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7}. 0|2 FAF3(2007)

o FAF(Freight Analysis Framework)~ BTS(Bureau of Transportation Statistics)
9} FHWA (Federal Highway Administration) 7+2] SIEUA-S Sl A H 3}

A A aE 2

ot
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2007 U.S. Commodity Flow U.S Shipper
Survey Data: Domestic Shipper Sampled Commodity
Based, Multi-Modal Commodity Flows

Flows (Air, Rail, Highway, Water, by Value and Weight

Pipeline)

CFSIn-Scope Flows

Multi-Modal Truck, Rail & Water

Flows associated with Municipal - -
Solid Waste, Crude Petroleum, & Flow Matrix Construction &

Natural Gas Flows Missing Flow Value
Inferencing Techniques

Y

Truck-Only Flows associated
with Farm Based, Fisheries,

Logging, Construction, CFS Out-Of-Scope Flows
Retail , Services, and Household

Foreign & Domestic
& Business Moves

Commodity Flows

v

FAF3
International (Import & Export) Origin-Destination-
Flows: Commodity-Mode Freight

- Deep Sea Shipping Flows ;
- Air Freight Flows Flow Matrices

- Transborder Surface Flows (reportedin annual tons
and 2007 dollars)

Xtz @ The Freight Analysis Framework, Version 3: Overview of the FAF 3 National Freight Flow Tables.
https://tmip.ora/content/freight-analvsis—framework-version-3-1af3(23.7.21).

(a8 2-7) 0|7 FAF3 820D +5 MY

L. 0= FAF4(Federal Highway Administration, 2011)
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o 2012%d CFS(Commodity Flow Survey)ollA] i#e}A] X3k A9 8, Y
B 55 ¥ ASE MR ¥ dugESs AEste VjEds b

EYAE AT BES AR

o FANAFL ODCM(71H, T4, F5, ThHe 21 4% 2¥s &3 73
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B 1 Census CFS domestic Applying models
“USDA CFS 2012 2 e
Fishary & et shipments &
“USDAT | = %
Census of | 1 \
<als e 7 )
Petroleum & .
el .-G!: ;::: CFs ogt-of—scope \ Freight
- _—— shipments Analysis
Census L
- . = Framework
Foreign Trades | Farm-hased agriculture
G - s Fishery (FAF4)
- - Trans-border Loggi
f | OAl (market & Crﬁaﬂ:ﬂ Base-year
“Census segment] | | pagyral gas Matrix. 1
ACS (Migration W Construction/demolition debris L*‘
data) — Municipal solid waste (MSW)
b . Household/business moves
» f'Ts Retail
— = aterborne samicss
i, jzdedata Trans-border trades
M;W m::‘:;e ——— International air trades
[ wterbnma foreigntrades
C-It-ﬁr'lhﬂﬁ;r# | Applying models & algorithms
sectors’ data,
statistics, &

more

A= Hwang, H. L., Hargrove, S., Chin, S. M., Wilson, D. W., Lim, H., Chen, J., ... & Davidson, D. (2016).

The Freight Analysis Framework Verson 4 (FAF4)-Building the FAF4 Regional Database: Data Sources
and Estimation Methodologies (No. ORNL/TM-2016/489). Oak Ridge National Lab.(ORNL), Oak Ridge,
TN (United States).

(13 2-8) 0|7 FAFA 7= Xtg

Ct. Heavy Duty truck Model (O]= The Southern California Association of

Governments, 2012)
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IM¥ Tables by TOD

(Exogenous Input)

Port Tables by TOD

Production and . TOD Factors
Sotio- i Attraction Table:

Time &

Distance Skims
R for 8 [U; 3 6VW

Composite Cost
Trip Distribution Truck Cost per Daily IE-EFEE Trudk Trip

and Apply TOD Miie Including Exicemas fronk Biodes Table for 3 Truck Sizes
Factors Fuel Sodo- and for each TOD period
ECONomic

Bx81U
Interchange Transearch
Matrix Data

Combine Truck “Truck Trip Tablesby
Tables by TOD ‘TOD Periods for 3
Periods GYW

Traffic Assignment

. Input File

Auto Trip Tables . Input Parameter
by TOD Periods

. Program

(From QuickTrips)

- . Y 4

. Output File

Xt=: The Southern California Association of Governments (2012). SCAG Regional Travel Demand Model and

2012 Model Validation.

(a8 2-9) 0O|= HRAZLIO XY SKiZ SASKISK £2 2 715 1Y

2. Base Year Freight Matrices(@= Department for Transport, 2012)

97 A e o 20129 JFUER se] 5% 71 FHFAL 52
AEA 7 FAFVES THAAE
a0870e] =) Ao E=3} gerle] e =, 570e] B F, so7he] TRAIE

ss7lel I} & 770e) EE Bow el & AAE 75

FEEE YNE HFe BYEY S Sl T8k, TR A A A

o} zmlele] WAE SIO0 BYL B 71 FUFAFOL WIS H4L A

T 9% 2o GF U Sojot Fuhe Heshs H3 BHREHY
oﬂ A e AUss 3Ye 29 5 THE
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SRR

o
i

o 20201 5%, “Base Year Demand Matrix Development”7} U$ton}, =
(developing matrices for freight) 72 X33+ Trip end model, Activity

based model 5& A|LFH A

Model stage Space Sctn. Main outputs

Generation/ zone 4.3 The total volume of freight by commodity type that is produced,

attraction distributed or consumed in a zone

Distribution  zone 4.4 Uses an SIO model to build up P-C relationships through a fixed

leg pair proportional split of distribution legs appropriate to each commodity type,
proportions / including those legs to, from or between distribution centres, together
zone choice with the spatial allocation of each leg across competing zones to

generate O-D matrices of goods movements

Port choice zone 45 For unitised movements between the UK and the rest of Europe, uses an

pair SI0 model to subdivide betwveen the UK ports for imports and exports
Mode choice zone 4.6 Subdivides the fransported total for each O-D movement into main
pair modes, including their associated feeder legs to and from intermodal
terminals
Value to zone 4.7 Convert the units of O-D movement from value (£) to volume units
volume pair (tonnes)

Vehicle type zone 4.8 Subdivides the total road tonnes for each O-D into road vehicle types
choice pair (artic, rigids [4], LGV)
Includes: conversion from volume (tonnes) to vehicles

Matrix zone 4.9 The total modal volume between a pair of zones as estimated
matching pair synthetically, is constrained to match observed CSRGT and rail statistics

Xt&: Department for Transport, Great Britain (2012). Base Year Freight Matrices
(a2 2-10) &7 =22 75 1

OF. Wisconsin statewide travel demand model(0|= FHWA, 2017)

o 20139 YAEAFE DEZNAE DEAYT DEAM JAEAA AL 95
RHg 2 BN YA NOT BYL AUHIE

o glaTAFO QlE BRUA, BARNBENY, AEEFAM, viEAE Sof B
=] S
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MODEL MODEL CALIBRATION/
INPUTS ESTIMATION DATA MODELS OUTPUTS GEOGRAPHY VALIDATION DATA
= FAF3 Supply Chain and . + Macrozones - o TRANSEARCH
» Establishment Logistics-Based external + Exiemal station
surveys Freight Model + Mesozones - truek counts
> internal e Compare external
» + (Macro to flows versus curent
s - meso, meso to freight modet flows
» SEDdata macro, meso - t

(employment by to meso)

type)
= BEAS /O make
and

Saurce: Wisconsin Department of Transportation

[ SED data » ATRI truck Tour-Based Truck Model >

+ Mesozones to » O/D survey data
o Model skims GPS dala T ik iy TAZ level (trip rates, TLFDs,
{times, = VIUS data HoSpistred cdeiods + TAZ10-TAZ O
distances) e DMV data = " > level b
» Trucks
(nenfreight)
| ;
| e SEDdata » Commercial Service-Sector Model » Trucks + TAZ level . from other
i vehicle surveys _ (nonfreight) :
» Establishment Function of population and . C: re service
surveys employment distribution ~sector {rip rates fram
= VIUS daia other models
DMV data
+ Multiclass daily Trip Assignment Model > + Link level
Tk nisLy Multiciass assignment along

with auto vehicle trip tabies

puls of supply chain & to
ervice Secior Model is not the
It is included for illustrative purposes.

a T NS proje:
rt of multiyear freight model system

plan (ongeing regional and statewide data collection pians)
Notes:
ATRI: American Trucking FAF3: Freight Analysis SED: Socioeconomic and TOD: Time of day
Research Institute Framework 3 demographic VIUS: Vehicle Inventory and lise
BEA: Bureau of Economic GPS: Global Positioning System  SHRP2: Strategic Highway Survey
Analysis 1/0: Input/output Research Program VMT: Vehicle miles traveled
D.C.: Distribution center IMX: Intermodal facility TAZ: Traffic analysis zone WisDOT: Wisconsin Department
DMV: Department of Motor 0/D: Origin/destination TLFD: Trip length frequency of Transportation
Vehicles distributions

Xt=: Schaefer, R., Worth, M., Heilman, J., & Kehoe, N. (2017). Freight Demand Modeling and Data
Improvement Implementation Handbook (No. FHWA-HOP-18-018).p.6

(23 2-11) 07 Wisconsin HER7|H SlEQ B 715 24y

Ht. Arkansas statewide model(D|= National Cooperative Highway Research

Program, 2017)

o AAY =8 R Al #d 9y EY RIEE NTSIlE

o AE HESL RYL Exo AT S-S TOE 4WA H4S AHOH,

Tanssearch datags FZ ©|-&39S
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v L
Person trip Freight trip
generation generation
i | Person trip Freight trip =
distribution distribution
Person mode Freight mode
choice choice
- Time of day -

AM MD PM NT
assignment assignment assignment assignment
¥

n

Converged?
V

Xt=: Donnelly, R., & Moeckel, R. (2017). Statewide and megaregional travel forecasting models: freight
and passenger (No. Project 20-05 (Topic 47-17)).

(33 2-12) 0|2 Arkansas statewide model 1= IFd
At O]= FAF5(2017)

o IF}EFEMZH YL AFAF)E 20179(71F49E) CFS(Commodity Flow Survey)
tlolEl9} AFZAFTS] A § HolE & AZO.E FARCE 54, 75 +¢
o]

2e), A4, Az B e 2u HeolHE FR%

o FAF5(2017) OD HlolEH|o]|~e SUA(0), FAA(D), &

i
ojf
il
0

g
Mo
of
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oK

7129%(20179)
- 917k 342](2018-2021)
- A& A= F42(2023-2050)
-3 Y BA A F4X(1997-2012)
o FAF d&2 thkst &% Waldd ot 20509714 3784 A 43 Aluel L
A7, AR E UeEE 59 @919 v skE 8 HYE AT

~
N
2
k

@]
=
Ol
2
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2
o
ol
ol
rlr
Mo
ofy
td
(r
=2
rlr
[
)
i
\}‘ ﬂ
o,
o
o
BE]
[
)
o
of
b
E%E
Au)

o FAF59] M8 HMoltHO0S) M) T4 Sit thest 2

r2

- 5% 7 w4, A B A B(C&D), 4H, W, Ak, 2A S

O

ZzA| 2= FAF59] O0S #2o td 4% &< F4st= tolx A&

- <% 2-13>3 o] F4E CFS M9 9] o] 52 CFS He W 353 23
o] FAFS 7|2 A% dlolEHlo]x9 HF FAXE AT

- FAF5+= CFSY A5& 7IRe. 2 o 7bs BAE FAsk=, 7M +8
7152 A skE FAE A=t 7] ' Ag A ¢ = Hol
H, <719 2-14>2} o] Yst= AEE GA F=2T F A= 715 AF

- CFSe 39Al0 AA ZAME F8t=t), AFGAF 7Rt 2 2 & 3tE &4
ZAFSlE=  Establishment Selection©HA], FAES 3 F ]
Reportiong Week SelectiontA], 18|11 &5 ARE Y3t Shipment
Selection TAE UFo] ZALS 430

d

- CFSE /APEA B =AS) o] 5idnteh MzbARd Aol 93] Sa)sn], -7
L oeelel EYEN QY 2 AHE G AAAA} L

tH
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_.,! E‘Iimjinn
| r&chraqm

CFS data: domestic
shipments

* Crude pefroleum
*+ Naturalgas

| Indusirial sections [domestic):
Farm-based Agriculfure

Municipal Soiid Waste

Constuction & Darnol'lm Debiis

Ramu ‘

L R I

Huusahold & Business Muuas
F!haﬁss
'+ Logging

Impans ond exports

 Multmodol domestic ‘
| vaueandweiont

CFS in-scope flows

* Mullimodol domestic |
cmmedirv fows, with
wapht

CF5 out-of-scope flows

- Freight Analysis Framework Versionb (FAF5) Base Year 2017 Data Development Technical Report

(a8 2-13) 0= FAF5 7I&

Sk CIOJE i ZEMA

1997-2050 total tonnage by domestic
mode

Total tonnage by commodity

Mode share by commodity (tons)

XIE: Freight Analysis Framework Versionb (FAFS) https://faf.ornl.gov/fafb/dtt_total.aspx('23.7.21).

(I3 2-14) 0|7 FAF5 GCIO|E{2A 3HH

OF. Truck Origin—Destination Data Methodology(D|= FHWA, 2020)

o FWHA(Federal Highway Administration)+=
=%

27} YolElE 283k A
TUEY T2 A FEi= AL ExE N AT zAL
(NextGen NHTS, National Household Travel Survey)E &A%

422 0]
= 1
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- NHTS Z2Igle] dgho2 88 4 ) GPs A4 3 FolZelA A4e
9% HlolElE o] §3tel AF HBAEA O/DE LT

o 917 ElolElE BEATAL olFOE 4, POL X SHEH 7

A, 52 UEYD oY D oMY 24, SEASH B 9

EE WS 1P AEH 4 2 AT B9E B A2 FEAER

=,

l_‘

Process Validate and Distribute

— Tripideniification

}
Trip Linking
4

Trip Distance Distance
Trip Weighting . 5
Data Preprocessing  —— l

Cralibraticen & Validation

InbermalExtmmal QAGC

Qaﬂunai Truck Trip Huste_r)—— Mational DD re: rowa s A5 Data Users

Atz @ 2020 Truck Origin—Destination Data Methodology Documentation

(J3 2-15) sIEXISkt OD 75 L2AA

Related Points of Interest [POIs), e.g., tal Trp Roster 1 paet 1: OD pairs with related wips passing truck count sansors |
truck parking facilities and gas stations I |
|

|

¥ . 4 | |

| Initial Trip End Match by Related POIs o |
|

|

| |

|

I "Pant Il: OD pairs without related irips. |
passing trafic count sensors |
|
|
I

| Mutti-day Truck Trip Chains

I Post Checks on Over-dinked Trips

A2 1 2020 Truck Origin-Destination Data Methodology Documentation
Z . EZHRI Y wHEE), 715K 3 2 HHEQ)

o0 oHdHTT

(J3 2-16) st=XISXt OD MM Y & Mg An2E
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Xt. CSFFM 3.0 (O]=, California Department for Transport, 2019)

o California Statewide Freight Forecasting Model(CSFFM)-2 33 74k ZEl=
A FAF3 tlolHE 2t Agxyo} 5l 7e} 5= o] 757

3}
HE 7o s F5o A4 f4 B f5E 53

td
)
oo

o Frto] opd AAZRl wdejgtu: & ¢ 9lon, g Fo ATEA

73A TlolE e} 7 ko] HES A dud s AH(O]SAZ B HE §)E

o A FEYo}lE 9772] E(Freight Analysis Zones, FAZ)& 7|Hto.2
23] AOE, 31719 £EEFLT(INZ)E velste 2us 733

2 A o]

AF HoJE & AHgale] E4E sitos 28

%

— i

Prepare employment, GDP, agriculture data tables

1. Disaggregated Input Data Prep

: TAZs FAZs & Gateways )
eneratiol nsj) --__bnwerage dal\v Producuons{ annual Productions/  Annual import /
Domestic flows Total Demand, Attractions Attractions Export
Import / Export Domestic flows Domestic flows by CG__ OD flows by CG
‘é ==
3. Mode Split u | FAZ & Gateway OD Flows |
Truck only, Rall-Truck, Water, — Rail-Truck, Air-Truck, Truck only, Rail only, Water only & Pipeline
Rail only Air-Truck Pipeline by CG 2
S o
& Transshipment FAZ, Gateway & TLN OD Flows &
" " ———— o
Split multiple modes e 5 &
into mode segments | Truck, Rail and Air segments by CG =2
¥ 5
5a. Seasonality FAZ, Gateway & TLN OD Flows
I‘l\iﬁfs. -
5b. Tons to Trucks o L) Seasonal and Average Daily Flows by 3 Truck Class and CG
v
Disaggregate FAZs to 5454 TAZs Average Daily Truck Flows at TAZs by Truck Class and CG

&

Traffic Assignment for Each Peak Period Truck link flows by Truck Classes by Time Period

A¥=: California Statewide Freight Forecasting Model - Updates and Enhancements, Fatermeh Ranaiefar (2019)

(a8 2-17) CSFFM 3.0 Architecture
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Xt. Regional Tour-Based Truck Model in Chicago (O|=, 2012)

o Regional Tour-Based Truck Model- B|5E2 ODE T53h=

oftf 6TAE TAH

- TAR A Bshs AdS 7€ R shue] dE s

shupel W QoA ol Ao Folz U

gx—l

- STAE ATA ZeZ2EPS AHgSke] gl diRnt e8] ARAE
A&

- 4PAE 8y dargse ARSte] AR AE2E "k, STAIR HiE
719} FEFE VTR 7F FA A 285E AR v

- mpAEte 2 ZF 9| ef o) F ARb wiEe] $A] A B AIRbE 7RO R B
€ H$EY] ODE 94 2 758

Regicnal

A}&: Tour-based and Supply Chain Freight Forecasting Framework Final Report, John Bowman (2012)

Truck Flows

Wehicle/Tour
Fattern
Choice

H

Number of
Tours Choice

1

Number of
Staps

H

Stop
Sequence

H

Stop Duration

i

Dellvery Time

of Day

|

(a% 2-18) Freight Forecasting Framework in Chicago
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7t = NTMv5(2020)

- B2 3E SAe 95 wTAHNAM Adse e =AE Ve s A
735 Aol FE FAoAM AL HolHE 7Nte s
ol A #H sl Rail, Maritime and Shipping, 2 Aviation &4 &9

< 71 =9 T FE F] %7t E2E T3 2FHL 3
o &S BEL 200038 o] E HYHoR =11

x0

o
=]

o == g7 FAT F= 2 HoldAe ty & AFe] T 9 =4 25
et RS AlEshd gl Aldshs ofel) 3714 B2 b= ZAIAM
1% HolEHE ngow 12y
- Continuing Survey of Road Goods Transport Great Britain (CSRGT GB)

- Continuing Survey of Road Goods Transport Northern Ireland (CSRGT NI)

- International Road Haulage Survey (IRHS)

Elilcan Ronns-
kikomegras

250

00

[x]
2000 02 2004 2008 2008 2010 2012 2014 2018 0B 2020

Xt& © Transport Statistics Great Britain: 2021 - GOV.UK

(I8 2-19) B2 2} 3= A4t 242
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o o] FAl= Domestic road freight statistic?} International road freight statistic

o0& o} WY

- Domestic road freight statisticoll A&
A (E-km), 3= olF A, %4 =Y 17, = AFY £/ +F
WAl A e 3

- International road freight statisticoll A& 5% =2 HE), <54 3
B9 Agl(Ekm), 3E °lF A, EU =714 E5P 0 B3 U8

23

o 37/ A Tt EAEH 494 299 VR EE WE

o 3t

oK
e

L
o

oot

Foll Hshs 52 ALg 67] -Hcar/LGVY) driver, car/LGV
passenger. bus, rail, walk, cycle)= &3} A-gAke] 79 HA| I 2 En}o]

=2 Iz &)=
£ st

50
mjo

- Demand Model: 232 7|5k 7hH <=8 2 ¢ (logit based variable demand
model, VDM)2 &t} 2] A %}—t— ol ARg-

- VDM/HAM interface: 7}Q! o3 AR E o R F| &3] 8 TP F2
2 HIH I 7|EAE OD matrixE A8k AEH o)

- HAM(Highway assignment model): U E®] 20| 5349 2} 555 &
Z3tal OD pair '8 FFAKE 2 B]E&S ALt

- NTEM(The National Trip End Model): 2011'dFE] 518 F7|= 1554,
EARS] & Y YA/ le A5

o N&EE g uEY o= 7|E Q520159 3HE 4R 5HA o3 nE
=

1) LGV: Large Goods Vehicle
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L] e
demographic chanpe Perion Trip Ends
[wia NTEM)

Belaviowr [minnd Modsl
Esumpikans {porscnal travel]

VA HAM
interface

Freight B extarnal
desmand matrices

Hghwory Coste

Damsndrelazed inputs

- Core companent of HTMS

X2 : National Transport Model (version 5): quality report — GOV.UK

Scanariinputs, prepe ed

Whakria nebwori ued
watarnally priorto modal run

directly im NT RS

(a8 2-20) F=9| F7IWE BH NTMvE 4L

Ef. Y= HR3E =RSTAH2021)
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A, I FE Aol 18.25%, AT} 3.50%, 0] 0.05%E RISk HE
2 UEr

(B 4-20) 20224 $3p0H AUslE +EMY(EKMIIE

= =2 =1 40t B A
oopp | Eckmid| 185,192 | 6,00 .. 31556 |0 172,892
HIE(%) 78.19 3.50 18.%5 0.0 100. 00

o A= A H3t 3k= O/D A3t 23, F S5 T2 20179 5F 20229744 A

- ARM ] FEEEES 2021 thH] 6% S7FF 122,032 /W= 6.32%

E 4-21) IUiEE +E52HE F0I

Ehelr M B/, %

2017 2019 2020 2021 2022

=2 FEHE | =S2 FHE | ==Y FEHE | =Y SHE | =52 | FHE
1,854,011 91.92 |1,847,241| 93.13 |1,788,917| 92.84 |1,848,182| 92.86 |1,785,561| 92.45
31,670 157 | 28,664| 1.45| 26,277| 1.36| 26,779| 1.35| 23,623| 1.22
130,926|  6.49 | 107,408| 5.41| 111,513| 5.79 | 115125 5.78 | 122,032| 6.32
290|  0.01 259 0.01 182  0.01 204/ 0.01 229|  0.01
2,016,897| 100.00 | 1,983,572 100.00 | 1,926,888| 100.00 |1,990,291| 100.00 |1,931,446| 100.00
X 174, 2232 M-8t

-
HI

HU

w00 T |t | H
OK [rQ | N

=
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(< 202349 TINEXA L 2M

H2H

=X

1. 3IEAEA 30

_;(]

| -

| BN

A »}%guq

ISXt O/D 4P ZHut

ko

EFA™] YAF Jd= AYS TA

cHEEc 59 FeAsat 53
HE R S71e
545 vEhd

=

o2 g g =2kgFo

[¢]

s71e0] FA vepd

o o 4t/ U AEHOH o

1

ZAoE Ueston e

-
| .

Hir

X'E

T 4-22) M= 170 AT M| SlSXAISkt Wiz o TXEr
a0 Ay 2 v & =&Z=F H]-&
A& EHA 560,588 11.39 562,486 11.42
FAEg A A 280,054 5.69 279,558 5.68
73 A 227,815 4.63 227,272 4.62
1% 33 A 269,744 5.48 270,484 5.49
BTG A A 147,927 3.00 147,182 2.99
o 2 33 < A 127,857 2.60 127,759 2.59
g A 89,008 1.81 88,829 1.80
AN= 1,073,690 21.81 1,076,227 21.86
AE= 182,937 3.72 183,255 3.72
FTAERE 195,206 3.96 195,287 3.97
FAG=E 248,305 5.04 248,424 5.05
AgEE 226,282 4.60 225,699 458
Agd s 314,715 6.39 313,293 6.36
AAE= 441,187 8.96 440,491 8.95
AdE= 361,073 7.33 360,132 7.31
A FEEAA = 152,748 3.10 152,748 3.10
A EE-E AR A 24,281 0.49 24,291 0.49
= 4,923,416 100.00 4,923,416 100.00
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(EHRL: CH// )
1,200,000

1,000,000

m A
m AR
800,000
600,000
400,000
o || I | I II
0 Tl ..
Mg SA OfF QIF BE O 24 Wy 2 2 Y M2 MY #E2 AU HMFE NS
(T 4-7) H= 1770 M SISXRSRE 2y U T2 (202249)
(B 4-23) M2 1771 AE AY SEXISK LMz U T
- B u} A 2 Hl & =2 H] &
AEEHA 476,158 9.67 478,052 9.71
BAks3 A 208,876 424 208,384 423
g <A 186,754 3.79 186,213 3.78
Q1 33 A 181,283 3.68 182,016 3.70
FF49A 114,967 2.34 114,225 2.32
A A 104,204 212 104,106 211
LAk A 66,221 1.35 66,043 1.34
A= 766,341 15.57 768,863 15.62
U= 145,457 2.95 145,773 2.96
FHES 146,463 2.97 146,544 2.98
FAY= 182,856 3.71 182,974 3.72
AgEE 171,471 3.48 170,892 3.47
HEd= 246,723 5.01 245,308 498
AAEE 363,770 7.39 363,076 7.37
AAd= 286,705 5.82 285,769 5.80
AFER AR = 133,123 2.70 133,123 2.70
HZEE 2R A 18,840 0.38 18,850 0.38
A= 3,800,211 100.00 3,800,211 100.00
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(H 4-24) 2 170 M=E 5

al
=

A
==

3 SSRISA Y U EAY

T dh Ay 2 H| & =&F H| &
AEEEA 70,538 1.43 70,541 1.43
FAkg A 34,617 0.70 34,616 0.70
73S A 31,409 0.64 31,408 0.64
A F Al 46,456 0.94 46,459 0.94
BT3B A 21,803 0.44 21,800 0.44
3 A 16,367 0.33 16,367 0.33
S4HF A A 10,309 0.21 10,308 0.21

AN= 250,707 5.09 250,718 5.09
A= 30,489 0.62 30,490 0.62

FHEL 33,295 0.68 33,295 0.68

FAEE 45,085 0.92 45,084 0.92

Agas 40,671 0.83 40,668 0.83

A= 43,898 0.89 43,892 0.89

ANE= 54,165 1.10 54,164 1.10

ANE= 52,969 1.08 52,966 1.08

AFEEAA = 17,125 0.35 17,125 0.35
M EE - AR A 4,532 0.09 4,531 0.09
A 804,435 100.00 804,435 100.00
(E 4-25) M= 1770 M= 1S SISASAH UMz 3 CRRF

T B Ay 2F H| & =3 H| &
A EEA 13,892 0.28 13,894 0.28
FAEE A A 36,561 0.74 36,557 0.74
o 73 A 9,652 0.20 9,651 0.20
A3 3 A 42,006 0.85 42,009 0.85
FFF A 11,157 0.23 11,157 0.23
2 F A 7,286 0.15 7,286 0.15
S4HF A 12,479 0.25 12,478 0.25

ANE 56,642 1.15 56,646 1.15
AE= 6,991 0.14 6,991 0.14

FTAEE 15,448 0.31 15,448 0.31

TAEE 20,364 0.41 20,366 0.41

AegE= 14,139 0.29 14,139 0.29

Aegd = 24,094 0.49 24,093 0.49

AAE= 23,252 0.47 23,250 0.47

AAd= 21,398 0.43 21,397 0.43

A FEHAA = 2,499 0.05 2,499 0.05
A S EE A A 910 0.02 909 0.02
SHA 318,770 100.00 318,770 100.00
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«( MAZ HRE20/D Mest Zit

(& 4-26) HH S=XtSKt O/D
T AL A AT F5 | A &4 A7 | B 25 2 AE A AE | A AT | A F| A
AL 30| W | 120 | D% | 104 W | 15757 | W19 | 684 | 1070 | 320 | 235 | 508 | 2047 | 0 87 | 56058
HAL o3 | 1806 | 485 | S | 126 | 74 | 722 | 3™ | 171 | 1B | 160 | 217 | 516 | 8B | 22 0 % | 20064
7 129 | 482 1268 | S5 | 1147 | 115 | 186 | 481 | 4B | 260 | 2160 | 245 | 31% | RV | UD 0 A7 | 27815
O] | mus | &8 | A8 | 18I 72 | 128 | 39 | MAB | 4517 | 3724 | 689 | 213 | 174 | 282 | 138 | 0 | 45 | wym
B3 100 | 129 | Lleh | 84 | R4 | F6 | I | 399 | dF | 13 | 276 | 80B | TR | 245 | 3% | 0 w7 | W
A | 206 | 76 | 142 | 120 | B | A | 37 | 799 | 133 | 7% | 9A0 | 4404 | 2211 | 4900 | 2R | O | 14% | 1787
A W | 1R | W | B | W | BB LB | 0 | S| | S| 158 | 1030 | 8§12 0 B | &8
747] | 3805 | 378 | 472 | M8 | 3FB | 78B | 17D | GLAY | B2 | 026 | 46 | DOV | 8§86 | 1945 | 77 0 3637 | 107360
A 3w | 18 | 14 | 49 | W | 13 60 | BVeo | 7 | 1040 | 539 | 2284 | 183 | 76 | 240 0 5B | 1%
ZE | 7w | 12 | 2% | 382 | 130 | 7% | 88 | 074 | 1031 | M2 | 1690 | 610 | 379 | 18240 | 458 0 479 | 1%26
= 0% | 160 | 218 | 6Bk 9Bl | TN | 480 | 54l | M2 | B3B3 | Tl | 758 | 1025 | 472 | 0 | 485 | 4836
B | 335 | 2160 | 247 | 220 | 793 | 448 | 6% | 24U | 281 | 628 | A4 12201 | BID | 8BL | 96¥ | 0O B | 2R
A 245 | 518 | 36 | 18B | 699 | 2265 | 157 | 912 | 187 | 3912 | 780 | A1 | 194683 | 849 | N7 | 0 518 | 314715
B 500 | 2@ | 2R | 2B | 238 | 498 | 1037 | 00k | BIG | 18619 | 1045 | 7B | 83 | 6067 | 977 0 154 | 41187
74| 21w | 00w | WAs | 135 | 33R | 210 | 8167 | 795 | 23B | 4618 | 484 | 960 | WL | N | 662 | 0 438 | B3
AF| o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 || o |1mm
MNE| &6 | 2 | 241 | 464 | B | 145 | A | 375 | 59 | 468 | 481 | D4 | 48 | 128 | 4% 0 | 3% | 4Bl
SHA | s | 958 | 2 | ot | WIR | 107 | SR | 107627 | 125 | 196287 | 2844 | 2569 | 332XB | 401 | 300132 | 1748 | 4201 |49B416
(B 4-27) A¥ B12XISAY2.55 0/2) O/D
TE | AE FAH T A | FF | oA S A7 | A 2R e AE A AR A AT AE A
Mg | wmas | 4B | | 2@ | 4R | 1277 | N | DT 892 | 489 | 769 | 199 | 132 | 382 | 1% | 0 | @ | 4518
B o | B 26 | A | 43 | 01 | 437 | 129 | 66 | W | 6R | 1@ | 254 | 842 | 0| 0 71| X88%
| 60 | 2@ | 1B40, 71 | Al | @ | 109 | 209 | 9B | 168 | 125 | 142 | 1804 | B89 | 1034 | 0 18 | 186754
OlA |11 | 16 | ¥ | BBL| A2 | A8 | H | 8% | 280 | 178 3I | S0 | 57 | 138 4B | 0 | BB | B2
| 50 | 40 | B | 2 | BB | 48 | 12 | 148 | 39 | 63 | 150 | 568 | 056 | 137 | 206l | 0 104 | 14967
A | 130 | 22 | 68 | Bl | 45 | 783 | 1B | 445 | 9B | 6@ | 74l | 293 | 127 | 367 | 1260 | 0 | 1186 | 104204
SAH 2w | 46 | 1B | &% W | Bl | 487 | @ | % | 3 | A | X% | A | 751 | 54 | 0 621
Z47] | e | 15 | 195 | 4869 | 137 | 4%6 | €0 | 4795 | ZSB | 1924 | 06D | 5% | 397 | 191 | 350 0 239 | 7634
I | gy | &3 | 88 | 204 | X5 | W6 | 36 | B0 | BOL | 811 | 368 | 1B | 102 | 1016 | 130 | 0 35 | Wssy
ZE | 4 | 70 | 151 | 1856 | 64 | 6065 | 3 | 19689 | 8218 | @4 | 1248 | 399 | 2066 | 1449 | 286+ | 0 | 3%4 | U643
Z| 785 | @ | 110 | 3M0 | 145 | 708 | 1 | 3156 | 376 | 1257 | 08 | N8 | 479 | 736 | 302 | 0 | 36 | 106
HE | 207 | 1007 | 147 | 8B | 552 | 306 | X | 635 | 130 | 480 | D244 | 101481 | 183B | 5619 | 710 | 0 61 | 171471
A 142 | 258 | 187 | 66 | AR | 1FL | MR | 428 | 116 | 2306 | 5064 | 1860 | 1616 | 550 | B | 0 | 3 | 2673
78| 37 | 82 | BR0 | 18 | 137 | 3664 | TAB | DAG | 10509 | USG | 7R | 557 | 549 | Bl | 2T | 0 % | B0
Ak 125 | D8 | 10486 | 55 | 206 | 134 | 5120 | 388 | 1609 | 295 | 30 | 726 | BIY | B BB | 0 | 2B | 876
AF| o 0 0 0 0 0 0 0 0 0 0 0 0 0 |13 0 |1BIB
AZE| e & | | %% 7 | 118 | % | 243 | B | 3% | 3W | 6O | W | ® | 7 0 | 352 | 1830
THA| | M0 | A8 | 186213 | 10016 | 1425 | 104106 | 6608 | 78865 | U573 | U654 | 1974 | TSR | 2538 | 36306 | 2570 | 13B1B | 18%0 | 38021
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1
==

H 4-28) 58 31=XI5xH2.58 0[4~8.5E 0I5h) O/D

TE(AE BT AR BT A S A7) A | S5 e AR A AR | A AT AlE | A
AL B3| 3% | 45 50| 46 | Bl | 17 | BB B8R | 42 | 2B | B | 2 | 1D | & 0 Bl | 58
BAL 3 1759 122 | 19 | 38 | 2 | 100 | 144 | 3D | 45 | | 52 | 107 | 2% | 7% | 0 % | %67
| 3 | 128 W6em | 28 | 84 | 3 | 45 219 | 3 | 6O | 61 | @ | & | 546 | 289 | 0 B | 3149
Q1 | 510 P 16| ® || B | wew | | 8 | 150 | A0 | Bl | M | % | 0 | 19 | 4646
B o | 30 | 47 | B3| 9| X0 | % | 168 | 1R | B | 74 | 164 | 437 | &5 | &b 0 74| 288
A | 6 | 23 | 3 | 32 | ® | 609 | B 252 | o | 140 | 142 | 9 | 55 | s | 0 Mm | 1637
2AH 16 | 1060 | 416 V) 9 B4 | | 10 | 1O | 18 | 18 | 2B | 148 | 140 | 0 B | 1039
A7) | Bon | 141 | 213 | U778 | 166 | 254 | 561 | 10150 | 857 | 787 | 180 | 436 | 346 | 56B | 2% | 0 | 118 | 2077
Z3A 183 | 320 | 40 | 9B | 10 | o7 | 60 | 863 | 106® | 172 | 126 | 65 | 5P | 200 | B 0 16 | 3049
ZEB |14 | 45 | 68 | 88 | 30 | 120 | 10 | 7S | 176 | 89B | 297 | 140 | &8 | 258 | 1B | 0 B4 | BB
=\ 025 | 41 | 62 | 156 | 71 | 146 | 18 | U8B | 126 | 29% | 6B | 389 | 165 | 192 | 1137 | 0 69 | H506
HAE| o2 | 2| W | ar | 166 | W | W6 | 430 | @6 | 147 | 388 | UOR | 388 | 169 | 189 | 0 | 2B | 4061
A 7 | 1w | S| B4 4B | W | B | 345 | S0 | 89 | 162 | 399 | D49 | 167 | 338 | 0 1B | 888
745 10 | 227 | 517 | 7| 60 | &4 | 147 | 561 | 2091 | 234 | 195 | 165 | 160 | 228 | 492 | 0 | 2B | 5416
A @ | 70 | 2% | 3 | SR | 49 | 148 | 2% | 7 | 1 | 118 | 186 | 337 | 498 | BB | 0 15| 299
AF| o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |vs| 0 | 1715
AZE| &) 2 | B B | | B 1A W &S | & B B W 15 0 B | 42
SHA| | 50 | 66 | 348 | 4649 | 2080 | 1637 | 10308 | 50718 | DL0 | BA5 | H08L | 068 | B2 | 54164 | RX%6 | U5 | 4B | 44D
B 4-29) Uiy S}=SXtSXAH8.58 =a) O/D

T | A= | A T QA 3 A &4 A7 | AL | 55 S| AR A AE | A AT | AF A
A3 | 28 | 127 241 | B | 191 | 14 43R | I | B | & | W | B | B | 2B 0 B | 1382
BA a8 2w | & | 4 | 46 | B | I | 18| 7 | 3B | 58 | =R | 160 | 220 | 446 | 0 % | BB
| 7 | 9B | 262 | B | A2 | 65 | W | 64 | 1B | W | 32 | W | W | 162 | 106 0 6 | 9
QI | 24 | 41 | 27 |RIG| 3B | 3 | B | & | 66 | L0l | 1R | D | W | B | B 0 6l | 206
S| B | 48 | 23 3 4B | B | 0 | W | 16| W | R | B | 29| 48 | B 0 9| 1
A ®» | B | ®B | W | B | 18| 15 | 9B e | 67 | o | 4 | W | W 0 6 | 1%
LA 14 | 18| B | 29 B | 14 | 40 | 30 | 1 A6 | B | 28 | BB | 4R | 154 | 0 U | 1240
Z47] | 438 | 1 | 64 | 83 W | 51| BB L8R | 346 | 42 | L4 | 1B | 195 | 160 | 0 18 | H6eL
A w | | 1B | 68 6| B | 14| 188 | WB| 5 | 4 | 2B | B | B | W 0 2 | 6m
Z8 | ® | 50 | 3 | LB | 37 | &l | X6 | 34 | 58 | 2B | 156 | A | T | LB | 66 0 21 | 1548
Z | ® | 58 | 3w B | 66 | B 4B | 40 | 150 | 48| 130 | 100 | 9B | ™ 0 0 | 0P
HNE| 35 | R | | BB | M A 1| U | M| 1B 3| B | B | B 0 2 | 41D
A w162 | W OB 26 48 | 57 | 1B | W | W | 104 | 15| 9B | 121 | 18| 0 6 | 4w
ZAE| ® 223 165 | W | M | W | 1R | 191 | 5 | 6| 90 | 2 | 12| UB | 2B | 0 B | BW
A B 4B | 1B | H | 4| B | 1B | LB B | 68 | 36 | 6 | 185 | 24 | 588 | 0 D | 238
AF| o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 20| 0 | 240
AE| 2 » 16 i) 19 i 5 18 | 2 7 (N VI <) % B D 0 D |90
FHA | 1391 | BT | 96l | 200 | 1157 | 726 | 1248 | H66 | 601 | 1548 | DIB | UID | 2408 | BH | 230 | 240 | 90 | 370
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H3HE YT 2= O/D Ol WY

Lt.

o

. M2 B120/D XS o AEHGIE (201248 ZIFWEZXAF U DBILEAIY)

2hepol A18]73AA

=
T 52 5o d=8 F5E UM 4SS 2011 TE 5% O/Doll &

G FEATH10)9 A TN TV FEAY, ATE
B 3lE 2030 0] o] o 2| 2o]2 ukygsle] o =3}

0= Ak

H)= CFS(Commodity Flow Survey)®} FAF(Freight Analysis Framework)

ST CFSE Fotol £UE TEY ARE o3l BB B4 2 4o
e S AYERE MR & FRAAA el 2 o4
o1 g3l BEY o5

836‘

-

- ElEe A ol AR ofLj2t F(state) TSI E BEF =L

4
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d, F7hESle) CBS 2AAE 9 FAF RS o) §3s 33 7o A
=4 8 2540 B HolEE 2ASAY AEsele Again o

FollA afg A Aol A3 SERYPY S FH3t ARSI A

gz 18 rr

FAF4o| A= THS Business Market Insight(BMI)AF2} Business Transactions
Matrix(BTM)Atoll A AHA % W)= Ao A7 A%-S 7IWe 2 A =5
Fatetalor 201297 20453704 Aefdl S A

BMI2} BTM AFE.9} FAF49] A AA & 4 &7 AAE AF4st] H-&
3t AA| 2719 E5E FHS 2= AAHE AF

r

U, 9, FEe TEste] dSskien, 2012378 20453704 A of
12%9] QBT AAES BYom, s ok 1% A9 A4E At =
=5 U=

FAF4ol M= @A 439" 74, 3473, A4 3704 Alvel Lol tigt 4=
AR AN

Xtz

forecast study: final forecast results report (No. FHWA-HOP-16-043).

B Domestic Tons
M Import Tons
M Export Tons

2012-2014 2014-2020 2020-2045 2012-2045

Fullenbaum, R., & Grillo, C. (2016). Freight analysis framework inter-regional commodity flow
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25

20

15

Billions Tons

2012 2013 2014 2015 2016 2020 2025 2030 2035 2040 2045

Xt&Z: Fullenbaum, R., & Grillo, C. (2016). Freight analysis framework inter-regional commodity flow
forecast study: final forecast results report (No. FHWA-HOP-16-043).

(J% 4-9) 0| FAF4 W5 252 oIS Z1(2012~2045)

4% .
_ Pharmaceuticals

//"’,,/Precision Instruments

3% L
*»
&
2% s o
q’ L 2 &
L 4
L 4 & *» Gravel
Y &

*

b ad

T
®

Coal and Petroleum

-~ Electronics
Products

L ]

1%
L 4

®
0%

‘ilr
@

-1%
T 1® Text les/Leather

2% ¢ Coal

-3%

@ Tobacco Products

-4%
0 500 1,000 1,500 2,000 2,500

Millions of Tons

Xt=: Fullenbaum, R., & Grillo, C. (2016). Freight analysis framework inter-regional commodity flow
forecast study: final forecast results report (No. FHWA-HOP-16-043).

(22 4-10) 012 FAF4 224 257 HTFH2012~2045) 5712

O Identification and Evaluation of Freight Demand Factors(NCFRP web-only
Doc. 4)
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=
ofo
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of

Sl3od

Al
PN - = = O 2EFEL HEZBE X 3 2~ 3

- At 3 A g BAA BEAS A% HSEA A2 aEE 5t

2 22 Q3R =9 5k Q o o SFA == X o

EWETTRYEH T8 FFARI Y FFFEE <F 431> AAIHA

3 Z2=0 0 S =2 JlEZ=Qo S = =
or] Y W5 10%Ms] BE SEFas MABEE nolF
=12 A = =
(B 4-30) sl2uS+00 JQ0Ze| Mk
’ . ; . Rail Rev
" ; g’ Rail-Ton-Mi Rail Rail h Truck Water Water
Absolute Correlation Matrix Rail Tons 65 Train-Miles | Car-Miles ng}\hﬂl'll?s Ton-Miles | Truck VMT| o0 Ton-Miles

Real GDP 6 4 6 6 3 3 3 21 4
Real GDP per Capita 8 6 8 5 6 2 2 7 7
Real Personal Consumption 7 7 9 7 7 8 8 16 3
Real Income Per Capita 9 8 11 8 8 7 7 19 6
Total Housing Starts 16 16 14 15 16 16 16 4 19
Industrial Production Index 4 1 4 3 1 4 4 20 2
Industrial Manufacturing Index 3 2 2 2 2 5 5 22 1
Purchasing Managers’ Index 17 17 17 18 17 18 18 11 21
Trade Wt. Broad Cur. Index 14 13 15 14 13 9 9 14 13
Trade Wt. Major Cur. Index 15 15 19 19 15 15 15 3 20
Total Employment 11 3 3 1 1 9 9
Employment in Wholesale Sector 13 12 13 13 12 10 10 6 12
Exports in Real $ 10 9 12 12 . 11 11 8 10
Imports in Real $ 2 10 10 10 10 12 12 12 8
Total Capacity Utilization 19 19 18 17 19 19 19 1 22
Chained In. Sales Ratio (BEA) 12 14 7 11 14 14 14 18 16
Inv. Sales Ratio (Census) 1 11 5 9 11 13 13 15 11
Urban Gas Price in Real $ 18 18 16 16 18 17 17 2 23
Retail Sales in Real $ 5 5 1 1 4 6 6 23 5
Lagged Inland Waterway Trust Fund NA NA NA NA NA NA NA 10 17
Tax/Gallon ) ) ) ) ) ) )
Grain Tonnage NA NA NA NA NA NA NA 13 18
Coal + Grain Tonnage NA NA NA NA NA NA NA 7 14
Coal Production (Tonnage) NA NA NA NA NA NA NA 5 15

* NA indicates correlations were not determined for rail or truck demand variables with these
waterborne—freight-related independent variables, which were added later in the analysis. SOURCE: Developed

by the Research Team
Xt=: Identification and Evaluation of Freight Demand Factors, NCFRP web-only Doc. 4, 2011
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H 4-31) 204 S2DE4032T} X0 IR0 2| YT
. Primary Influencing AFreight | Secondary Influencing AFreight /
Freight Demand Variable 10% Change Variable 10% Change
. Industrial Prod. Trade Wghtd. Index
I .49 . -1. 49
Rail Tonnage Index 8.4% (Broad Currencies) 1.4%
, . Industrial Prod. . .
Rail Ton-Miles 9.6% Inventory/Sales Ratio -4.7%
Index
Purchasing Mgr's
Rail Train-Miles GDP in Real 5.7% Index . 1.8%
(Lagged from prior
yr)
Rail Car-Miles GDP in Real$ 6. 6% NAFTA = two yrs 0.4%
following
Rail Rev Ton-Miles GDP Real $ 10.6% NAFTA = two yrs 0.6%
following
Truck Ton-Miles Total Trade in 1.0% Gasoline Price -0.5%
Real $
Truck Vehicle Miles Tota}l{egegle n 1.0% Inventory/Sales Ratio -1.7%
Water Tonnage Total Capacity Utiliz. 8.6% Graint+Coal Tonnage 0.9%
IWTFEF Gas Tax
Water Ton-Miles Rail Ton-Miles -4.4% (Lagged from prior -1.3%
yr)

Xt=: Identification and Evaluation of Freight Demand Factors, NCFRP web-only Doc. 4, 2011

C. wEHE Al

o wHAE=
Study,2014 ATFNAE T Al Ad E5 Ay oSS
- 20129 KE 2042W374A] A 30d Fo] EXEF =S 483

- F0 AQEE A% AAXNE Be, FERE W
@ & AAsk] BEF oo 283

&5 (Ministry of Transport)s= National Freight Demand

T3t
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(B 4-32) wEUE F MUH I 312 E5Y 6E HE XE

Linkages of industries to forecast indexes

Populatio
n

Supply

Non-Dair
y Supply

Forestry
Supply

Fishing
Supply

Horticuitu
re
Supply

Wool
Supply

Transport
Energy

Concrete

Waste

Liquid Mik

Manufactured Dairy

Bxport Logs (1)

Logs to Sawmills

Inputs to panel making

Inputs to pulp and paper

Sawn timber

Puip and paper

Panels

Manufactured Goods

Supermarkets and Food Goods

Other Retail Goods

Imported Vehides

B N SN A AN A A

Waste

Wool

Fish

Livestock

Meat and Meat By-products

Horticutture

Grain

Other Agriculture

Coal

Petroleum

Limestone, Cement, Fertiliser

Concrete

<[

Aggregate

Steel and Aluminium

Other Minerals

v

Couriers and Post

v

Ceneral Freight

v

v

XtZ: Ministry of Transport, New Zealand government(2014), National Freight Demand Study 2014
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Freight Forecasts by Broad Commodity Group-Total Growth from 2012 (per cent

Commodity Group 2017 2022 2027 2032 2037 2042
Milk and Dairy 14% 33% 40% 46% 53% 60%
Logs and Timber Products 10% 42% 48% 50% 28% 28%
Livestock Meat and Wool 6% 16% 20% 25% 29% 33%
Other agriculture and fish 5% 23% 38% 48% 55% 62%
Petroleum and Coal 6% 9% 12% 17% 23% 29%
Building Materials fertiliesr and other minerals 14% 34% 52% 69% 86% 102%
Other manufactured and retall goods 8% 17% 27% 36% 45% 54%
Steel and aluminium 6% 9% 14% 18% 22% 26%
Waste 13% 25% 37% 48% 60% 70%
General Freight 9% 19% 28% 37% 46% 54%
‘Total 10% 26% 36% 45% 50% 58%
XtZ: Ministry of Transport, New Zealand government(2014), National Freight Demand Study 2014
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