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Elements of the Transportation Sector of the Economy:
the players, the technologies

o Orf 467 Fall 2007 Syllabus

» Transportation Defined
— Transportation is an intermediate good
— Transportation is the creation of place and time utility while incurring a cost.

— Purchaser of transportation acquires a bundle of services
place, time, comfort (I&d) , convenience (information)
» utility of goods = f( 1 / landed costs, time, ...)

— Place Utility: Lardner’s Law: law of squares in transportation:

* 1-Dimensional:
— Let MarketArea (n R?) be that area for which Fixed$ + Trans$ < Demand$
Let Trans$ = C * D, C = Const(technology, management, policy), D = distance
Then R = (Demand$ -Fixed$)/C
— So.. MarketArea = (n (Demand$ -Fixed$)?)/C? = K /C? ; where K = (n (Demand$ -Fixed$)?), a const.
— So... If, say, technology causes C,,, = %2 Cold ,then MarketArea,,, = 4 * MarketArea,,
— Demand for transportation:
» Elasticities: % change quantity / % change in attribute
» Attributes: price, travel time, reliability, accessibility, security, 1&d, information, comfort, etc

new
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* “Modes” of transportation: Major Categorization, by what it carries, by function,
by what is carrying (supporting) it
o Carries:
) People
o Non-people (freight)
— Regulation split this way
o Function (purpose)

o Intra-urban
o Inter-urban
o by “way” (the support of the transportation or other physical characteristic or function)
. highway, airway, railway, waterway, pipeway,
) intermodal

e by “technologies”

— bus, car, light rail, truck, LTL, TL, overnight, before 10:00 am, 2" day, road-railer,
PRT, AGT, dial-a-ride, jitney

» Externalities:
— Environment, safety, independence, economy
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Macro-economic Aspects of

5-1
U.5. Gross Domestic Product by
Major Societal Function: 2005

Food
(1 1.6%)
Trarsportation~
related”
(1 0.8%)

Education
(7.5%)

Recroation
(7.0%)

Housing
(25.9%)

* Inchides all consumer and government purchases of goods (&g, wehicles
and fuel) and services (eg., auto Insurance) and ecports related o trans-
por@ron. ® Includes all other categonies (eg, entertainment, personal
care producs and services, and payments to pendon plars).

Source: L5, Departmeant of Transportation, Bureau of Transportation Sta-
tistics, calculated from data in LLS. Department of Commerce, Bureau of
Economic Aralysis, Survey af Cument Businass, (Zctober 20004,
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Housing
3¥x)

Apparal and
Sorvicos
(%)
Parsonal
Insurancoe
and _pﬁl‘lllﬂl‘li

(11%)

Transportation
(18%)
58,344

Private vehicle expenditures
Wehic e purchases

Gazaline and mator ol

Cicher wehicle axpenditures

Public cransportation
expenditures
Airline fares
Mazs mansic fares
Ship fares
Tawi fares
Intercity train fares
Intercity bus fares
Local ransportation on
cart-of-town trips
School bus

transportation

Average Household Expenditures by
Major Spending Category: 2005
(Current dollars)

* Incudes entertainment, personal care products and sarvices, edudtlon,
‘tobacoo products and smoking, and miscellaneous.

Mate: Mumbsers do not add to totals due to rounding,

Source: L5, Department of Labor, Bureau of Labor Statistics, Consumer
Experditure Survey, 2005; and personal communication, Movember 2006,
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Households by Number of Vehicles: 2005

Fall 2007

I wehicle

he LS. transportation network makes possible a

high dagree of parsonal mobilicy and freight activity.
The data in this section show growth in travel and freight
shipments over time. Factors influencing this growth
Inch.ldﬂ.. ﬂthﬂr!: Vﬂhk:l'ﬂ- “l"a.bi“tr; tﬂ.\"ﬂl Mote Data covers the household population and exclde the population

-I-I“c;l-.l;e_holds by Number of Vehicles :7:.:‘;:::':\:::@
population, cengestion, the economy, and consumer ot censis gt
imcome. Percent

S— 1977 1983 1990 1995 1001
| | |
4.1
Passenger Travel and FreightTransportation
Par Capita 0l &
|
35

Passenger travel (2001) i

Trips 0=

Draily trips per person 4.1

Dhaily trips per person per year 1,483

Miles

Chaily miles per person 40 " o w;g

Dhaily miles per person per year” 14,524
Domestic freight transportacion (2002) 5 16
Tens per person, annually Reg 13
Ton-miles per person, annually W]
* Calculated on an annualized basis. N 4 B -

]
O vohicles | vohicla 2 vehicles 3+ vehicles
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Transportation Systems Analysis

o Safety

Mode 1980 1990 2000 100§

9/15/2007

he safery of the traveling public is of major concern

for the U5 Department of Transpertation. Although
progress has been made in reducing fatalities, roughly 43
percent of LLS. deaths due te unintentional injury invelve
transportation. Roughly 96 percent of transpeortation
fatalities arise from maoter vehicle crashes.

2-1
Transportation Fatalities by Mode

Air

Large LS. air carrier® I 9 92 o

Comrmuter air carrier® a7 ] 5 Fo

On-demand air taxi® 105 5 71 Fis

General aviation® 1,239 T 588 Poe2
Highway® 51,091 44,599 41945 43443
Pipeline, gas and

hazardous liquid 19 9 38 19
Railroad® 584 599 512 535
Transit® N 33 295 @
Waterborne

Commerdal vessel
“essel related, commercial ship 206 85 53 L

Maressel-relatad®,
commercial ship 28| 1al 134 ]

Recreatonal boating 1,360 265 701 97

* Includes people on planes and on the ground. ® Includes mator vehicle
occupanits, nonoccupants, and E@lices at rallroad crossings,
® Includes fatlitles from nontrain Incldents as well as train Incldents
and accldents. Alwo Includes traln cooupant aud NONOCCUPAnts except
motor vehicke occupants at grade crosgngs. © Fatalites resulting from

all reportable Incidents, not Just accents. Includas commuter rall, hesvy

rall, lighit rall, motorbus, demand response, van pool, and automated
uldeway. * Fatalites unredated 1o wessal accldents, e.g,, Indridual falling
owverboard and drowning.

Key: M = data are nonesdsent or not cted because of reportng changeas; P
= preliminary,; ) = uravallable.

Fatalities

Week 1

Distribution of Transportation Fatalities: 2004

Passenger car occupants

19,091

Light-truck eccupants 12602 28.1
Pedestrians struck by motor vehicles 4541 104
Motorcyclists 4008 89
Large-truck occupancs 76l 1.7
Pedalcyclists struck by motor vehicles 725 |.&
Recreational boating 576 |.5
Oicher or unknown motor vehicle occupants 539 | 4
General aviation 558 1.2
Railroad wespassers (excl. grade crossings)® 482 .l
Cither nonoocupants struck by motor vehiclas® 128 0.29
Grade crossings, not invelving motor wehicles® g2 09
Air i &4 0.4
Heavy-rail transit {e.g., subway) 5% 03
Waterborne transportation (nonvessel-relatad) 57 013
Bus eccupants {school, intercity, transit) 4| 009
Waterborne transportation (vessel-related) 3 Q.08
Private grade crossings, with mator vehicles™ 3 007
Rail employess on duty and contractors” 25 Q.0s
Light-rail transit 22 0.05
Rail-related, not otherwise specified Q.04
Gas distribution pipslines & 004
Transit buses, not accident-relatad l6 004
Air carriers 14 003
Hazardous liquid pipslines 50
Passengers on railroad trains 3 =00l
Total, all modes 44,807 100
Ocher counts, redundant with above
Large-truck ocoupants and nonccoupants 50190
Public grade crossings, with motar vehicles® 252
Commuter rail*? 85
Transit buses, accident-related® &l

Outside planes in crashes’

#=2ORFE
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23
Fatalities by Mumber of Motor Vehicles in Crash
and by Alcohol Involvement 2005

MHumber of 2-4
Crash fatalities in  Alcohol . Fatality Rates for Selected Modes
category category invelwement Percent
O coupants 317,594 14,370 ig
Srdeehice crshes 18806 | 9016 48
Two-wehicle crashes |5.£49 4 449 28 P‘qr 100 rallion sehick-miks o Par 100 millkon sshick-miks
Meore than two-vehicle 1] 5
crashes 3,139 205 9 o5 10
Pedestrians 4881 2,180 45 s~ ——
Single-vehicle crashes 4,443 1,946 44 (& 1o
Multiple-vehicle crashes 438 234 53 as L
1 1 1
Pedalcyclists T84 181 16 o &n e m ?m 1590 1955 WD 204
Single-vehicle crashes 755 268 35
Othersiunknown 184 E4 19 15 100 milicn wehicla-mils Par 100 rllion wshiclk-miks
Total 43,443 16,885 39 = = ~
: T 4“0
Fatalltkes In crash category that Irvobve aleohal, . 0 Mo ~
FIgure | o 0 M~
Fatalities in Alcohol-Related Motor Vehicle Crashes o 13
e w0 15 mm 204 e |I nlrss ‘clm w004
Mumber
Air carriers (actual and
S — R
_.-—-.\’”_'\__ fres , Par 100,000 aieraft dsparturss , Por 100,000 aircraf-hours figwn
40,00 — =
Aonel Fl
¢ 3
30000 Smoothad 2
Fatalities in alcoholrelated crashes 2 Jr' i
20,000 -_-:-.‘__ B LTS (R TETNRRAN BT S, 1
[ LS e N T S T o 1 1 1
155 1990 1955 100 1004 1965 e I M0 2100
1 050
0 I | | | I |
1985 1990 1992 1994 1998 1998 2001
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I=1
The Transportation Network: 2005

Urban transit Directional route-miles?
Modeo Components (2004) Bus: 165,854"

Trolley bus: 425
Highway Public roads Commuter rail: 4 407
4£.873 miles of Interstace highway Heavy rail: 1,596
115,500 miles of other Mational Highway Light rail: 1,097
System roads Stations
3,849,259 miles of other roads Commuter rail: 1,153
Air Public-use airports Heavy rail: 1,023
5270 airports Light rail: 723
Airports serving large certificated carriers Water Mavigable channels: 26,000 miles (2003)
26 large hub areas® (89 airports), 484 million Ferry routes': 623 directional mute miles (2004)

laned
SMpANSS passengsrs Commercial waterway facilities” (2004)

37 medium hub areas (&0 airports), 141 .
million enplaned passengers Great Lakes: 600 desp-draft

&6 small hub areas (82 airparts), 53 million 154 shalow-drafi
enplaned passengsrs Inland: 2,320 shallowedraft

930 nonhub arsas (968 airpores), 23 million Ocean: 4.298 deep-draft
enplined passengers [.76 1 shallow=draft

Rail Milas of roviroad opansted Locks: 257

95664 miles by Class | freight railroads in the Pipeline —
Lhnited States Crude lines: 0,043 miles of pipe

| 5,388 miles by regional freight railroads Preduct lines: 71,310 miles of pipe

29,197 miles by local freight railroads

; % Gas (2004)
23000 miles by Amtrak (passenger)” (2004)

Transmission: 298,900 miles of pipe
Diseribution: 1,139,800 miles of pipe
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Mode 1980 1990 2000 2004

9/15/2007

4-2

Mumber of Aircraft, Railcars, Vehicles, and Vassals

Ajr
Alr carrler 808 £,083 8,055 8,185
General aviatkon 211,045 198,000 217,533 219426
Highway
Auromobiles 121600843 133, 700496 133 621 420 | 36430651
Orther 2-aea,
4-tlre vehlces” 27875934 48,274 555 CTROEL 9T 7] 845327
Buges {rmunld palty
owned transit and
commerdal, faderal,
and school buses) 528,789 626,987 T46,125 TIE2T4
Motoroycles 5493940 4259462 4346068 5720870
Trucks
Singla-unit 4373784  4486%8] 0 SSRE030 & 1&]028
Combilration | 416869 1|,708.8%5 © BOR&6I9 2010335
Rail—Passenger
Armtrak—Cars 2128 1,883 1,894 1211
Arntrak Locomotives 419 ilg ima 74
Commuter ralkcars
and locomatives 4 500 c.oo7 L4938 Fe 228
Transit” 10,654 11,332 12168 Fi2480
Rail—freight:
Class I-Frelght cars 1168, 114 658,902 E&0, 154 473773
Class [HLocomotives 28,094 18,835 20,028 22018
Crher freight cars 42713 L53,3E9 20,642 814,147
‘Waterborme
Mareal-propslad
vessek [bargesf"’ 3,662 3209 33,152 3129
Self-propelled e 7125 B35 8,202 8994
Croeangolng 5.h||:|5.‘1
(1,000 grose tons
and ower) 8e4 6385 454 412
Recreatlonal boats g cagge7 10996253 | 1782143 12781 476

{rumberad boats)

" Includes vans, pelkup trucks, sport utlicy vehicles, and athar 2-axle, 4-tre
motor wehlcles that are not passanger cars. ® Includes light and heavy rall
only. © Ses Glossary for definidons. @ LIS flag vesssls,

Kay: P = preliminary.

43
Wehicle-Milas
(Millions)
Moda 1970 1980 1990 2000 2004
Alr
Alr carrler 2,068 2523 3,963 L 664 6,552
General aviation 3,207 £204 4548 s 3
Highwery
Passenger cars  RI&T00 1. 1115% | 408266 |.600.287 | 704582
Crther 2-mele,
4-ilre vehicles® 123286 290535 SF45T1 523059 1014342
Motorcydes 1979 10214 9557 | D469 10,048
Buses® 4 544 6 05 L7226 7520 &.637
Trucks:
Single-unit 27.08| 2813 51,901 Fo.500 21,107
Combination 35,134 6BATE  S434] 135020 j4c aop
Rall:
Transic® 44| 403 5 48 Prim
Commucer [ 172 213 7 Fygr
Intercioy Amtrak’ &30 235 a0l 368 £
Class | frelght 19,890 29277 14,159 34,590 37.071
Other transicd M I5 324 CEE Poge

*The Federal Avlatlon Admin ktratlon has egimated vehicle-milks for general
avition alrcraft through 1997, relying n part on hours-flown sureey data.
“ehlcle-mlles egimates for subsequent wears are not yet avalhbla.

* Includes vans, plokup trucks, sport utllicy vehicles, and other 2-axe, 4-tre
motor vehicles that are not passenger cars.

® Includes rmuniclpalty owned transt and commerclal, fedaral, and school busss.

4 Car-mikes.

*Includes light and heaw rall onky.
"Flecal wear data. Amtrak begn operations in 1971,

EIncludes demand regponsa, ferryboat,and other transk not speciiad; 1780
data Include “other transt” only.
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Petroleum Consumprion
ifs. Petroleum Production and 3-4 3.5

Transportation’s Share of

.5, Oil Imports
LS. Patroleum Use: | 975-2005

Consumption: 1975-2005

Million barrels per
1! per &y Millicn barrels per day
J Thousand barrels per day, average

9,000

1 Tramp-url‘.aV—
12 8,000

Total consumption

7.000
15
Transportation consumption 7 6,000
5,000
10
§ 4,000
Industry
Total preduction M 3,000
!
3 2000
—— Buildings 1000
0 | I Utilities e N
] I | N N 0

1975 1985 1995 1005
s 1985 o 1980 1985 1990 1995 2000 2003 2004 2005

[ totatopec [l Total Mon-OPEC

Miote: 2005 data are prelimirary.

Mote: 2005 d diminary.
Source: LS. Department of Energy, Energy Information Adrministration, ot —

Annud Energy Review 2005 (Washington, DO July 2005), tables 5.1 and Source: LLE. Department of Energy, Energy Information Administratio
C | 3a-d. ’ Annual Enargy Review 2005 (\Washington, DiZ: July 2004), tables 5.13a-

9/15/2007 Week 1

Motes: DPEC (Crgantzation of Petroleum Exportng Countrikes)
members are Algeria, Indonesh, Iran, Iraq, Kuwalt, Lbya, Migana,
Catar, Saudl Arabla, the Unived Arab Emiraces, and Vienezueka.
Former members Ecuador (undl 1992) and Gabon {(untl 1994) are
Includad In 1990 and prior years.
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MNew Passenger Car and Light Truck Fuel Economy
Averages: Modeal Years 1978-2001

Miles par gallon
1

Cars

1

]
1
1
§
o | | |
1978 1980 1985 1990 1995 1001
&-1
Mew Passenger Car and Light Truck Fusl Economy
Averages: ModelYears 1985-2006
Miles per gallon
£
10 Cars
—— N
1
= ==
Light trucks
15
1
§
0 I I |
9/15/2007 (IfH 1990 1995 2000 Ty Veek 1

5-10
Mew Passenger Car and Light Truck Sales:
Model Years 1985-2006

Millions of wehicles

Cars

Light trucks

0 I I I
1985 1990 1995 2000 2006

Moe: Dara are based on Environmental Protectlon Agency (ER&) definl-

tlons of light trucks (gross vehicle welght of 8,500 pounds or less).
Source: LS. Ervircnmental Protection Apency, Light-Doty Automathe
Tachnology and Fuel Econamy Trends: (975 Throuph 2004, Table |, available
at httpoliwwwepagoviotagfetrands.hitm, as of July 2004,

#=2ORFE
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6-2
L5, Carbon Dioxide Emissions from
Energy Use: 1985-2005

Million metric tons of carbon

550

Industrial

. . j_p"""'\

\/— Transportation

360
Rlesidential ’/—-_——'—/
Bl ——
Commercial
150 I | |
1985 1990 1995 2000 2005

Moes: 2005 data are prelimirary.

One ton of carbon equals 3667 tore of carbon dicedde gas. Electric utllicy
emissions are distibuted across sactors.

Sources: |985-1989—1 1.5, Department of Energy (USDOE), Energy

Irformation Admiristraticn (EIA), Emissions of Greenhouse Goses i the

United Statas, Appendix E, available at http: /hwwrwesiados gov, as of

Dracarnbar 2005, 19902004 —U5S0OCE, EIA, U5, Carbon Dioxide from

Energy Sources 2005 Flash Estimate, available at http Jwwwisia doe.

gowd, as of Jume 2006,

9/15/2007

64
Index of Key Air Pollutant Emissions from
LLS. Transportation: 1990-2003

Index: 1990 = [0

£
|
gz_
;

,o\ LB
, \-\_ M\
5 0
—
i I l i I I
1350 195 T T BT [ W Wi
——" | CICED
a 12
I Lo
5 . PH-1.E
PH-1D :

% 0 =
I 1 ! o4 | \|\.\
1350 1595 we 1k 19 1955 W e
Sulfur Dioxide Ammonia
2 18
a 14
.3\x 14 /\’-’

12
16

14
"“ o8
2 e
[ I l o I I
1933 1538 W0 00 1259 1955 W

Koay: PM-10 and PM-2.5 = alrbome partkculatas of less than 10 microns or
1.5 micrans, respactlvey,
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Government $$ i1n Transportation

Government Transportation Revenues by Mode
and Leval of Government
(Millions of current dollars)

1980 1990 1995 1999 21000

Highway total 15,168 49945 44743 00442 BT7.B00
Faderd:

H ighway Trust Fund—

Highway Account’ TA4T 13453 19377 33A13 | 30347
State |6267 32644 42415 4874 Popoma
Lacal 1,334 3848 | 4952 &081 | Pa3an
Transit total 1397 7091 | 9351 13088 1474
Fedaral:

Highway Trust Fund—

[Hazs Transit Aceownt - 977 2A13 L4738 4625
Stats 382|074 257 1404 @ Pp 524
Lacal 2035 4142 | 5283 &304 | Pasas
Air tocal 4,100 10,009 [ 13,954 211,079 | 20,827
Fedaral: Arport an}

Adrway Trust Fun 2374 4945 6291 1108 0,544
Stats 150 17 B35 T44 Pagz
Lacal 1636 4617 | &8 5246 FIO

9/15/2007

Week 1

Government Transportation Expenditures by Mode
and Level of Government From Own Funds

(Millions of current dollars)

1980 19290 1995 1999 2000
Highway total 34853 41563 T9309 95494 103,838
Fedaral 11.70e [5452 0,008 235ey - ATAST
Seare and local 22847 47112 59232 71905 P18
Transic total god4% 19161 26161 29017 31,817
Fedaral 3307 3.R32 4474 4265 5337
Seare and local 5542 15429 21,608 24762 P24 490
Rail cocal 1,497 L4l 1,043 E&E T81
Fedaral 1474 534 034 Ldé 755
State and local yE] 7 9 |9 P26
Air total 673 11562 16960 11.73% 10,810
Fedaral 3762 708 G388 |07 9.556
State and local 12l S K] 6571 11,067 PlI264
T 1]
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Societal oversight on transportation.
e Government Involvement / Influence:
o Why?
— Transportation is an industry that impacts public interests; a “business

affected with the public interest”

— To create or replace the attributes of: competition and free markets
» Transportation is a derived good

» Products are justified only by the willingness of people to produce them
and buy them

» People are Utility maximizers (do things that make them better off)
» Product should not be sold at price less than marginal cost of last unit.

— Issues of Equity, Economies of Scale
— Should it be nationalize?
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® What?
— Maintain competition ( Courts enforce anti-trust)
— Substitute regulation for competition
— Invest, assume ownership

— Control extenalities
— Regulation has involved: Regulation of entry and exit (Granting of charters); Pricing (filed rate

doctrine), Employee relations, Operations, Safety
® How?

« Controlled by the legal system based on Common law (judicial precedent;
principles of law developed in from former court decisions) augmented by
Statutory law enacted by legislative bodies.

— Concept of “business affected with the public interest”

— Concept of common carriage: serve all shippers on a similar basis, at reasonable
rates and without discrimination.

e Who’s involved:

e Legislature, courts, administrative bodies
° Started with states, moved to the federal Gov in 1887 with the ICC,

) ICC was an administrative layer that provides continuity to regulation that the
legislature and the judiciary don’t provide. (Surface Transportation Board replaced ICC)

— added “executive decisions” to legislative and judicial actions.

9/15/2007 Week 1 EEE OR F E
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9/15/2007

Evolution of Regulation:
o Granger laws: problem- high rates where competition didn’t exist

e  Wabash case 1886: Supreme court ruled that states could not control rates on
interstate commerce.

o ICC 1887 regulate interstate commerce (RR): promulgate common carriage
concepts

° 1935 Motor Carrier Act:
o Control of Entry

CAB Act 1938; purpose:
o promote aviation by establishing and establishing an airport airways system
o safety (regulate entry)

Transport Act 1940 national policy statement
o Regulation of all modes of transportation
o Need a unified perspective

Reed - Bulwinkle Act of 1948: Joint rate-making anti-trust protection.
1956 ND & IH Act

1966 Creation of Exec branch Department of Transportation

3R, 4R, ‘78 Air Dereg. Act, Motor carrier Dereg. Act, Staggers,

1994 Sunset of ICC, Transportation Board

Current Federal Laws:
—  Title 23 Highways; Title 45 Railroads; Title 49 Transportation

Week 1 EEE
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The T-ransp-:lrl;ation Metworl: 2001

Mode Componeonts

Highway Public roads
46,717 miles of Interstate highway
114,700 miles of other Matonal Highway System
roads
3,801,849 miles of other roads
Air Public-use airports
5,215 airports
Airports serving large certificated carriers
29 large hub areas (72 airporcs), 445 million enplaned
paszengers (see Glossary for "hub" definition)
31 rmedium hub areas (52 airporis), 95 million
enplaned passengers
55 small hub areas (72 airpors), 36 million enplaned
passengers
598 nonhub areas (622 airports), |6 million enplaned
passengers
Rail Miles of railroad operated?
97631 miles by Class | freight railroads in the Uniced
States®
17439 miles by regional freight railrcads
27563 miles by local freight railrcads
22,741 miles by Amtrak (passenger) (2000)
9/15/2007

Overview/Modes

Week 1

Urban transic Directional route-miles®

Bus: 160,506 (2000)

Trolley bus: 471
Comrmuter rail: 5209
Heavy rail: 1,572
Light rail: 892
Statiens
Comruter rail: 1,155
Heavy rail: 1,019
Light rail: 628
Water 26,000 miles of navigable waterways
{2000} Ferry routes: 487
Commercial waterway facilities?
Great Lakes: &1 | desp-draft
143 shallow-draft
Inland: 2367 shallowedraft
Ocean: 4079 desp-drafc
2109 shallowe-draft
Lcks: 76
Pipeline Ol

Crude lines: 76 658 miles of pipe
Product lines: 87,123 miles of pipe

Gas (1000)
Transmissicn: 250,000 miles of pipe
Distribudon: 1,110,000 miles of pipe

ORFE
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