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inversely proportional to the distance between the two points, and otherwise proportional
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we will create a database, data management, and data forecast analysis system to assist
the appropriate agencies in understanding when and where new roads are needed. This
prediction model will be based upon the gravity flow model that was found to best
predict historic freight flows.

Disclaimer: This report represents the work of the principal investigators.



Tabl e of Contents

| ntroduction

Met hodol ogy

Dat a Sources and Descriptions

Statistical Testing

Variabl e Definitions

Results

Pi vot Tabl e and Chart Systens

The Forecasting Process

Bi bl i ogr aphy

Table 1: Characteristics of Best Between State

Frei ght Fl ow Prediction Mde

10

11

13

17

18

20



The Devel opnent of a Model and Deci sion Support Systemto
Use in Forecasting Truck Freight Flow in the Continental
United States

| ntroduction

This research devel ops a regression-based nodel for
forecasting truck borne freight in the continental United
States. This nodel is capable of predicting freight
comodity flow information via trucks to assi st
transportation planners who wi sh to understand when and
where new road facilities are needed. Such an
understanding is inportant because shipnments by truck
account for 53% of total tonnage shipped within the US and
72% of total shipnments for value (Chin, Hopson & Hwang,
1998). The nethods used here are can be generalized to
other transportation nodalities. Wen, as was done here,
this nodel is allied wth databases of forecast economc
and popul ation data, it can be used to forecast future
truck freight flows.

This research begins with the use of a traditional
gravity nodel to predict freight flowwithin the states of
the continental United States. Such a nodel posits that
freight volume between any two areas is a direct function
of the attraction of each area and inversely proportional

to the distance between the two areas. Qobvi ously, the



popul ati ons of the destination and origin states serve as
one possi ble neasure of their denmand for, and ability to
supply, goods and services. The greater the distance

bet ween the destination and origin states, however, the

|l ess likely that freight will nove between them since

shi pment costs will be higher.

Popul ati on al one, however, has certain limtations as
an indicator of the power of a region to draw freight flows
fromany other area since the purchasing power of the
popul ation may be low. 1In order to increase the nodel’s
predictive ability, we included several socio-econonic
vari ables. These include each region’s total enploynent,
earned income, and total personal incone. Each of these is
described nore fully bel ow

METHODOLOGY

General Description of Data Sources

To acconplish our objectives, we created a database of
econonm ¢ and trucking shipnment information. The econom c
i nformati on was obtained fromthe Bureau of Econom c

Affairs (BEA) web site (URL http://ww. st at -

usa. gov/ BEN ebbl). The latter contained information on

state popul ation, total enploynent, total wages paid, and
total personal incone. O the data avail able, the database

used to devel op the prediction nodel only included data for



1993 since the coomodity flow data existed only for 1993 as
of the time the nodel was devel oped.

The Excel forecasting system however, was devel oped
usi ng BEA forecast data on state total personal and earned
i ncone, and forecasts of the enploynent for the years 2000
to 2015. Popul ation projections by county were obtained
fromthe neighboring states’ data centers. Creation of
county incone and enploynent will be described bel ow.
Neither the U S. Bureau of Economc Affairs nor the U S
Bureau of the Census provides econom ¢ or popul ation
projections by county.

The U. S. Departnent of Transportation’s Commodity Fl ow
Survey provides 1993 data on inter-state and intra-state
commodity flows by truck. This data consists of weight of
shi prent, val ue of shipnent, and ton-mles. W used the
portion of data that was broken down by state of origin and
destination. During the nodel’s devel opnent, this was the
| at est data avail abl e.

Next, we describe the data used. These descriptions
are pertinent to both the 1993 econonic and popul ati on data
and also the BEA' s projections of econom c data for New
Jersey and its neighboring states for the years 2000 to

2015.



I1. Specific Variable Descriptions
A BUREAU OF ECONOM C ANALYSI S ( BEA) DATA

1. Total Enploynent. Enploynment includes each job

that an enpl oyed person holds, in any enploynent setting.

2. Population. Population is defined by the BEA as

the resident population as of July 1 for cal endar year
1993.

3. Earnings. Earnings are defined as the sum of
private and governnent wage and sal ary di sbursenents, other
| abor income, farm proprietors’ and non-farm proprietors
income. This is presented in constant 1987 doll ars.

4. Total Personal |Incone. Personal incone is defined

as the sumof all inconme received by all persons, |ess
personal contributions for social insurance. Personal

inconme is presented in constant 1987 doll ars.

B. THE COVMODI TY FLOW SURVEY DATA

The 1993 Commodity Flow Survey (CFS) provides data on
t he novenent of goods by node of transportation. This
section summari zes pertinent information on the CFS data.

The CFS provides data for each of the 48 conti guous,
continental states. This data was col |l ected from

establishments in mning, manufacturing, whol esale trade,



and selected retail and service industries. Certain other
auxiliary establishnents (e.g., warehouses) of nulti-unit
and retail conpanies were al so covered.

The Bureau of the Census, which actually conducted the
survey, generated its sanpling frame fromthe Standard
Statistical Establishnment List (SSEL) of separate business
| ocations with paid enployees. The selected firnms were
required, for inclusion, to have had a non-zero payroll in
at | east one quarter of 1991. The total nunber of firns
sanpl ed cane to sonme 250,000. Each contacted conpany was
asked to record informati on on shipnents that they nade
W thin a specified two-week period.

We used the information on tons and ton-mles of
freight shipped solely by truck between any state of origin
and destination.

1. VEIGHT OF SHIPVENT (OR TONS) is defined as the

total weight of the entire shipnent.

2. TON-MLES. Ton-mles equal the weight for a
shiprment multiplied by the mleage that shipnent travel ed.
M | eage was cal cul ated as “the di stance between the
shi prrent origin and destination ZI P codes (p. VIII, 1993
Commodity Flow Survey).” The actual distance cal cul ation
foll owed an al gorithm devel oped by the Center for

Transportation Anal ysis.



3. DI STANCE BETWEEN ORI G N AND DESTI NATION. The

aver age di stance between origin and destinati on was
calculated by dividing the ton-mles variable by the wei ght
of the total shipnents that took this route.

Al toget her, the database constructed for this study
consi sted of 2,304 observations (48 states of origin by 48
states of destination).

I11. Statistical Testing

Ei ght potential nodels were tested using the standard
regression techniques in SAS (Statistical Analysis System.
Regression anal ysis provides a systenmatic nethod for
bui | di ng equations that summarize the rel ati onshi ps between
t he vari abl es.

Seven nodel s were subsets of the overall node
structure given bel ow. The overall, eighth, nodel was
also run. We normalized the data by taking its natural |og
in order to aneliorate the effects of skewed data on the

regressi on anal ysi s outcones.



VARI ABLE DEFI NI TI ON
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Where the dependent or criterion variable is:

Tonnage of freight between the origin state and the

desti nati on state.

VWhere the independent or predictor variables are:
Popul ations of the origin and destination states;

Di stance between origin and destination state;
Personal inconmes of the origin and destination states;
Wages of the origin and destination states;

Total enploynment of the origin and destination states.

Specifically, we analyzed eight different conbi nations

of the variables in order to find the nost descriptive
nodel. Each nodel contained the basic gravity nodel. The
| atter consisted of the population of the origin and
destination states and the average nunber of mles that
each shipment traveled fromstate Ato state B. First, we
tested the predictive power of the gravity nodel itself.
Then we added pairs (or sets) of the economc variables to
the basic gravity nodel. In one extended nodel, both
origin total personal inconme and destination total personal
i ncone were added. In another, total earned wages for the

origin and destination states were added. In a third,
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total enployment for the origin and destination states were
added. In subsequent nodel anal yses, we added the sets of
econonm c variables two at a tine into the same regression
nodel. Finally, we ran a regression consisting of the
basic gravity nodel and all three sets of economc
vari abl es.
RESULTS

Based on results, we concluded that the extended
gravity nodel, which included total personal incone, and
total salaries and wages, but not total enploynent,
produced the best nodel. The best nodel’s characteristics
are shown in Table 1.

Practical Application of the Forecasting Model

The research underlying this paper has established a
regressi on- based forecasting nodel. Having devel oped what
we believe to be the best extant nodel for predicting
freight flow between states, we then sought to devel op a
useful application of this technique. Specifically, we
used the forecasting nodel devel oped above to forecast
truck freight flow between New Jersey and the other 47
contiguous, continental states, between counties within New
Jersey, and between New Jersey counties and non-New Jer sey
counties within 100 mles of the borders of New Jersey.

These forecasts were enbedded in an Excel spreadsheet, and
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wer e mani pul ated using pivot tables.

In order to do this, we devel oped a dat abase of
forecasts of popul ati on, personal inconme, wages, and total
enpl oynent of the 48 states of interest. To do this, we
used BEA forecasts of state econom c data, and Bureau of
the Census forecasts of state population. Projected data
exi sted for the years 2000, 2005, 2010, and 2015.

Hi storical data existed for the earlier years. Using
accepted statistical techniques, we interpolated the

vari abl e values for the intervening years. Having

conpl eted the state database of projected data, we then
used the best regression nodel found above to forecast
freight flow for each inter-state |inkage. Each forecast
was then turned into a percentage of the total inter-state
forecast. These percentages were then nultiplied by the
total interstate freight flow forecasts shown in the

Aneri can Trucki ng Association (1999) study in order to get
specific interstate freight flow projections. W used the
sane average di stances between each pair of states as was
used in devel oping the original nodel described above.

Simlar procedures were used in constructing the
i nter-county databases and freight flow forecasts. I n
this case, the county-level econom c data was esti nated

using the BEA's forecast of state |evel economc
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information nmultiplied by each county’s share of the

proj ected state popul ati on, when no state-|evel forecasts
of such data were avail able. Forecasts of county

popul ati on were supplied by the data centers of the

nei ghboring states. Forecasts of future state popul ation
were taken fromthe Bureau of the Census. Inter-county
di stance information was derived as the distance between
the zip code of the county seat of the origin county and
t he destination county.

Based on the foregoing data, we used the best nodel
devel oped during the first two years of the NCTIP97-21
contract to forecast freight flow a) between New Jersey
counties al one, b) between New Jersey counties and counties
Wi thin contiguous states (i.e., New York, Pennsylvania, and
Del aware) if those counties were within 100 mles of New
Jersey’s borders, and c) to and from New Jersey and the
ot her 47 contiguous states of the continental United
St at es.

Pl VOT TABLES AND CHART SYSTEMS

Pivot tables were constructed in each of the five
freight forecast files that allow the user to select origin
of shipments (whether state or county), destination of
shi pnents (whether state or county), and any of five states

of nature. The basic or baseline state of nature reflects
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the straight application of the prediction nodel to the
forecast econom ¢ and popul ation data for the years 2000 to
2015. Four alternate states of nature are presented. One
of these four presents forecast freight flow based upon
data that assunes that the popul ation and economc data is
ten percent higher than the baseline. The second of these
four presents forecast freight flow based upon data that
assunes that popul ation and economc data is five percent

hi gher than the baseline. The third of these four presents
forecast freight flow based upon data that assunmes that
popul ati on and econom c data is five percent |ower than the
baseline. The last of these four presents forecast freight
fl ow based upon data that assunes that popul ati on and
econonm c data is ten percent | ower than the baseline.

The pivot tables enbedded in the five forecast freight
flowfiles (1. To NJ fromthe Ot her 47 states 062900 639
PMxls; 2. FromNJ State to Other States.xls; 3. Intra-New
Jersey County to County Freight 062800 1134 AM xls; 4. From
NJ Counties to Other States 062900 9-15 pmxls; and 5. To
NJ Counties from Qut-of-State 062900 749 PM x|l s) are preset
to allow the user to select origin county/state;
destination county/state; year of forecast between 2000 to
2015; and whether the data used is inflated by 10% 5%

baseline (0% inflation), or has been deflated by 5% or 10%
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fromthe baseline econom c and popul ati on data forecasts.
Wil e the nunber of selections within the pivot tables may
differ due to the need to choose, say, both a state and a
county, the sonewhat common interface between the files
shoul d enable the user to easily master creation of

custom zed tabl es and charts that neet the decision needs
of the nonent.

The user can, for exanple, custom ze the pivot table
by choosing to see consecutive years forecasts of freight
flow for the years 2000 to 2015, assum ng no changes from
t he baseline econom c or population data. Simlarly, the
user may choose to conduct a sensitivity analysis of sorts
by | ooking at, say, a specific year (e.g., 2005), and | ook
at how freight floww Il change if the baseline data is
presented as is, is increased by 10% 5% or decreased by
10% or 5% O her pernmutations of the data are al so
possi ble. For exanple, the user can |look at freight flow
from say, Essex County, NJ, to the Bronx, NY, and within
the sane pivot table, to Bucks County, PA. This, of
course, can be done for the sane year (say 2005) or using
baseline, inflated or deflated data. The manual
acconpanyi ng the forecast freight flow files descri bes how
to use the pivot tables and the acconpanying charts.

We have al so included three Excel files containing the
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basel ine forecast data. Filters were created within these
files to enable the user to quickly search for forecast
econonm ¢ and popul ation data for the 48 continental states,
or the 21 NJ counties, or counties within states conti guous
to New Jersey that are within 100 mles of the borders of
New Jersey. The use of these filters is described in the
manual that acconpanies the files.

The conbi nation of pivot tables and filters will allow
t he deci sion-maker to have a good idea as to how inter-
county or inter-state freight floww Il ook in |ater
years. This information, in effect a decision-support
system for transportation planners, allows for the
ef ficient production of freight flow forecasts between

states in a given period with a given forecast scenario.
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THE FORECASTI NG PROCESS

This study has denonstrated that it is possible to
develop a highly reliable nodel for predicting the flow of
freight between any two of the forty-eight contiguous,
continental U S. states. Being able to predict the flow of
freight between states and regions is inportant for
busi nesses, industries, and consunmers in the U S. Such
predi ctions are useful as indicators of where to construct
transportation facilities by indicating where truck freight
flowis likely to be. To have an effective basis upon
whi ch to decide how to expend the required massive anounts
of public funds, it is necessary to have an accurate nethod
of forecasting the volune of traffic freight that noves
bet ween the states, between counties within New Jersey, and
bet ween New Jersey counties and those in neighboring
states. The consequences of these expenditures are vital
for the economc and social |ife of many conmuniti es.
H ghway facilities are an inportant neans of pronoting

econom ¢ grow h.
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TABLE 1: CHARACTERI STI CS OF BEST BETWEEN- STATE
FREI GHT FLOW PREDI CTlI ON MODEL

DEPENDENT VARI ABLE:

VAEI GHT

MODEL STATI STI C

NUMERI CAL VALUE OF
MODEL STATI STI C

1385. 67
MODEL F

. 0001
MODEL P

1908
DF
ADJUSTED R . 836
c(P) 8. 000
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Download Attachment Files (win zip file)



http://www.transportation.njit.edu/NCTIP/final_report/Estimation_of_Freight_Flow.zip
http://www.transportation.njit.edu/NCTIP/final_report/Estimation_of_Freight_Flow.zip



