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HIGH-SPEED RAIL IN CALIFORNIA: 

A Cost-Benefit Analysis 

Kara Kockelman 

Abstract 
Very high speed rail may be a competitive mode of trans
portation for California 's future. This article presents an 
evaluation of the economic and comprehensive benefits 
and costs associated with such an endeavor. The results 
indicate competitive comprehensive rates of return and a 
potential for project self-financing, suggesting that such a 
project merits serious consideration by the State. 

Introduction 
H igh-speed ra i l  (HSR) has been proposed as a competitive trans

portation mode for Cal i fornia's future. Proponents of HSR point to its 
poss ib i l ities in reducing emiss ions, land and petro leum consumption, 
i njury and death from accident, road and sky congestion, and urban 
sprawl .  Its crit ics and skeptics question the need for such a system, 
given the expense. Whi le several stud ies (Hal l  et a/. 1 992a, Leavitt et 
a/. 1 993,  Kanafan i  and Youssef 1 993,  Sands 1 99 1 , Vaca 1 993,  Wu 
1 99 1 ) have addressed HSR issues of construction costs, impacts, and 
competition with a lternative modes i n  Cal iforn i a ,  none has consid
ered demand, costs, and benefits al l  together and i n  relation to one 
another. This article comprehensively examines and eva l uates such a 
project us ing standard cost-benefit techniques. 

A comprehensive cost-benefit analysis enables publ ic- and private
sector dec i s ion-makers to estimate the net value of a pol icy or invest
ment. This is done by considering and calculating the expected bene
fits and costs of a project over its l ifetime, and d i scounting va l ues to a 
common year (typica l ly to present dol lars). The val uation of certa i n  
benefits and  costs may be  impractical�spec ia l ly  when markets do  
not currently exist to price part icular resu lts, such a s  a i r  pol l ution and 
noise. Add itiona l ly, the choice of a d iscount rate i s  a source of de
bate; low interest rates tend to yield h igher present values for projects 
that provide benefits in the future. For these reasons I val ue VHSR 
benefits conservatively-and on ly  where stud ies deta i l i ng such values 
exist-and base the d iscount rate on market lending rates for state se
curities. F i nal ly, a pos it ive net present value is not enough reason to 
undertake a project; regressivity, equi ty, and r isk impl ications should 
be considered, as they are here. 
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Project Definition 
Very h igh-speed ground transportation for use around the world is 

currently being considered in two forms: electrica l l y  powered ' tra ins 
running on h igh-des ign rai l ( i .e . ,  Very HSR);  and magnetica l ly  levi
tated veh ic les prope l led over a guideway ( i.e . ,  maglev) . 2 Hal l  et a/. 
recommend that Cal iforn ia  now consider only VHSR technologies, 
and not maglev, because of the "clear advantages in cost-effectiveness 
combined with compatibi l i ty, performance, and proven rel iab i l i ty i n  
revenue service" (Ha l l  et a/. 1 992a: x) . Thus, th is  report considers 
only VHSR technologies. 

Figure 1 

Very High Speed Rail: Projected Route 
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Map by Martha Conway and Rolf Penda l l  

I n  thei r  studies of HSR as an alternative transportation mode for 
Cal ifornia, Kanafani  and Youssef ( 1 993) concl ude that HSR cannot 
compete wel l  with the air carriers currently providing service between 
San Francisco and Los Angeles because of the low fares, h igh fre
quency, and t ime savings provided by a i r  travel on this relatively long 
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route. Acknowledging these expectat ions, the route chosen for the 
present analysis primari ly fol lows State H ighway 99 from Sacramento 
through Bakersfield (see F igure 1 ). Where H ighway 99 joins I nterstate 
H ighway 5, just south of Bakersfield, the l i ne fol lows the 1-5 median 
through Los Angeles to San D iego. I n  addition, a ra i l  spur from Mod
esto north to Manteca and then west along H ighway 580 to Hay
ward's  BART stat ion area was chosen to tap Cal iforn ia 's  l ast poten
t ia l ly  large market, the San Francisco Bay Area (SFBA) .  Stat ion s i tes 
chosen are: San Diego, Los Angeles, Bakersfield, F resno, Modesto, 
Hayward (SFBA), and Sacramento. Sign ificant tunne l i ng w i l l  be nec
essary through the Grapevine pass, just north of Los Angeles, to keep 
grades at or below 3 . 5% and thereby a l low re latively speedy and 
more energy-efficient passage through this section . 

Ridership Forecasts 
Ridersh i p  predictions must fi rst determine l i kely users' valuation of 

Cal iforn ia's pr incipa l  i ntercity modes : the automobi le, a i rplane, and, 
for th is  study, VHSR. Valuation necessari ly i ncorporates out-of-pocket 
costs, station access ib i l ity, total trip t ime and passengers' value of that 
t ime, service flex ib i l i ty, and level of service. 3 Estimates of travelers' 
perceived out-of-pocket costs for the three modes are deta i led in  Ta
ble 1 .  VHSR genera l l y  enta i l s  lower out-of-pocket costs than does a i r  
travel ,  even under my conservative assumptions, but  h igher costs than 
auto travel .  

Automobi les are further favored when one considers that cars usu
a l l y  carry more than the single person assumed for VHSR and a i r  
trave l ;  assigned average occupancy rates range from 1 . 5 for the 
shorter auto trips to 1 .7 for the longest automobi le tr ips. However, 
VHSR trips are general ly faster than those by autos . Ai r-travel time, on 
the other hand, prevai l s  over VHSR in  most of the considered markets. 
For th i s  analys is, r idersh ip t ime was val ued at 30 percent of the 
Cal iforn ia per-capita average i ncome ( $ 1 2/hour) for current auto trav
elers and 55 percent for air travelers. 

F inal ly, I add a "penalty" to VHSR and a i r-travel costs because us
ers of these modes w i l l  not have an automobi le  at their dest ination . 
S ince it is difficult to impose an exact dol lar value on inconven ience, 
I consider two scenarios: a " l ibera l ," $ 1 0  est imate (wh ich is more fa
vorable to VHSR) and a more conservative, $20 estimate. In the final  
cost compari sons, shown in  Table 2 ,  the automobi le clearly domi
nates the VHSR/car spl it, even under the "VHSR-favorable" scenario, 
and VHSR dominates the VHSR/a i r  spl it.4 
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Table 1 

nPerceivedn Out-of-pocket Costs, HSR vs. Car and Air Travel 

·�"\) 
By Car (per vehicle) 

Sacto. Modesto Hayward Fresno Bakersf. L.A. S. Diego 
Sacto. $0.00 $ 1 4.00 $29.40 $33 .00 $54.60 $75 .60 $ 1 00.60 
Modesto • nso 0.00 1 5 .40 1 9 .00 40.60 61 .60 86.60 
Hayward .. · 41� . 24,25 , 0.00 34.40 56.00 74.00 99.00 
Fresno 46.25 28.15 · ·...:oo 0.00 2 1 .60 42.60 67.60 
Bakersf. , 73.25 · $5.75 .75.00 : . )2.110 0.00 2 1 .00 46.00 
L.A. 99.50 i2.oo 1 01 .25  58.25 31.25 0.00 25 .00 
5. Diego 1Jo.75 113.25 132.50 89.50 62;50 ·36.25 0.00 

By Air 
.• yti$R 5acto. Modesto Hayward Fresno Bakersf . L.A. 5 .  Diego 
5acto. $0.00 $ 1 35 .00 $ 1 1 5 .00 $ 1 45.00 $ 1 70.00 $ 1 50.00 $ 1 65.00 
Modesto nso 0.00 1 1 5 .00 1 35 .00 1 50.00 1 30.00 1 1 5 .00 
Hayward 41.75 24.25 0.00 1 30.00 1 40.00 65.00 75.00 
Fresno 46.25 28.75 48.110 0.00 1 1 5 .00 90.00 1 00.00 
Bakersf. • .  73.25 55.75 75.00 32.GO 0.00 70.00 80.00 
L.A. · 99.50 82.00 101.25 58.25 31.25 0.00 40.00 
5. Diego 130.75 113.25 132.50 89.50 62.50 36.25 0.00 

HSR values have gray background; auto and air va lues have white background. 

Notes: Cars were assumed to travel at 60 mph, with a one-hour stop per trip over 
1 50 mi les long; VHSR travel is estimated at 1 75 mph, with 1 5:minute stopping ti mes 
per station. Access times were also added: for cars, to and from principal h ighways
about 1 2  minutes total per trip; and for VH5R. to and from stations-about 42 minutes 
on average. VH5R access t imes were h ighest for San Francisco Bay Area-oriented trips 
(a min imum of one hour) because the Hayward BART station is far from centra l .  Times 
also were elevated for Los Angeles because of the region's very dispersed popu lation. 
Airplane tota l-time calculations incorporated in-airport time as wel l  as flight and access 
t imes. For longer hauls some time was added to account for possible baggage claims. 

Work-travel t ime is  estimated to be worth between 40% and 45% of wage (Becker 
1 965, L isco 1 967, Kraft and Kraft 1 9 74, Lave 1 969); leisure-t ime value is l i kely to be 
lower. Auto users were assigned a lower percentage valuation because auto travelers 
are expected to travel relatively more for leisure and because more chi ldren are l ikely 
to travel by car, whereas business and wealthier travelers are more l ikely to fly. 

I assume that VHSR users will be charged 25¢/passenger-mi le to account for mar
ginal costs plus $5 per passenger-trip to recover capital costs. These charges are based 
on n i ne North American heavy ra i l  properties, whose operat ing expenses were 
26¢/passenger-mi le in  1 990 (Gray 1 992). In calculating perceived out-of-pocket costs, 
auto users were assessed per veh icle at 20¢/mi le. a rate less than half the actual  per
mi le cost of 42¢ (AAA 1 993) but consistent with drivers' fa i l u re to factor deprec iation 
into thei r  own cost calcu lations. Car costs l isted in  this table are per vehicle--not per 
traveler. Airl ine users were charged according to wel l-e.tabl ished, 1 4-day pre-purchase 
fares. These fares have dropped on some corridors s ince mid-1 994, however, and may 
make air  travel more competitive with VHSR. 
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Table 2 

Total One-way Trip "Costs " per Person by Mode (including $ 7 0  
"Inconvenience Factor" for HSR & A ir Travelers) 

By �··· 
By Car 
Sac to. Modesto Hayward Fresno Bakers f. L.A. S. Diego 

Sacto. $0.00 $ 1 4 .25 $29. 1 4 $34.84 $52.82 $ 7 1 .&5 $93.&8 
Modesto 36� 0.00 1 5 .&1  1 9 .09 40.38 59.22 8 1 .24 
Hayward . : 60.11 ' 40.3l 0.00 37 .57  54.0& 70.23 92 .2& 
Fresno . ·· �}!�:!�· ·· .  43!4o ;:s��� 

0.00 2 1 .&0 42.34 &4 .3& 
Bakersf. 73.52 . ::'4ll,92 0.00 2 1 .02 45 . 1 8 
L.A. !�3.4(t � JO� 127.0!1 . 76:9s· ·  ·· ,46,0 0.00 25 .07 
S. Diego 157.40 • ·137 ... . J i_t.\llb . •  1'-1!,95 ao.a;t· 52.24 0.00 

By Air 

By H$R·· ,  Sacto. Modesto Hayward Fresno Bakersf. L.A. S. Diego 
Sacto. $0.00 $ 1 54.90 $ 1 3&.22 $ 1 &&.88 $ 1 93 .20 $ 1 73 .20 $ 1 90. 1 8 
Modesto 40:09 0.00 1 3&.22 1 54.90 1 7 1 .88 f53 .20 1 40. 1 8  
Hayward 67.!9. 45� 0.00 1 5 1 .22 1 &2.54 9 1 .50 1 0 1 .50 
Fresno 69.07 47.28 74.19 0.00 1 34.90 1 1 3 .8& 1 23 .20 
Bakersf. ·. 101.110 81).01 1or.,..n ·· :!�� 0.00 9 1 .22 1 03.8& 
L .A.  · t34.98 1 ' 13.19 ' ; 14Q.l9 sua 0.00 &1 .22 
s. Diego 171.27 149.48 173.28 120.50 87.77 54.26 0.00 

HSR values have gray background; auto and air values have white background. 

" Inconven ience factors" incl ude buying t ickets, having to pay to store one's car or 
be taken to the station, and not having a car at one's destination. It is  assu med that this 
imposes an average net cost of $ 1 0/person upon those not dr iv ing in  the first, "h igh r id
ership" scenario. The more conservative , low ridership" scenario assigns an i nconven
ience cost of $20 to HSR and air travel; these val ues are not shown here, but can be 
calculated by add ing $ 1 0  to the HSR and air-travel costs shown above. HSR costs in  
the a i r  market are h igher that  those in  the auto market because of  the higher t ime value 
associated with those who normal ly  travel by a ir. 

I n  order to forecast ridersh ip from these val ues, one must consider 
modal split. Travel i s  a multi -attribute good, in  terms of time, out-of
pocket cost, and i nconvenience. Consumers place different val ues on 
each of these attr ibutes , and as a resu lt, a mode that on average ap
pears to be less expensive w i l l  not capture the entire market. One 
genera l l y  est imates modal sp l i t(s) using some form of a logit curve, 
which plots a mode 's  market capture aga inst a trip attribute. The mo
dal sp l i t  assumed here, reproduced as F i gure 2 ,  plots percentage 
capture versus the ratio of competing-mode costs and exhibits a sharp 
fal l -off between either pai r  of modes as the tota l-cost ratio varies from 
one. However, the spl its assumed here are approximations and the 
curve may be more or less steep. 
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Figure 2.  

Modal Split, Percent Using vs. Total-Cost Ratio 

By apply ing these moda l-sp l i t  percentages to existing trips, one 
can estimate fi rst-order VHSR ridership.  Based on my modal-sp l i t  as
sumptions, the ava i lable estimates of current travel (Caltrans 1 992,  
FAA 1 992), and assumptions about the share of i nter-regional travel
ers who might constitute a market for VHSR, I estimate a total of 
67,889 VHSR trips per day assuming the $ 1 0  penalty on non-auto 
trips and 5 1 ,459, assuming the $20 penalty (see Table 3). The markets 
where h igh numbers of auto users switched from automobi le  to VHSR 
were Los Angeles-San Diego, Los Angeles-Bakersfield, and SFBA
Sacramento, correspond ing to the heavy current flows in those areas. 
The principal market for air traffic d iversion to VHSR was the SFBA
Los Angeles market (due to current h igh travel ) ,  but Los Angeles
Sacramento was also strong. 

S ince Cal ifornia is growing, the number of travelers wi l l  expand i n  
the next several decades. I n  a l l ,  Cal iforn ia's popu lation is expected to 
exceed 48 m i l l ion by the year 2020 (Cal iforn ia  Dept. of F inance 
1 993), a number that corresponds to an average annual growth rate of 
1 .56 percent. I use th is 1 . 56% annual growth rate to project ridersh ip 
levels (and, i n  the next sections, costs, revenues, emissions, deaths, 
and consumer surplus). Actual i ncreases may be significantly greater, 
especia l ly in the Central Val ley station areas. 
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Table 3 

Considered-Population's Estimated Daily Travel by Car + Air vs. HSR 

$ 10 convenience penalty 
Car + Air 

)iSR . Sacto. Modesto 
Sacto. 0 2, 792 
Modesto ; i/.01134 0 
Hayward · �fl\ ,. 0l;,:4;l9. 
Fresno ' i1 ' 944 
Bakersf. � 

¥��· 
:.;y.;11 5 

L.A. 848 
S. Diego ' 16  
Tot. HSR to;tt(' 3,262 
HSR Total: 67,889 trips/day 

$20 inconvenience penalty 
Car + Air 

HSff < '  Sacto. Modesto 
Sacto. 0 3 , 1 54 
Modesto ;,.� .· ·  471 0 
Hayward . ' .�� ... 6 . :Sa! ·  Fresno 166 ' 
Bakersf. \\f{t: . ':fi · ·� · L.A. 
s. Diego . .  ,:. t7 

Hayward 
1 8,579 

5,081 
0 

151 s 
1 21 

, · �� . !l,tJ !l . .  
' 333 .. 

·, 6,878' 

Hayward 
20,490 

5,668 
0 

463 
. ·l 1 6  
5;879 

3 1 5 . 
Tot. HSR �v ·a;s� .· . 

2';26

9 
,·· · 6;7'12 

HSR Total: 5 1,459 trips/day 

Fresno Bakersf. L.A. S. Diego 
306 693 547 23  

2, 3 1 1 25 1 ,378 24 
754 1 76 9,094 543 

0 2,01 1 239 24 
862 0 25,894 937  

,; 1 81 1 0,582 0 70,332 
16 551 34,641 0 

1,059 1 1,1 33 34,641 0 

Fresno Bakersf. L.A. 5. Diego 
3 3 1  7 1 5 560 23 

2,669 28 1 ,422 25 
807 1 8 1 9 , 1 25 560 

0 2,241 247 25 
6�2 0 29, 1 76 967 
173 7,300 0 79,779 
15 · '521 ·25,1 93 0 

820 7;821 25, 1 93 0 

HSR values have gray background; auto and a i r  va lues have white backgrou nd. Indi 
vidual cell totals are rounded; totals for HSR are based on unrounded numbers. 

To ensure consistent ly  conservat ive assumptions of demand for VHSR, I start with 
Caltrans' estimates of interregional travel (Caltrans 1 992) and adj ust these downward 
by between 0.5 (for large urban ized areas) and 0.85 (for sma l l  counties), at each end of 
a trip, because of the assumption that not everyone in a region wi l l  consider VHSR as 
an a lternative for h i s/her tr ip. As a result ,  the fi na l  potent ia l  number of interregional 
tr ips that might be captured by VHSR drops to 208,789 per day, about 35 percent of 
the 5 70,657 that Caltrans logged via its survey. FAA data on 1 992 a i r  tr ips are much 
more rel iable, but tr ips i nvolving San Diego were not ava i lable and had to be est i 
mated. Total a i r  t r ips  were su btracted from the reduced Caltrans a l l-mode survey re
su l ts .  A l l  result ing a i r- and grou nd-travel data were sp l i t  using the logit cu rve's rough 
percentages.

' 
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Costs 
The construction and operations costs considered i n  th is section 

are al l d i rect and transacted. I consider such i nd i rect costs as a i r l i ne 
losses that w i l l  ar ise from undertak ing the project a longside related 
benefits in the next section. 

Several est imates are ava i lable for pricing the capital investment 
costs of such a system. F iguring in substantial conti ngency and add-on 
costs, Ha l l  et a/. ( 1 992b) estimated the i r  system's fixed-capital cost at 
$ 1 1 b i l l ion ( in  1 992 dol lars). The Ha l l  et a/. ( 1 992a, 1 992 b) routing is 
more involved than the one under consideration here, and thus more 
expensive, 6 but $ 1 1 .8 b i l l ion ( 1 994$) can be assumed to represent a 
conservative ( i . e . ,  h igh-cost) est imate, for an average of $20 .3  
m i l l ion/mi le . '  Necessary land purchases are covered by th is  $ 1 1 .8 
b i l l ion estimate. 8 In addition, the purchase price of each tra inset of s ix  
passenger cars  and two power cars  i s  est imated at $35 .3 m i l l ion 
( 1 994$), aga in based on the conservative assumptions used by Hall et 
a/. ( 1 992 b) .  A tra inset can carry up to 680 passengers, with room for 
d in ing and a self-service bistro . Therefore, tota ls  of twenty and fifteen 
tra insets (for the $1 0 and $20 scenarios, respectively) are expected to 
be necessary the fi rst year of project implementation, assuming that 
25  percent of the trains are not i n  service at any given time, and as
suming an average load ing factor of less than 0.6.  I -estimate that rol l
ing stock have usefu l l ives of 1 S to 20 years , requ i ri ng that tra insets be 
purchased during project l ifetime and that their pr ice be figured into 
the economic analysis. Furthermore, additional tra insets must be pur
chased as demand increases throughout the project l ife; these, too, 
are incl uded in the ca lculation of costs. 

These capital costs do not inc lude costs of operation. Each tra inset 
is expected to requ i re a crew of seven , plus food servers (Sands 1 992), 
and operate an average of 1 3 .5  hours/day. Based on current opera
tions costs in existi ng transit systems, the fi rst-year operations cost is 
computed to be $320 m i l l ion for the fi rst scenario and $239 m i l l ion 
for the second scenario.9 These costs are expected to i ncrease, along 
with popu lation and ridership, at a real rate of 1 .56% annual ly .  

Benefits 
Benefits obta ined through implementation of the proposed project 

incl ude d i rect revenues, a reduction of negative externa l ities, and in
di rect benefits. 
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Direct Revenue Benefits 
Mult ip ly ing appropriate fares by the number of tr ips, after ac

counting for trip routings, yields an expected total yearlyfare revenue 
of $ 1 ,080 m i l l ion (for the $ 1 0 penalty scenario) and $869 m i l l ion (for 
the $20 penalty scenario) .  10 In add it ion, after the project's eva luated 
" l ife-span," some salvage value may exist; rates of return are calcu
lated here both without and with a $ 1 0  b i l l ion salvage value. S i nce 
salvage value i s  not assu red , the most important return rates to con
sider are those assuming zero salvage value. 

Non- Transacted Benefits and Externalities 
Other, non-traded but d i rect benefits ex ist, as do reductions i n  

negative external ities. I n  theory these benefits can b e  traded; they in
c l ude i ncreases i n  consumer surplus and safety and d im in ished nox
ious emiss ions.  External it ies, such as air po l l ution, occur  when one 
person's actions "spi l l  over" and impose e ither costs or benefits upqn 
others. A VHSR project a l so promi ses abated noi se, lessened land 
taki ngs, congestion reductions, and added option value, but for these 
four  positive externa l it ies I have found it impractical to assign accu
rate values. 

Consumer surplus arises when people get more than they pay for, 
that is, when they value a good more than its tota l cost to them. Price 
reductions add consumer surplus to exist ing markets, as w i l l  be the 
case in  the introduction of VHSR to Cal i forn ia-especia l ly  for many 
current a i r  travelers. To approximate consumer surplus, I compare av
erage tota l-trip costs across trips; where VHSR costs less, I mu l t ip ly  
the difference by the tota l number of  persons who previously used the 
costl ier mode. Therefore, I assume that current car travelers w i l l  expe
rience no added consumer surplus, but that many air travelers wi l l  
gai n  s ince VHSR costs less (on average) over most routes . Th is yields a 
fi rst-order pred icted consumer surp lus annual ly of $25 .7  m i l l ion, for 
both scenarios. However, given the ridersh ip pred ictions of over 1 8  
m i l l ion passenger trips per year, th is esti mated value is probably low. 

R id ing a tra in  i s  safer, on average, than trave l i ng by automob i le, 
but not qu i te as safe as trave l ing by commercia l  a i rplane. Automo
bi les are currently responsible for about 1 .6 1  deaths, 61 in jury acci
dents, and 374 "other" ( i.e. ,  solely property) accidents per 1 00 m i l l ion 
passenger-mi les traveled. In  contrast, ra i l roads claim only 0.06 deaths 
and a i r  travel only about 0.03 deaths (on domestic fl ights) per 1 00 
m i l l ion passenger-mi les (NHTSA 1 988, NSC 1 993). 

L ife, i njury, pain and suffering are not costs upon which one can 
eas i ly  p lace a val ue, but attempts have been made. The economic 
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costs of death in 1 992 were estimated to be $880,000, result ing pri
mari ly from lost productivity (NSC 1 993 ) .  Comprehensive costs to ac
count for qual i ty-of- l i fe aspects and, i n  some cases, wi l l i ngness to pay 
to prevent accidents range from just over $3 m i l l ion (NSC 1 993)  to 
over $ 1 3  m i l l ion (Viscusi 1 983) .  For this study, I assume a value of $4 
m i l l ion per l ife. I mu ltiply the pa ssenger-mi les switched from flying to 
VHSR by negative 0.03 and $4 m i l l ion, balancing this aga inst 1 . 55  
times the  passenger-mi les switched from driving to  VHSR times $4 
m i l l ion. Th is  yields tota l savings of  $ 1 98 m i l l ion per year i n  the  cost 
of death alone for the VHSR-favorable $ 1 0  scenario and $1 52 m i l l ion 
per year for the more conservative $20 scenario. 

Air pollution through emissions i s  currently an external i ty and not 
priced di rectly. Air pol l ution generated cou ld be priced, however, if 
veh icles (such as planes, tra ins, and automobi les) were charged ac
cord ing to emissions performance, m i les driven (or flown), and num
ber of cold starts. " Based on current estimates (NRDC 1 993, Cameron 
1 99 1  ) , I assume an average of 5 cents per passenger m i le for automo
b i le  a i r-po l lution costs . Whi le a i rp lanes use an average of 1 .8 kWh 
per passenger-mi le, automobi les use an average of 0.9 and electric 
h igh-speed tra ins only 0.24 ( Envitrak 1 992) .  Assu ming that emissions, 
and thus their costs, are proportional to energy use, air travel can be 
assessed at 1 0  cents per passenger-mi le and VHSR at 1 . 33 cents per 
passenger-mi le. 1 2 To be conservative in  va lu ing the ·a i r- qual i ty bene
fits of VHSR, this report assumes a cost of two cents per passenger
m i le for VHSR. Using these as est imates, VHSR would generate yearly 
emissions savi ngs worth over $ 1 20 m i l l ion for both scenarios mod
eled. S ince I assume that ridersh ip w i l l  grow with population, these 
sav ings grow over time. 

F ina l ly, there are several other benefits that defy pr ic ing. These 
externa l it ies are not inc l uded i n  the dol l a r  est imates of costs and 
benefits, but do figure into the overa l l  matrix. 1 3 

• A reduction in total travel noise is expected for the VHSR corridors. 
Bu i lt in  the center of freeways, the system does not audibly affect 
new areas significantly and is expected to generate ten percent less 
noise than automobi les on h ighways carrying the same number of 
passengers (Bondada and Wayson 1 993). 

• In  comparison to highways, and even a i rports, a rai l  system signif i
cant ly reduces /and-takings to prov ide the same capacit ies 
(Bondada and Wayson 1 993) ,  especia l ly  when constructed largely 
in  existing h ighway-median space. Freeway widen ing to accom
modate the same travel demands, for example, may cost the publ ic 
more in  the long ru n.  Additional ly, expansion of a i rports may be 
more costly than land purchases for ra i lways in  less urban areas. 
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• Currently, portions of Interstate 5,  Route 99, and Highway 1 0 1 are 
a l l  subject to congestion and delay during certa in  ti mes. I f  conges
tion on these corridors makes people switch to rai l ,  h igher fares 
can be charged and/or other farebox benefits w i l l  be evident. Un
fortunately, no good estimates exit  of congestion delays a long 1 -5 ,  
Routes 99 and 1 0 1 ,  or at  the various a i rports .  Whi le  cu rrent con
gestion costs probably are not major, they cou ld be i n  1 5  or more 
years as the state's popu lation rises and the capacity of fac i l ities 
changes rel atively l itt le. 

• The i ntroduction of a th i rd major i nterc ity mode for Ca l i forn ia  in
creases the current set of mobility options for travelers. E nhanced 
choice increases competit ion and, genera l ly, reduces costs for 
travelers. It a l so means reduced risk for future travel possi bi l i ties. 

Indirect Benefits and Costs 
I nd i rect benefits and costs are l i ke ly to accrue through severa l 

mechanisms. F i rst, growth and investment may be red i rected with i n  
the state. Second, out-of-state investment may b e  attracted to Cal ifor
n ia .  Th i rd, rai l may promote a more concentrated urban form at sta
t ion locations, avoid ing some spraw l .  Wh i l e  one may attempt to 
quantify a few of these ind i rect benefits, the uncerta inty of any such 
estimate i s  great and depends to a h igh degree on system spec ifics 
and the state and local economies. For these reasons I do not evaluate 
these indi rect impacts monetar i ly .  

Growth redi rection can have a positive net impact on Cal iforn ia ' s  
private enterpr ises, a lthough it may harm some current businesses and 
the i r  employees. S ince much of the project' s investment in materials ,  
l abor, technology, and expertise wi l l  be " local," several f irms and 
groups wi l l  benefit from such a large (a lbeit mostly temporary) in
vestment i n  the state economy. And technologies developed by Cal i 
forn ia (and U .S . )  fi rms may i ncrease domestic competitiveness, possi
bly spurring a new major i ndustry for future economic benefits. On a 
smal ler scale, station sit ing may boost BART use in the Bay Area and 
help rev ita l ize decl i n i ng neighborhoods i n  u rban areas across the 
State through the i r  jud ic ious sit ing. Moreover, growth red i rection 
benefits many of those who are presently located near future station 
s ites . However, i t  may also impose moving costs on nearby residents 
and businesses who do not wish to be near a station . 

In addition, enhanced intrastate mob i l ity has potential to generate 
new, outside investments in the State by i ncreasing tourism with in  the 
State, reducing business costs, and improving the qual ity of l i fe for 
employees and their fam i l ies. The magnitude of these investments is 
difficult to antic ipate. 
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F ina l ly, fixed-rai l  i nvestment with loca l ized nodes helps conce n
trate development by making urban expansion along the state 's thou
sands of mi les of h ighways less attractive. Under th is  scenario, growth 
and construction wou ld be refocused toward u rban areas, as long as 
stations are bui l t  relatively c lose to city/regional centers. Many people 
find sprawl unsightly, and some studies show it to be subsidized . 14 
Many people argue that th is unsightly "waste" of land and infrastruc
ture shou ld not be promoted any further ; VHSR can aid in this pol i cy 
objective. But the net effects on urban form and private enterpri se re
main highly uncertain .  

Choice of Discount Rates and Period of Analysis 
A cost-benefit analysis requ i res not only a sett ing of locational 

boundaries for impact analyses, but a lso a time boundary, d iscounting 
level ,  and criteria by which to gauge return on the investment. S ince 
no major i nnovations i n  transportation are projected s ignif icantly to 
reduce any of the costs previously discussed during the next 20 or 30 
years, but may occur later than that, I use a time horizon of 30 years 
for a compari son of benefits and costs. 

Future benefits and costs requ i re discounting because people have 
a t ime value of money, and money must be borrowed to finance the 
project. Moreover, the b i l l ions of dol lars that are needed to finance 
the project could be invested in  alternatives (such as education or l i fe
saving med ical research) which a lso may exh ibit  s ign ificant rates of 
return. A fi rst approximation for a min imum return rate is the market 
rate of 30-year government debt instruments; the project' s economic 
rate of  return shou ld exceed th is  if it is to be self-financing. Currently, 
30-year federal treasury b i l l s  yield a nomina l  rate of about 7.8 per
cent. The rea l ( i nflation-adjusted) interest rate is expected to be about 
4 percent less than the nominal ,  or 3.8 percent. If the State finances 
the project, the purchase i s  not as r i skless as that of federal bonds. 
However, the State may be able to sel l its bonds at a rea l interest rate 
of about 4.0 percent if the bonds are exempt from federal taxes. 

Because of the uncerta inty in the d i scount rate 's est imation and 
because of the need to channel government resources where most 
benefic ia l ,  I eva luate the project based on two interest rates: a 
" l iberal"--but reasonable-discount rate of four percent (which favors 
long-term projects with sign ificant future benefits, such as VHSR) and 
a conservative rate of seven percent. Use of either of these d i scount 
rates yields a project's net present value, which can then be com
pared against those of competing projects. 

72 



High Speed Rail, Kockelman 

Addit ional ly, I est imate internal rates of return, both econom ic and 
comprehensive, for the two ridership scenarios. I nternal rates of return 
can be one criterion by which to compare different projects . Payback 
periods are another comparison criterion and are ca lcu lated for added 
information regard ing the project' s stream of benefits versus its costs. 

Analysis and Evaluation 
All costs and benefits of the project are tabulated in matrix form in  

Table 4 to  exh ibit  clearly the  results of  different scenarios. Those that 
are assessed monetar i ly  are shown at net present value assuming a 
project l i fe of 30 years and the two d i scount rates. The val ues are i n  
millions of  1 994 dol l ars, and  a l l  rates are rea l (i.e. , i nflation-adjusted) .  

Table 4 

Decision Matrix: Costs and Benefits of VHSR 

low Ridership H igh Ridersh ip  
4% disc. 7% disc. 4% disc. 7% disc. 

Costs ($M) 
Capital cost ( $ 1 2 ,S 1 8) ($ 1 2 , 1 96) ( $ 1 2,81 2 )  ($ 1 2,429) 
Operating expense (4,S 71 ) (3, 1 S 1 )  (6, 1 24) (4,222) 

Benefits ($M) 
Revenues $ 1 6,629 $ 1 1 ,466 $20,667 $ 1 4,2SO 
Consumer Surplus 491 339 491 339 
lives Saved 2,909 2,00S 3, 789 2,61 2 
Air  Qual ity 2 ,33S 1 , 61 0 2,7S6 1 ,890 

Net Present Value ($M)• 
Economic•• ($4S9) ($3,882) $ 1 ,729 ($2,401 ) 
Comprehensive S,276 72 8, 76S 2,4SO 

low Ridersh ip  H igh Ridersh ip  
Rates of  Return No salvage' Salvage' No salvage' Salvage' 
Economic 3 . 70% S.27% S.06% 6.28% 
Comprehensive 7.06% 7.90% 8 .79% 9.40% 

Payback Periodtt low ridership H igh ridersh i p  
Economic 20 years 1 9  years 
Comprehensive 1 S years 1 3  years 

• Net present values exclude salvage value. 
••Economic net present val ues exclude l ives saved and air-qua l ity benefits. 
'With and without a $ 1 0  b i l l ion salvage value at the end of the project l ife . 
"Payback period uses non-discounted val ues. 

(continues next page) 
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Table 4 (cont.) 

Non-valued Benefits of VHSR 

Other Benefits Marginal Moderate Uncertain  

Advertising " 
Value capture " 
Noise reduction " 
Land takings " 
Congestion reduction " 
Option value " 
Aesthetics " 
National security " 
Petroleum-related 

environmental effects " 
Growth redirection 

Investment anradion " 
Urban form " 

Summing Up: Who Benefitst Who Pays? 
Using the data ava i l able, the project appears worthy of serious 

consideration because of its competitive comprehensive rates of re
turn and potentia l  to be self-fi nancing_ The comprehensive net present 
values for both d iscount rates are positive, and thus the project wou ld 
increase net benefits to society (as long as "optimal" time preferences 
for money do not exceed the internal rates of return). 

Accord ing to a Kaldor-H i cks decis ion criterion, i f  this project 
yields a pos itive net present val ue, it is recommendable (Kaldor 1 939, 
H icks 1 940, Scitovsky 1 94 1 ) .  Furthermore, because the net impacts 
on low- i ncome populations are l i kely to be pos it ive (through im
proved air qual ity and enhanced ab i l i ty to travel between c i t ies 
qu ickly without own ing a car or paying a i rfare), the project a lso real
izes one of Rawls'  criter ia :  avoid ing regressivity (Rawls 1 97 1  ) . But a 
compari son of this project with others is necessary to maximize pres
ent val ues and/or promote progress ivity. Moreover, uncerta inties i n  
i nformation and assumptions are h igh because of  the rather s imple 
nature of th is analysis. Therefore, more soph isticated behavioral mod
e l ing and project eva luations and comparisons are desi rable and are 
recommended before investing the b i l l ions of dol l ars requ i red to fi
nance th is  project. 
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Beyond these estimates of the project' s net benefits and return 
rates, one must consider the project's equ ity impl ications. Such con
sideration enta i l s  identification of those who " lose" and those who 
benefit from the system's implementation. 

If general-ob l igation (GO) bonds were sold by the State to fi nance 
the VHSR project, then all taxpayers would repay the loan in  propor
tion to their state taxes. However, residents of Eureka and South lake 
Tahoe, for example, wou ld real ize few benefits from the project and 
wou ld  pay as much as those who gai n  substantial consumer surp lus  
from the existence of such a project. The majority of Cal iforn ians 
wou ld  receive at least m inor benefit from the project (as a resu l t  of 
c leaner air ,  less h ighway congestion, greater tour ism, and so on), but 
not i n  proport ion to the i r  costs-especia l l y  if GO bonds were sold. 
Thus, to avoid substantia l  bias i n  project impacts and much of the i n
equ itable d i stribution of costs and benefits that would resu lt from G<;:> 
financi ng, revenue bonds should be used to finance the project. 

Revenue bonds cou ld probably be sold at real i nterest rates of 
about S percent, which is more than GO bonds wou ld  have to pay 
because of an added risk of repayment. Under the "favorable" r ider
sh ip scenario, revenues should be suffic ient to cover the costs of 
th irty-year, five percent (real i nterest rate) bond repayment, as deta i led 
in Table 4.  But ridersh ip may be lower than hoped, and cost ly over
runs and accidents may occur, adding costs not orig ina l ly anticipated 
or inc luded in the analysis .  Therefore, problems in repayment cou ld 
ar ise, but revenue bonds would not indebt the general taxpayers; the 
" losers" under such a scenario wou ld  be the bond holders, who 
probably wou ld  represent much of middle- and upper-c lass soc iety 
throughout the U .S .  and perhaps outside of the U .S .  

I n  a l l  l i ke l i hood, however, bondholders wou ld benefit from the 
tax-exempt status of the i r  investment in VHSR.  Beyond these inves
tors, the primary benefic iaries of the project l i ke ly would be those 
who travel along the project corridors and thus would benefit from a 
new travel a l ternative, perceived total cost savi ngs, poss ib le  fare re
ductions by the competing a i r l i nes, improved air qual ity, and reduced 
road and sky traff ic .  Wh i l e  those who use VHSR wou ld  pay an 
amount probably suffic ient to cover the economic costs of the under
taking, they wou ld be reaping some rewards of consumer surp lus  
whi l e  not experiencing many of  the project's poss ib le negative effects. 

Those who would suffer most from the project' s potentia l  negative 
externa l it ies are those who lose jobs in the a i r l i ne industry and some 
workers i n  sma l l  towns whose economies rely on auto travel on In ter-
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state 5 and/or H ighway 99. The effect on a i r l i nes, espec ia l ly  those 
emphas iz ing short hauls ,  wou ld be part icu lar ly s ign ificant. I f  the 
state's regional economies are large enough to absorb new workers 
and busi nesses, those losing jobs and/or profits could  move them
selves and their resources to more profitable sectors. 

For many reasonable rates of return, the project ' s  comprehensive 
benefits exceed its costs; in theory, therefore, it shou ld offer enough 
"surplus• for everyone. The problem l ies in sh ift ing resources to their 
"most productive• uses. 1 5 Movements toward a Pareto optimum 
(where no one suffers disbenefits) through compensation of  " losers" 
are not feasible because of uncerta inties in impact, but perhaps fi rst
h i re preference can be given to a i r l ine attendants and admin istrators 
and h ighway-service persons who are expected to be la id off. The 
State a lso could adopt other schemes to avoid inequitable losses, i n
c lud ing ass i stance in property purchases near station s i tes by busi
nesses that would have to close elsewhere; and cou ld work with a i r
l i nes to fac i l i tate transfers between VHSR and ai r-travel systems for 
travelers who wish to fly long hauls from major hubs. 

In  genera l ,  by financing with revenue bonds instead of GO bonds 
and by paying attention to where transition losses would be greatest 
for those least able to absorb them, a wel l-planned VHSR project for 
Cal iforn ia shou ld be able to mitigate severe inequ ities. Those who pay 
for the priv i lege of use wi l l  be primary benefic iaries, but those who 
enjoy c leaner a i r, the aesthetics of fewer h ighways and less sprawl,  
and increased tou rism and investment i n  Ca l i forn ia 's economy 
(among other benefits) wi l l  be many and diverse. 
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NOTES 

1 E lectric propu lsion is preferred because of the weight reductions permitted by not re
quir ing on-board diesel engines and fuel .  

2 The name •very h igh-speed ra i l "  (VHSR) is used for systems with a maximum operat
ing speed over 1 55 mph (Ha l l  er a/. 1 992a). This technology i s  a l ready in use in Japan, 
France, and Germany with potential top speeds of 220 mph, while maglev (with speeds 
expected to reach 275-300 mph) has not yet been implemented. T i l t ing tra ins have 
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maximum speeds of  about 1 85 mph,  35  mph less than that for current VHSR technob
gies, so they were not considered in the Cal ifornia studies. 

3 Note that safety considerations were assumed not to enter into a person's valuation of 
the different modes, a l though VHSR should be less safe than air travel but much safer 
than automobi le travel .  This was assumed because people are genera l l y  not entirely ra
tional in  their travel decisions with respect to safety (e.g., more people fear f lying than 
driving), and because most have paid health insurance and car insu rance whether or 
not they travel by ra i l ,  a i r, or car-so the interna l ization of this cost/benefit becomes 
less clear. Reduction of accidents is considered as a non-transacted benefit in  the 
benefits category later in the discussion. 

4 In  estimating true demands for VHSR, one should expect a total travel-market expan
sion because of reduced travel costs. But because price dec l ines are not expected to be 
dramatic and because relatively few trips currently take place on the routes expected to 
exhibit reduced costs, new trips a re estimated to represent less than 1 %  of total trips. 

s These resu lts suggest modal splits of 32% and 24% for the population of tr ips consil
ered, which represents only about one-th i rd of the tota l current ly  occurring between 
the stations' respective regions. Assuming that Caltrans' tota l -tr ip data are correct, e<
pected spl its, yielding the same number of VHSR trips dai ly, are closer to 1 2% and 9% 
between the various regions. Such spl its appear to be reasonable in l ight of the fact that 
AMTRAK captu res about 45% of the a i r/ra i l  market between Washington, D.C., and 
New York City (Mead 1 994) and Leavitt er a/. pred ict a 1 7% capture of all intercity 
travel between Sacramento, the SFBA, and los Angeles (given VHSR fares of about 
$50) (Leavitt et a/. 1 994). 

6 Hall et a/.'s ( 1 992a, 1 9921j VHSR system's Bay Area spur passes through San Jose to 
both Oakland and San Francisco, rather than stopping only in Hayward, and uses track 
spurs out to most of the H ighway 99 cities. However, their Grapevine crossing assumes 
a steeper grade (thereby requir ing less tunnel ing) than does this analysis. The $ 1 1 .8 b i l 
l ion as an upper bound on construction costs shou ld account for these factors. 
7 Texas' VHSR system was calculated to cost $7 .5 1  m i l l ion/system-mi le ( 1 994$) for a l l  
infrastructure, fac i l it ies, right-of-way, rol l ing  stock, a n d  cont ingencies necessary t o  op
erate the 6 1 8-mile system (TIA 1 989). This rate wou ld imply a cost of only $4.35 bil
l ion for the VHSR system proposed here-far lower than the $ 1 1 .8 b i l l ion (not inc lud
ing rol l ing stock) being used. The Chicago-to-Mi lwaukee Tri -State Study (DOTs 1 99 1 )  
projected costs of $ 1 3 .9  m i l l ion/mi le, so the assumption used here o f  $20.3 M/m i .  is 
probably conservative. France's TGV, bui l t  greatly on existing right of way and us ing 
existing structures, cost about $ 1 7 M/mi le ( 1 994$) (Mathieu 1 99 1 ). However, Ger
many's ICE cost $ 2 7 . 1  m i l l ion/mi le  for capita l investment (wh ich inc l udes rol l i ng 
stock); if appl ied to the 580 mi les of this report's proposed Cal ifornia system, the cost 
wou ld be $ 1 5 . 7  b i l l ion-much h igher than Ha l l  et a/. 's  estimates even if one inc ludes 
rol l ing stock. This is  probably because the ICE system undertook sign ificant tunnel ing 
to keep grades minimal  in order to share the ra i l s  with freight tra ins .  

8 T he median of H ighway 99-where the VHSR wi l l  run-is genera l l y  over 40 feet 
wide, but it narrows to 20 feet or less through principal cities, such as Fresno (Caltrans
Fresno, 1 994). The widening of h ighways and overpasses for double track wou ld be 
necessary in  many locations and is included i n  the cost estimate. 
9 Assumptions for estimation of operations costs a re: 1 )  every fu l l -t ime operator is  
matched by an admin istrator or service worker; 2) a work-week consists of eight-hour 
days, five days a week per e m ployee; 3) operating costs per employee are $ 700,000 

77 



Berkeley Planning Journal 

annual ly ( 1 994$), as they are for large bus companies such as AC Transit (FTA 1 99 1 ); 
and 4) each trainset is used an average of 1 3 .5  hours/day, seven days a week. The first 
three of these estimates are h igher than those used in other studies (see TIA 1 989, 
Sands 1 992),  and are thus i n  l ine with my consistent use of conservative estimates to 
avoid favoring a VHSR project. 
10 

Other poss ible, but lesser, revenues may be obtained through advenising located at 
stations and aboard trains, and perhaps through purchase (via eminent domain)  and re
sale (at h igher value) of lands near station areas for relatively i ntense development. 
Whi le viable methods of revenue generation, these strategies are not necessari ly major 
revenue generators and their payoff is  uncenain; therefore, they were not estimated for 
purposes of this analysis. 
1 1  Time of day, weather, and location also influence a i r-qual ity effects, but the admin
istrative costs of pricing such differences are probably proh ib itive. 
12 

This method of emissions pricing ignores differences of impact by pollution type; a 
more sophisticated analys is  wou ld estimate these impact differences. 
1 1 

I n  add ition, improved aesthetics and incommensurables such as habitat preservation 
and lesser dependence on foreign oil are potential benefits from VHSR; these are in
c luded (but not va lued) in Table 4. 
1 4 A complex web of government activit ies subsidizes sprawl .  The federal government 
i nsures mongages, a l lows mongage-interest tax deductions for homeowners, and has 
spent b i l l ions of dol lars on the Interstate H ighway System; furthermore, new infra
structure is often funded using inefficient average-cost (not marginal-cost) pricing. 
1 s Selection of the most productive use of public (or private) investment requires com
parison with other investment poss ib i l ities. Given the proposed-project's comprehen
sive rea l rates of return of 8.8% and 7. 1 %  ($1 0 and $20 scenarios, respectively), the 
project shou ld be able to compete with many projects where external ities are decid
edly negative although economic returns are h igh, or where revenues are minimal  but 
benefits substantia l .  
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