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TABLE 3 New Vehicle Actual Changes in Annual Costs (In 1984 Dollars)

Type of Light Vehicle Type of Heavy Vehicle
Estimate Small Large Van Light truck Medium Heavy Bus

Cost category bound ($) ($) ($) ($) ($) ($) ($)
(3)

($)
(1) (2) (5) (7) (8) (9) (lo)

200
I Med,um(4)

Cost of automation devices (annu- H~gh 20O 200 200 200 300 300
ahzed for five yrs LD/10 yrs Low 100 100 100 100 100 200 200 20
HD)

Maintenance costs of automation High 100 100 100 100 100 20O 1,000 1,00
devines Low 50 50 50 50 50 100 5OO 50

FueFoperation and maintenance High 0 o 0 0 0 0 0
co~ts Low -I5 -18 -23 -26 -28 - 225 -490 -2,12

[nsm ance payments Htgh 100 100 100 100 100 5OO 1,000 1,00
Low - liY3 -lOO - 100 -100 -100 -500 - 1,000 = 1,00

Registration fees High 25 25 25 25 25 30 0
Low 0 o 0 0 0 0 0

~alvage value of automation device High 0 o o 0 0 0 0
Low - 20 - 20 -20 -20 -20 -40 -80 -- 81

Total actual costs High 425 425 425 425 425 1,030 2,300 2,30
Low 15 12 7 4 2 -465 - 870 -2,50



TABLE 4. Existing Vehicle Actual Changes in Annual Costs (in 1984 Dol|ars)

Type of bght Vebcie Type of Heavy Veh¢cte
Esbmate Small Medium Large Van Light truck Medium Heavy Bus

Cost category bound ($) ($) ($) ($) ($) ($) ($) ($)
O) (2) (3) (4) (5) (6) (7) (8) (9) (lo)

Cost of automauon devices (annu- H~gh 433 433 433 433 433 666 700 700
ahzed for three yrs LD/5 yrs Low 266 266 266 266 266 500 500 5O0
HD)

Maintenance costs of automatton High 100 100 100 100 i00 200 1,000 1,000
devtces Low 50 50 50 50 50 100 50O 5O0

Fuel/operation and maintenance Htgh 0 0 0 0 0 0 0 0
costs Low - 15 -18 -23 -26 -25 -233 -490 - 2,120

Insurance payments High 100 100 100 100 100 5OO 1,000 1,000
Low - 100 - 100 -100 -100 -I00 -500 - 1,000 - 1,000

Regxstratlon fees High 25 25 25 25 25 30 0 0
Low 0 0 0 0 O 0 0 0

Salvage value of automation device High 0 0 0 0 0 0 0 0
Low -50 -50 -50 -50 -50 -i00 -166 -166

Total actual costs High 658 658 658 658 658 1,396 2,700 2,700
Low 151 140 143 140 141 - 223 - 656 - 2,286



TABLE 5 New and Existing Vehicle Input Data 1984

Type of Dght Vehmle Type of Heavy Vehocte

Data category Smali Med=um L~ght truck Med=um Heavy Bus
(1) {2) (3) (6) (7) (8) (9)

IVltles per year t 9,8(39 9,809

Large Van
(4) (5)

9,809 9,809 9,974 11,664 61,031 30,~6

(a) Miles per Hour

Commute 29 29 29 29 29 N/A [ N/A NtA
Recreation 58 58 58 58 58 NIA

[

N/A N/A
\~ ork N/A N/A N/A N/A N/A 50 50 50

(b) flours per year

C()n3Eltlte

Recreation
Work
Commute ume value

($/hr)
Recreatmn time value

($/hr)
Work rime value

($/hr)

338 0
I69 0
N/A

5 65

214

N/A

338 0
169 0
N/A

5 65

214

N/A

338 0
169 0
N/A

5 65

2 14

N/A

338 0
169 0
N/A

5 65

2 14

N/A

343 0
172 0
N/A

5 65

2 14

N/A

N/A
N/A
233

N/A

N/A

12 00

N/A
N/A
1,220
N/A

N/A

I2 00

N/A
N/A
613

N/A

Commute
Recreatmn
Work

Commute
Recreation
Work

955 5
361 9
N/A

955 5
361 9
N/A

(c) Average T, me Costs

955 5 955 5 [ 971 6
361 9 361 9

/
368 0

N/A N/A N/A

(d) Average Freeway Trip Length (Miles)991l 991 991 99
10 6 10 6 10 6 10 6 10 6

N/A N/A N/A N/A N/A

N/A
N/A

2,799 :

N/A
N/A

114

N/A

[

N/A
NIA N/A

18,052 5,82~

N/A
N/A

115

N/A
NIA

F



TA
B

LE 6 
New V

ehicle B
reak-E

ven C
alculations (P

erceived C
osts) 

R
ecreation 

R
ecreation 

R
ecreation 

that w
ould have been spent per trip on an nonautom

ated freew
ay These 

calculations w
ere 

erform
ed by subtracting the trip m

iles dtvided by the 

T
he autom

ated speed w
as derived from

 the break-even freew
ay speed in- 

crease added to the nonautornated average speed for e
x

h
 trip type 

autom
ated speed H rom

 the trip m
iles divided by the: nonautom

ated speed 

Table 6 show
s the new

 vehicle, perceived costs break-even results T
he 

values for the cost of autom
ation w

ere taken from
 Table 1 T

he first break- 
even result IS the average annual rim

e-saving fraction for trips on urban 
freew

ays For autom
obiles, vans, and light trucks, for autom

ation to pay 
off U

~
&

K
 perceived cost conditions, a tim

e savings of 15-31% 
is necessary 

for cornm
ute travel For recreational travel (about tw

o-thirds of light vehm
cle 

m
ileage), tim

e savings of 41-83%
 are necessary 

T
hese percent tim

e savings are then converted to freew
ay speed m

creases 
Light vehncles need to increase their freew

ay speeds by 4 4-9 
1 m

ph for 
com

m
ute trips, and by 23 6-48 1 m

ph for recreational trips 
R

rPnk-PvPn n
h

s
d

rit~
 tim

e savinps oer trm
 ranee from

 a break-even tim
e 

R
ecreation 

(b
) Frccw

ay Speed Increase (M
pR

) 

R
ecreation 

(c) A
bsolute T

im
e Savings (H

rsitrm
) 

C
om

m
ute 

R
ecreation 

sdvings per trip of 0 05-0 08 hours (3 0-4 8 m
n

) for cars, vans and hght 
trucks, coincidentally, for both com

m
ute and recreational trips 

V
alue of 

tim
e saving5 le5s than 5 m

m
, how

ever, niay not affect tr,ivel 
decisions (Stopher 1973) A

verage recreation and com
m

ute trip savings niay 
need to be larger than Indicated to affcct behavior, regardless of vehicle 
occupancy rates 

For existing vehicles under perceived cost conditions (Table 7), the brc'ik- 
even values are higher, due to the increased cost of adding the afterm

arket 
autom

ation technology to a vehicle 
For new

 vehicles, actual costs (Table 8), the percent of annual tim
e savlngs 

ranges betw
cen 0%

 and 44%
 for light vehicles on com

m
ute trips R

ecreation 
trips require an annual tim

e savings of betw
een 1%

 and 117%
 

For new
 

heavy vehicles on w
ork trips, several interesting values resulted 

For these 
vehicles, the range of tim

e saving5 w
as 37%

 to - 17%
 for m

edium
duty 

trucks, 16%
 to -

 6%
 for heavy-duty trucks, and 40%

 fo -43%
 

for buses 
These values indicate that m

edium
 and heavy truck5 and buscs can eupe- 

rience speed decreases and autom
ation m

ay still pay off These results are 
due to the large sdvings In

 operation costs for heavy trucks and buses. due 
to sm

oother operation and large annual m
ilcage (T

able 5) 
T

he range of break-even &
solute 

freew
ay speed increase5 tor IIC

'U
I ve- 



TABLE 8 New Vehicle Break-Even Calculations (Actual Costs)

Estimate Type of Dght Veh+cie Type of Heavy VeNcle

Cost category bound Small Medmm Large Van Ught truck Medium Heavy Bu

(1) (2) (3) (4) (5) (6) (7) (a) (9) (lC
Cost of automatton High 425 425 425 425 1,030 2,300 2,3(

($) Low 15 1 41512 7 4 2 -465 - 870 - 2,5(

(a) Average Tm*e Savings Fracnon

COMIIIU[C

Recreation

Work

High 0 44
Low 0 02
High 1 17
Low 0 04
High NIA
Low N/A

0 44 0 44 0 44
0 01 0 01 0 0O
1 17 I 17 1 17
0 03 0 02 0 01

N/A N/A N/A
N/A N/A N/A

(b) Freeway Speed Increase (Mph)

0 44
000
1 15
0 01

N/A
N/A

N/A
N/A
N/A
N/A

0 37
-0 17

N/A
N/A
N/A
N/A

0 16
-006

N/A
N/A
N/A
N/A

(
-(

Commute

Recreation

ork

I-hgh
Low
High
Low
High
Low

12 9
0 46

34 05
1 20

N/A
N/Aco u,e OOl

Recreahon High 0 Tt0
Low 0 01

Work High N/A
Low N/A

129
0 36

34 05
1 20

N/A
N/A

12 9 12 9
0 31 0 12

34 05 34 05
1 20 032

N/A NIA
N/A N/A

(c) Absolute Ttme Savings

12 6
006

33 49
0 16

N/A
N/A

N/A
N/A
N/A
N/A
18 4

-83

(Hrs/mp)

011
000
0 10
0 01

N/A
N/A

011
00O
0 10
000

N/A
N/A

011
00O
0 10
000

N/A
N/A

011
00O
0 10
000

N/A
N/A

N/A
N/A
N/A
N/A

006
-005

N/A
N/A
N/A
N/A

78
-29

N/A
N/A
N/A
N/A

0 03
-0 01

NIA

N/A
N/A
N/A

1¢

-2

TABLE 9 Existing Vehmie Break-Even Calculations (Actual Costs)

Estimate Type of LNht Vehicle Type of Heavy Vehicle
Cost category bound Small Medium Large Van Light truck Med{um Heavy Bu,’

(1) (2) {3) (4) (5) (6) (7) (8) (9) (~0
,st of automahon High 658 658 658 658 658 1,396 2,700 2,70
i$) Low I51 140 143 140 141 - 223 - 656 - 2,28

(a) Average Time Sawngg Fraction

Commute

Recreahon

Work

Hagh
Low
High
Low
High
Low

0 69
0t6
1 82
0 42

N/A
N’&

!
0 69 } 0 69
0 16

I

0 16
1 82 1 82
0 42 0 42

N/A N/A
N/A N/A

0 69
0 16
1 82
0 42

N/A
N/A

0 68
0 15
1 79
0 38

N/A
N/A

N/A
N/A
N/A
N/A

0 50
-0 08

N/A
N/A
N/A
N/A

0 19
-0 04

(b) Freeway Speed Increase (Mph)

NIA
NIA
N/A
NIA

0
-0

Commute

R( creation

Work

thgh
Low
High
Low
High
Low

199
45

I05
24 2
N/A
N/A

I
I9 9 I 19 9
45

[

45
105 105
22 4 22 9
N/A N/A
N/A N/A

(c) Absolute Tlme

199
45

105
22 4
N/A
N/A

196
42

103
22 2
N/A
N/A

N/A
N/A
N/A
N/A
24 9
-39

N/A
N/A
N/A
N/A

9 39
-2 24

Savings (Hrs/tnp)

N/A
N/A
N/A
N/A

23
-19

Commute

it creation

Work

High
Low
High
Low
High
Low

014
0 05
0 i2
0 05

N/A
N/A

0 14 0 14
005 005
0 12 0 12
0 05 0 05

N/A N/A
N/A N/A

0 14
0 05
012
0 05

N/A
N/A

0 14
0 05
012
0 05

N/A
N/A

N/A
N/A
N/A
N/A

0 08
-002

N/A
N/A
N/A
N/A

004
-0 01

N/A
N/A
NIA
N/A

0
-0



hicks under actual cost condhons (Table 8) is 0 86-12 9 m
ph for Bight 

vehicles on com
m

ute trips, and 0 16-34 05 m
ph for recreation trips T

he 
heavy vehicles could go slow

er or faster on freew
ays by about 20 m

ph and 
still break even 

m
e

 break-even projections for existing vehicles under 
actual cost conditions (Table 9) w

ere higher than the values for new
 ve- 

hicles. 
To refled a state of higher congestion in the future, consider our results 

as they m
ight change under conditi~ns with the baseline (unautom

ated) 
speed of travel reduced by one-half 

B
reak-even freew

ay speed increases 
(m

ph) w
ould be one-half of those necessary under present speed conditions 

B
reak-even absolute tim

e savm
gs w

ould rem
ain the Sam

e, of course These 
speed increases w

ould be m
ore feasible than those required at 1984 freew

ay 
speeds W

e do not consider the issue of m
erging across lanes w

ith w
idely 

varying speeds in this paper 
Special m

erge lanes w
ill be needed on m

axed 
facilities 

C
alculatnons based only on data for selected m

etrogolatm
 areas of over 

1
 m

allaon inhabitants (New Y
ork, b

s
 Angelles, C

hacago, H
ouston) w

ere 
run to determ

ine af autom
ation IS m

ore financially feasible in these regions 
A

verage freew
ay m

iles per year per vehicle in these regions are about 25% 
higher than the national urban averages U

rban freew
ay speeds, how

ever, 
are reduced by only about 1 5 m

ph (New York 1988, @
afrfornaa 1988, County 

I%
%

), and the break-even results for these regions w
ere about 80%

 of the 
national average results 

A
nother case w

as run to determ
ine if vehicle ow

ners in the upper quartik 
incom

e group w
ould be m

ore likely to benefit financially because their tim
e 

costs rare higher (based on an average 1984 annual incom
e of $50,640) 

(C
urrent 1986) For these vehicle ow

ners, break-even calculations show
ed 

necessary increases in
 freew

ay speeds of about one-half those for all drivers 
For a sm

all car, the break-even com
m

ute speed increase (new
 vehicle, actual 

costs) dropped from
 12 9 m

ph to 6 63 m
ph 

R
ecreation speed increases fell 

from
 a hlgh of 34 05 m

ph to 14 46 m
ph 

V
ehicle occupancy rate could be considered as a factor affecting break- 

even freew
ay speeds and absolute tim

e savings It is unclear if vehicle ow
ners 

consider cost sharing w
ith passengers w

hen m
aking vehicle-purchase deci- 

S
IQ

~
S

, so w
e im

plicitly assum
ed a vehicle occupancy of l 0 in

 the tables 
Since som

e vehicle buyers m
ay consider cost sharing am

ong occupants, w
e 

include this factor here 
For m

ost heavy-duty vehicle? on w
ork tnps, oc- 

cupancy rates are 1 0, and therefore are not a factor For light-duty vehicles 
on com

m
ute trips, costs m

ay be perceived as per adult occupant 
For 1984, 

average com
m

ute occupancy for urban areas w
as 1 3 (Perronal 1986) AQ- 

erage occupancy for recreational travel w
as 2 0, but as this recreational 

occupancy average includes children (over age 5)- w
e recalculated our num- 

bers from
 Tables 8 and 9 using 1 3 a5 an approxim

ation of adult occupancy 
For new

 and existing vehicles and for perceived and actual costs, break- 
even freew

ay speed increases and absolute tim
e saving5 dropped by 23%

 
A

lso, occupancy w
ould tend to m

ake autom
ation cost-effective for those 

m
edium

 and heavy-duty trucks usually occupied by tw
o or m

ore w
orkers, 

such as utnltty-repair vehicles 
O

ne potential m
arket for autom

ation w
ould be carpool-vehicle ow

ners 
These ow

ners could consider CoSt-saV
ingS In their vehicle purchase and 

equipm
ent purchase decisions 

C
arpool occupancy is above 2 0, and so 

favorable break-even values can be obtained (half of those in
 the tables) 

* 
1
-
 I
 

-- - 
-
-
1
 --- -,. ,.-,.(I 

,.r
\m

-r
l$

p
r
r
 --,! 

__ 

choose to autom
ate, as drivers seem

 to be unresponsive to tlm
e savings of 

less than about 5 m
in (Stopher 1974, A

 M
anual 1977) 

A
N

 A
LYStS 

A
utom

ation w
ill apparently be financiaH

ly feasible for rnedaum
 and heavy 

trucks and for buses It m
ay be feasible for new

 light vehicles used prim
arily 

for com
m

uting, especially in
 H

O
V

 lanes 
R

ecent studies indicate that the 
early adopters of IV

H
S m

ay be selected trucking com
pdnies, and also courier 

servtces, police, and em
ergency rescue fleets, as thev can m

ake good use 
of route guidance and higher speeds to accom

plish &
gent 

~
I

S
S

I
Q

~
 

(C
hen 

and Ervin 1990) 
For m

edw
m

'and heavy trucks and buses, speed increases m
ay not be 

necessary In fact, ~
Q
P
 

autom
ation to pay off, speed could actually decrease 

under som
e cost assum

ptions 
For new

 light vehicles under perceived cost conditions, com
m

ute freew
ay 

speed increases betw
een 4 4 m

ph and 9 1 m
ph seem

 ckarly feasible 
$"or 

recreationail travel, how
ever, speed increases betw

een 23 6 m
ph and 48 1 

m
ph do not skem

 clearly feasible (at off peak tim
es) 

A
bout tw

o-thirds of 
the m

iles in the average light vehicle on urban freew
ays are for recreataonal 

trips, and so autom
ation is unlikely to pay off for m

ost of these ow
ners 

R
esults for m

etropolitan areas of over 1
 m

illion inhabitants indicate that 
the autom

ation of freew
ays in these areas w

ill be significantly m
ore beneficial 

than in
 sm

aller urban areas B
ecause of longer tim

es spent on freew
ays, the 

results are m
ore optim

istic than the national urban averages 
A

utom
ation for those w

ho com
m

ute relatively long distances or have high 
incom

es w
ill pay off m

ore easily than for average drivers This result is due 
to their higher tim

e costs 
W

e expect, therefore, that w
ealthy suburban 

com
m

uters w
ill tend to be supportive of autom

ation and m
ay provide an 

early adopter m
arket niche R

ecall, how
ever, that w

e used values for travel 
tim

e about 150%
 larger than those approved by U

M
T

A
 

If their values 
w

ere used, m
tom

ation w
ould be unlikely to

 pay for light vehicles, even in
 

com
m

uting 
In conclusion, w

e found that the autom
ation of urban freew

ays w
ill m

ost 
likely im

tr,illy attract participation by the ow
ners of m

edium
 and heavy 

trucks and buses 
T

he autom
ation of autom

obiles, vans, and Light trucks 
w

ill m
ost hkely pay off only for ow

ners of vehicles used prim
arily for H

O
V

 
com

m
ute trips, but the sm

all absolute tim
e savings m

ay not attract large 
num

bers of investors 
O

ur analysis looked only at average urban area trip lengths and speeds 
by trip type In the next phase of our research, w

e are exam
ining sim

ulated 
trip length and speed by purpose, for peak and nonpcak periods, using a 
regional transportation system

s m
odel operated on Sacram

ento, C
alifornia, 

data for the year 2010 
This study w

ill perm
it us to project the effects of 

freew
ay autom

ation on all regional travel 
W

e w
ill evaluate chm

pes in
 trip 

costs for autom
ated vehicles and for nonautom

ated vehicles (w
hich benefit 

from
 the capacity increase.; on the autom

ated lanes) 
N

etw
ork m

odeling 
w

ill perm
it us to evaluate the H

Q
V

 com
m

uter m
arket 

W
e w

ill not be able 
to evaluate heavy-duty vehicles used for the transport of goods, though, 
since they are not represented 

in
 thi\ travel-dem

and m
odel 

R
egional travel-dem

and m
odeling w

ill raise a fundam
ental theoretical 

issue not addressed by this pager, nam
ely the question of w

hether speeding 
up traffic saves travelers tim

e 
W

ork by Z'ihavi (1979) and others (R
yan 

and Spear 1878, M
cLynn and Spaelberg 1978) show

 that reducsng trip tim
es 
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