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Shipment Distances Are Not Collected From CFS Sampled
Shippers: They Are Simulated

*Collecting distance and cost data from shippers is seen as too great
a respondent burden

*CFS shipment distances are computed using ORNL routing models
and a version of the ORNL Multimodal North American
Transportation Network database

*CFS reported snipment mileages and ton-mileages are based on
these distance computations

*EXxport shipment distances are also based on this approach. In this
case only the within-US portions of shipment distances are reported
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Major Stepsin the CFS Shipment Distance Computations:

Pre-Processing

Step 1. Develop/update CFS intermodal network database.

Step 2: Evaluate and clean up geographic information in individual
shipment records (inc. missing/incorrect zip codes, missing/incorrect
modes, missing US ports of exit, etc...).

Processing (= Shipment Routing)

Step 3: Find the set of “most likely” O-to-D paths through the ORNL
North American multimodal network, and compute shipment mileage.
Step 4: Verify path circuity and individual modal mileages,

and re-route as necessary

-

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE




The CES Intermodal Network is const
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ructed from the following components:
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CFS Unified Multimodal/Intermodal Freight Network
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Southworth et al, 1998; Southworth & Peterson, 2000, Transportation Research Vol. 8C, 147-163




The CFS Truck-Rail-Water |nter modal Networ k



1997 CFS North-American and Trans-Oceanic Network Statistics

Link Type # of Links
Highway 84,537
Rall 22,126
Water (US):
Inland & Inter-coastal: 4,269
Great Lakes: 912
Water (Deep Seq) 7,278

|ntermodal Transfers 14,176

Network Mileage

489,679
236,931

44,116
13,156
2,543,672

AccessEgress Generated as Needed

CFS Detail: Some Rail Terminal Access
Links Near Lake Calumet,

Chicago, Illinais. >




CFS Routing Models by M ode of Transport:

Highways (Private & For-Hire Truck), and Waterways
(Inland Barge, Great Lakes Vessel, Deep Sea) = “Least Impedance
Path” Model

Rail and Rail-Inclusive Intermodal = Logit Based Welghted
Distance Averaging, using 1..K |east-impedance, railroad company
specific paths.

Other Intermodal = “Least Impedance Path” Model

Air-lInclusive = based on airline routing data found in the Official
Airlines Guide, averaging over 1 to 5 most likely routes, with
priority given to direct flights between maor hub airports, and then
to other single carrier routes (circuity constrained). Least impedance
truck routes are computed to and from O and D airports each time.



Basic CFS Shipment Routing | ssues.

Each Single Mode O-to-D (Zip-Code Areato Zip-Code Area)
Routing Requires:

1. A method for linking Zip Code centroids to the CFS
Intermodal network (= access and egress computations)

2. Line-haul route selection(s)

3. Weighting of alternative routes (where appropriate)

Each Intermodal O-to-D Routing Also Requires:

3. A mode sequence
4. One or more intermodal terminal transfers.



Highway Access M odeling Using Distance Threshold and Sector Search.*
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Highway Line Haul Routing Is Selected on the Basis of Within-M ode Relative
| mpedances.

Speed (mph)
M edian/ Rural Urban
Access _ _
Control High-Level | Low-Level High-Level | Low-Level
Paved Paved Unpaved Paved Paved Unpaved
Divided/ 62 n.a n.a. 47 n.a n.a
Full
Undivided/ 60 n.a n.a. 40 n.a n.a
Full
Divided/ 59 51 n.a. 35 32 n.a
Partial
Undivided/ 57 47 n.a. 32 27 n.a
Partial
Divided/ 57 49 n.a. 27 22 n.a
None
Undivided/ 54 42 10 17 12 0.8
None

n.a-not applicable

Link Impedance = link length/ link space mean speed

Start with default link speed, then adjust speed up or down based on: Functional Class,
Number of Lanes, Truck Route Designation, Toll (booth, bridge or tunnel) Status,
HAZMAT Status, Commercial and Non-local traffic Restrictions, Winter Closures, and
if aFerry link.



Sour ces of Uncertainty in CFS Highway Distance Calculations:

@ Carriers have avariety of routing objectives besides fastest

or shortest routes e.g. multiple pickups and deliveries, ability to mixed
freight shipments. State specific truck weight limits can affect

routes selected. Time of day aso affects route selected (congestion
avoidance).

Incompl ete data on roadway attributes (# lanes, speed limits, congestion)

@ Geographic accuracy: missing and misaligned roadways, missing local
collector roads (but link distances generally accurate to about 0.5%)

@No national coverage of truck movements. no comparable database
against which to compare CFS resullts.

| mprovement: Traffic weighted multiple routing models may help,
based on truck activity survey data.



Connecting Zip Centroids To The Rail Network:

Local Access

I Area
" Centroid

Ri = RMAXj+(2xe)+p



M ode Specific Access Formula and Default Parameters Values:

R, RMAX6(26) 06p

R,= local access threshold distance from centroid of zip code area z.

RMAX,= gtrai %ht-l Ine distance from centroid to farthest point on the zip code area
oundary. _ _ _
e = root mean square geographic error in network’s representation of link locations

p = maximum length of alocal access connector (e.g. rail spur line)
not included in the CFS mode specific network database.

where,

M ode-Specific Default Values of Access Model Parameters.

Parameter: Highway Rail Inland & Deep Sea
Great Lakes
D 0.00(0.00)  4.97(8.00) 4.97(8.00) 6.22(10.00)

(2.6) (Domestic) 0.22(0.35)  1.86(3.00) 1.86(3.00) 1.86(3.00)
(2.6) (Foreign)*  6.22(10.00) 18.65(30.00) 31.08 (50.00) 31.08 (50.00)

Distances are in miles (kilometers given in brackets). * Includes Canada and Mexico.



Rail Network Access Modeling: Shadow Links

“Shadow Links’
(shown by dashed lines)

Zip Centroid to
Networ k

(
|
|
AccessLink\\
N\
e

Zip Code Area Centroid




Rail Line Haul Impedances are based on a Number of Operating Factors.

and principally on:

- Line Length

- Line Density (Gross Tons)

- Inter-Railroad Trackage Rights*
- Railroad Interlining Practices

Rail Line Classesand Thelr Relative, Within-Rail Impedance Factors:

Line Class: Annual GrossTonnage:  Relative Impedance Factor:
A-Main >20 Million 1.00

B-Main 10 - 20 Million 1.15

C-Main 5- 10 Million 1.25

A-Branch 1 -5 Million 1.90

B-Branch <or=1Million 4.00

* Covers Generated Traffic, Non-Generated Traffic and Haulage rights.



Which Railroad Will The Freight Pass Over?

Destination
(TripEnd) @

Railroad # 1
Railroad # 3
I
‘\Origi n
~ (Trip Start)

| nterline Between
RR#1 and RR#3

Railroad # 2

RR#2 has trackage rights on RR#3




Family of Rail-Inclusive Freight Shipment Routing M odels*

Rail-Inclusive Routing Options

/ |

“Rail Only” Truck-Rail Combinations

Model /
(1)

“Distributed “Maor
Terminas’ Terminas’
P(r) = exp(alr) Model Modéel
= exp(aln) (2) 3)
r=1,R
Break-Bulk Freight Bulk Freight Conliz;uerlj ;:tz ~

* Final Mileagesare Weighted Using A Logit Route Selection Formula

Southworth & Peterson, 2000, Transportation Research Vol. 8C, 147-163



| ntermodal Shipment Routing Requiresthe Use of
Comparative M odal | mpedance Weights:

Initial Global Settings:

Truck =1.0 Ral = 1/3.5

Great Lakesvessel = 1/6.5

Inland water (barge) = 1/5.5

Deep Seavessel =1/7.0

Default Bi-Modal Transfer | mpedances

For-hire Private Rail Inland GreatDeep

Truck Truck

For-hire Truck
Private Truck 150
Rail 400
Inland Water 600
Great Lakes 600
Deep Sea 600

150

400
600
600
600

400
400

600
600
600

Water L akesSea

600 600 600
600 600 600
600 600 600

600 600
600 500
600 500




TRIP DESTINATION

_Highway
~ AccessLeg

..

Highway network # 2
N
‘l ~ Terminal

Within-Terminal Transfer Links = = -)" ACC%S/EQV&GS
,f‘ Links

Rall Line-Haul

Termi naI I-f 1€ — — Within-Terminal Transfer Links
Access /Egress

Lmks

Highway Network #1

—_ Hiovan

TRIP ORIGIN

Highway ACcess Leg

Fig. 2. Construction of a multi-layer intermodal shipment routing.



An Intermodal (Truck-Rail-Truck) Freight Routing

local rail Example
local transter SpUTIne L e transfer
terminal terminal < —> terminal
80Cess road Railroad #1 Railroad #2
\ S + I
Interline

<«—— highway network link(s)

~S~_notiona local access link

origin to highway network destination

Route Impedance = modal line-haul travel costs
+ intra-terminal transfer costs
+ inter-carrier (interlining) costs
+ local network access and egress costs
+ network-to-terminal local access costs



Terminal Links: Intra-Terminal Connectors Approach

within-terminal links
(and their transfer impedances)
W ater way

Highway

Transfer
terminal

- M 13 77
s ®™rail “gate

Railroad #1

Railroad #2



Representation of Within-Terminal and Terminal Access Links.

Within Terminal Links

Railroad :

Highway I

Access
Access RR#1, Coal, Rail-to-\ Links 1
Links Highway Transfer Link

1
1
l |
|

: |
RR#2 Coal, Rail-to- RR#1 Coal , Hwy- ! Two

Highway Transfer to-Rail Transfe Id?fgljgraell]}':

\ ' RR
‘\ || networks
\‘ ‘| (with
\ “R#Z Chemical, Hwy-to-Rail 1 Interline
' \ Transfer LM | Linksto
\ I recognize

L trackage

] \
Highway RR#2 Coal, Highway-to-Rail Transfer Link : rights)
1

Network ',

\
\



Sources of Uncertainty in CFS Rail and Truck-Rail Intermodal
M ode-Distance Calculations:

Rail Distance Calculations

@ Route selection based on railroad economics, and much of this
Information is proprietary (and sometimes based on use of more than
oneline or set of O-D flows)

@ closer, line-specific calibration to Rail Wayhbills and other sources of
rail routing information would be useful

| mprovement: base route selections mor e closely on calibration to O-D or

corridor specific waybill traffic volumes and other railroad routing data.

| ntermodal Distance Calculations:

@ Missing and hard to acquire data on the nature and volume of freight
moving through intermodal terminals (CFS Intermodal Terminals Database
created to fill this gap: drawn from multiple data sources)

@ Terminals come and go on a quite frequent basis

| mprovement: expand/maintain terminals database and calibrate truck-rail
Intermodal movementsto waybills data on terminal-to-terminal
Inter modal shipments.



CFS Export Shipment Routing: Trans-Oceanic
Waterways Networ k

This network is functionally linked to the CFS Highway-Rail-Inland and Coastal Waterways Network
database to allow routing of foreign imported and exported freight, including US Land-Bridge Traffic.



Simulation of an Export Shipment

&

The same method can be used
to simulate “landbridge’ traffic




The CFSisestimated to capture about 74% of annual US
freight ton-miles:

The CFS currently does not cover shipments from establishmentsin:

Farming Forestry
Fishing Construction
Crude Qil Production Governments
Foreign Establishments* Households
Services Most Retail**
and letter Mall

* 1.e. Imports are out-of-scope

** |n scope retall establishments are limited to the following types:
Automotive Parts,and Accessory Stores, Tire Dealers, Floor Covering
Stores, Other Building Materials Dealers, Nursery & Garden Centers,
Office Supplies and Stationary Stores, and Electronic Shopping
and Mail-Order Houses.



TheU. S. Freight Universe: Gapsand Overlapsin Current

Data Sour ces:;

||$ *
* 4 $
( $

()

Farm-Based Truck

USMall

Pipeline:Crude &
Petroleum Products

Retall

Gover nment

Construction, Transport,
Services, Foreign Estabs.

USMall

Air, Water (after POE)
Landbridge Traffic

US Commodity Flow
Survey (CFS):

Goods from manufacturing,
mining, wholesale,

selected retail, and auxiliary
establishments

(e.g. war ehouses).

M ovements by truck, rail,
water, air and par cel
/postal/courier.

Truck & Truck &
Rail Rail

Canada

from from Mexico

1 \Illb. IVIaII},
Water (inc. crude
petroleum and
petroleum
products).




US Annual Freight Activity Estimates (for 1997)*

A)Total Shipments:
Value (Billions of $) Weight (Millionsof Tons)  Ton-Miles (Billions)

$8,567 14,800 3,851

B) CFS I n-Scope Shipments:
Value (Billions of $) Weight (Millionsof Tons)  Ton-Miles (Billions)

$ 6,945 11,090 2,837
(81.1%) (74.9%) (73.7%)

C) CFS Out-of-Scope Shipments
Value (Billions of $) Weight (Millionsof Tons)  Ton-Miles (Billions)

$1,622 3,710 1,014
(18.9%) (25.1%) (26.3%)

* “Freight USA” ORNL, Draft February 2000



CFS Export Shipments. Shortcomings of Ton-Mileage Estimates

Of the 2.65 million shipment records processed for the
2002 CFS, export records= 118,728
(Just under 4.5% of all records)

Over 30% of CFS export records were missing US
port of exit data, in the 1997survey.

These records required imputation of the most
likely US port (airport, seaport) of exit.



CFS Export Shipment Routing: Missing Seaports Data

Seaportsare selected for export shipment based on the following
measur e of relative port attractiveness (for that shipment):

A(ip)) = T(pj) * d(ipj)™®

where T(pj) = the annual tonnage of the relevant 2-digit SCTG commodity
passing through US seaport (p), for given foreign destination |
d(ipj) = the modally weighted impedance associated with shipping from a
given US origination point, i, through US seaport (p), to the shipment’s
foreign destination, j;
B = a“distance-decay” coefficient used to weight the relative effects of
additional travel impedance on US seaport attractiveness.

Data source for T(pj)= MARAD/USACE Waterborne Foreign Trade Data Bank
e.g. tons of electrical equipment shipped through the Port of Long Beach to Thailand.



1997 Truck to Rail Drayage Distance Estimates
for BEA Regions (non-CFYS)

Figure 1. Mean, Maximum and Minimum Drayage Estimates
Based on 10, 20, 30 and 40 Mile Incremental Thresholds (see text)

250

200 —

®* Mean Drayage Estimates
150 [—

Miles

100 —

50 — Lowest Estimates

BEA Regions
Lowest Dray ---> Highest Dray

Source: F. Southworth & B.E Peterson (1997) Estimation of Truck- to- Rail Drayage Distances
for BEA Regions. ORNL, December, 1997.



