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I N T R O D U C T 1 QO N

With this first issue of Access, we al the .'-J'n:'versity af California Transportation Center seek to introduce
our research o a diverse communily of readers. By presenting our findings in a nontechnical formatl, wea
hope o make them accessible to professionals in various fields and lo citizens who might find them
useful or perhaps merely interesting.

Most of our research reflects the importance of improving accessibility in melropolifan areas —
and withoul worsening the transport system's environmental effects. Because metropolitan development
patterns skape travel choices on roads and transitways, we conducl research on those underlying urban
Sforces that make for movement of people and goods. Because public policy so fundamentally affects both
the shape of the modern metropolis and the functioning of its transportation system, we are primarily
priented lo exposing policy options that might improve both. Because remedies for deficient accessibility
cannol be found by atlacking mere symploms of sysiemic problems, we seek lo explore allernative long-
term, whole-system stralegies thal might inform officials in both the public and the private sectors.

The University of California Transportation Center (UCTC) was founded in Fall 1958, sponsored by
the US. Department of Transportation (USDOT) and the California State Department of Transportation
{Caltrans). Our research, educafion, and public service aclivities are primarily conducled om the
Universily's campuses al Berkeley, Davis, Irvine, and Los Angeles. Some additional work is based al the
University of Southern California; af California State Universily, Lomg Beach; and al Arizona Stale
University, Tempe, UCTC's participants are drawn from many disciplines and professions, joined by the
shared goal of enhancing accessibility for everyone. We look forward lo combinuing expansion of our
research and fo growing collaboration with USDOT, Caltrans, the many agencies within our region, and
colleagues al other universities.

Selected articles om other research will appear in fulure issues of Access. UCTCs lechnical research
papers currently in print are listed, along with an order form, af the back of the magazine. We emcourage
you to write for those you'd like fo read

I wou have critical responses o arficles appearing here or suggestions for future editions of
Access, we shall be pleased o receive them. With the wish that Access will become an gffective medium
Jor exchanging information and ideas, we offer these essays hoping they'll entice open comversations on

topics of mufual inlerest

Melvin M. Webber
Center Director




Cars and

Demographics

BY CHARLES LAVE

Imagine that it's January 1993,

Our environmentalist coalition has swept all

the national elections and is ready to declare war on the automobile,

We shall make urban life in America as civilized as urban life in Europe,
Our major legislative program is put forth, and passed:

—We triple the price of gasoline - to $4 per gallon.
—We build thousands of miles of rail transit

—We radically increase the cost of downtown parking.
—We affectively restrict land use so that most of the
suburban population moves back into the cities.

Tough measures? Yes, but worth it. We are serious about driving a
stake through the heart of the automobile demon. To validate the efficacy of
these new policies all we need to do is look abroad. Most Western European
nations implemented such legislation years ago. Let's look at their success.
Figure | compares the growth of the automobile population in the U.S. and in
Western Europe.

Notice, over the period 1965-87, the 3-to-1 ratio in the growth of auto-
mobiles per capita. An impressive difference. And how much of that difference
can we attribute to the pro-transit, anti-auto, anti-suburbanization policies in
Western Europe? Unfortunately, at least in terms of this graph, the answer is:
None. The fast growth curve in Figure 1 is Western Europe; the slow growth
curve is the United States.

There are no statistical gimmicks in Figure 1; the number of automo-
biles in Western Europe has risen about three times as fast as the number in
this country. To understand why, consider a very simple explanation.

First of all, people have a strong desire for convenient, fast, private
transportation. As personal income rises, people are increasingly able to afford
these desires, Most people seem to view public transportation as a barely
tolerable substitute for the real things — their own cars. But they will quickly
buy cars once they have enough money to do so. The tough anti-auto policies
in Western Europe have been overwhelmed by a far stronger force: the growth
of personal income, Let's begin by examining data from the United States.

Choriet Love i professor of economic, Univenity of Calilarmia, Irvine, CA 72717
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DEMOGRAPHICS OF AUTO GROWTH IM THE UNITED STATES

From 1850 to 1870, the number of vehicles in the United States grew
3.8 times faster than the human population. One reason for the dispropor-
tionate growih rate was the country's changing age structure: the large baby-
boom cohort got older and began to get driver's licenses. Although the total
U.8. population grew slowly, the portion eligible to drive grew quite rapidly.
But now the transition in age structure is over. The baby boom ended in
1964; the youngest are now 28 years old. The number of new driving-age
Americans is not what it once was.

Traditional sex roles related to driving and working have also
changed, and so0 the numbers of women with driver's licenses grew much
faster than the population as a whole. Figure 2 shows the pattern of licens-
ing among women in 18968 and 1988. The 1969 data show a sharp decline in
the proportion of women driving after age 40: these older women grew up in
a time when it was not customary for women to drive. But this drop-off is
not evident in the 1989 data. To see this more clearly, mentally shift the
1968 curve to the right 20 years, add in a small secular increase and the
result is close to the observed 1989 data. The essentially flat profile in 1989
shows that this demographic transition is almost completed.

One of the forces behind the change in licensing patterns was overall
income growth. Also important was the growth in women's participation in
the job market. Jobs increase financial clout and let a higher proportion of
women demand the kind of independence that auto travel provides, The
number of women working in the United States has risen steadily, and by
1888, 56.6 percent of all working-age women were in the labor force. Can it
rise much higher? The 56.6 percent figure seems to allow plenty of room.

It doesn't work that way, however. We should not expect that all
women will ultimately choose to compete in the job market, especially since
we know that all working-age men don't. Using labor force figures as a base-
line, Figure 3 shows the relevant ratio and its growth over time. Women's
labor force participation is now B2 percent of men's, and it is obvious that
the growth is slowing. In fact, the Bureau of Labor Statistics projects only b
percent growth during the 1090s.! 5

! Fullarton, p. 4.
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FiG. 3 !
Women Workers as
a Proportion of the
Total Labor Force
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Research also suggests a strong relationship between income and veh-
icle ownership. So it seems reasonable to suspect that the enormous growth
in U.S. per capita income during the 1950-70 period led to an equally explo-
sive growth in numbers of vehicles. Figure 4-A shows the data: the top line
shows growth in income per person; the lower line shows growth in vehicles
per person.? Figure 4-B plots the relationship between these ratios. The
horizontal axis is per capita income in constant 1982 dollars. The curve
starts at about 0.3 vehicles per person in 1940 and grows to almost one vehi-
cle per person today.

SATURATION OF AUTO DEMAND

Casual observers attribute the increase in the number of automobiles
to population growth (more people means more cars), while more sophisti-
cated observers know that income and licensing are important factors. But
what many have missed altogether is the slowdown in growth resulting from
saturation of auto demand. The shifts in demographics that produced the
increases have run their course. The growth in vehicle population will be
much slower in the future,

Trends in auto sales can be understood through comparison to the
videocassette recorder (VCR) market. When VCRs were first introduced, no
households had them. As consumers began buying VCRs, yearly sales rose
much faster than the annual population growth. But manufacturers eventually
reached a saturation point: nearly every household had a VCR. Since few
consumers felt they needed more than one, VCR growth rates declined.
Future sales will primarily be to first-time buyers, or to replace existing
recorders. (This analogy also explains the over-capacity in auto manufactur-
ing, and suggests that the current round of plant closings will be permanent,
not temporary.) ’

We now have about 1.1 vehicles per licensed driver, but this is not a
good measure of saturation. This ratio has always been high (it was .8 vehi-
cles per licensed driver in 1950). To measure vehicle saturation, we must
look at the ratio of cars to potential drivers — that is, all persons of driving
age. The United States had .95 vehicles per person of driving age in 1989,
essentially one car per person capable of being licensed. Absent distribution
effects, such a ratio seems a good indication of vehicle saturation.

? Throughouwt This wection, the term “vehice™ o “ouos™ refen 0 penonal-ue wehidien, Le., the wm of con pha thow
light trucks wied for personal tramiportation. (This wos &7 percent of light trecks in 1987 and 37 percent in 1982.) The
term “populotion” meani the driving-oge populafion, those in the 15-74 oge-cohart — the mlevant group for mealr-
Ing demand saturaticn.



Figure 5-A shows the disproportionate growth rate of vehicles com.
pared to the driving-age population. Figure 5-B shows the same data in a dif-
ferent perspective: the growth of vehicles per person. In the 1950s, the ratio
of vehicles to people jumped 40 percent, followed by a 27 percent jump in
the 1960s, a 19 percent rise in the 1970s, and only a 12 percent increase
during the 1980s. The era of disproportionate vehicle growth is over,

DISTRIBUTIOMAL ISSUES

Does this country's average of 0.95 vehicles per person of driving age
indicate vehicle saturation? What might be hiding behind this average?

REGIOMAL EFFECTS: Perhaps the high average reflects a few “car crazy”
states (like California) being combined with more environmentally conscious
states. | compiled data for 13 states distributed randomly across the United
States. All regions show essentially similar patterns of vehicle growth and
saturation. (Nor is California abnormal: in the West, Colorado and Washing-
ton have significantly higher vehicle/population ratios; Florida and Georgia
are higher in the South.)

HOUSEHOLD EFFECTS: Perhaps the high statewide averages conceal big
differences among households: some households have many more vehicles
than drivers, while others have none. | cannot make a direct evaluation of
this possibility with the available published data. | can, however, show that
the unequal distribution effect is not large. In 1880, 82-90 percent of all
households had at least as many vehicles as workers. Researcher Alan
Pisarski comments: “Zero-vehicle households tend to be very small house-
holds located in larger central cities. In fact, the New York area alone has
20 percent of the nation's households having no vehicles."? Accordingly, I
do not expect any additional vehicle growth to come from purchases made
by members of zero-vehicle households.

SUMMARY FOR THE UNITED STATES

The United States has undergone a period of disproportionately rapid
growth in numbers of autos. The increased desire for auto transportation was
sparked by changes in the composition of the work force, and in the age
structure of the population. The increase in per capita income gave people
the means to implement their desires,

These changes have run their course. Although the era of rapid
growth is over, its psychological effects are not. Much of our pessimism
about congestion comes from living during that rapid growth period. Planners
say there's no point in building more roads, they always fill up immediately.
But sometimes we place too much weight on experience. Generals prepare to
fight the last war; urban planners prepare to fight the last trend. It's time to
think seriously about expanding the [L.S. highway network. —3=

2 Pisanki, pp. &7,
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AUTO GROWTH AND USE IN WESTERN EUROPE

Figures 6-A and 6-B show the curves of vehicle growth in 10 Western
European countries. The difference in growth rates between.the United
States and Europe is clear: the United States has reached the saturation
point while Europe is still growing fast,

I noted earlier that even Europe's tough anti-auto policies have not
been sufficient to stifle growth in numbers of autos. But where will it end?
At current growth rates, these 10 countries will reach the vehicle saturation
point in 18 years. Will they get that far? Perhaps those anti-auto policies will
stop growth before that point. Perhaps not. Vehicle growth has already
increased much further than planners expected.

Vehicle ownership is just part of the story. Intensity of use matters as
well. Europe's high gasoline prices, expensive parking, and inadequate roads
must surely discourage driving. But not by much, apparently. In 1887 the
average European car was driven 8,149 miles per year, compared with 8,928
in the United States.

Finally, we might compare growth trends in auto travel. For the
period 1965-87, vehicle miles traveled (VMT) per person increased 1564 per-
cent in Europe, but only 69 percent in the United States. Consider again
Europe’s anti-auto regulations. They include every item that has been on this
country's environmental wish list for the past 30 years, These are strong pol-
icies. The degree of governmental restriction upon personal freedom would be
unprecedented in this country. But even this set of policies has not been
sufficient to exorcise the demons of auto use in Europe.

We know that public transportation has lost the battle against the
auto in the United States. Figure 7 shows it is losing the battle in Europe
too. The fraction of total travel made on public transit is steadily declining.
Surely, this is discouraging, for the quality of European transit systems is far
better than anything we might hope to achieve in the United States.

ENVIRONMENTAL IMPACT OF PUBLIC TRANSIT

But, suppose we could reverse the trend. Might increased use of pub-
lic transit then have an important effect on our consumption of energy or on
emissions of greenhouse gases? The answer is: no.

The difference in energy efficiency between transit and autos was
never very large to begin with, and federal policy over the past twenty years
has reduced it. First, federal CAFE standards have almost doubled auto fuel
efficiency since 1873, Second, as an unintended consequence of federal

-
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actions fo increase transit patronage, the average transit vehicle's energy
efficiency has fallen by about 50%. (Buses and rail transit cars became air
conditioned and heavier,) Figure 8 shows the surprising result. Autos, transit
buses, and rail transit are now nearly equivalent.

However, we must read these data with caution, for they reflect vehi-
cles operating with average load factors. Autos used for the journey to work
have lower than average load factors, so auto energy efficiency would be
decreased about 50% for that portion of auto travel. (Commute trips are
about 30% of total auto miles of travel.) But the rail data record the average
between energy-efficient old rail systems such as the New York subways, and
inefficient rail systems such as BART and Washington Metro.

PROSPECTS FOR INCREASING TRANSIT PATRONAGE

Since 1964 the federal mass transit agency has spent about $100 bil-
lion trying to find some way to lure people out of cars. Money was easily
available to pay for almost any conceivable experiment: subsidized fares
(even free fares), more comfortable vehicles, increased schedule frequency,
express schedules, free refreshments, timed transfer systems, extended oper-
ating hours, special fares for special groups, free parking at transit stations,
advertising, image-improvement campaigns, etc. None of these experiments
produced significant gains in transit patronage. The federal money managed
to halt the long-term decline in patronage, but could not reverse it.

Radical new policy measures such as substantial parking fees would
inerease transit use for the tiny proportion of travel involved in commuting
to large central business districts. But the effect on overall travel volumes
would be barely measurable.

S0 we must conclude that it's very, very hard to lure people out of
automobiles and into transit. Even if it were possible (and there is no evi-
dence in the literature to support this hope), we would still not save much
energy because the energy efficiency of transit and autos are roughly the
same,

SUMMARY AND COMCLUSION

In worldwide perspective, rapid growth of automobiles began in the
United States because we were richer than other nations. But other nations
soon headed down the same path as their incomes increased, and their stock
of autos is rapidly approaching ours. Europe's anti-auto policies may ulti-
mately stop the growth of auto use before it reaches U.S. levels, but that is
only a guess.

The desire for personal mobility seems to be unstoppable — it is,
perhaps, the Ilrresistible Force. The role for U.S. policy is clear: if we cannot
suppress that desire we should certainly channel it toward &2 more civilized
automobile — one that is smaller, more fuel-efficient, and less polluting.
Instead of continuing our ineffective crusade against auto use, we should try
to provide environmentally sound automobiles. It's not so noble a goal as
suppression, but it does have the advantage of feasibility. o

Conrtery of MVMA
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COMPULSORY RIDESHARING
IN LOS ANGELES

BY MARTIN WACHS AND GENEVIEVE GIULIANO

_Americans often look to Southern Colifornio as
a place where lifestyle trends are born. Now,
ironically, the land that has long glorified the
car culture is galvanizing commuting behavier
and encouraging obstinence from the once-
respectable custom of solo driving. The catalyst
for this behavioral change is Regulation XV,
odopted by the South Coast Air Quality Man-
agemaent District in 1987. Alko known as "The
Commuter Progrom,” Regulation XV requires
all public and private employers (firms, gov-
ernment ogencies, schools, hospitals, etc.) with
at least 100 employees at any work site fo
devise commute alternatives for employees and
to reduce the numbers of people driving alone
to work.

Regulation XV i part of the regional
plan for meeting federal and state air quality
standards in the ouvto-dependent Los Angeles
area (Los Angeles, Orange, Riverside, and part
of San Bernardine mnﬂu} where topography,
prevailing winds, and extended daylight hours
all contribute to its infamous smog. Soon,
nearly a dozen American cities will adopt their
own versions of Southern California’s rideshar-
ing ordinance. The Clean Air At Amendments
of 1991 require tha! other “non-attainment
areas,” (regions with air quality rated severe
or axtreme) enforce mondatory ridesharing
programs at all work sites with 100 or more
employees. The overall effectiveness of Regulo-
tion XV will be of notional interest since it will
serve as a protolype for other cities. We have
monitored the program since its inception, and
preliminary results of the regulation's impact on
rideshoring behavior are guite encouraging.

Companies falling within the Regulation
XV guidelines must submit an implementation
plan within 90 doys of nofification and must
designote and train an on-site Employee Trans-
portation Coordinator. In the plan, which must
also be opproved by the district office, the
employer outlines o strotegy for increasing
Average Vehicle Ridership (AVR) te o specified
level over the first year. AVR is the rofic of
peak morning commuters to the total number
of cors driven by these employees. One year
after the plon's implementation, the employer
must recalculote the AVR of its workforce. If the
company fails to meet its target AVR, it is then
required to revise the plon ond implement the
ravisions during the second yeaor. Failing te
reach the AVR goal is not a violation of the
regulation; failing to implement the plan,
though, is punishable by fine. So far, fines oz
high as $150,000 (a major retailing chain was
the guilty party) hove been levied ogainst
companies that failed 1o fulfill their obligations
under the regulafion. —

Changes= in Mode Shares
After One Year of
Regulation XV

Sample of 1110 Work Sites

* wgnificont ot p < 01

Maoartin Wachs is protessor ol urbon plonning at the Univer-
sity of Colifornis, los Angeles, CA P0024. Genaviews Giuli-
ono | ouaciote profeser of urban planning a1 the University
ol Southern Colifornia, Lo Angeles, CA 90089,




Employees who abondon sele driving
for alternative commute methods such as public
transit, corpooling, vanpooling, walking, tele-
commeting, and cycling — often enjoy benefits
like gos reimbursement, discounted transit fick-
ots, and preferential parking. Enterprising com-
panies have developed promofions such a3
posters and prizes to encourage ridesharing.
On-site amenities including outomatic teller
machines, health clubs, and restaurants are im-
plemanted to reduce employees’ need to moke
daytime car frips.

We monitored the progress of some
1,110 job sites subjected to the regulation for
of leost one year. Data collected by the district
office helped evoluate whether AVR targets
were being met. We olso examined the role of
the Employee Transportotion Coordinator.

Praliminary analysis shows the level of
sole commuting has diminished. Average vehi-
cle ridership figures rose from 1.21 to 1.25, a
statistically significant imprevement, Of the job
sites monitored, more than two thirds experi-
enced AVR increases during the first year, and
one fifth of the job sites hod AVR growth of
more than 10 percent. Carpooling was the

RN ©

Coariesy of WYMA

mast popular commute option, and vanpooling
also increased significantly. As a fransportation
method, sharing rides makes sense: it is the al-
ternafive least disruptive to existing organizo-
fional patterns, and there are many rideshar-
ing ogencies and consultants able fo provide
matching services. However, the numbers of
employees walking, cycling, and using public
tramsit did not increocse

Generally, the greatest improvement in
AVR was ameong employers whose initial AVRs
wera quite low. We also found thet numbers of
workers at different job sites hod little to do
with levels of AVR improvement.

Amang the firm: sompled, more than
two thirds offered preferential parking for
carpool and vanpool commuters, while only o
fraction of employers infroduced parking pric-
ing os a sirofegy to encourage ridesharing,
The most widely odopted incentives included
financial reimbursement to users of public tran-
sit, o guorantesd ride-home program, and pro-
motional prize drawings.

Regulation XV has created thousands of
new positions for Employee Tronsportation Co-

ordinators. Some coordinators have participat-

ed in formal training programs; still others
have formed professional orgonizations. A tele-
phone survey of 200 coordinators found that
maora than 90 percent were amployees of their
firms prior to odopfion of Regulotion XV.

Despite the rigid requirements, the
amouwnt of effort devoted to ridesharing by
maost employers has been modest, One third of
coordinators surveyed estimated that their am-
ployers spent less than 510,000 per year on the
alternative commuting program. Almost holf
soid they devoted less han 10 percent of their
fime to ridesharing dufies,

Qur research ol includes in-depth
cose studies of five companies, oimed al exam-
ining .the organizational and institutional ben-
efits ond costs of Regulation XV, os well o3
ways to estimote the impacts of the regulation
on vehicle miles traveled. These components of

the study are still underway, O
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REDUNDANCY:

THE LESSON FROM THE
LOMA PRIETA EARTHQUAKE

BY MELVIN M. WEBBER

The big news from the Bay Area’s 18808 earthquake was that the transportation
disruptions were only inconvenient, not dreadful. Structural failures on the Bay
Bridge and several elevated concrete freeways cut major metropolitan commut-
ing routes. Nevertheless, the regional transportation system didn’t crash at the
time. It was resilient because it was redundant —the parallel links took up
the burden, Commuters got to work without intolerable hardship. Trucks got
their freight delivered, nearly on time. Some businesses suffered in the short-
term, but only a few failed,

Estimates place direct losses from the Loma Prieta quake at over $8
billion dollars, making it the costliest natural disaster in American history at
the time. In addition, some costs must be assigned to the secondary losses
resulting from the breakdown in accessibility. The surprise is that the losses
were so low. Our studies into the effects of breaks in the metropolitan trans-
portation network reveal three major reasons why traffic disaster did not follow
the earthquake disaster:

OMNE: THE BAY AREA HAS A REDUNDANT TRANSPORTATION SYSTEM

There is no more important feature of the Bay Area's system than its
substantial redundancy — and no more important lesson from the 1980 quake.
Because we had other bridges that could substitute for the Bay Bridge, motor
ists had several options to choose among. Because we had an alternative
channel with large and underused capacity in BART's underwater tube parallel
to the Bridge alignment, many transbay commuters and others could get to
their destinations on time simply by changing modes.

Fortunately, the Bay Area has a network of freeways (including parallel
freeways) and a ubiquitous network of wide streets and urban highways —
virtually everywhere, We have a greal many transit systems, some directly
competing with one another. There are more than twenty local diesel bus
operations, plus electric buses, electric trolleys, light rail in subway and light-
rail above ground, heavy-rail rapid transit, a suburban railroad, ferries, jitneys,
shuttle buses, and taxis, not to mention cable cars. In addition there are more
than five million cars and trucks, mainline railways, major seaports, three
major commercial airports, and numerous small general-aviation airports.

S0 when the quake struck down several big highway structures, indi-
vidual travelers and shippers still had many options. As independent and
autonomous consumers of transport services, they exploited those options, and
pretty effectively. For some it took a little experimentation among unfamiliar
possibilities during the first week or so. But then, most soon settled into one
medium or another, and virtually everyone got to work without catastrophic

delay or cost. —3=
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As a result of those millions of individual choices, the overall regional
transportation system also adapted to the broken links in the networks. Even
though some routes were severely overloaded and subjected to their most
severe tests ever, self-adjustments of route-timing-and-mode by individual
motorists kept even those roads from clogging up entirely. Congestion was bad
in some places, but even there we never did suffer the dreaded “gridlock.”

Contrast this with the earthquake's effects on the city of Santa Cruz.
Lying behind mountains that are crossed by only one major road, it was nearly
isolated when the road was cut by slides and cracks. Emergency equipment
couldn't get in, and economic disruption was severe,

True, Santa Cruz was closer to the epicenter, but the comparative
transportation access at Santa Cruz and the Bay Area was a major factor in
their comparative losses, Transport redundancy protected the Bay Area from
severe disaster, It's in part because Santa Cruz lacked such transport redun-
dancy that it suffered unduly.

I wish we could say that the genius of the Bay Area's transport-system
lies in the redundancy built into it by design. But it's not true that it was
deliberately planned — that we built parallel routes as an intentional hedge
against breakdown in the system. Instead, our standard design criterion calls
for just-enough capacity to meet expected traffic loads and no more. Standard
planning doctrine calls for least means — for minimum inputs in pursuit of
maximum efficiency. It does not aim for maximum effectiveness.

Indeed, standard public administration dogma holds that redundancy
— duplication or overcapacity — is equivalent to waste. However, it was
redundancy that saved us in this instance, as in so many others. In other
fields where system-wide failure is intolerable, designers require duplication
(or triplication or guadruplication) of component parts. Computers, aircraft,
space vehicles, telephones, missiles, and other complex systems, including
complex institutions, are built that way. Their designers guard against system-
wide collapse by installing standby components, seemingly superfluous parts
that stand by, ready to take over in an emergency or whenever a component
subsystem fails. .

Urban infrastructural systems are analogous to those  less-complex
examples, but the costs of urban breakdown can be enormous as compared to
even complete failure of one of those. Loss of life from an 8-point earthquake
in places like San Francisco or Los Angeles or Tokyo may be thousands of
times greater than loss of life in an airliner crash. Financial losses may be
millions of times greater than loss from a bank's computer crash. Standby
infrastructural components may prove by far the most effective — and least-
expensive — means for protecting ourselves from natural disaster, despite
heavy expenditures for additional physical plant in the short run.

So, | suggest that a first principle of system design should be to install
redundant subsystems from the start —purposefully. We should do so recog-
nizing the probability, if not certainty, that unanticipated breakdowns will
occur, no matter how hard we try to prevent them.

TWO: TRANSPORT AND URBAN SYSTEMS ARE HIGHLY ADAPTIVE

The second reason the metropolitan transportation system failed to fail
is that traffic systems, like market systems, have selfadjusting and self-
correcting processes built into them. Urban travelers are remarkably adaptive.
In the short-run, given the chance and given adequate information, they're



quick to find ways around bottle
necks by adjusting their travel routes,
times, and modes. In the long-run,
through the workings of labor markets
and land markets, both job locations
and residential locations get readjust-
ed to accommodate traffic congestion
and other constraints in the transpor-
tation system.

Those short-run adjustments
were clearly evident during the Los
Angeles Olympic Games when dire
predictions of horrendous traffic jams
proved wrong, mostly because travel-
ers anticipated the congestion and
took counter measures to avoid it
The adjustments are observed every
day of the year when a road gets
clogged and alert motorists find ways
of avoiding the tie-up. So it was no
surprise when transbay motorists
quickly adapted to the closed free-
ways and the break in the Bay Bridge.
They just moved over to the other
roads and other bridges, and many be-
came first-time BART riders or ferry
passengers,

Long-term adjustments are evi-
dent in the huge expansion of houses
and jobs in suburbs everywhere —
the visible outcomes of individuals'
and corporations’ decisions to relo-
cate in response to changing levels of
accessibility. Where costs of traffic
congestion exceed perceived toler
ance levels, many employees look for
work closer to home or try to find
houses closer to their jobs. Always
alert to the availability of an ade-
quate labor force, employers respond
to changing costs of congestion and
to employee reactions to it. The rela-
tive decline of older central business
districts and the rise of suburban job
markets directly reflect long-term
adaptations to crowded radial trans-
portation corridors.

San Francisco city held over
B0 percent of the metropolitan area's
jobs in 1930, 31 percent in 1860, and
only 18 percent today. Among other
forces shaping the regional economy,
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BART obsorbed large numbers of motorists and bus riders after the Boy Bridge broke

that decline reflects the adaptation of
land use patterns to traffic patterns,
including patterns of congestion. Over
recent decades, the old starshaped
radial travel pattern which focused on
the central city has been transformed
into a multidirectional network. Today
most trips go from dispersed subur-
ban origins to dispersed suburban des-
tinations. The transportation system
is thus much more flexible than it
used to be when a few radial cerri-
dors were the dominant commuter
routes. So, when the quake struck
even large radial corridors, commu-
ters were less cut-off than they would
have been in an earlier time.

Right after the gquake struck
it also became clear that transporta-
tion agencies are themselves highly
adaptive. Despite all we hear about
bureaucratic rigidity, when there was
need for quick response after the
quake, they sprang into action with
sophisticated diagnoses and damage
repair, with effective traffic controls,
with supplemental transit and ferry
services, and with informative media
campaigns that advised travelers
about alternative routes and modes,

Furthermore, employers proved
adaptive too. Some accommodated by
adopting flex-time work schedules.

Others shortened the work week, relo-
cated work places close to employees’
homes, permitted telecommuting from
home, and in other ways tried to ad-
just to the truncated transportation
system. Transit agencies responded
quickly to keep undamaged facilities
operating and to expand or install
mass transit services where roads
were closed. Truckers found ways
around the blocks. As & consequence,
the effects of the transportation sys-
tem's failures were not nearly as bad
as you might have expected, —5=
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We are thus led to conclude
that, to a large degree, we can rely on
the autonomous and adaptive re-
sponses of the many components of
the metropolitan system and that we
are not dependent upon central com-
mand-and-control management when
natural disaster strikes. Individuals,
employers, suppliers, and the various
private and governmental organiza-
tions can be trusted to accommodate
spontaneously. If supplied with suffi-
cient resources, including sufficient
infrastructural resources, the metro-
politan system seems to be remarka-
bly resilient.

THREE: THIS WAS NOT THE BIG OME

Although the transport system
survived the 1988 quake, it will not
prove so hardy when The Big One
comes, as we're assured it will. The
Iron Law of Seismic Events holds that
the further we are from the last
quake, the closer we are to the next
one and the greater will be its sever-
ity. We're now 86 years from the last
big break on the Bay Area sector of
the San Andreas Fault in the West
Bay and 124 years from the last one
on the Hayward Fault in the East Bay.
Recent forecasts now set the probabil-
ities of a magnitude 7 or larger earth-
quake in the San Francisco Bay Area
at 67 percent before the year 2020.
Next time, the present system may be
unable to adapt.

THE LESSON FOR INFRASTRUCTURE
PLANNING IN EARTHQUAKE COUNTRY

So the message from the Loma
Prieta quake is clear: we were res
cued by redundancy. We should plan
now to build-in more redundancy and
more flexibility, even as we acceler
ate efforts to retrofit existing facili-
ties to withstand the major temblors
that will come,

Of course the first and major
effort must be to strengthen existing
bridges, overpasses, roadbeds, build-
ings, and other structures that will be
endangered by severe earth shaking.
But, despite the most valiant efforts,
there will inevitably be structural fail-
ures even then. Smart planning re-
quires that we recognize the inevita-
bility of failure and plan accordingly.

Parallel systems provide op-
tions, permitting the overall transport
system to continue to function effec-
tively, even when parts get broken.
Next time, we should be prepared by
deliberately installing parallel routes
— and the more the better. For the
Bay Area, | suggest that means more
parallel bridges, more freeways, and
more transit routes.

Despite its many transport
subsystems, the Bay Area's transport
capacity is already deficient. That's
especially so in the suburbs where
growih was earlier spurred by conges-
tion in the metropolitan center and
where we've been slow to install
capacity sufficient to meet present
and coming demand. But | suggest we
need more than Just-enough addi-
tional capacity to relieve congestion,
We also need to install safeguards in
the form of excess capacity.

Public officials will think it
wasteful and inefficient to build a lot
of capacity in excess of short-term
traffic volumes. But the Bay Area's
future viability may well hang on the
region’s ability to continue function-
ing after The Big One hits — after
the region has been shaken by 8 or
more Richter points.

The ability to move emergency
equipment freely can spell the differ-
ence between life and death for tens
of thousands of persons and mean the
preservation or loss of tens of thou-
sands of buildings. The ability to sus-
tain the metropolitan system — dis-
tribute foods and medicines; to
supply water; to rejoin families; to the



keep the economy in working order;
to maintain the critical telecommuni-
cations, fire-fighting, and policing
services — all depend on a function-
ing metropolitan-wide transportation
system,

Prolonged dislocation of pas-
senger and freight movements that
would follow severe damage to the
transport system could, in turn,
inflict severe and long-term damage
to the local economy and to the pub-
lic health. By averting some of the
horrendous costs that will follow The
Big One, investment now"in future op-
tions and additional ecapacity will
surely yvield tremendous returns then.

The conclusions concerning
transportation must be equally applic-
able to other public services. Sections
of San Francisco were without elec-
tricity for about a week after the
Loma Prieta shock, because several
large transformers and circuit break-
ers were damaged; it then took time
to find and install replacement parts.
Future redundancy in power lines,
telephone and other communica-
tion channels, water mains, hospitals,
and the diverse arrays of emergency
equipment will all surely increase the
chances of surviving a large quake in
the future.

Are the costs of these addi-
tional facilities warranted? It depends
on the time horizon we assign to our
estimates and the discount rates we
apply. We have a notorious habit of
heavily discounting future benefits
that are further away than the next
quarterly report or the next election,
However, when the next quake
strikes, whenever it comes, everyone
will be grateful for the foresight that
averted disaster,

And for survivors of The Big
One — for those who live to tell
about it — redundant public facili-
ties systems could well prove to have
been the major reason they survived. O
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Immediately following the sarthquake, sev-
eral researchers af the University of California
in colloboration with researchers in several
governmental iransportalion agencies under-
ook a series of quick-response sludies. Their
aim was fo ossess the consequences of dom-
age to the melropalitan transportation nel-
work. Findings from some of these studies ore
reporied in the following papers, availoble
from the University of Californio Transporic-
tion Center,

Mork Horsen and Jokob Sutter, The Shoke With Freight:
The impoct of the Loma Prieto Eorthgquoke on Boy Area
Truckers, Eorthquoke Series Mo. 1, 1991,

Anna E. Bennaft and David D. Lile, Earthquaks Effect on
Employes Tromiporfotion. Earthguoke Series Mo, 2, 1991

Cynthia A. Eroll, John O, Londis, GQing Shen, and Sean
Stryker, Economic impach of the loma Prista Eorthquake:
A Focus on Smoll Business. Earthquoke Series Mo, 3, 1991,

Cowrtesy of EERC Library, UCB

Pamala Twehido and Linde Wikhusen, Commube Bahavior
in Santa Cruz County. Eorthquoke Sedes Mo, 4, 1991

Maork Hornsen ond Sharon Weinstein, Eost Boy Ferry
Service and the Lomo Frieto Earthquoke, Earthquoke
Serim Mo, 3, 1992,

David Reinke, Effech of the Loma Prisla Quoks on BART
Patronoge. Earthquaks Sere Mo, &, 1992

In addifion fo the above-listed authors, the
core research group included Bruck Couch-
man and Ace Forsen (California Stofe Depari-
ment of Transportation), Joel Markowitz
(Melropoliton Transporfation Commission),
Wolf Homburger and Melvin M. Webber
(University of Californio, Barkeley).

The replocement deck
of the Bay Bridge being
lowered into ploce,

less thon one menth

after the quake.
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Environmentally Benign Automobiles

BY DANIEL SPERLING, LEE SCHIPPER, MARK DELUCHI, AND QUANLU WANG

His dream has come true. There's now more than one veh-
icle for every licensed driver in the United States, and
other developed countries are not far behind.

But has the car's success created the conditions
for its own demise? Conventional wisdom of market
researchers, consultants, and other experts is that the
automobile and its petroleum-powered internal combus-
tion engine will be with us for a long time and that any
energy and environmental problems can be readily solved.

The automotive industry would very much like to
believe that cheery prognosis — and perhaps it's correct.
But suppose it's not. What if global warming and climate
change accelerate? What if people and governments begin
to demand and expect even higher environmental quality?
And how will the United States and other developed
nations respond to growing oil imports?

The truth of the matter is that the automotive and
energy industries are not prepared — neither in terms of
technology nor corporate thinking — for the major
changes that are imminent. Just as the American auto

From the collections of Nenry Ford Muswum & (Froenyield Fillage

industry underestimated the market threat of Japanese
imports 20 years ago, the industry may now be underesti-
mating demands for “greener” and more socially responsi-
ble vehicles and fuels. If the industry itself is not respon-
sive, government will undoubtedly intervene, as it has in
California. And it boils down not to the survival of the
automaobile itself, bul of the automobile manufacturers.

TRENDS

Increased car usage has already created tremend-
ous environmental stresses, along with parallel economic
and political problems. Passenger travel, expressed as
passenger miles per capita, is rising virtually everywhere,
especially in the United States where cars are readily
available. As shown in Figure 1, auto travel accounts for
76-86 percent of all domestic travel in virtually every deve-
loped country except Japan. But even in Japan, where dis-
tances are short, congestion nightmarish, and rail transit
accessible, autos still account for almost 60 percent of

e
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total travel — a figure that continues
to rise. It is simply a myth that pub-
lic transit is the principal passenger
transportation mode in Europe and
Japan; in developed countries, auto
use is far more prevalent than transit.

The auto industry benefits
from thé high value that most people
place on the mobility and accessibil-
ity offered by motor wvehicles, and
those people will likely sacrifice
much to maintain freedom of move-
ment. But those same people are
becoming less tolerant of the growing
energy and environmental stresses
created by the current transportation
system. Tensions are increasing be-
tween continuing demand for mobility
and the adverse effects of automobile
use,

Increasing use of gasoline and
diesel vehicles will exacerbate prob-
lems of petroleum supply. The predic-
ament is not one of inadequate world
supply: all signs indicate plentiful
amounts of oil will be available at rea-
sonable prices for years to come. The
hitch is that for the United States,
Europe, and Japan, those plentiful
resources lie elsewhere. Virtually all
forecasts anticipate a large drop in
oil production in the United States
and other countries outside the Per

sian Gulf region in the 1980s and
beyond. So automotive energy use in
our country is increasing at the same
time that petroleum production is
declining, indicating potential politi-
cal and economic problems domesti-
cally and internationally,

More use of petroleum-powered
autos leads to increased emissions of
greenhouse gases, Although there has
been no definitive proof of global
warming, scientists do know that
emissions and atmospherie concentra-
tions of greenhouse gases, especially
CO,, are rising at a rapid rate. It
would be unwise to proceed as if cli-
mate change is not a potential prob-
lem, We would be grossly irresponsi-
ble, not to mention disrespectful of
future generations, if we did not
attempt to reduce these emissions
now. As the Rio conference made
clear, civic leaders around the world
are demanding policies and actions to
forestall further environmental dam-
age, and governments are responding
in turn.

OPTIONS

So what are the remedies?
Several possible options for reducing
petroleum use and vehicle emissions

Daniel Sperling is profescr of civil enginesding: Mark Deluchi ond Quanky Wong are’ hin reseorch onodiotes in the
Intitute of Tromportotion Studien, Univensty of Colifornio, Dowii, CA #5618, Les Schipper i a senior saff scientisl af

the Lowrence Berkeley Loborotory, Barkeley, CA 94720,

are at hand — some that involve be-
havioral changes and some that re-
quire technological developments,

Behavioral changes range from
rethinking government policy to modi-
fying individuals’' conduct. For individ-
uals it means switching from single-
occupant autos to carpool and transit,
and also rearranging job-residence lo-
cations. For government it means im-
proving land-use management and re-
gional transportation systems with
the aim of reducing numbers and
lengths of single-occupant car trips.
Of course, substantive behavioral
changes are hard to influence and
slow to occur. Current research shows
that politically palatable strategies
aimed at behavioral change are likely
to achieve vehicle travel reductions of
only a few percent. More sweeping
changes may be possible over the
long term, but they would require
aggressive road pricing and land use
management initiatives.
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Technological fixes appear to be more effective at reducing emissions
and petroleum use, in part because they are politically more aceeptable. One
technological approach to the problems of increased petroleum use and green-
house gas emissions that promises modest improvement is improved fuel effi-
ciency in automobiles. In fact, the fuel efficiency of new cars soared in the
United States between the 1873-74 energy crisis and the late 1880s and im-
proved slightly elsewhere. But, as shown in Figure 2, when a country's entire
vehicle feet is taken together, one finds virtually no improvement over time,
except in the U.S. where vehicles were previously huge and heavy,

Can fuel efficiency be improved further, and at what cost? The auto
industry says new car efficiency could rise by 10-15 percent in the next 15
years, but many environmentalists insist that 40-50 percent improvements are
necessary. Studies show that improvements in the range of 15 percent will
provide a net economic gain. Upping efficiency beyond that may be socially
desirable, but will likely require higher prices and down-sizing.

In any case, since the late 1980s, fuel economy has been falling, while
per capita car ownership and use continue to rise. The result is inereasing use
of petroleum by passenger cars, as measured on both per capita and per coun-
try bases. Adding in expanding truck and air travel means that total transpor-
tation energy use is on a steady upswing. All this tells us that market forces
alone won't result in improved efficiency and reduced oil consumption and
that, even with substantial government intervention, it will be difficult to
reduce total petroleum consumption.

The most promising long-term technical fix for reducing petroleum
consumption and environmental threats is to substitute alternatively fueled
vehicles, especially electric vehicles. Unfortunately, methanol (made from nat-
ural gas) is no better than gasoline in reducing greenhouse gases, and natural
gas vehicles are only slightly better, as shown in Table 1. Nevertheless, both
offer modest air quality benefits along with replacing petroleum imports. The
only way to obtain large reductions in greenhouse gases is to shift to non-fossil
fuels — which means creating alcohol fuels from cellulosic biomass, and pro-
ducing electricity and hydrogen from solar and nuclear sources.

The biomass option is promising. The U.S, Department of Energy is now
targeting biomass production and conversion as a primary strategy for reducing
greenhouse gases from transportation. However, because biomass plantations
require large tracts of land, biomass fuels are unlikely ever to be the dominant
source of transportation energy in any developed country (except perhaps in
sparsely populated Scandinavia and New Zealand),

In the long run — which may not be far off — there loom two promis-
ing large-scale options. The first is electricity, produced from solar (and per-
haps nuclear) sources and used to drive electric cars. The second is hydrogen,
separated from water, using solar energy via photovoltaic cells, then burned
directly in internal combustion engines or, more likely, in fuel cells.

Fuel-cell and solar technologies are immature and expensive, Ulti-
mately, though, as the technologies are improved and the costs are reduced,
electricity and hydrogen will likely become the dominant transportation energy
sources, If climate change proves to pose a real threat and energy security
becomes a high priority, we'll likely see accelerated development and use of
solar-based hydrogen and electricity. —




Table 1. Greenhouse Gas Emissions
of Motor Vehicles, Full Fuel Cycle,
Relative to Gasoline Vehicles

Fuel cells using hydrogen made from water

with selar power -90 to -85
Ethanol made from wood =75 to -40
Hydregen from water using nuclear energy -70 to -10
EVs, electricity from natural gas powerplants -50 to -25
Compressed natural gas -0t 0
Methanol made from natural gas -10 ta +8
EVs, current U.5. powerplant mix -20ta O
Gasoline —_
EVs, electricity from new coal powerplants 0o +10
Methonol made from coal +30 to +70

Source: M.A. Deluchi, Emissiont of Greenhowre Goses from the Use of Transpariolion

Fuwli ond Eleciricity, Argonne Motionol Loboratony, ANL/ESD/TM-22. NTIS: Springfiald,

WA, 199
Haote: Emisions af all relevant greenhoule goses [CH,, N0, NO,, COy and MMHC)

ware coluloted ond weighted occarding to their "global worming™ effect. Coloulotion

inglyde aminions from the entire lusl cpde, including production, franiporiotion, end
viw, ond wahicle mamfociuning,

Table 2. Emission Impacts of Electric
Vehicles, Full Fuel Cycle, Year 2010

Balgiuvm -89 =09 -70 322 130
Canada -9 -99 =65 -38 14
France -99 -99 -B3 LAl 12
Germany -9 99 -%0 a 3
Greece -89 -g0 =21 1048 493
Italy =09 -9 &8 L] 2432
Jepan -9 -99 -73 -7s n
Naotherlonds -o9 -99 -B2 =17 a9
Norway -99 -99 -89 -98 =92
Spain 99 99 -59 483 258
Swaden -9 -9 -85 -05 -18
United Kingdom -9 -9 -37 n a7e
United States 95 -99 &7 104 22

Source: . Spering and M.A. Delechi [1992), Allernative Tromportation Fueh and Air

Pallution. Prepared for the Orgonisation for Econfimic Cooperation ond Develapmant
{OECD), Poris, France Forthcoming

As for now, continuing development of electric
vehicle (EV) technology, along with modest improvements
in vehicle efficiency, are the most sensible options. EVs
provide a “least-regrets” and least-cost strategy in prepar-
ing for the hydrogen and electricity future. While it's true
that present generation EVs are more expensive, require
longer refueling periods, and have limited driving ranges,
they also have positive atiributes — less maintenance,
convenience of home recharging, and quiet operation.
More important from a policy perspective, they provide
modest greenhouse and huge air-quality benefits in most
regions of the world. (See Table 2.) In general, the less
coal used for electricity generation, the greater the bene-
fits. But even in the U.S., where 55 percent of electricity
is made from coal, electrification of the entire automaobile
fleet would still result in up to 20 percent reduction in
greenhouse gas emissions and substantial reductions in
ozone pollution. ;

In most countries, EVs will be a boon to air qual-

‘ity. They eliminate hydrocarbon and ecarbon monoxide

emissions and substantially reduce nitrogen oxides. They
do tend to increase sulfur oxide and particulate emis-
sions, but these increases are generally unimportant
because cars generate less than 2 percent of those pollu-
tants. Thus even a tripling of sulfur oxide emissions from
cars would cause a relatively small overall impact. If
introduced on a large scale, EVs would provide much larg-
er air quality benefits than would any other serious
option, including any liquid or gaseous fuels. In the long
term, as electricity supply shifts to renewable sources,
electric vehicles promise almost complete elimination of
air pollution and greenhouse gases, as well as almost
complete reliance on domestic resources.

THE FUTURE

Throughout industrialized countries, then, cars
play an increasingly dominant role in passenger transpor-
tation, placing great stress on cities, the environment, and
political institutions. Politicians and voters will continue
to push for stricter environmental and social policing of
the auto's effects. Not a single auto manufacturer has per-
suasively marketed itself and its vehicles as being socially
responsible. Even if one had, who would have noticed?
Most car owners — most people — would probably con-
tinue to behave as free riders, unwilling to pay extra for
environmentally sound cars and fuels even if they do have
strong environmental ideals. These same people will, how-
ever, vote to force car and fuel suppliers to act more
responsibly, to subsidize the expenses associated with
reduced environmental pollution. And politicians sense
that.



That's what happened in California, where, in late
1890 and 1991, voters adopted strict regulations on vehicle
emissions and the quality of gasolines. The new standards
require vehicle manufacturers to reduce emissions by up
to 80 percent over the next 12 years and require gasoline
to be reformulated to reduce hydrocarbon and other emis-
sions by 20-30 percent, at an estimated cost to consumers
of about 15 cents per gallon.

The state also mandated that all major automakers
must begin selling electric or other zero-emission vehicles
by 1998, In that year, 2 percent of the cars sold in the
state by each manufacturer must be zero-emitting. The
percentage increases to 5 percent in 2001 and to 10 per-
cent in 2003 — accounting for about 200,000 cars per year
in 2003.

The facts regarding automobile use are unambigu-
ous: cars provide accessibility and mobility, and they will
dikely dominate passenger transportation into the foresee-
able future, The challenge is to commercialize a car that
is environmentally benign. But that's not likely to happen
without increased governmentally sponsored research aimed
at such energy sources as fuel cells, biomass, and solar-
hydrogen. Nor is it likely to happen without high taxes on
high-impact fuels and on gas-guzzling cars — taxes high
enough to motivate consumers and industry to turmn to
those fuels and vehicles, Government must also redesign
anti-pollution regulations, making them more flexible and
incentive-based. Current regulatory systems are economica-
lly inefficient, inappropriate for promoting alternative
fuels, and lacking incentives for improvement and innova-
tion. More appropriate incentives and effective regulations
will spur the adoption of fuels and vehicles that are sensi-
tive to regional differences and that provide major air
quality, greenhouse, and energy-security benefits. O
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BY J. KARL HEDRICK, KYONGSU YI,

AND MARGARET WARGELIN

Our roads are crumbling under the weight of buses and heavy truck loads.
Although early researchers attributed the pavement damage to a fixed,
“static” factor — the vehicle's weight and design — we now know that
much of the blame is owed to “dynamic” variables — the interaction be-
tween the vehicle's suspension and the road surface. Recent studies show
that dynamic force can double, even quadruple, pavement damage. But by
equipping trucks and buses with advanced, “semi-active” suspensions, the
problem of road wear can be effectively addressed. We are anticipating an
up to 20 percent reduction in tire force on pavement surfaces.

Advanced suspensions have for years been available on high-
performance cars, designed to improve performance. Semi-active suspen-
sions — outfitted with a “smart” shock absorber, having a variable damp-
ing rate, a sensor, and a microprocessor that provides the smarts — afford
a better ride than passive suspensions, which use a conventional spring
and shock absorber system and can only temporarily store energy. Likewise,
fully active suspensions, which include actuators to generate force, provide
improved performance over their semi-active counterparts,

Still, active suspensions do have drawbacks, such as the need for a
large external power source, increased complexity, and higher cost. Semi-
active suspensions are the perfect compromise: they're better performers
than passives and are safer, more economical, and more practical than the
actives. Our research investigated the effectiveness of semi-active truck
and bus suspensions on reducing pavement damage.

Among the research methods we used were computer simulations to
estimate dynamie tire forece. The vehicle simulation package, known as
VESYM, and the flexible pavement simulation programs, VESYS and
PMARP, allowed us to compare alternative suspensions such as walking
beam, leaf spring/short rocker, air spring, and, of course, semi-active sus-
pensions. Figure 1 symbolizes the interaction between a truck or a bus sub-
jected to a rough road surface and the road, which has previously been
exposed to heavy loads. Figure 2 shows the interaction of the computer
simulation programs developed and modified at the Massachusetts Institute
of Technology and the University of California at Berkeley. VESYM figures
the dynamic tire loads of trucks or buses once the road surface is speci-
fied. VESYS and PMARP compute pavement stress and also predict ultimate
road life once the dynamic factors have been determined.



The research also includes
laboratory experiments with a half-
car test rig, shown in Figure 3. These
tests showed how semi-active suspen-
sions could reduce dynamic force
and checked the fleasibility of the
suspensions from a real-time perspec-
tive. Although, obviously, the half-
car, which was equipped with the
semi-active system, is much lighter
than a truck or bus, the experimen-
tal performance could prove helpful
in the future, when actual vehicles
are used.

Although the semi-active sus-
pension provided large reductions in
dynamic tire force both in the com-
puter simulation and on the half-car
rig, we needed to try experiments in
actual field conditions. We conduct-
ed a two-week series of tests at the
PACCAR test facility in Mt. Vernon,
Washington, with help from PACCAR
and the LORD Corporation, which
provided the semi-active dampers.
Besides confirming that semi-active
suspensions would reduce dynamic
force, and thereby reduce pavement
damage, we also hoped to show that
the suspensions would operate with
limited computing speed and memory
and be compatible with existing
high-tech parts.

Figure 4 shows the experi-
mental résearch vehicle, a Peterbilt
359 truck with a four-leaf driving
axle suspension. The truck had been
disassembled at the University of
Michigan Transportation Research
Institute in order to measure its
physical and dynamic properties. We
equipped the fully loaded truck with
strain-gauged axles to measure the
actual tire force on the road. Accele-
rometers showed how the semi-active
suspension affected the cargo and
driver. We put variable shock ab-
sorbers — with 13 possible damping
rates, from very stiff to very soft —on
each end of the two drive axles, It
took two milliseconds to switch from
one setting to an adjacent one, or 20
milliseconds to change from soft to
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FIG. 5
Comparison of Estimated
Tire Forces (Vehicle Test)

PASSIVE

SEMI-ACTIVE

Vehiche Test: Broken concrete, 5 mph, driving wheel

hard. A semi-active clipped control-
ler, when fed information about
vehicle motion from an IBM PC,
automatically switched the damper.
Processing the cargo and axle accel-
erations in real time allowed for the
elimination of the effects of noise on
these values, which were then used
to find desired settings for the shock
absorbers.

The experiments took place
at a constant speed on two sections
of test track and on two three-mile
sections of real road. We affixed 36
surface strain gauges at one-foot in-
tervals along the track to determine
the effects of the suspension on the
pavement. Another section of track
was made up of rough or broken con-
crete designed to simulate at 5 mph
the results of driving on a moder-
ately rough highway at 56 mph. Tests
on a section of Interstate 5 North
showed how semi-actives operate on
a rough concrete highway, while
another section of rural highway
showed performance on asphalt.

We expected peak tire force
reductions of up to 20 percent,
which was the range computed dur-
ing the computer-simulation experi-
ments. (Figure 5) The data from the
pavement sensors and strain gauges
in the field are not yet available to
be analyzed, but we have verified
that the computer memory and speed
requirements were within reason,
The motors which set the shock
absorber position did give us some
trouble, but the absorbers them-
selves met all specifications,

The simulations and tests
show a wide range in the pavement-
damaging effects of existing suspen-
sions and reveal that semi-active
suspensions have the potential to
reduce road wear dramatically. As for
the future, the research done here is
bound to be useful in other suspen-
sion experiments: for instance, the
control algorithm could be optimized
to improve vehicle handling and ride

quality. New research could focus on
the development of adaptive control
algorithms to estimate vehicle load-
ing. Other directions include figur-
ing sensor, microprocessor, and
damper requirements and developing
a prototype of the microprocessor
controller, Since the preliminary
tests conducted at the PACCAR
Technical Center reveal that semi-
active suspensions are feasible from
a real-time perspective, future stu-
dies are necessary to be sure about
the cost/benefit tradeoff of such a
system. O
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COMMUTER STRESS

BY RAYMOND W. NOVACO

Bveryone knows that being stuck in traffic is stressful, and few look

Sorward o long commules on congested roadways. Bul the negative
gffects of traffic congestion go beyond frustration and fatigue. Our
research at UC Irvine since the late 1970s has discovered adverse

health impacts of what we call “high impedance’ commuling. —5=
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Our studies have been aimed at determining
whether commuting really does lead to stress,
and then to identify the exoct couses of stress,
We find thot traffic congestion is indeed stress-
inducing by virtue of the physical ond percep-
tual dimensions of travel impedance. Physical
impedance is objectively measured, reflecting
the distonce and time spent on the journey,
aleng with the number of roads and freeways
traveled on the trip. Time of day is also o fae-
tor: congestion is normally greater in the even-
ing peak hours, when induced stress is com-
pounded by fatigue from the workday. We
find that commuting distance is directly related
to blood pressure — the longer the distance,
the highear the commuter’s blood pressure. High
levels of physical impedance are also reloted
to lower tolerance for frustration, te negative
mood at the workploce, and to illness. For
example, the mere roads trgveled by commu-
tars, the more times they will call in sick at
work,

Recently we have begun to pay greater
attention te the perceived dimension of com-
muting constraints — what we call subjective
impedance. it is measured by clusters of ques-
tiennaire items in various formaots. We find sub-
jective impedonce is related to iliness, chast
pain, job choice, and residential satisfoction.
Among the strongest findings are ity effect on
negative mood af home in the evening. Our
ongoing research seeks to understand more
fully the factors involved in these psychological
effects of traffic congestion.

Documenting the sociol costs of troffic
congesfion involves moving beyond simple intui-
tions, While it may seem obvious thot chronic
exposure to traffic congestion is stressful, the
specific psychological and physiological effects
are for from cbvious. It is quite o puzzie to
determine which conditions will leod to signifi-
cant differences in observable stress among
which people. Furthermore, before we can say
that the observed stress is due 1p commuting,
we must scientifically control for many other
facters, such as the person’s physical character-
istics, income, education, home life, and work

environment.

For example, you might think thot long
distance commuting (driving 20 miles or more)
would lead fo increcsed heart rotes or to
decreased positive mood at work. You might
also think that people with Type-A personalities
who hove long commutes on congested roods
would be the most strewsed. While these seem
to be recsonable intuitions, we do not find any
of them to be true.

We do find that blood pressure is af-
fected [stotistically controlling for age, weight,
smoking, exercise, ond medication), but not
heart rate. Similarly we find that a congested
commule increaies negotive moods (tension,
nervousness, impatience, and iritability), but
we have never found significant decreases in
posifive moods. And while we firt hypothe-
sized that Type-A personalities with long com-
mutes would be the most stressed, our studies
show that Type-B individuals [more reloxed,
sasy-going personalities) are most negatively
affected. It turns out that the personality foctor
is o dynamic variable offecting residential
choice, job involvement, and what one does in
the car. Long-distance Type-A commuters axer-
cise more control in selecling their residences,
are more involved in their jobs, and tend to
think about work during the commute instead
of paying attenfion to the traffic.

The demogrophic group with the most
commuting stress is thot of female solo driven
having long-distance commutes. Although they
have the highest family income of all groups in
our studies and are most involved in their jobs,
they report less choice ameng residentiol loco-
tions and feel rushed in geftting to work each
morning. Becouse we find no differences be-
tween males and females in the objective char-
octeristics of their commutes (distonce traveled,
time of commute, roods usad, and interme-
diary stops), we are now studying whether tha
higher stress rote among women is due to role
strain (an overload of demands ot home and
ot work) or to other faciors.



Our most recent study examined the
potential stress-mitigating effects of rideshar-
ing. We studied solo drivers, carpoolers, and
vanpoolers — all with commute distances of
mare than 15 miles. Based on multiple testings
at work sites, we find that female ridesharers
have lower stress thon do female solo drivers.
Of the ridesharing groups, passengers consist-
ently have lower blood pressure than drivers.
Male passengers and female rideshare drivers
not only have significontly lower blood pressure
thon solo drivers, but they also perform better
on mental tests — digit copying, digit recall,
and proofreading.

Our studies of commuting stress reveal
substontial hidden costs ossocioted with com-
muting. Figure 1 illustrates these hidden costs
of commuting, both to the werker and to the
business argonization, perfaining fo job change
and commuting satisfaction. The commuters in
this study worked of companies in the Irvine
industrial Area, ond they porticipated in o two-
phased project that hod an initial testing phase
and a follow-up 18 menths loter. During this
interval, 14 percent of the parficipants changed
jobs to new locations.

These who moved to different compa-
nies had lower commuting satisfaction at the
initinl testing thon those who did not chonge
job locotions. At the time of the follow-up,
those who chonged jobs hod increased com-
muting sotisfoction, while those who continued
to work ot the some place hod decreased
commuting satisfaction. All these differences in
commuting sotisfoction are stofistically signifi-
cont. Importontly, when we conducted these
same anolyses for job safisfaction and for resi-
dential sotisfoction, we found no significont
differences. This suggests that the job chonge
was primarily a function of dissatisfaction with
the commute, rather than with job or residen-
tial conditions.

Imtensification in commuting dissatisfac-
tion over fime con be seen in o comparison of
these three sotisfoction measures (commute,
job, and residence) in 1977, 1979, and 1989
when employees of the some two Irvine com-
panies parficipated in our research. Figure 2

shows-that, while the level of residential satis-
faction reported in 1989 was somewhat higher
than in previous years and job satisfaction was
slightly lower (neither lo a stotistically signifi-
cant degree), the level of commuting satisfac-
fion dropped quite significantly, especially for
the evening commute. Thus, for these somples
of commuters from the same two companies,
dissatisfaction with commuting intensified, but
nat with the job or residence,

Dissatisfoction with the commute is a
cost the employes absorbs, often with delayed
effects on health and well-being. Our research
found there are strong spillover effects of this
aspect of subjective impedance on home [ife.
Employee turnover negatively affects the work
erganization as well, People will change jobs
to cope with traffic congestion, but commuting
stress is more offen manifested in illness-related
absence from work, employee turnover, ond
reduced levels of productivity and morale,

The findings from this program of
ressarch on commuting stress should alert busi-
nesses ond social institutions to adverse conse-
quences of commuting, providing another in-
centive for organizations fo encouroge workers
to try alternative modes of tronsportation. Qur
preliminary results suggest that ridesharing has
benafits for well-being, but thesa findings
require corroboration and o larger invesfigo-
tien. We find thal commuter inferest in com-
pany-sponsored vanpools has increased signifi-
cantly aver the period of our research. We are
now beginning a study on tha psychelogical
effects of commuting by that mode. O
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