
o The regression equation likely over estimates freight generation for office and retail uses due to
averaging effects from light industrial and industrial uses.

However, there are two areas of US 419 that have potential for current and future freight transportation
impacts. The first area is from Starkey Road back to the interchange with US 220, and the second area is
in parts of the City of Salem and Roanoke County near the Salem border. Any future upgrades and
accommodations along US 419 should keep these two sections in mind.
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Average Annual Daily Truck Traffic and Outbound Annual Freight Value Per TAZ
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Environmental Justice Discussion:

Shifting patterns of freight traffic provide both benefits and burdens for low-income and/or minority
populations. On the one hand employment that generates freight value is often needed in low-income
communities as it can pay better than other types of employment accessible to the population. On the
other hand, increased freight traffic can pose safety and other challenges to residents of a particular
neighborhood. It is beyond the scope of this document to evaluate whether there is a net benefit or
burden to low income neighborhoods with increased freight related employment. As of the writing of
this document, summer 2012, it is conceivable that community leaders would view freight related
employment as a net benefit due to its potential to decrease unemployment and increase average
wages. However, this cannot be demonstrated without a separate specific study on the matter.

The percentage of individuals under the national poverty line for the RVAMPO is depicted in the map on
the following page. It should be noted that the geographic patterns in the freight generation maps and
the poverty line map are not necessarily the same. At a planning level this would indicated that the
populations that fall under the national poverty line may not necessarily be overburdened by freight
producing businesses; however, they may not have greater access to employment and other benefits of
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the businesses. In fact, there may be a “spatial mismatch” between the potential employment and an
individual’s access to transportation through public transportation or other means.

Demographic Profile

Map 11
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By Block Group
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2035 Study Area
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In order to discuss this concept of “spatial mismatch” between jobs related to freight and the residential
locations of potential employees for those jobs this report will introduce some recent public
transportation measures that were developed in the RVAMPO to analyze activity (boarding and
alighting) at existing bus stops on the regions fixed route bus transit system. This is a novel approach to
combine freight and public transportation analysis and measures together. The hope is that existing
patterns in bus (public transit) usage will indicate whether the bus system can help to alleviate any
potential spatial mismatch between potential employment related to freight and those who are seeking
employment. In fact, several of the business stakeholders mentioned this issue during the freight
interviews. They did not use the term “spatial mismatch;” however they described situations when they
needed to hire for several positions that the candidates for those positions lived in a different part of
the urban area and they could not use the bus to get to work because the bus lines did not extend out to
that particular business. These businesses were advocating for increased public transit so that they
could hire more seasonal employees.
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The map above uses data that was collected as a joint effort by RVAMPO and Valley Metro (Greater
Roanoke Transit Company) staff. The data was collected between July 2010 and June 2011. Over 400
bus routes were randomly sampled yielding a 95% confidence level for the data collection period. An
index was then constructed from the data for each bus stop using the following formula Composite
Activity Index = average usage * stop frequency. The size and color of the dots above represent the
Composite Activity Index for each of the bus stops on Valley Metro’s fixed route system.

This data is overlaid on the outbound freight value per TAZ map that was developed using the regression
relationship documented earlier in this report. The concept is to identify areas that are predicted to
generate a lot of freight based on the regression relationship that don’t currently have bus service and
whose closest bus stops indicate a high activity index. It is anticipated that the combination of these
two factors could indicate that there is potential to extend bus service to address potential employment
spatial mismatch.
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Average Annual Daily Truck Traffic, Outbound Annual Freight Value Per TAZ and Bus Stop Activity
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The two areas of note: Peters Creek — Hollins Corridor and West Salem/Roanoke County are depicted
with the red circles in the map above. Each of these areas has a potential spatial mismatch between
freight related employment and those who would benefit from such employment. Targeted rideshare
marketing should be considered as a way to match potential employees who live in other areas to
employment in these areas. In the case of the Peters Creek/Hollins area there is a corridor specific
planning processes at the local level underway as of the writing of this document. The Hollins Area Plan
can be found at the following link: http://www.roanokecountyva.gov/index.aspx?nid=341

Much of the original feedback concerning the potential spatial mismatch between needed employees
and potential employment came from freight interviews with businesses located in the Roanoke Centre
for Industry and Technology in the City of Roanoke. A zoomed in section of the map depicts this area
with a red circle (next page). Itis ironic that that industrial park is just outside of the Valley Metro
service area, and that the nearest bus stops show moderate to high activity. A separate discussion with
stakeholders concerning this situation is taking place during Fiscal Year 2013.
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Safety Discussion:

There are many safety issues that could be discussed with regards to freight transportation. This report
will narrow its focus the potential safety issues that could result from the mixing of significant freight
volumes and bicycle transportation in the same corridor. The photo on the next page shows a bicyclist
beside a cement truck. The photo visually demonstrates the utility of bicycle lanes and wide shoulders
in corridors that are likely to carry both freight transportation and bicycle transportation volumes.

It is beyond the scope of this report to delve into the details and design of bicycle facilities that can
safely and harmoniously be used near corridors with substantial freight traffic volumes. Nonetheless,
this report will highlight three areas within the RVAMPO Study Area that pose the potential to carry
both significant freight and significant bicycle volumes. The three red circles depicted on the map on
page 36 show areas that already have various bicycle accommodations, and are areas predicted to
generate freight on a per TAZ basis. The three areas roughly correspond to the western half of the City
of Salem, the Route 419 corridor and Vinton/NE City of Roanoke area. It is noteworthy that the Peters
Creek/Hollins area that was discussed with reference to spatial mismatch between employees and
freight generating businesses is not highlighted on the map. This is due to the lack of current bicycle
accommodations in the area. Should more bicycle accommodations be constructed in the area they
should be designed with potential safety issues with regards to freight transportation in mind.
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Average Annual Daily Truck Traffic, Outbound Annual Freight Value Per TAZ and Bike Accommodations
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Air Quality Discussion:

The RVAMPO study area is covered under an Ozone Early Action Compact (EAC) and an Ozone Early
Action Plan (EAP), which were developed 2002-04. The EAC is essentially an agreement between local
governments, the Virginia Department of Environmental Quality (DEQ) and the Federal Environmental
Protection Agency (EPA) to pursue an Ozone EAP before an air quality plan would have been otherwise
required under traditional nonattainment designation. The EAP must incorporate the same scientific
rigor as the traditional approach and the EAP will be incorporated into the State Implementation Plan
(SIP).

In early March 2008 the Federal EPA revised the nationwide 8-hour Ozone Standard to 75 parts per
billion (ppb) based on a 3-year average. Indications are that the Roanoke Region’s 3-year average for
the 2006, 2007 and 2008 Ozone seasons are at 74 ppb, within the new nationwide standard. As such, it
is likely that the EAC/EAP will continue to be regarded as successful, and that the RVAMPO
transportation planning process will not have to include the traditional air quality conformity analyses
for the major planning products.

In Spring and Summer 2011, the Federal EPA postponed a new adjustment of the nationwide 8-hour
Ozone Standard until 2013. The Federal EPA has stated that the primary 8-hour Ozone Standard will be
revised to a final value somewhere within the range of 60 ppb to 70 ppb. The Federal EPA asserts that
the final standard will be set sometime in 2013.
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The chart on the previous page, provided by Virginia DEQ on 04-17-2012 summarizes the ground level
ozone trends in the Roanoke Valley. The trends are downward which is positive for public health and
the prospects of complying with future national Ozone standards.

Freight vehicle idling could pose a significant challenge to the RVAMPO Study Area’s recent air quality
improvements. Recent inquiries by RVAMPO staff have not uncovered any local level anti-idling
ordinances in the Roanoke Valley. The localities involved in the original Ozone EAC/EAP process do have
anti idling policies for their own fleets of vehicles. It is beyond the scope of this report to discuss the
legal prospects of anti-idling ordinances in Virginia. It is hoped the large freight generators will
voluntarily develop anti-idling policies for their place of business.

Intermodal Center in Elliston (Montgomery County):

In 2008, the Virginia Department of Rail and Public Transportation (VDRPT) selected a site in Elliston,
Virginia for the regional Intermodal Freight Transfer facility for the multi-state Heartland Corridor
Project with Norfolk Southern (NS). The Elliston location is just outside the RVAMPO 2035 study area for
this plan. The following graphic illustrates the proximity of the selected site to the 2035 study area
(shown in purple).

W‘ Roanoke Area Intermodal Facility Summary Report

Figure §-3::Elliston Site

SN i

) Ft. 2 Intermodal Track
h”! -

Relocated Cove Hollow Road
| & New Roanoke River Bridge

Feet

proximate
511

Altered image depicting approximate location of RVAMPO 2035 study area boundary compared with nearby Elliston Site. Original Image
“Roancke Area Intermadal Facility Summary Report.” VORPT - March 27, 2008 - Page 4! - http://www.drpt.virginia.gov/special/files/Main
Report 03-27-08 pdf
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Census 2010 results which were released in March 2012 indicates that the RVAMPO urbanized area
boundary (UZA) now extends into Montgomery County. As such Montgomery County will have voting
membership on the RVAMPO Policy Board by the Summer 2013. AS of the writing of this document, the
RVAMPO Policy Board has invited Montgomery County to appoint a liaison member to both the
RVAMPO Policy Board and the Transportation Technical Committee (TTC). The liaison member will be
present at meetings to advise the RVAMPO and TTC on issues pertaining to a new RVAMPO Study Area
Boundary 2040 and bylaws change to incorporate Montgomery County. The following map depicts the
RVAMPO UZA (defined by Census Bureau) in Red, and staff recommendations for the RVAMPO Study
Area Boundary 2040 in green. The proposed intermodal site is not included in the census defined UZA
boundary (Red), it is included in the staff recommended study are boundary (Green). This issue of
whether or not to include the proposed intermodal site in the new RVAMPO study area boundary will
have to be decided through the MPO process before Summer 2013.

2002-03 Wilbur Smith Freight Study:

In 2002-03 RVAMPO and the Roanoke Valley Alleghany Regional Commission (RVARC) contracted with
Wilber Smith Associates to conduct a regional freight study for the Roanoke Valley. That study used the
Reebie (now Transearch) freight database and developed and in-depth analysis of freight flows to and
from the Roanoke Valley. That study also included a freight stakeholder involvement process that
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developed a list of the “Top 10 Freight Fast Action Projects” that should be considered in future plans.

Below are the Ten Fast Action Projects from the original plan:

PROJECT #1 ImprrovE HicHwAY SiGNs oN [-81 anD [-581

Sottrce:
Jurisdiction:
Problem:

| Proposal:

Project #2 ORANGE AVE & [-581

Source:

Problem:

Proposal:

Source:

Problem:

Proposal:

Jurisdiction:

Jurisdiction:

Shipper Interviews

VDOT

Current traffic signs at major
exits do not provide adequate
information to truck drivers
attempting to locate industrial
centers.

Install signs indicating exits to
the City of Salem and Town of
Vinton. List major industrial

farilitiec

Motor Carrier Survey

VDOT

Inadequate acceleration/ decel-
eration lanes at interchange
Redesign and extend entrance/
exit ramps to accommodate
large trucks. (note: current TIP
references ramp acceleration
projects)

Motor Carrier Survey

VDOT

Inadequate acceleration/ decel-
eration lanes at interchange
Redesign and extend entrance /
exit ramps to accommodate
large trucks. (note: current TIP
references ramp acceleration
projects)
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Project #4 ErLM AVENUE & WILLIAMSON

Source: Motor Carrier Survey
| Jurisdiction: City of Roanoke
| Problem: Congested intersection - diffi-
cult to turn through with a truck
Proposal: Study traffic patterns to deter-

mine if an alternate route could be
used by trucks, and/or conduct an
operational analysis of the inter-

section.
ProjecTt #5 ORANGE Av. & 13T1H ST. NE
' Source: Motor Carrier Survey
Jurisdiction: City of Roanoke
Problem: Traffic merges from 3 to 2 lanes

creating a dangerous area as
people attempt to beat trucks
to the merge point.

¥ Proposal: Conduct preliminary engineer-
¥4 ing analysis for possible road
widening project.

Source: Motor Carrier Survey
Jurisdiction: VDOT
~| Problem: Dangerous intersection due to

off-setting lanes, and just prior
to the intersection Melrose has
a narrow curve where many
trucks go over the center line
and encroach on east bound
traffic lanes.

Proposal: Conduct an operational analysis

Project #7 SALEM TURNPIKE & PETERS CREEK RoAD

& Sourrce: Motor Carrier Interviews
£ [Moo T P .
§  avens : , Jurisdiction: City of Roanoke

Problem: Signal functions poorly - “west
bound is always green - east
bound waiting to turn have to
wait until next light cycle.”

Proposal: Conduct an operational analy-
sis of the intersection.

S2lem Toke N
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TN 2

Source:

Problem:

Proposal:

Project #9 US 460 aAND GRANBY RoAD
Soutrce:
Jurisdiction:
d Problem:

Proposal:

Project #10 US 460 AND CHALLENGER AVE

Source:
Jurisdiction:
& Problent:

Proposal:

Bibliography:

d Jurisdiction:

Project #8 LyNcHBURG TURNPIKE & ELECTRIC ROAD

Motor Carrier Interviews

City of Salem

Inadequate overhead clear
ance: bridge height is 13'9” and
many loads require 14”.
Consider lowering the road bed
3”.

Motor Carrier Survey

City of Roanoke

Very difficult for trucks to
make a right hand turn off US
460 (Orange Av) onto Granby
Rd. to access to Statesman In-
dustrial Center.

Conduct an operational analy-
sis of the intersection.

Motor Carrier Interviews
County of Roanoke

Turn lanes constructed for the
Bonsack Wal-Mart are not wide
enough to store trucks side by
side in the two lanes.

Widen turn lanes.
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