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PREFACE 

This book is based on presentations given at the 1997 Asilomar Transportation and Energy 
Conference. The conference was held at the Asilomar conference faciJities in Pacific Grove, CA 
on August 17 through 20, 1997. This conference and these proceedings would not be possible 
without the generous support of several individuals and organizations. The conference itself was 
sponsored by the U.S. Department of Energy (DOE), U.S. Federal Highway Administration 
(FHWA), Bureau of Transportation Statistics (BTS) within the U.S. Department of Transpor
tation, the University of California Transportation Center (UCTC), The Energy Foundation, The 
William and Flora Hewlett Foundation, and Toyota Motor Sales USA, Inc. Additional 
conference support was provided by the American Council for an nergy Efficient Economy 
(ACEEE), Argonne National Laboratory (ANL), and Oak Ridge National Laboratory (ORNL). 

Conference organization was provided by the Energy and Alternative Fuels Committees 
of the National ReseaJch Council 's Transportation Research Board (TRB) and the Institute of 
Transportation Studies of the University of California, Davis (ITS-Davis).The members of the 
conference organizing committee were John M. DeCicco (ACEEE) Mark A Delucchi (ITS
Davis), David L. Greene (ORNL), Larry R. Johnson (ANL), Barry D. McNutt (DOE), Philip D. 
Patterson (DOE), Danilo J. Santini (ANL) and Daniel Sperling (ITS-Davis). We would like to 
thank Dan Sperling, along with staff and graduate students of ITS-Davis, who hosted the 
conference and provided planning and logistical support throughout. David Greene (ORNL), Dan 
Sperling (ITS-Davis), Phil Patterson (DOE), Larry Johnstone (ANL), Barry McNutt (DOE), John 
DeCicco (ACEEE), and Don Chen ( urface Tran portation Policy Project) chaired topical 
sess10ns. 

We would also like to thank Jon Williams and Lawana Holland of the TRB for their 
encouragement and assistance in the preparation of this document. 

The 1997 meeting was one in a series of biennial meetings on the general subject of 
transportation and energy. In preparing the introductory chapter to these proceedings, we have 
drawn on the work of editors, authors> and presenters involved in the prior conferences and their 
proceedings. Collectively, they have produced a body of work that has been built over nearly a 
decade, and continues to be constructed as these conferences explore the linkages between 
transportation, energy, and sustainability. Of necessity we have given only a cursory overview 
of their work. Interested readers will find those proceedings in the references to the introduction. 
The information and opinions expressed here are those of the editors and authors and should not 
be taken as statement of policy or practice by any sponsoring or supporting organization. 



CONTENTS 

OVERVIEW 
Danilo Santini 
Center for Transportation Research, Argonne National Laboratory 

KenKurani 
Institute for Transportation Studies, University of California, Davis .... ........... .... .... .... .... .. . I 

INTRODUCING MORE RATIONAL TRANSPORT PRICING IN EUROPE 
Kenneth Button 
Institute of Public Policy, George Mason University ... ... .... ...... .... ...... ........... .... .. ...... , ..... .... 23 

THE NEXT AUTOMOTIVE REVOLUTION 
Carl E. Nash 
National Highway Traffic Safety Administration ..... .. .. .... .... ...... ....... ............ ... ... ..... .. ......... . 36 

SUSTAINABLE TRANSPORTATION: ANALYZING THE TRANSITION TO 
ALTERNATIVE TRAVEL VEHICLES 

Paul Leiby 
Oak Ridge National Laboratory 

Jonathan Rubin 
Margaret Chase Smith Center for Public Policy 
Department of Resource Economics and Policy ........ .. ..... .. ........ ... .... .... .. ........ ......... ...... ..... 54 

CARBON-DIOXIDE EMISSIONS FROM TRAVEL AND FREIGHT IN IEA 
COUNTRIES: THE RECENT PAST AND THE LONG-TERM FUTURE 

Lee Schipper and Celine Marie-Lilliu 
International Energy Agency, Paris, France ......... ... .. ......... .. ... .. ......... .... .. ... ....... .. ............... 83 

WHY CAFE WORKED 
David L. Greene 
Center for Transportation Analysis, Oak Ridge National Laboratory ..... ..... ................. ... ... 119 

CONGESTION PRICING IN THE UNITED STATES: A REVIEW OF EARLY 
IMPLEMENTATION EXPERIENCE 

Michael Cameron 
Environmental Defense Fund .. ... .............. .. ....... .. ... ... ... ...... ....... ... ... .... .. .... ..... ..... ............ .... . 165 

LAND USE POLICY AND TRANSPORTATION: WHY WE WON'T GET THERE 
FROM HERE 

Genevieve Giuliano 
School of Policy, Planning and Development 
University of Southern California ............. .. ............ .... ..... ........ ..... ... ... .... ... .. ... ...... .. ............. 179 

1997 ASIMOLAR CONFERENCE SUMMARY 
Danilo Santini 
Center for Transportation Research, Argonne National Laboratory 

Timothy E. Lipman and Daniel Sperling 
Institute for Transportation Studies, University of Southern California .... .. .. ... .... ........ .. ..... 199 



OVERVIEW 
Danilo Santini 
Center for Transportation Research 
Argonne National Laboratory 

KenKurani 
Institute for Transportation Studies 
University of California, Davis 

In the movie, City Slickers, there is a scene in the midst of an adventure of discovery in 
which Mitch and his friends set out to do something they have never done before, guided 
on their way by Curly, an unlikely sage from an older generation: 

Curly: None of you get it. You know what the secret to life is? 
Mitch: No, what? 
Curly: One thing, just one thing. .. you stick to that. 
Mitch: That's great, but what's the one thing? 
Curly: That's what you gotta figure out. 

An ensemble of researchers, analysts, regulators, policymakers, as well as energy and 
transportation industry representatives have come together at conferences in Asilomar, 
Calif., every two years for the past decade to attempt to write a real-life story of energy, 
transportation and the environment. Their efforts face several difficulties, including the 
inescapable fact that neither the end of the story nor the full description of the world it 
will inhabit are known to either the characters or storytellers. 

This uncertainty arises because it is a story about the future that is being drafted. 
It is a story of how socio-technical systems of energy and transportation should be 
constituted to achieve certain goals, not simply a history of how those systems have come 
to be currently constituted. At best, the participants of each conference sift through 
evolving drafts of the script, casts of potential characters, and possible scenes. In so 
doing, they participate in the construction of the story. That is, the story of the future is 
not a forgone conclusion for which they are searching, but is to some extent a product of 
their searching. 

Their difficulty is compounded by the fact that the motive force to the story, that 
is the goals that this socio-technical system are supposed to facilitate, include an idea 
only loosely shared by members of the ensemble-sustainability. The 1997 conference 
"Policies for Fostering Sustainable Transportation Technologies" is not a complete draft 
of their story. The 1997 conference was about the best policies to cause a change in 
direction-to cause reduction of greenhouse gases, oil use, and pollutants in the air by 
choosing among technologies discussed at prior conferences in the series. It and the 
conferences of the 1990s which preceded it have come to represent a body of work with 
which not all readers of this volume may be familiar. In this summary, we draw upon 
both the past conferences of the 1990s and this conference, to attempt a synthesis. 

The 1997 conference attendees examined three broad categories of policy
pricing, regulation, and land-use planning. Responses to the questionnaire at the end of 
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the conference indicated that the conference attendees regarded three areas to be most 
important to fostering sustainable transportation technologies. These were: 
Industry research, development, demonstration, and marketing of appropriate 
transportation technologies. (67% ofrespondents indicated this has high importance). 
Federal regulatory programs requiring (1) reduced greenhouse gas emissions (2) reduced 
oil use, and (3) changes in emissions which result in better air quality. (59% of 
respondents indicated this has high importance). 
Education about characteristics of appropriate transportation technologies, and about oil 
imports, greenhouse gas emissions, and air pollution. (57% ofrespondents indicated this 
has high importance). 

The questionnaire itself did not include a question on the importance of land use 
planning. The lesson advocated at the 1997 conference, by G. Giuliano, was that one 
should only expect measurable impact from land use planning on transportation energy 
consumption and emissions if consistent policies can be maintained for long periods of 
time. 

The conference attendees, by relative absence of support, did not seem to believe 
that use of federal taxes on fuels or on gas guzzling vehicles or the use of subsidies from 
revenues raised by such taxes, represented likely policy instruments. It should be 
mentioned, though, that if we had listed the four most important categories above, federal 
fiscal policies would have been the fourth. However, in discussion sessions, those 
participants who recommended fiscal policy-such as C. Nash-got little support. The 
greatest support seemed to be for regulation-with industry left to determine the best way 
to implement the goals of the regulation. According to the questionnaire responses, 
education was seen to be an important part of the package. We presume the purpose of 
education would be to achieve and maintain support for the need for the reguiations and 
the promotion of their benefits. 

As editors and interpreters of the meaning of the events of the 1997 conference, 
we have chosen to go beyond a description solely of this conference, as has been 
provided in the proceedings of prior conferences in this series. The Asilomar conferences 
have been conducted periodically since the late 1980s. Many of those in attendance at the 
1997 conference had attended and participated in one or more of the prior conferences, 
and were aware of many of the arguments in the presentations and papers of the past. One 
of the purposes of these conferences is to educate, while another is to share information 
between the scientists, policy makers, and representatives of the transportation and 
energy industries on what it is thought can and should be done. 

We therefore have taken the liberty of incorporating material from proceedings of 
the prior three conferences (1991, 1993, and 1995) in this review. We choose to let the 
authors and speakers from those conferences speak in their own voices by selecting 
quotations from papers of those conferences. In this way, we hope to help inform the 
reader on the background that influenced the participants in the 1997 conference. In 
doing so, we have developed some opinions of our own which are clearly different from 
the sense of the 1997 conference. Readers should easily judge the differences. 

Contrary to the focus of our presentation herein, the Asilomar conferences have 
not exclusively examined the gasoline fueled light duty vehicle. Heavy-duty truck, rail, 
and air transportation have all been examined in prior conferences. The 1997 conference, 
however, did almost exclusively focus on the light duty vehicle (passenger cars and light 



trucks). Accordingly, only quotations from past Asilomar papers examining this part of 
the transportation system have been included here. 
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As these quotations below will show, there are several candidate technologies to 
replace or modify present automotive technology in such a way that U.S. oil imports and 
light duty transportation greenhouse gas (GHG) emissions could be reduced. Criteria 
pollutant reducing technologies for gasoline vehicles appear to have moved forward more 
rapidly than even some at the prior conferences had anticipated, so this consideration is 
given less attention here. Regulations to force feasible emission control technology 
appear to be in place in California and on the way nationally, as of the writing of this 
introduction. There is concern by some that the diesel engine will see a revival of use in 
the light duty sector, leading to an increase in health damages from fine particulate 
emissions. Those who are concerned anticipate that such damages would exceed the 
GHG and oil use reduction benefits obtainable with advanced diesel technology. Even if 
the diesel engine does not expand its market share in the light duty sector, it will 
undoubtedly remain dominant in the heavy duty sector for years, so diesel emissions 
control technology R&D needs to be undertaken in any case. 

It will be clear below that there are many technological options, some of them 
very exciting. None can presently compete on a one-to-one, trip-by-trip basis with a 
gasoline vehicle, taking into consideration vehicle and fuel costs and consumer 
preferences revealed by their choices from the existing set of gasoline vehicles. Given 
current growth of travel-absent changes in technology that improve efficiency faster 
than the growth rate of travel-total transportation energy consumption will continue to 
rise. To make explicit that which we have just implied, without technology forcing 
regulation, taxes on gasoline or on low efficiency vehicles, and/or subsidization of these 
new technologies, the trend toward increasing gasoline consumption, GHGs, and oil 
imports will continue. Reasons for the reluctance to use fuel taxes to force the desired 
change are evident, given the magnitude of the taxes needed (as revealed below) and the 
attitude that the public has shown in the past toward increased fuel taxes. (Though in the 
matter of public attitudes, there is some indication that citizens are more likely to support 
increases in gasoline taxes if they believe the additional tax revenues will be used to 
address specific transportation related problems and not to augment "general funds.") 
While we concede that widespread land use planning may be as difficult to sell to the 
public as would fuel taxes, we add to the discussion at the conference here to argue that 
there should be some synergism of land use planning with the possible technology 
packages that appear to be very slowly but very surely on the way. These include: (1) 
more efficient advanced electric drive vehicles, (2) more direct and indirect use of natural 
gas feedstocks rather than crude oil feedstocks to provide fuels for advanced and 
conventional vehicles, and (3) expanded use of ethanol fuel from biomass. 

Next, we present our synthesis of the Asilomar conferences of 1991, 1993, and 
1995. This synthesis is presented as a sketch, drawing together comments across the 
years into thematic sections. The first theme is technological choices and policies that 
promote specific technologies. Next, we highlight some of the commentary on the use of 
land use and tax policy to manage energy consumption. We close our review with an 
attempt to articulate some promising, and some not so promising, pathways that emerge 
from our synthesis. 
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A synthesis of proceedings to date: 

Technology Choices and Technology Promoting Policies 

"Technology is still the answer" (C. Lave, 1997). Professor Lave's comment was directed 
at the thematic question for the 1995 conference-is technology enough to achieve that 
conference's stated sustainability goals? 

"Designing a radically improved car is a difficult challenge and a dangerous 
game: If customers don't like your eco-righteous car, you are out of the market ... or out 
ofbusiness"(D. Drake, 1995), quoting J. Baldwin. "One of the big fears of many, 
including those that believe the electric vehicle has a future, is that the early introduction 
of an uncommercial product forced by unrealistic mandates will poison the market for an 
improved product later on." D. Drake (1995) (at the 1993 Asilomar Conference on 
Strategies for Sustainable Transportation. The California zero emissions vehicle (ZEV) 
mandate [seen by industry as designed to force the introduction of electric vehicles] has 
since been delayed from 1998 to 2003). 

"The first experimental FFV [ flexible fuel vehicle] was built in 1983. Production 
started in 1993, although still in limited quantities, because Ford wanted to be sure that 
all of the technical issues had been resolved" (R. Nichols, 1997). 

"In the midterm (1996-2000) EV s [ electric vehicles] with advanced batteries 
might appear, perhaps in some hybrid configuration" (J. J. Brogan and S. R. 
Venkateswaran, 1993 ). [Editors' note: This quote is from a published presentation given 
in 1991 at the Asilomar Conference on Transportation and Global Climate Change. Both 
Honda and Toyota have stated that in the year 2000, they will be selling one hybrid
electric vehicle (HEV) model each, totaling a few thousand HEV s in the United States. 
Neither of the models can be driven solely in an all-electric mode under realistic driving 
conditions. The HEV s envisioned by Brogan and Venkateswaran assumed at least 50% 
all-electric operation, using "electrical outlet power."] 

Development of technology is relatively easy compared to development of the 
market" (R. Nichols, 1997). 

Worsening traffic congestion has pushed upward on the actual fleet fuel intensity 
of the automobile fleet in most OECD countries. In the early 1980s, the U.S. 
Environmental Protection Agency (EPA) determined that vehicles in use achieved 15% 
lower fuel economy than the nominal vehicle rating based on the driving cycle test ... 
Some observers believe that the discrepancy has grown to as much as 25% as a result of 
increasing urban congestion, increasing share of urban driving ... higher speeds on open 
highways, and higher levels of acceleration in actual use than in the test" (L. R. Schipper, 
R. Steiner, and S. Myers,1993). 

"The analysis points to an array of options available for the future, with each 
option providing different tradeoffs in technology risks and emission benefits. Hence, 
there may be market niches for all these vehicle types" (K. G. Duleep, 1997) [in reference 
to advanced conventional (gasoline and diesel), electric, and hybrid-electric vehicles]. 

"One conclusion to draw is that the best vehicle for the urban driving cycle 
(which in many locations is becoming the gridlock style) may be a rather different 
vehicle from one used primarily for high speed driving with few stops .... The customer 
will be offered choices that emphasize one type of driving more than the other, but the 



vehicle will handle the other type adequately ... The net consequence is that, from a fuel 
economy standpoint, the hybrid looks attractive for low speeds and stop and go driving, 
and moderately attractive even at higher speeds." (MacReady, 1993). (Editors' note: 
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According to Toyota estimates, their Prius HEV, when compared to a similarly 
performing Toyota gasoline model, obtains 100% higher fuel economy in the Japan 10-
15 mode cycle, a stop and go cycle which averages 14 mph. However, according to EPA 
estimates, it will exceed the fuel economy of a performance comparable gasoline vehicle 
by 45% on the U.S. Corporate Average Fuel Economy Test. Compared to the 1998 
Toyota Corolla with a four speed automatic transmission, it obtains about a 60% mpg 
increase in city driving, and about 15% in highway driving. [Toyota, 1997; K. Hellman, 
M. R. Peralta, and G. K. Piotrowsky, 1998; U.S. Department of Energy, 1997]. Fuel cell 
HEV s appear to be likely to have the same property-i.e. a larger jump in city fuel 
economy than highway fuel economy in comparison to conventional gasoline vehicles. 
While the ratio of the city to highway test fuel economy for the Toyota Corolla is 67% 
[U.S. Department of Energy, 1997]; for simulated fuel cell vehicles, the ratio varies from 
80% to 96%. [E.D. Doss, R. Ahluwalia, and R. Kumar, 1998, and Oei et al, 1997]). 
Lovins characterized the "Ultima" hypothetical ultralight HEV to be introduced in the 
"late 1990s". It was projected to be more than twice as efficient as the U.S. 1990 average 
car, perhaps as much as three times as efficient-in city driving-but this car was 
characterized to have efficiency (relative to its own city driving) fall in highway driving 
"because there is far more irrecoverable loss to air drag ... and less recoverable loss to 
braking." (Lovins, 1995). The Partnership for a New Generation of Vehicle's "Goal 3" is 
to produce a vehicle which can triple fuel economy on the Corporate Average Fuel 
Economy cycle, which combines city (55%) and highway driving (45%) fuel 
consumption. Thus, the PNGV goal exceeds the fuel efficiency gain implied by example 
(in Lovins' Fig. 5-1) to be possible. However, it does allow a few more years to reach 
that goal (2004). In 1998, Car and Driver, perhaps misusing the existing EPA-based 
gasoline car on-road vs. dynamometer test discount factors, published a so-called EPA 
rating of the Toyota Prius HEV of 43 mpg in the city, and 41 mpg on the highway. (P. 
Bedard, 1998). C. E. Thomas et al (1998) also recently estimated lower highway than city 
mpg for three simulated HEV s operating on city and highway cycles designed to be 25% 
more aggressive than the present EPA test cycles (thereby presumably more closely 
replicating "real world" on-road behavior). 

"In the long run, I think electric drive hybrid cars will win because they are likely 
to be better all around for the customer ... Achieving a reasonable transportation 
energy/environment goal ... requires a mixture of strategies that include (1) attention to 
both gasoline and alternative fuels-especially methanol, ethanol, CNG, and hydrogen
with consideration given to domestic sources, replenishability, CO2 benefits, and local 
pollution benefits ... Harnessing the combined consumer-government-automobile 
manufacturer-energy industry into a team to use these technologies represents the much 
greater part of the challenge" (MacReady, 1993). 

In his table 7-5, K. G. Duleep (1997) estimated the cost to achieve fuel 
consumption of 64 to 65 miles per gallon (CAFE combined city/highway) in a mid-size 
passenger car using gasoline in a conventional vehicle technology package. He estimated 
that it would cost slightly more than obtaining the same fuel consumption using hybrid
electric technology. As we have seen above, an HEV with the same CAFE rating as a 
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conventional vehicle package would have much higher city fuel economy, and somewhat 
lower highway fuel economy. Duleep estimated that an advanced diesel could obtain fuel 
consumption of about 59 mpg, at about half the incremental cost of the 64-65 mpg HEV 
or conventional gasoline vehicle. 

M. A. Delucchi (1998) coined the acronym NPGV-negative population growth 
vehicle-to show his concern with a focus on diesel technology to improve fuel economy 
and reduce greenhouse gas emissions. His concern is due to the likelihood of increased 
direct and indirect fine particulate emissions if diesel technology is adopted in light duty 
vehicles. Lovins (199 5) and Kinsey (1997) did include diesel vehicles on their list of 
candidate high-fuel-efficiency technologies. 

" ... the tailpipe of a hypercar would emit less pollution than the powerplants 
needed to recharge a battery-electric car. Hypercars would therefore be cleaner, even in 
the Los Angeles airshed, than so-called zero emission vehicles (ZEVs) (actually, 
'elsewhere' emission). Ultralight hybrids should therefore qualify as 'virtual ZEVs' and 
probably will" (A. Lovins, 1995). In fact, the California Air Resources Board did 
introduce an "equivalent ZEV" (EZEV) category in subsequent regulation, but did not 
abandon the ZEV requirement altogether. Note that the hypercar conceptually was a 
petroleum-fueled car (though Lovins mentioned fuel cell versions in passing) while 
electric power uses very little petroleum, and electric vehicles have no tailpipe emissions 
control equipment failure due to malfunl;tion and deterioration. Honda has since 
announced that it expects to produce a relatively conventional gasoline-powered Accord 
that will meet the EZEV regulation. The Toyota Prius HEV tested by EPA is not yet an 
ultra low emissions vehicle (ULEV)-a category much less strict than the EZEV 
category. As of this writing: several conventional gasoline vehicles already meet the 
present California Ultra Low Emissions Vehicle (ULEV) emissions requirements. 

"The analysis indicates a substantially large potential for reducing automobile 
energy use and re.lated CO2 emissions through improvements to the conventional four
stroke SI engine, introduction of advanced heat engine, electric, and electric-hybrid 
alternatives combined with reduction in the weight of vehicle structures ... and vehicle 
design improvements. In the best case, the fuel energy use . .. and CO2 emissions ... for a 
... mid-sized automobile ... could be potentially reduced (in the long term) to as low as 
2300 Btu/mi ... with a PEM fuel cell battery hybrid vehicle fueled by hydrogen" (J. J. 
Brogan and S. R. Venkateswaran,1993). 

"Current gasoline engines operate at only about 32 percent peak efficiency, 
whereas 4SDI [Editors' note: 4SDI is four stroke direct injection-presumably meaning 
an advanced diesel here] engines operate at about 43 percent peak efficiency .... 
Important PNGV goals for the 4 DI engine are to increase peak thermal efficiency to 
about 46 percent and to reduce NO2 and particulate matter t!missions to Tier II levels . ... 
Fuel cell.s using stored hydrogen potentially have high vehLcle efficiency· full-cycle 
efficiency still needs to be assessed. Fuel cells currently have vehicle peak thermal 
efficiencies of 52 percent and are expected to achieve efficiencies greater than 55 percent 
in the 2004 time frame. Fuel cells with an on-board methanol reformer have 35 percent 
peak thermal efficiency today and are projected to improve to 3 7 percent. With a 
petroleum reformer, the efficiency is 30 percent today, with improvement to 32 percent 
projected (D. Kinsey, 1997). The PNGV, due in part to pressure from Chrysler and to a 
desire to avoid costs of switching fueling infrastructure, included fuel cells using gasoline 
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as the hydrogen carrier on its list of candidate technologies. When DaimlerBenz bought 
Chrysler, the new DaimlerChrysler's research on the use of gasoline for fuel cell vehicles 
was dramatically de-emphasized in favor of methanol and/or hydrogen, both presumably 
produced from natural gas. 

"For the initial tests of FCEVs [fuel cell electric vehicles], hydrogen could come 
from the most convenient and lowest cost source, which probably would be natural gas ... 
Hydrogen fuel cell vehicles could become an important part of a strategy for reducing 
greenhouse gas emissions and improving urban air quality" (Ogden and Delucchi, 1993). 

"The estimated emission control cost effectiveness of ten alternative fuel vehicle 
(AFV) types shows that compressed natural gas vehicles (CNGVs) are the most cost 
effective AFV type in regulating air pollutant emissions; vehicles using ethanol and 
gasoline in a variable proportion from 0/100 up to 85/15 [85 flexible fuel vehicles 
(FFVs)] are the least cost-effective AFV type; methanol vehicles, liquid petroleum gas 
vehicles (LPGVs), and EVs fall in between" (Wang, 1995). [Editors' note: Wang 
examined no HEV s in this analysis, emissions of "criteria" pollutants, by vehicle type 
were based on real data.] 

"In the early years of a transition to AFV use, transition costs will be greater than 
the near-term benefits of AFV use" (M. K. Singh and M. Mintz, 1997). 

"When the power supplying an EV is generated with existing, relatively dirty coal 
powerplants, then the externality costs of the sulfur emissions add significantly to the cost 
of EV s. If new, clean burning gas combined cycle ( or renewable) technology is applied, 
the reduced externality values relative to the internal combustion engine alternatives 
provide electric vehicles a significant savings" (M. Fullmer and S. Bernow, 1995). 
[Editors' note: The EIA (1998) study "Impacts of the Kyoto Protocol on U.S. Energy 
Markets and Economic Activity" simulated a massive switch to combined cycle gas-fired 
power plants in the event of adoption of carbon taxes sufficient to meet Kyoto goals in 
the U.S.] 

"In the case of the heat engine/battery hybrid vehicles ... it is assumed that 50% 
of the driving energy to the wheels comes from electrical outlet power (through charging 
the batteries) and 50% from the heat engine generator. In the mid to long term ... the 
contribution of electrical outlet power is increased to 60%" (J. J. Brogan and S. R. 
Venkateswaran, 1993 ). California Air Resources Board LEV II regulations allow scaled 
"partial ZEV" credits for hybrid vehicles with 20 or more miles of all electric range. 
Between 20 and 30 miles of all electric range, assuming vehicle recharging every night, 
could lead to 50% of energy provided by the electric grid. The concept for the Partnership 
for a New Generation of Vehicles (PNGV) is for an HEV with no recharging from the 
grid, like the Lovins "hypercar" and the Toyota Prius. 

"[For] Synthetic fuels from wood or other low input biomass feedstocks ... 
Production processes are not yet technically demonstrated, but the fuels could offer 60 to 
80 percent life-cycle greenhouse gas emission reduction ... The externalities that have 
been identified with car use probably do not justify the level of fiscal intervention that 
appears to be necessary to introduce alternative fuels requiring substantially different car 
technology" (Michaelis, 1995) 

" ... We first apply cellulosic ethanol ... in blends ... once a 10 percent level is 
reached nationwide, additional capacity is assumed to go to dedicated- or flexible-fuel 
vehicles ... accelerated biofuel production capacity expansion would yield a renewable 
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share of nearly 10 percent by 2015 and a substantial share in later years, nearly 30 
percent by 2030. Even in this more ambitious scenario, the renewable share is just 
starting to rapidly climb in 2010, and widespread use of dedicated vehicles only begins in 
2013" (J. DeCicco and L. Lynd, 1995). DeCicco and Lynd recommended an extension of 
the then current ethanol subsidy, to be phased out by 2010, and capped at $650 million. 
Criteria pollutant emissions from present ethanol fueled vehicles match those of average 
gasoline vehicles at best. While some of the numerous gasoline vehicles sold today have 
very low emissions, this is not the case for the few ethanol vehicles sold today. Use of 
ethanol in FFV s (many of which are being sold) in nonattainment areas which need 
significant emissions reductions is therefore likely to be limited. 

"In 1996 ... there was a ramp-up in the number of units produced because the 
market now sees the FFV as a reliable product. In 1997 Ford will build as many units as 
anyone orders, with shipment anywhere. One of the key events that brought the FFV out 
of research and development and into the production development process was the 
passage of the Alternative Motor Fuel Act (AMFA) of 1988 .... it provides the auto 
industry the opportunity to comply with CAFE with new product whenever some of the 
cost of that new product can be justified by the offsetting CAFE benefit" (R. Nichols, 
1997). 

" ... Given the limited experience with market mechanisms and the large 
uncertainties in response to pricing changes, only fuel economy standards, or equivalent 
approaches such as a regulatory cap on GHG emissions, are likely to provide the 
certainty needed to reach particular sustainability targets ... "(DeCicco and Lynd, 1997). 

"Current programs and policies will not bring these technologies into use to the 
degree needed to achieve the goals .... we do agree on these directions: 

• reducing greenhouse gas emissions 
• reducing criteria pollutants 
• reducing oil imports 
• increasing renewable fuels" (B. McNutt, L. Fulton, and D. Greene, 1997). 
Of the four goals above, criteria pollutants are being reduced, and corn ethanol 

use is being maintained and perhaps expanded slightly, if only because of the federal 
ethanol subsidy. E85 FFVs are being sold, and numerous CNG light duty vehicle models 
are now available, but the use of ethanol and CNG in light vehicles is not increasing 
rapidly enough to offset growth in demand for gasoline. HEV s and EV s will be available 
in the U.S. in the next century, but their cost may be too high to result in enough sales to 
reverse growth in GHGs and oil imports. Though real oil prices were projected in a 1991 
presentation by Miles-McLean, Haltmaier, and Shelby (1993) to increase, with new light 
duty vehicle fuel economy increasing, light truck shares decreasing, and vehicle imports 
increasing, the opposite happened. Gasoline consumption and GHGs have risen (U.S. 
Department of Energy, 1998) and seem destined to continue to do so. In the meantime, 
advanced drilling technology kept the rate of decline in U.S. oil production from 
worsening, but production did relatively steadily decline nevertheless, so oil imports also 
rose and continue to rise (U.S. Department of Energy, 1998). Where regulations have 
been tightened (criteria pollutant emissions) or fiscal incentives maintained (potentially 
renewable ethanol), progress toward the above goals has been realized. Where neither has 
been used (GHG emissions and oil imports), progress has been absent. 
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This tells us where we have been lately (last decade), more or less where we are at 
the moment and where we are going for the time being. It does not tell us where we are 
going for the next decade or for the next three decades. Though petroleum consumption 
is on the rise, it is about the same as in the late 1970s, despite a far larger economy, and 
because of a couple of multi-year drops in oil consumption in that interval. Technology to 
allow a jump in vehicle fuel economy or a sharp reduction in petroleum use (by use of 
alternative fuels) appears to be technically feasible now, though not economically 
feasible at present retail gasoline prices (including all taxes). 

Reducing Fuel Use of Vehicles through Land Use and Taxation 

"Gordon suggests that shorter-term solutions are likely to focus on pricing and 
educational policies, that mid-term solutions will be premised on technology, and longer
term solutions will focus on changed land-use patterns and life styles" (D. Sperling and S. 
A. Shaheen, 1995). 

"The biggest concern in most metropolitan areas include equity, quality of local 
services, and habitat loss. The issues are not air quality and global warming" (B. 
Johnston, 1997). 

"Land-use policy would not be a promising strategy to achieve environmental or 
sustainability objectives .... Sustainability is more about pricing than it is about land use" 
(G. Giuliano, 1997). 

Giuliano (1997) suggested two land-use proposals for the future. First is an urban 
design policy based on transit oriented development (TODs). The idea is to make walking 
and transit use more attractive. Second is an increase in development density-the 
"compact city" proposal. In this way, automobile use would become less attractive. 

"The evidence is much more positive and complete concerning density increase 
... relatively high densities and relatively high clustering reduced gasoline consumption, 
whereas a concentration of jobs in the urban center increased consumption ... higher 
residential densities reduce VMT per capita. An empirical study in Toronto found that an 
increase in residential units in the downtown area reduced commute trips to the center by 
240 trips per work day per 100 units built. Reducing sprawl at the edge with urban 
growth boundaries was also seen to reduce VMT in conjunction with pricing and transit 
improvements" (B. Johnston and R. Ceerla, 1995). 

" ... auto costs had to rise by 300 percent to reduce VMT by about 33 percent. ... " 
(B. Johnston and R. Ceerla, 1995). 

" ... [I]t would roughly take a tripling of gasoline prices to yield a 40 percent 
increase in new-vehicle fuel economy (to an average of 35 mpg for new cars and light 
trucks)" (J. DeCicco and D. Gordon, 1995). According to DeCicco and Lynd's paper, 
such an increase in fuel economy, accomplished steadily over a decade's time, would not 
lead to a reversal of growth of U.S. gasoline consumption. Note that, in light of declining 
domestic oil production, a reversal of gasoline consumption growth would certainly be 
necessary to begin to reduce the importation of oil, or even to hold the quantity imported 
constant. 

" ... The U.S. Department of Energy ... projects production costs comparable to 
those for com-on the order of 1.20/gallon" (L. Lynd, citing a 1993 study on the costs of 
biomass ethanol, 1997). [Editors' note: Assuming that this is "ex tax" cost per gallon of 
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ethanol, the gasoline-equivalent cost per gallon, based on specific energy and allowing 
for a 10% octane-based in-use efficiency gain, would be about $1.65/gallon. Assuming a 
retail price of about $1.00/gallon gasoline (slightly low, but close to the price for 
unleaded regular in the twelve months ending in June 1999), with 65¢ represented by "ex 
tax" price, the "ex tax" price increase per gallon-of-gasoline-equivalent for ethanol would 
be $1.00. Holding the taxes constant at 35¢/gallon, and adding a dollar to the ex-tax 
price of gasoline, to make the ex-tax price equivalent to that of ethanol on an energy 
equivalent base, we obtain an estimate that a doubling of retail gasoline price from a 
$1.00/gallon base would be needed before ethanol could be directly competitive with 
gasoline, at the pump.] 

These last three citations, taken together, give us a rough idea of possible ethanol 
costs vs. gasoline tax levels that might be needed to bring forth enough improvement in 
light duty vehicle efficiency to begin reduction of gasoline use and GHGs from light 
vehicles within the next decade or two. 

Multiple Strategies-Accounting for Technology Strengths and Weaknesses 

Some suites of actions appear to offer potentially mutually reinforcing benefits. Still, 
even if promising suites of actions can be constructed the timing of the different actions 
within each suite, and the stream of costs and benefits associated with each suite may 
render the suites infeasible, or at least unlikely, given current technological and 
regulatory conditions. We offer the first suite as an example-under what conditions 
might we initiate large-scale use of cellulose ethanol? 

Increasing land use density, tapping hybrid vehicle efficiency, and reserving land for 
ethanol production. We note that increasing residential density tends to reduce annual 
vehicle VMT and average vehicle speed. Lower average speed, due to congestion, and 
more frequent stops, may improve the absolute efficiency of hybrids and will certainly 
improve the efficiency of hybrids relative to comparably performing gasoline vehicles. 
Urban gJowth boundaries mentioned by B. Johnston and R. Ceerla, if maintained for 
decades, would undoubtedly increase population density and thus decrease VMT per 
individual. It should also thereby increase in-use efficiency of hybrid cars relative to 
gasoline cars, and increase the amount of walking and biking in place of use of motor 
vehicles. In a world where cellulosic ethanol is one of the key options for GHG 
reduction, limitation of encroachment into cropland at existing urban boundaries would 
help assure adequate land area to produce the ethanol (given certain assumptions about 
the specific nature of competition for which crops are grown on what land). To the extent 
that biodiversity in habitat adjacent to urban areas is desired annexation of the land for 
such purpose might lead to needed support for an explicit urban boundary. 

But what of the transition path to ethanol? Ethanol, at this time does not appear to 
offer criteria pollutant benefits relative to gasoline. Accordingly, it is presently difficult to 
argue that ethanol refueling stations should be introduced into those metropolitan areas 
that violate ozone air quality regulations (nonattainment areas). HEVs do appear to be 
able to match the criteria pollutant performance of low emissions gasoline vehicles. 
Ethanol is not regarded as a prime fuel cell vehicle fuel (though it has been advocated by 
some for such a possibility), and would be less efficient than methanol in such an 
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infrastructure within ozone nonattainment areas, a prerequisite for ethanol fuel cell 
vehicles would be missing. 
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Outside of larger metropolitan areas, average vehicle speeds are higher. At higher 
speeds the relative advantage of HEV s, EV s, and fuel cell vehicle technology ( ethanol, 
or otherwise) is or would be considerably less. Therefore, use of ethanol in conventional 
vehicles outside of major urban nonattainment areas seems like a best, if not compelling, 
use of ethanol to displace oil use and reduce GHG emissions. In fact, the existence and 
sales of ethanol FFV s may be premature, since ethanol, as "gasohol" in a 10% blend, can 
be blended into a much larger percentage of that share of the conventional gasoline 
market outside of ozone nonattainment areas. However, those ethanol FFV s sold now 
will have the ability to use ethanol for as long as they exist, up to a decade and a half for 
many vehicle models. Thus, large percentage increases of ethanol through cellulosic 
ethanol production in a few years could be nicely enabled by present sales of ethanol 
FFV s that may use only gasoline for several years. 

No methanol-to-fuel-cell pathway? Methanol was the alternative fuel that caused 
introduction of reformulated gasoline. The State of California pursued methanol in the 
1980s, for emissions reduction purposes. Initial Ford FFV work mentioned above by R. 
Nichols focused on the use of methanol and gasoline, only later switching to ethanol and 
gasoline after interest in methanol faded. Reformulated gasoline for summertime ozone 
reduction uses methanol as a feedstock for MTBE, a chemical blended into the gasoline 
to provide emissions advantages. The introduction of MTBE led the methanol industry to 
lose interest in selling and promoting FFV s capable of using methanol. Only California 
established any refueling infrastructure; the number of stations was small, and is now 
diminishing. The number of methanol FFV s being sold by the auto industry is minimal
-far fewer than ethanol FFVs. Any "momentum" toward development of either a 
methanol fueling infrastructure or a representative group of methanol FFV s has been lost. 
Incremental supplies of methanol for MTBE are foreign-sourced, so it is argued that 
replacement of gasoline with methanol will simply switch one fuel import problem for 
another. There are no appreciable GHG effects of introducing methanol in conventional 
vehicles. Reformulated gasoline allows emissions as low or lower in conventional 
vehicles as does methanol. Methanol from natural gas (the method of production used by 
the industry) is not renewable. Accordingly, there is no short-term justification for 
methanol fuel as a means of reaching any of the four goals addressed by the Asilomar 
conference participants. (Editors' note: We may perhaps be reading the oil import goal 
more broadly than did conference participants.) 

Methanol is probably the cheapest way to convert offshore natural gas into a fuel 
for shipment by tankers and use in slightly modified conventional vehicles. So it could 
provide greater price competition for oil (gasoline) than the other alternatives examined 
here, and keep oil prices down. However, for GHG reduction a higher fuel price is better 
than a lower price (to encourage increases in efficiency). Much of the U.S. population 
now lives near the coasts. Methanol shipments to coastal areas and relatively short 
infrastructure links might be constructed, allowing fuel cell vehicles to efficiently use the 
methanol in dense metropolitan areas near the U.S. coastline. This end result seems very 
unlikely, since there is no short-run reason among the four above to pursue methanol. 
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Natural gas vehicles-a possible pathway from conventional to fuel cell vehicles. Natural 
gas ICE vehicles are presently quite clean, and the net emissions reductions costs are not 
as high as for other alternative fuel and advanced vehicle types, due to the usually low 
cost of natural gas. 1999 model year CNGVs are consistently being certified to the ultra
low emissions vehicle (ULEV) category, or better (SULEV). When dedicated to CNG 
only, they have less driving range than otherwise comparable gasoline vehicles. In dense 
urban areas, trips are shorter and speeds are slower. So distance traveled per day will on 
average be less, and range perhaps less likely to be a constraint. Natural gas refueling 
infrastructure is most often available in metropolitan areas. One option being considered 
for fuel cell vehicles is conversion of natural gas to hydrogen at refueling stations. A 
switch to hydrogen fuel cells making use of previously implemented natural gas refueling 
facilities is one possible pathway to a hydrogen fuel cell vehicle future. Accordingly, 
introduction of ICE CNG vehicles now in major nonattainment areas may be a good 
short-term emissions and oil use reduction strategy (though GHG emissions are little 
affected), and perhaps a good long-term strategy for introduction of extremely clean 
hydrogen fuel cell vehicles which would have relatively high fuel efficiency in the urban 
driving conditions existing in major nonattainment areas. 

Vehicles using electric drivetrains. The introduction of electric drivetrains creates the 
long-term opportunity to use natural gas fuel in several ways. First, electric drive for 
hybrid vehicles can be seen as setting up production and technology for a switch from 
conventional engines to fuel cells. The fuel cells could use hydrogen converted at the 
station from natural gas or methanol in a conventional station set-up, with the methanol 
produced from natural gas. Second, baltt:ries iii electric drive vehicles could allov.' 
charging by combined cycle power plants fueled by natural gas, or by stationary fuel cells 
using natural gas. In the near-term, hybrid vehicles capable of connecting to the grid have 
the potential to reduce oil use by switching to electricity. During peak ozone episodes, 
running a hybrid on grid electricity (in ZEV "mode") in the morning and afternoon hours 
could result in nearly all of the air quality benefits of an electric vehicle. In the longer 
term, if combined cycle natural gas power plants or fuel cell power plants replace 
contemporary steam generating plants and fuels, the full pathway efficiency from the use 
of grid electricity by electric and hybrid electric vehicles could be quite high, and the 
GHG reductions significant. Research on grid connectable hybrids should continue and 
best applications carefully examined. 

Hybrid vehicles such as the Toyota Prius and Honda VV, in compact and smaller 
sizes, appear most attractive as high utilization urban vehicles. Use as the urban car in 
multi-vehicle households which put a lot of miles on their vehicles would appear to be 
the most likely initial market. Significant reductions in both oil consumption and GHG 
emissions could be realized by such applications of hybrid vehicles. 

General observations. Absent fiscal policies to increase gasoline costs and decrease the 
costs of consumer use of alternative vehicle propulsion technologies, expansion of use of 
these alternative technologies will be inadequate to reverse growth of GHGs and oil 
imports. Regulation of fuel efficiency could accelerate the introduction ofHEVs and high 
efficiency conventional ICE vehicles, and could lead to reduced gasoline use, oil imports, 
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and GHGs. Further AMF A type exceptions to tightened fuel economy regulations-but 
tied to documented alternative fuel use-could accelerate implementation of natural gas 
and ethanol refueling stations, and the vehicles to purchase fuels from those stations. 
Expansion of ethanol use outside of ozone nonattainment areas could reduce gasoline 
use, oil imports and GHGs in both the near and long-term. Expansion of natural gas use 
within ozone nonattainment areas could improve urban air quality in the near term, and 
could help lead to hydrogen fuel cell vehicles in the long term, then reducing gasoline 
use, oil imports, GHGs, and criteria air pollutants. Electric utilities might find ways to 
promote the introduction and sale of grid connectable variants of hybrid vehicles, by 
continuing and adapting programs originally intended to promote electric vehicles. 

The 1997 Asilomar Conference 

These proceedings differ from past proceedings in that these include both papers prepared 
by some of the speakers, as well as a summary of the entire conference. Individual papers 
are presented first; the final chapter contains the extended review. 
As noted earlier, the papers and the 1997 conference addressed the importance and 
potential value of three different government policy instruments-transportation fuel 
taxes, regulation, and research and development programs. The discussion involved the 
relative desirability of applying these policy instruments to three different objectives: 
reduction of ( a) petroleum-based transportation fuels consumption, (b) criteria pollutant 
emissions, and ( c) net greenhouse gases. 

Taxation-Transportation pricing 

Ken Button's paper addressed the "rational" use of pricing. He nominally provided a 
European perspective. His title is telling-he used the term "more" rational pricing, 
thereby implying a great deal of respect for the existing pricing system, indicating a need 
for improvement, not radical change. An emphasis was the need for and emergence of 
coordination and balancing of tax and emissions regulation policies among European 
nations. He indicated that coming waves of privatization of transport seemed likely to 
decrease the cost of transport, and noted the potential for higher use of transport and 
higher social costs due to that higher use. One feature highlighted by Button was the need 
to prevent creation of an effective barrier to trade which could be a side effect of 
emissions control measures that might be adopted due to high volume throughput in the 
Alps. 

Button's paper was the only one to attempt to provide information on the current 
status of transportation taxes in various political units (the nations of Europe and the 
U.S.). His illustration (his Table 2) showed, to us, a surprising characteristic of several 
nations, including the U.S. For the U.S., the amount ofrevenue raised by fuel taxes, 
vehicle taxes, and tolls is only 63 percent of the amount of revenue disbursed to support 
transportation services. The mean in Europe was estimated to be 124 percent, but half of 
the ten nations for which Button had estimates raised less money than they expended on 
transport. We checked on the ratio of the tax on gasoline to the price of gasoline in the 
European nations in Button's table, vs. that of the U.S. The mean for the European 
nations was 0.67, with a standard deviation of 0.067, compared to a value of 0.33 for the 
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U.S. So, assuming that retail gasoline can be produced for similar real costs in Europe 
and the U.S., the level of taxation in Europe is about twice that in the U.S. This method 
does not match up to results obtained when using real dollnrs and exchange rates, but it 
does provide an indication independent of highly variable exchange rate effects. So, in 
the aggregate, it appears that Europe in the mid-l 980s taxed gasoline about twice as 
heavily as in the U.S. Europe also raised about twice the revenue needed relative to 
transport infrastructure expenditures through fuel and vehicle taxes as did the U.S. (124% 
vs.63%). 

As Button points out, many of the nations of Europe put revenues from fuel and 
vehicle taxes into the general fund, rather than earmarking those revenues for 
transportation infrastructure, as is done in the U.S. Interestingly, Button contended that 
the approach of the U.K. is that "prices should reflect broad costs and demand 
conditions". Yet Button's Table 2 indicated that the U.K. raised 180 percent of the public 
expenditure on transportation infrastructure, essentially tied for the high position with 
Italy. Button cited adoption of a 3 percent per annum fuel tax increase by the U.K for the 
purpose of addressing carbon dioxide emissions. Examination of gasoline price trends 
and inflation in the U.K indicated that, over the time that this tax has been in effect, it 
merely allowed the tax on gasoline to increase with inflation. Policy critics should take 
care to examine proposed global warming taxes carefully, to determine whether they are 
real taxes (i.e. adjusted for inflation), or nominal taxes that only keep real revenues at 
about the same level (i.e. in real terms the tax declines but fuel use rises, thereby holding 
real revenue about the same). 

Unfo1tunately, Button was not able to present bi paper at the Conference itself, 
so the differences between European tax policy and that in the U.S. were not part of the 
discussion. Recommendations tor specific ieveis of taxation for the U.S. l:arm:: from 
Nash, whose paper is included in this volume. Nash's recommendation was for gasoline 
taxes near the level of taxation in Europe. According to Nash's estimates, this would 
result in revenues adequate to replace social security taxes and a significant portion of the 
income tax. Under Nash's proposal, the U.S. would become like Europe in the sense that 
fuel tax revenue would now go into the general fund and we would expect to raise more 
in fuel and vehicle tax revenue than would be spent on transportation infrastructure. Note 
that, if the U.S. were to desire to double real fuel taxes by adopting the UK's nominal 
carbon tax strategy, a real tax rate increase of 3% per year would require 23 years to 
double real fuel taxes. Further, if inflation were 2% per year for this entire period, the 
nominal rate of increase in fuel taxes would have to be 5% per year. Nash does not 
provide information on the method he used to develop his revenue estimates. The reader 
might examine the numbers in Lee Schipper's paper herein regarding fuel use and travel 
per vehicle in Europe. 

Our point here, however, is that if Nash's recommendation is taken at face value, 
we have a recommendation for a level of taxation of transportation fuels well in excess of 
that necessary to support investment in the transportation infrastructure itself. 
The paper by Leiby and Rubin essentially examined the concept of taxing or subsidizing 
alternative fuels, based upon their life cycle greenhouse gas emissions. Six alternative 
fuels were examined. The analysis suggested subsidy of $0.80 per gallon of gasoline 
equivalent (GGE) for E85 fuel produced from biomass, and $0.16 per GGE for LPG. 
Other subsidies or tax levels for other fuels varied. Leiby and Rubin estimated that E85 
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from biomass and LPG were the two fuels whose subsidization would be both well 
justified and effective. Vehicle attributes and consumer responses to those attributes were 
included in the modeling. In one scenario, Leiby and Rubin projected that ethanol fuel 
production would rise to 20 percent of the gasoline market by 2010, and LPG about 15 
percent. Such fuel production levels, at the subsidies proposed, would lead to a need for 
an additional gasoline tax of 28 ¢/ gallon, if the revenues for the ethanol and LPG subsidy 
were to be paid by gasoline fuel users. This would increase the rate of taxation of 
gasoline from 40¢ to 68¢, or 70 percent, an amount in the neighborhood of the Nash 
proposal. However, given that the revenue base is itself depleted by the subsidy, the light 
duty vehicle fuel tax revenues raised per GGE of fuel sold (including ethanol and LPG in 
the average) would be about 44¢, so the tax and subsidy, as of 2010, would be 
approximately "revenue neutral". In any case, this computation puts the Leiby and Rubin 
proposal into perspective relative to the others, using admitted approximations. Leiby and 
Rubin do not discuss how the money for their presumed subsidy is to be raised . 
One contribution that Leiby and Rubin highlight is the development of solid evidence 
that "transitional barriers" act to prevent alternative fuels from entering the market, even 
though those fuels could retain a significant share once those barriers had been 
successfully negotiated. The key barriers include high cost of vehicles and fuels at low 
production volumes, and consumer dissatisfaction with few fuel and vehicle choices early 
in the process of introduction. 

Given Button's estimate that U.S. citizens presently do not pay high enough 
petrofuel taxes to allow transportation tax revenue to support transportation investment, 
we argue that a proposal that was missing at the Asilomar conference was that such an 
increase in petrofuel taxation is logical to support. This is an intermediate proposal that 
would raise fuel taxes less than Nash proposed, less than are in effect in Europe, and less 
than necessary to overcome the transitional barriers identified by Leiby and Rubin to 
cause a 20% reduction in Greenhouse Gases by subsidized adoption of biomass ethanol 
and LPG fuels. It would sharply raise taxes relative to a "seed money" proposal offered 
from the floor by D. Howell (see the summary at the close of this document). Howell's 
proposal dealt with both collection and disbursement of gasoline tax funds from a 
1¢/gallon gasoline tax. In Howell's case, the funds were to be used to promote the 
introduction of new transportation technology that might succeed on its own after the 
seed money had laid the foundation for its success. 

The "fairness" of user taxes on services received is more popular and commonly 
accepted now than in prior years, so this argument has the advantage of being 
philosophically consistent with the views of many of the policy makers in power today. 
Its implementation would simply be an extension of existing direction in a successfully 
evolving tax structure (success in the sense that deficits have been eliminated). If the 
policy had the side effect of making other funds available for diversion to other purposes 
(such as Social Security or tax cuts elsewhere), so be it. The point here is that this is 
philosophically consistent with present nominal practice in the U.S. as a way of funding 
transportation services. 

We do note that there was absolutely no enthusiasm for proposals for national 
taxes on the part of the U.S. attendees, aside from Nash and S. Wallman of Volvo. 
Wallman, an invited commentator in the conference closing session, expressed 
amazement at the unwillingness of participants to even discuss tax proposals. 
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The paper of Cameron, which analyzes the implementation of congestion taxes, 
includes an example of the problem of revenue allocation, which is addressed in different 
ways by Nash, by Howell, and by our extension of Leiby and Rubin's analysis. To obtain 
support of a tax, Cameron shows that the question of allocation of revenue becomes 
important. In Cameron's examples, public support for a proposed congestion reducing 
bridge toll never materialized because there was no plan for use of the revenue that could 
be accepted by those who would essentially be asked to pay or to give up the service. In 
Nash's proposal, one must assume that the judgment is that the nature of the proposal will 
make it palatable to the citizenry and therefore to the Congress and President. There 
clearly was no bandwagon of support for Nash's proposal at the conference itself. In fact, 
audience reaction indicated that the notion of any tax was not likely to be accepted by the 
public or by the Congress-even a one penny a gallon tax. Yet the two lonely proponents 
of particular taxes recognized well the importance of the tax and revenue package-that 
is that the support of a tax requires the approval of the plan of use of the revenue. 
Nash's idea featured considerations of equity and of the possible coming self interest 
voting effects of the members of the baby boom. He suggested that revenues be used to 
reduce income taxes of the lowest income individuals, and that the anchor of retirement 
income for aging baby boomers (Social Security) be supported. In Nash's thinking it is 
important to develop a proposed use of increased gasoline taxes which is palatable to the 
citizenry and therefore to the Congress and President. There clearly was no bandwagon of 
support for Nash's proposal at the conference itself. In fact, audience reaction indicated 
that the notion of any tax was not likely to be accepted by the public or by the 
Congress-even the one penny a gallon tax suggested by Howell. Yet the two lonely 
proponents of particular taxes recognized well the importance of the tax and revenue 
package-that is that the support of a tax requires the approvai of the plan of use of Lht: 
revenue. 

Leiby and Rubin's analysis considers an objective, and tries to develop a path to 
that objective. It uses a subsidy to reach that objective, but ducks the issue of a tax to 
raise the revenue for the subsidy. 

We note that several past papers in the Asilomar series have examined the use of 
taxes and subsidies. In the 1993 volume, Miles-McLean, Haltmaier, and Shelby 
examined such options ("Designing Incentive-Based Approaches to Limit Carbon 
Dioxide Emissions from the Light Duty Fleet"). They examined a gasoline tax offset by 
payroll tax reductions a gas guzzler/gas sipper rebate, and an oil import fee finding the 
gasoline tax to be the best of the three. The federal gasoline tax increase that they 
simulated increased from 9¢/gallon in 1989 dollars to 50¢/gallon by 2010. Their 
projection assumed an increase in before tax gasoline prices, and essentially a net 
doubling of real gasoline costs over a 20 year period. This increase was simulated to 
result in the same gasoline consumption at the end of the 20 year period as at the 
beginning, and a new car fleet fuel economy increase of about 30% (from 28 to 36 mpg). 
Truck share was projected to decline. However, the policy itself only caused a fuel 
economy increase of 8% relative to the reference case. The "reference case" in fact 
showed increases in fuel economy due to presumed increases in oil and gasoline costs. 
Thus, an increase of federal taxes of over five times was projected to only increase new 
car fleet fuel economy by 8%. The gas guzzler/sipper tax and rebate resulted in a slightly 
more efficient fleet, but higher vmt, thereby differing little in overall effect. Note that no 
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technological breakthroughs were assumed-increases projected were from 
"econometrically simulated" improvement based on history for conventional gasoline 
vehicles, and are not technically challenging. This small increase in new car mpg as a 
function of gasoline price increase is perhaps pessimistic, as DeCicco and Gordon (1995), 
in the 1995 Asilomar Proceedings estimate that "it would take roughly a tripling of 
gasoline prices to yield a 40 percent increase in new-vehicle fuel economy." In any case, 
the increases in gasoline price to bring about increased new vehicle fuel economy are 
large indeed. Note that this combination-a 40% increase in mpg combined with a 
tripling of fuel cost-would lead to an increase in cost per mile of 80%. According to 
MacReady (1993), such a change would be like going from 1989 real cost per mile levels 
nearly back to 1969 real cost per mile levels (MacReady estimated 1969 costs to be 
double those of 1989). 

A problem that inhibits the ability to make decisions is the opinion of conference 
participants concerning whether a given proposal will get close enough to the objective 
that they have in mind. Thus, when the participants examine the probable effects of 
taxation on petrofuel consumption, they have serious doubts that the effect of any 
possible tax will be large enough to realize the petrofuel, greenhouse gas, and/or criteria 
pollutant emissions reductions that they have in mind. When and if one reaches the 
conclusion that a tax cannot be implemented, or if implemented just cannot politically be 
large enough to provide reductions that a conference participant has in mind, then 
thoughts turn to technological innovation. The sense of this and prior conferences is that 
behavior change promoted by taxes is not likely to reduce oil use and emissions enough, 
even if some taxes could be implemented. 

Regulation-of vehicles and/or land use 

Schipper's paper seems to imply that the nation that achieved the greatest percentage 
reduction in fuel use after the oil price shocks of the 1970s was the U.S., and the only 
reason that the U.S. was able to do so was the adoption of technology forcing regulation. 
Nash has looked at the history of transportation and seen the long term benefits of 
technological innovations in transportation. Apparently, he has concluded that regulation 
similar to that used by the U.S. in the past is not politically feasible. The organization that 
he retired from-the National Highway Traffic Safety Administration-has been 
proscribed by Congress from even spending any funds to analyze changes in the existing 
Corporate Average Fuel Economy regulation. We speculate that Nash, seeing technology 
"revolutions" in transportation as highly desirable, and seeing the resistance to 
technological change as being strong, has concluded that the only way to cause such a 
revolution is through a very high petrofuel tax. Accordingly, he has tried to develop a 
justification for use of the revenues of the tax to garner support for it. 

Others at the conference come from organizations not proscribed from 
considering the use of regulation to force the introduction of new technology. Greene is 
one of those. He has provided an analysis of the economic value of a tightened fuel 
economy regulation, while not dismissing the value of petrofuel taxes as well. He has 
provided illustrations indicating why a regulation of passenger car mpg to the mid 30 
mpg range might be desirable, with a commensurate change for light trucks. He has 
developed an argument, ignoring criteria emissions and greenhouse gases, that the 
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economy would be better off with a tightened improved fuel economy regulation alone 
than without it. He has asserted that a combination of regulation and taxation would be 
even better, but regulation alone-of the specified magnitude-would be better than none 
at all. Greene's arguments are based on a trade-off analysis of costs and benefits of 
varying levels of fuel economy in the light duty vehicle fleet, not on a specified goal for 
reduced petrofuel use or greenhouse gas emissions. In effect Greene says we have too 
little fuel economy in our light duty motor vehicle fleet and we should be smart enough to 
do something about it. 

What are the equity consideration's in Greene's proposal for tightened regulation? 
Who pays, and who benefits? It was estimated(see discussion in the summary) from 
K.G. Duleep's presentation and Greene's paper that the automobile industry would 
realize the same amount of revenue, while the owners of vehicles would use less fuel. 
Those who pay higher prices for more efficient new cars first tend to be higher income 
individuals, while used car purchasers have a lower income level. The fuel use reduction 
benefits would trickle down over time from higher income new car buyers to middle 
income used car buyers. 

Greene's proposal is essentially based on the world the way it is. That is, he 
looked at available fuel efficiency technologies using existing fuels. He did not consider 
the potential benefits of research and development designed to create more options and to 
increase the percentage reduction in fuel economy for a given amount of incremental 
dollars of expenditure. Nor did he discuss what would be done with the revenues from a 
fuel tax that might accompany the regulation revisions that he proposed. Our earlier 
discussion covers the question of fuel tax revenue allocation. 

Giuliano reviews evidence for the potential of land use policy to affect energy 
consumption. She conciudes that iand use poiicy aione cannul be rdid on to provide 
reductions in energy use. Her research indicated that worldwide demographic and 
economic factors indicate continued consumption of land for urban expansion at the 
extensive margin of cities, motor vehicle use, and traffic congestion. These arise from 
forces that she sees as difficult to counter. While largely conceding her point, the other 
presenter in her session, Robert Johnston, stated his belief that in the long run, land use 
can have significant effect, if consistent policies can be maintained. 

Closing Thoughts 

In the 20th Century, the "one thing" in light duty personal transportation has been the 
gasoline fueled, spark-ignition-engine powered passenger car, and lately, light truck. This 
is easy to see now, looking back. At the onset of the century, the journey of discovery of 
that "one thing" had just begun, and the end result was hardly predictable. Perhaps any 
conferences sponsored by governments and industry at that time were about rail travel. At 
the turn of the past century the horse had not been replaced in rural areas, while novel 
electric, gasoline, and steam automobiles provided a tiny portion of personal travel needs 
in urban areas. The railroad, both intercity and intracity, provided most of the powered 
transportation services. For a few decades, all of these technologies competed until a 
winner emerged. 

Based on the many technologies that have been advocated and discussed at 
Asilomar, the challenge at the beginning of the next century is also daunting, and the 
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future uncertain. We presume, as Asilomar participants have, that the light duty motor 
vehicle using a paved highway will still be dominant in that century (but even that 
assumption may be wrong). However, the best fuels and motive power for such vehicles 
are certainly a subject of considerable debate, and the number of options to consider is 
great. The proposal that we have made is that we recognize that we "gotta" begin to 
figure out the best options, learning by doing. Let's make more use of the policy levers 
that have been discussed, to promote more use of alternative technologies to obtain the 
benefit of experience and, in a few decades, 20/20 hindsight. Perhaps all but one of the 
options offered at Asilomar conferences will drop by the wayside, but we certainly can't 
predict which one will remain in the end. It is true that the journey has begun, but there 
is far more of that journey ahead than behind. 
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Pricing of transport in Europe has traditionally had little to do with economic efficiency. 
It has generally been closely related instead to the fiscal needs of governments. In many 
countries it has also frequently been used as part of wider political and social processes. 
This has gradually changed in recent years, with the appreciation of the role pricing can 
play in stemming excessive environmental damage associated with transport and as the 
importance of making economically efficient use of transport infrastructure has become 
more appreciated. Significant changes in attitude have emerged within European nation 
states as to the importance of achieving sustainable transport, and the theme is central to 
the transport strategy being developed within the European Union. This paper looks at 
some of the changes that have taken place in Europe and sets them in a broader 
geographical context. It takes as axiomatic that 'rational' implies efficient in its broadest 
sense to embrace the range of social and environmental consideration in addition to more 
narrow financial criteria. 

Prices in transport have a variety of functions. In a free market economy, they provide 
signals as to the effective desires of consumers to use various transport services while at 
the same time reflecting the costs of providing these services. Manipulation of prices by 
policymakers can provide powerful tools to influence not only the overall magnitude of 
transport in an economy but also the modes used, the spatial and temporal pattern of 
transport use and the groups of individuals that have effective access to various elements 
of the transport network. Attitudes as to how prices should be used, however, vary 
considerably. 

The aim of this paper is to initially provide a brief outline of the economic 
approach to transport pricing. The issue can be complex, and the coverage here is, by 
necessity, far from complete. Initially broad approaches to pricing are reviewed and then 
rational pricing is considered. A particular emphasis is placed on the way pricing affects 
environmental and resource use. Section IV of the paper is devoted to contrasting the 
previous experiences of transport pricing in Europe with this theory. While all modes 
deviate from the economic 'ideal,' the main focus is on road transport. The penultimate 
section is concerned with the more recent experiences of transport pricing in Europe, 
particularly within the European Union (EU), where there has been enhanced emphasis 
on attempting to include greater rationality into the structure of pricing (Commission of 
the European Communities, 1992). The final section offers some concluding thoughts. 
While there are many aspects to the pricing issue, the primary attention here will be on 
the way transport prices in Europe relate to the idea of sustainable development. 
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APPROACHES TO PRICING 

The attitude of market-oriented economists to the pricing of transport has often been at 
variance with the policies pursued by the public authorities. In part, this can be attributed 
to the wider concerns exercised by public policy makers that transcend the notions of 
social welfare maximization underlying neo-classical economics. Questions of equity 
and access being seen as important as economic efficiency. But the divergence of view 
also reflects issues of implementation and enforcement that are often assumed away by 
economists: transaction costs making the calculus of concepts such as marginal cost 
pricing somewhat less elegant in economic models. 

The market-based economic approach to prices is founded on the idea that it is 
rational to maximize the utility derived from resource utilization, which would include 
environmental resources, by making users aware of the full opportunity costs involved. 
Market-based prices have their problems, but economists generally argue that they are 
more efficient at doing this than the alternatives. In terms of recent debates over 
sustainable development, for example, one theoretical argument is that complete property 
rights allocation would solve the problem as people would reflect their priorities through 
trading these rights. They would buy and sell rights to environmental resources with the 
market price adjusting until welfare is maximized. How these rights are to be initially 
allocated, however, and how the trading subsequently is to be effectively policed are 
issues seldom fully considered. 

Those with a more interventionist bent tend to view pricing as an instrument to 
achieve a specific and targeted end. This may be a reduction in traffic congestion levels 
(i.e. though the use of road pricing), the attainment of a set level of atmospheric pollution 
or the raising of a given amount of government revenue. 

This is fundamentally different to the free market approach in the sense that the 
price is administratively established rather than stemming from the interactions of supply 
and demand. The approach is part of a command-and-control strategy towards 
environmental policy in that it is specifically directional in meeting set objectives. Expert 
opinion is used to establish relevant elasticities in the estimation process which, 
inevitably, leaves uncertainty over the eventual outcome. The approach also differs from 
the strict market approach, where property rights are allocated, because the revenues 
generated by pricing go to some central agency (usually the local or central government) 
rather than being retained in the market. This implies a different set of distributional 
outcomes in that these revenues will ultimately be distributed by the authorities. This can 
lead to a second round effect of they are used for such things as transport subsidies or 
infrastructure investments. 

Whatever approach is favored, the evidence is that in European countries, as 
elsewhere, the actual pricing of most transport has little to do with conventional 
economic notions of either rationality or of meeting a larger matrix of explicit social 
welfare criteria. The degree of deviation differs, however, between modes of transport 
and between various components of transport supply for any given mode. But it is 
particularly true of infrastructure such as roads, railways, ports, etc. and of urban transit 
services where there is a high degree of public ownership. Even where market forces are 
allowed to operate (e.g. in most European trucking markets) the input prices of 
infrastructure is often manipulated to influence final supply conditions. 
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In the past, the main emphasis in Europe has been centered on the distortions that 
exist in the pricing of transport infrastructure use - the 'track cost question'. The issue is 
still topical, especially regarding railways, but more recently, concern has tended more 
towards traffic congestion pricing on roads and at airports and on the pricing of 
environmental externalities (Button, 1993; Verhoef, 1996). In all cases, the gap between 
the arguments presented for rational pricing and the policies that are actually being 
pursued in Europe remains, although there are now tentative signs that it may be 
narrowing. 

RATIONAL PRICING 

Neo-classical economists have traditionally laid down rigid criteria that permits the 
maximization of economic welfare. The guiding principle is that of marginal cost 
pricing-the equalization of the charges paid at the margin for goods or service with the 
marginal utility derived from their use. 

Conceptually, the idea is simple, but in practice, there are considerable problems 
in implementation. At one level, there remains the issue of exactly what constitutes 
marginal cost. Indivisibility and uncertainties pose another set of problems. 

More germane to current debates is the issue of the external costs associated with 
the environmental impacts of transport. Transport impinges on the environment in a 
variety of ways. Modern scientific research has led to a fuller appreciation of many of 
these effects, both on the natural environment and upon human health (Banister and 
Button, 1993; Button and Rottengather, 1996). Rising incomes in many parts of the world 
have more generally led to the environment becoming a superior good as people have 
greater amounts of leisure time and as more immediate material needs are gratified. 
Added to this is the broader, intergenerational concern that has manifested itself in 
concerns about the ability of modern society to achieve sustainable development. 

The concern about the environmental costs of transport has become more 
pronounced, as it is appreciated that they impose real economic costs even to current 
generations. The development of more sophisticated measurement techniques, coupled 
with new economic methods of placing monetary values on adverse environmental 
effected, have allowed more consistent assessments of the problem. Table 1, for example, 
offers some calculations reflecting the effects of some transport externalities expressed in 
terms of GDP equivalents. 

TABLE 1 Estimated Environmental Costs of Transport in Great Britain (1994/95) 
as Percentage of GDP 1 

Air pollution 
Climate change2 

Noise and vibration 
Accidents 
Total quantified 

Lower end of range 
All tnmspo1t Road Transport 

2.4 
1.8 
1.2 
5.5 

(4.6) 

(5.4) 

Upper end of range 
All transport Road Transport 

6.0 
3.6 
5.4 
5.5 

(12.9) 

(5.4) 

environmental costs I 0.9 (I 0.0) 20.5 (J 8.3) 
1 The range of environmental cosls included is limited and exc ludes loss of land, severance of communities, loss or disruption of 
habitats, visual intrusion, etc. 2 The estimate is based upon taking the amount of global carbon dioxide emissions attributable to the UK 
(2.8%) and multiplying that by transport's share in the UK (24%). It is assumed that annual global warming damage amounts to 
between I and 1.5% of GDP in developed countries and between 2 and 6% of GDP in other countries. 
Source: UK Royal Commission on Environmental Pollution (1994). 
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While macro level studies are helpful in enriching the general policy debates, the 
effectiveness of different policy options in optimizing the use of transport is much less 
ce1tain (Button, 1994b ). Much of the difficulty stems from the comparative dearth of 
actual experiences of using pricing instruments as part of environmental policy in the 
transport field. Certainly, there have been no European policies comparable to those 
deploying tradable permits as with lead additives to fuel in the US that offer a quasi
property right allocation approach to the topic (Hahn, 1989). 

A further problem is that so many prices are distorted from what most neo
classical economists would deem to be their optimal level, in that it is difficult to define 
the appropriate second-best price to affect any particular environmental effect. While 
road pricing in cities, for instance, could be used to improve the congestion situation by 
possibly encouraging through traffic to use longer by-passes at the same time as it 
produces a temporal and spatial reallocation of local traffic, this can lead to higher 
greenhouse gas emissions· 

One of the important considerations when looking at the use of pricing in the 
context of sustainable development is the matter of just what prices should be adjusted to 
reflect environmental costs. One way of approaching this is seen in Figure 1, which 
shows the chain of events from cause to effect in terms of how price distortions impact on 
the environment. 

Economic causes • Physical causes • Symptoms • Effects 

Prices Traffic volume CO2 Ill-health 
Fin:m~imr r nfrastructure NOx Global wanning - ----- - ---o 

Investment Criteria Vehicle stock S02 Acid rain 
Regulations Vehicle composition Pb Excess resource depletion 
Policing Use pattern etc. Social disruption 

Design of vehicles 

FIGURE 1 From cause to effect in the environmental economic chain. 

Adjustments should ideally, in most instances be at the initial stage of the chain 
this implies not only that the price of inputs reflect new opportunity costs but also where 
shadow prices are used in the CBA calculations of investment and regulation, they should 
be appropriately defined. Where a comprehensive approach at this stage is precluded 
because of practical or political considerations, then it may become necessary to adjust 
prices further down the chain. For example, if it is not possible to price noise nuisance, 
then it may be appropriate to have differential prices on vehicle types that act as a 
surrogate. Alternatively, there may be charges on vehicles to fund the construction of 
noise barriers. 

Prices, therefore, can be adjusted at several different stages in the chain and, in 
the practice, the authorities in Europe have pursued a number of approaches. 

Technical issues also surround the calculations of the shadow prices of the 
resources used in infrastructure provision, particularly the issue of the efficient use of 
resources. The pricing concern here reflects a worry that some forms of institutional 
arrangement, particularly the state ownership of transport, can result in x-inefficiency and 
excessive costs. Equally from the perspective of infrastructure investment, the 
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prices for it to be genuinely objective in its orientation. 

THE SITUATION IN EUROPE 
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To generalize about transport pricing in Europe is inappropriate. Each nation has its own 
separate way of treating the pricing of transport, and superimposed on top of this is the 
set of pricing principals that the EU is gradually imposing on member states. 

For a number ofreasons, approaches adopted in Europe to meet the challenges of 
sustainable development have differed somewhat to those favored in the United States 
(Button, 1997). Pricing policy in a variety of forms has been more widely accepted as 
discussed below. One reason for this is the hypothecation of taxes is much less common 
in Europe where there is a long tradition of road user charges seen as a source of general 
government revenue. This means that the European population, as a whole, is used to 
much higher road charges. Table 2 offers some indication of the relative position of 
several European states regarding the taxes paid by road users and their attributed track 
costs. The situation in the US at the time was comparable basis to road users only paying 
63 percent of their attributed costs in taxes. 

TABLE 2 Indirect Road User Charges (fuel and vehicle taxes) in Selected European 
Countries (ECU million, 1986) 

Revenue from : 
Country Vehicle Expenditure Revenue as 

Fuel Tax Taxes Tolls Total on Roads %of 
Expenditure 

Belgium 1,014 320 - 1,344 1,777 75 
Denmark 455 280 - 735 751 98 
Germany 7,936 2,623 - 10,559 11,029 96 
Greece 473 97 1 571 334 171 
France 6,342 1,054 1,135 8,531 6,413 133 
Ireland 304 28 - 332 213 156 
Italy 5,155 420 - 6,287 3,464 181 
Luxembourg 57 9 - 66 101 66 
Netherlands 1,151 809 - 1,960 2,310 85 
Portugal 244 18 - 262 n/a n/a 
UK 5,504 2,212 - 7,716 4,286 180 

EC Total 28,635 7,870 1,848 38,353 30,678 124 
(exc. Spain) (exc. Spain (exc. Spain 

& Portugal) & Portugal) 
Source: European Comm1ss1on. 

The institutional arrangements within the EU also mean that transport policy is 
effectively controlled at several levels. The EU itself is mainly concerned with broad 
strategies and with ensuring that prices are not adjusted by member states so that trade 
within the Union is distorted. It, therefore, tends to lay down general guidelines and 
principles that states must adhere to. How they are then implemented is often left to the 
national authorities. National governments have control over the way transport 
infrastructure and operations are priced within their territory. They also have powers of 
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taxation and fining violators that can often act as a quasi-pricing system. The fines, 
especially where transport is engaged in EU trade activities, must meet EU criteria. 

Beside the broad philosophical difficulties that exist within the Union regarding 
transport pricing, there are also differences in national priorities concerning the 
environment, particularly lower income members given a higher priority to conventional 
GDP indicators than to environmental considerations. There are also variations in 
national sensitivities to environmental issues stemming largely from geographical factors. 

Within member countries, state and urban authorities also exercise control over 
transport prices. City authorities traditionally regulate parking fees and, in some 
countries, have initiated local road toll regimes. Since a considerable amount of traffic is 
urban, these powers can exercise a major influence over the level and nature of traffic. 

Even within this context, countries in Europe have two broad approaches to the 
pricing of transport. In the case of France, Germany and many of the other Continental 
nations, the attitude has traditionally been that transport serves a very broad social 
function, with a strong emphasis on social cohesion and regional economic policy 
objectives. The pricing of transport in this context was seldom been related to economic 
costs, and the public provision of infrastructure and many services has been common. 
Subsidies were widespread, being financed both through taxation and the manipulation of 
the market to produce cross substandardization. This continental approach essentially 
treats intervention as a justified norm, with transport markets only allowed free reign 
when this does not conflict with the wider goals being pursued. 

Contrast to this, the approach favored in the UK and, to a lesser degree in some of 
the smaller Continental states, is based on the premise that transport is much like any 
other sector and should, therefore have prices that reflect broad cost and demand 
conditions. Unlike the Continental approach, the onus for introducing prices that 
seriously deviate from costs lie in the hands of the advocates of such actions. 

In terms of surface transport, this later approach has meant much less intervention 
in transport markets, and where there has been intervention, it has tended to be with a 
lighter hand. For example, the UK, with the exception of periods of hostilities and their 
aftermath, has not attempted rigorous control of trucking rates. More recently it has also 
been the adherents to a broad Anglo-Saxon philosophy that have been at the forefront of 
market liberalization and privatization in transport, even with respect to the provision of 
infrastructure. 

While one can highlight how these differing philosophies have influenced the 
overall pricing of transport in various EU states, the attention here is mainly on the 
environmental dimension. This, however, must be interpreted very broadly, as prices 
effect aggregate demand for transport as well as influencing the way various elements of 
it operate. While adjusting the relative prices of road use to reflect their environmental 
costs may improve the social efficiency of the modal split if in absolute terms, for 
example, all prices are below cost may be detrimental in terms of the overall contribution 
of transport to excessive environmental deregulation. 

Much of the EU's transport policy has been based upon improving the European 
transport network to meet the anticipated growth in traffic that closer economic ties since 
the Single European initiative of 1992 has brought about. Improvements have included 
removal of institutional and technical impediments to the use of the existing 
infrastructure networks as well as schemes to expand networks - the Trans-European 
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Network initiative. Combined freight transport has been given a particularly high priority. 
Pricing, while not ignored, has been given relatively limited attention. 

Until recently, the EU has been concerned that the prices charged for transport 
should reflect the financial costs involved. In the early years of the Union, attention was 
initially focused on trying to develop maximum and minimum rates for trucking (the 
forked tariff) and then reference tariffs, but now the aim is to define infrastructure pricing 
principals to ensure that track costs are appropriate covered and that other marginal costs 
are adequately reflected in prices. 

A number of EU countries are now adopting pricing measures to meet 
international commitments to contain global warming gas emissions. Some European 
states, such as Sweden and the Netherlands, have initiated explicit carbon taxation 
measures to limit the amount of carbon dioxide emissions. The UK has favored a 
different strategy by implementing a fuel ton that rises by three percent annum, with the 
aim of continuing the fiscal pressure until carbon dioxide emission reach agreed levels. 

Direct pricing, according to the use made of transport infrastructure is still limited 
to tolled waterways and a small number of urban toll rings in Europe, but there are 
pressure for these regimes to be extended. These are driven as much by financial 
considerations on the parts of government as by any consideration of the environmental 
benefits that may result. 

The EU' s institutional interest in the environmental costs of transport and the 
issue of sustainable development stem mainly from the early 1990s (Commission of the 
European Communities, 1992). Those involved with transport ( e.g. Directive General 
VII) have worked closely with those concerned with the broader initiatives of the 
Commission to develop a union strategy in response to the global policy initiatives 
stemming from the United Nations Conference on Environment and Development 
(1992). The Union's response has been to consider a range of possible measures to 
conform with a strategy of sustainable mobility. The use of pricing policies that make 
allowance for the external cost of transport has been adopted as one of the key 
instruments in the favored strategy. 

Such a framework is the essential foundation for the realization of the objective of 
sustainable mobility for the Community as a whole. If costs are not properly allocated, 
stresses are bound to arise as users favor disproportionately the transport services and 
systems that do not charge their full cost. lf costs are being allocated on the basis of 
significantly different principles in different States or localities, not only will significant 
distortions affect competition between transport operators, but it will be very difficult to 
develop Community-wide transport systems in a more integrated way ... .In the short 
term, emphasis will be placed on the development of a framework for the impution of 
infrastructure costs. Particular attention will be given, in light of the 1992 program on the 
harmonization of excise duty on diesel fuel , road tolls and charges to possibilities for 
adopting a truly territorial system for taxation of heavy goods vehicles. In the medium 
term, proposals will need to be made concerning charging for externalities so that 
environmental problems will be addressed by the fundamental economic mechanisms at 
work in the transport sector. [Commission of the European Communities, 1995] 

Directly charging for road through the use of tolls brings the user closer to the 
immediate economic costs of providing infrastructure. This, in turn, can influence the 
overall use of the facility, and while not a direct instrument of environmental policy, 
removes one government failure that contributes to excessive environmental degradation. 
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There is increased use of direct charging in Europe, both on tolled inter-city highways 
and, in the case of a number of Scandinavian cities such as Bergen, Oslo and Trodheim, 
use of the urban road network. In all these cases, the motivation is primarily financed 
either to fund an existing facility or to raise revenues for network expansion (Gomez
Ibanez and Small, 1994). Equally, the pricing is not always national in the economic 
sense, since in most instances the tolls do not reflect congestion levels. This is changing, 
however, and differential charges have been deployed on at least one French auto route 
into Paris and is practiced in some of the urban toll rings. 

While hardly common, pollution charges have been used in relation to EU 
transport with some success. One clear illustration of where fiscal incentives (in this 
example, coupled with regulation) have provided particularly effective has been in 
reducing the levels of lead (Pb) pollution. Many European countries have introduced 
significant tax differentials between leaded and unleaded gasoline (see Table 3), but 
equally, the banning of normal gasoline (providing the tank capacity for garages to stock 
unleaded fuel and leaving only the more expensive super) has effectively further reduced 
the real choice open to most automobile users in the Netherlands, Switzerland, the UK 
and Germany. The combined impact of these measures in the UK was a rise in vehicles 
using unleaded gasoline from 0.1 percent of the car park in March, 1988 to 25 .9 percent 
in October, 1989. Similarly in the pre-unified Federal Republic of Germany, the 
percentage of automobiles using unleaded rose from 11 percent in 1986 to 28 percent in 
1987. 

TABLE 3 Fuel Prices and Fuel Taxes in Selected Countries in the Third Quarter, 
1991 (Nkr/L) 

Country Leaded fuel Diesel 
Price Tax2 Price Tax 

Belgium 5.96 3.95 3.49 1.63 
Denmark 6.18 4.17 3.12 1.12 
Finland 7.11 4.35 4.93 2.59 
France 6.24 4.63 3.46 1.95 
Italy 8.03 6.05 4.90 3.27 
Netherlands 7.10 5.08 3.38 1.68 
Norway 7.13 4.47 2.78 0.69 
Portugal 6.66 4.79 4.22 2.48 
Spain 5.57 3.63 3.83 2.02 
UK 5.80 3.85 4.35 2.53 
Sweden 7.39 4.98 4.24 1.36 
Switzerland 4.98 2.95 4.76 2.86 
Germany 6.25 4.37 3.75 2.13 
USA1 2.37 0.71 2.00 0.70 
Austria 5.55 3.18 3.89 1.83 
OECD, Europe 6.27 3.94 
OECD, Total 3.23 3.07 
1Price and tax for unleaded fuel 
2lncluding VAT 
Source: International Energy Agency ( 199 l) 
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EMERGING INFLUENCES ON PRICING 

While the changing approaches to official pricing interventions in the EU transport 
markets has been directed towards a more rational framework, other developments may 
be of equal long term significance. European transport, as in many other macro regions, 
is increasingly being turned over to market forces as privatization and deregulation takes 
place. The incentive structure is thus changing dramatically as administrative pricing 
changes to commercial pricing. 

The implications of privatization and deregulation on transport prices in Europe 
is, compared to the US, relatively under explored. This is not the place to of a fully 
referenced precis of the literature that does exist but some observations can be made. The 
evidence we do have, though, is clearly that with the removal of state intervention in 
pricing, the prices charged for transport services have generally fallen. This trend is not 
universal because in the past there has been extensive cross subsidization inherent in the 
administrative prices levied. Even where state controls remain in situations where 
privatization has removed public ownership of monopoly infrastructure ( e.g. as in the 
case of the main UK airports) there is evidence that prices have adjusted nearer to costs. 

The long run implications of these developments for the environment are not 
immediately transparent as much of the available empirical work is still tentative. Just 
taking as an example, the UK is partly privatizing its railway operations and significantly 
changing the way in which its track is allocated. One of the main aims is to allow market 
prices (or in the cases of track, quasi-market prices) to influence the use made of the 
railways. Table 4 provides some thoughts on just how this will ultimately influence mode 
split in the UK and the overall use made of transport. It is a balance sheet but one that 
many other European states are having to consider as they redefine their transport 
policies. 

While the introduction of more market driven pricing can be seen as leading to 
more rational resource allocation as previous intervention failures are removed, there is 
still a recognized role for the public authorities in terms of containing the adverse 
external consequences of transport. It is in developing this function that the EU 
authorities are now directing their attention. In terms of Table 4, the issue is becoming 
one of reducing the negative effects of institutional reforms, and especially those on third 
party non-users, without significantly reducing the positive implications for transport 
users of market driven conditions. 
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TABLE 4 Some Possible Effects of Rail Privatization in Britain and Implications 
for Rail Use and Indirect Environmental Impacts 

• 

• 

• 

• 

• 

• 

NEGATIVE 

Loss of network integration, leading to • 
more complex ticketing, lack of 
coordinated timetable information, etc., 
especially for trips involving more than 
one Track Operating Company (TOC). 

Major staff reductions in order to reduce • 
costs are likely to adversely affect services 
and service quality and reliability. 

Integration and joint ticketing with bus • 
services likely to reduce, especially where 
viewed as anti- competitive. 

TOCs likely to promote profitable off-peak • 
leisure and long distance business travel 
rail markets which generate additional 
travel rather than shift passengers from 
road and air to rail. 

Short length of TOC franchises • 
discourages investment in attractive and 
energy-efficient new rolling stock. 

Vastly increased organizational • 
complexity, leading to increased costs, 
difficulties of communication and 
increased accident risks. 

POSITIVE 

More aggressive and professional marketing 
of train services by individuals TOCs. 

New ways of using and training staff could 
improve customer care and increase 
productivity. 

Increased integration of rail and bus services, 
especially from new owners ofTOCs which 
also operate buses. 

Improved services operated by some 
individual TOCs could attract travelers from 
road to rail on certain routes. 

Access to private sector finance could 
encourage investment in new rolling stock and 
infrastructure. 

Grants available to freight operators to 
encourage shift of freight transport from road 
to rail. 

• Railfreight businesses set up to promote 
competition all sold to single US operator. 

• Single freight operator in stronger position to 
experience effectively transferred to Britain. 

Source: Potter and Enoch ( 1998) 

CONCLUSIONS 

Europe, like other parts of the world, has a tradition of government intervention in 
transport markets. The detail and scale of interventions differs between countries but are 
generally characterized by high levels of public ownership and regulation of supply and 
prices. Where it differs a little from the US is that with respect to roads, there has been a 
tendency to allow the overall price of use to exceed costs. This tradition perhaps makes it 
easier for the authorities to adjust prices in respect of environmental and other costs. 

In terms of autos, the states of the EU have pursued some interesting initiatives to 
make pricing more rational in an economic sense. The Commission of the Union has also 
shown increasing interest in ensuring that prices of transport reflect their full marginal 
costs. These measures to reduce the external costs of transport have been accompanied by 
other actions such as privatization and economic deregulation that have, in particular, 
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increased the use of market pricing by operators using transport infrastructure. In the 
longer term it is likely that these latter measures will prove at least as important as 
changing the intervention prices in terms of bringing more rationality to the way transport 
is priced in the Union. 
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THE NEXT AUTOMOTIVE REVOLUTION 
Carl E. Nash 
George Washington University 

When motor vehicles were a new technology a century ago, their development was a 
push-pull affair. Innovators and investors drove the fledgling industry while an 
expanding and enthusiastic group of motorists absorbed its products. A paucity of 
good roads and services initially limited car use, but road building after World War I 
fueled demand for cars and trucks. Early discussions of regulation concerned the 
obvious nuisances and hazards of these new machines. These basic forces: 
automotive innovation and market demand, fueled by an expanding road system and 
shaped by minimal regulation, have transformed the twentieth century. 

Automobiles evolved, and roads expanded, before clear ideas of their 
potential uses and impacts emerged. Within little more than a decade, American 
automotive design settled on a configuration that dominated for 60 to 70 years: a 
water-cooled internal combustion engine and attached transmission at front driving 
the rear wheels through a solid axle with a passenger compartment atop the frame 
behind the engine. 

In the ensuing decades, motor vehicles became the overwhelming choice for 
personal transportation, now providing 88 percent of all personal miles of travel. 
Trucks are the major carriers, by value, of manufactured goods. Automobiles and 
trucks have become so integral to our society that, except in special cases, it is 
unrealistic to talk about replacing automobiles with mass transit, or trucks with trains 
within the next few decades. Thus, I have chosen to concentrate on how motor 
"ehi,..JP tr:::inespnrt:::itinn r.:::in hP.r.nmP. ]P.c:;c:; P.nvirnnmentl'llly damaging, demanding of 
natural resources, and brutal to life and limb. 

The public has been regularly seduced by style and other nonessential aspects 
of motor vehicles. Few car buyers have demanded high levels of efficiency or safety. 
However, public concern has meant that even before Federal regulation, the industry 
gradually reduced the most obvious emissions and hazards from their vehicles. It 
increased fuel efficiency primarily to enhance acceleration, speed, and range. 

In contrast with automobiles, the evolution of commercial airplanes was 
strongly driven by government-sponsored research-particularly from the National 
Advisory Committee for Aeronautics-by military needs, and by the needs of the 
airline industry. Even today, the National Aeronautics and Space Administration 
spends about $1 billion annually on aviation research. This resulted in dramatic 
improvements in airline safety, speed, efficiency, and range. Summary comparisons 
for aircraft and automobiles are shown in Table 1. Airlines are much more 
sophisticated and demanding consumers than car buyers. 



TABLE 1 Some Comparisons of Commercial Airplane and Automobile 
Development 

Vehicle Passengers Cruising Speed Fuel Fatality 
Economy 1 Rate 

1930 Ford 14 122 mi./hr. 20 gal./pass 52 

Trimotor .m1. 

1996 Boeing 777 up to 500 650 mi./hr. 45 gal./pass. 0.01 3 

m1. 

1930 Ford Model 6 50 mi./hr. 30 gal./pass. 114 
A mi. 

1996 Ford 5 75 mi./hr. 35 gal./pass. 1 
Taurus m1. 
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I . . 
Fuel economy 1s calculated based on typical load facto rs. 70 percent fo r a1rlmers and 30 percent for automobiles. 

2Fatality rate for the Ford Trimotor calculated based on 141 known fatalities in a total of 199 planes in their first 
ten years of operation at an estimated operation of 6 hours/day, 200 days per year, at a passenger load factor of 
0.7. 
3There have been no fatalities in the Boeing 777. The figure is the average for commercial aviation in 1996. 
4The fatality rate for passenger cars is the average for all cars in the given year. 

Although safety was not explicitly identified in the 1997 Asilomar 
conference agenda, respect for the preservation of life and limb is a critical 
dimension of sustainable transportation. Since many subtleties of this field are well 
illustrated by safety, I will use some examples from that field. 

Now, a century after the first production car, what tools do we have to 
address the ill-effects of cars and trucks while enhancing the freedom and flexibility 
they provide? Just as in the early days, three essential forces still shape the 
automobile: the push of entrepreneurs and competition; the pull of consumer 
demand; and the governance of adverse automotive impacts, their regulation, and 
other market-shaping factors. These forces have produced three revolutions and one 
counterrevolution, outlined in Table 2, which have had profound impacts on this 
industry. 

TABLE 2 Automotive Revolutions 
1909 The Productivity Revolution (Ford) 

1927 The Marketing Revolution (General Motors) 

1975 The Quality/Efficiency Revolution (Federal Regulation, the Energy Crisis, 
and Japanese Entrants) 

1984 The Light Truck and Van Counterrevolution (Chrysler introduces the 
minivan) 

The next revolution will result from similar major dynamic forces such as an 
energy or environmental crisis, a major new market entrant, or a substantial shift in 
the public's transportation needs and desires. Unfortunately, the specific confluence 
of those forces, and the direction of the next revolution cannot be accurately 
predicted or yet clearly discerned. Our best hope for the future of motor vehicles as a 
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key part of sustainable transportation is for advocates to be prepared to shape the 
next revolution when it comes. 

First Revolution: Push for Productivity 

The first mass producer of automobiles, Ford, began its inexorable drive 
toward providing cars for the masses by concentrating on productivity in highly 
integrated manufacturing processes. Ford's goal was to sell its standardized vehicles 
at ever lower prices. In 1907, even before the Model T, Ford became the first 
company to sell more than 10,000 cars in one year. Between 1911 and 1920, Ford 
built 40 percent of all cars sold in the U.S. (Automotive News, 1996, p. 105-107.). 
This was the first automotive revolution following the inception of the auto industry, 
which I will call the productivity revolution. The force behind it was the push of 
Ford's productivity innovations. 

By 1920, Ford dominated the United States market, and heavily influenced 
the world automobile business. This dominance is illustrated in Figure 1 by its 
advantage in vehicle sales compared to General Motors. By offering solid, functional 
vehicles that middle class families could purchase, Ford was responsible for the 
almost explosive growth of motor vehicle transportation. 

1,000,000 ---------------------------------, 

," .... ,,....... ,, 
250,000 +------- ---------------,f------:c,"-- --=-- - -1 ,, , , 

..... ..,, ,,,- ..... .,; 

FIGURE 1 Passenger car sales by Ford and General Motors from 1901 
through 1920. 
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Second Revolution: Pull of Marketing 

In the following decade, General Motors successfully challenged Ford's dominance 
by playing to the pull of the market. GM formed General Motors Acceptance 
Corporation (GMAC) in 1919 to help new car buyers finance their purchases. This 
was the first shot fired in the marketing revolution. During the 1920s, GM made 
more comfortable, stylish, and easily operated cars that sold at prices only 
moderately higher than Ford's. GM's annual model change-incremental 
improvements in its vehicles-and trivial product differentiation between its various 
car lines priced in increasing steps, appealed to buyers. GM marketing also 
facilitated a more active used car market to encourage people who already had 
functional cars to trade them in for new ones (Sloan, 1965). 

TABLE 3 The Marketing Revolution 
• Credit financing of new car purchases 

• Annual model change 

• Trivial product differentiation 

• Price class stratification without gaps 

• A formal used car market 

• Styling 

• Improved ease of operation: 

-self-starter 

-synchromesh and automatic transmissions 

-power steering and brakes 

As seen in Figure 2, from 1923 through 1926, Ford sold more than a million 
cars per year, but in 1927, GM solidified its revolution when its car sales overtook 
Ford's (Automotive News, 1996, p. 105-107). Before the end of the decade, Ford 
was forced to shut down and substantially redesign its cars. Even its 1932 
introduction of V-8 engines in low priced cars did not help Ford regain market 
domination. 
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FIGURE 2 Car sales from 1921 through 1940. 

Until the 1970s, Chrysler provided the oniy other serious competition in the 
mass American market. Chrysler acquired the Dodge Brothers' very successful auto 
company in 1928, and initiated the Plymouth and DeSoto lines. Chrysler was called 
an engineering company, but found that the public did not appreciate its engineering 
prowess. Chrysler's modestly innovative 1934 Airflow, a car designed and styled by 
engineers, did not precipitate a revolution. Nevertheless, many ideas pioneered in the 
Airflow made their way into its future cars (Automotive News, 1996b, p, 87), and 
Chrysler outsold Ford from 1936 to 1949 

Consolidating the Revolution: Oligopoly Market Control 

While GM competed openly and successfully against other automakers, it had a 
covert strategy to neutralize another competitor: urban mass transit. In the twenties, 
GM joined with Standard Oil and Firestone to establish the National Capital Transit 
Company. That company bought up and dismantled many rail transit systems and 
substituted buses to provide clearer urban streets for cars and to stimulate demand 
for motor vehicles (Snell, 19XX). 

Although automobiles almost certainly would have proliferated regardless, 
the systematic destruction of the nation's rail mass transit had a highly adverse 
impact on people who could not afford automobiles. It increased gasoline 
consumption, urban air pollution, and traffic congestion. GM's victory over the other 
automakers and over mass transit consolidated its marketing revolution for nearly 
fifty years. Ford and Chrysler were forced to adopt GM's strategy of competing on 
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price, style, speed, comfort, and ease of operation. The major post-World War II 
fruits of GM' s strategy were automatic transmissions, powerful V -8 engines, power 
steering and brakes, tail fins, and air conditioning. All of this was hung on the same 
stale, decades-old platform. 

With one interesting exception, auto makers rarely competed or innovated to 
improve what economists call externalities of automotive transportation: safety, fuel 
consumption and emissions. The exception was Ford's foray into safety in the 1950s. 
It offered lap safety belts, padded instrument panels and sun visors, and dished 
steering wheels in its 1956 models. Many have claimed "Ford sold safety while 
Chevrolet sold cars." In fact, Ford officials later testified that it could not meet 
demand for its safety options and that the campaign added substantially to the sales 
of its lackluster cars that year. Ford had identified a latent public concern, but 
dropped the safety campaign after only one year, allegedly under pressure from GM. 

TABLE 4 Some Key Vehicle Safety Improvements 
1920 Four wheel hydraulic brakes (Dusenberg and Lockheed) 

1934 Safety glazing becomes common in new cars 

1939 Sealed beam headlamps and two tail/brake lights 

1956 Interlocking door latches to reduce ejection. 

1956 Ford offers lap belts, dished steering wheels, and padded instrument panels 
and sun visors 

1964 Federal standards for brake fluid and front seat lap belts 

1968 Federal motor vehicle safety standards take effect 

1980 New Car Assessment Program: crash safety information 

1987 Air bags introduced to meet Federal standards 

GM's success also killed the most successful postwar insurgent, Kaiser, and 
various other companies that survived the Depression and World War II (Studebaker, 
Packard, Nash, Hudson, and Crosley) leaving only the big three. But this victory of 
GM' s William Durant and Alfred P. Sloan lasted only one more generation. 

Third Revolution: Efficiency and Quality 

The first sign of a third revolution was Volkswagen's entry into the U.S. market in 
the late 1950s. VW' s "Beetle" was well-built, functional, cheap, easy to repair, and 
got good gas mileage. They were also small, noisy, and not particularly safe. 

The next sign was an epidemic of public concern about smog and highway 
deaths. In the 1960s, baby boomers got drivers licenses in large numbers and sporty 
muscle cars proliferated. Not surprisingly, highway fatalities increased sharply. 
Around the same time, air pollution in Los Angeles and other cities became 
oppressive and could be associated directly with increased motor vehicle use. 

The mid-sixties provided a climate for Federal regulatory intervention. Ralph 
Nader's book, Unsafe at Any Speed (Nader, 1965), and the first Earth Day were 
catalysts. In response, Congress passed the National Traffic and Motor Vehicle 
Safety Act of 1966 which established the predecessor of the National Highway 
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Traffic Safety Administration (15 U.S.C. 1381, et sec.). Shortly afterward, it passed 
the Clean Air Act and set up the Environmental Protection Agency (EPA) (42 U.S.C. 
7401 et sec.). These laws initiated major Federal regulation of automobiles. 

Eight years later, in 1973, the first energy crisis was the defining event in the 
third automotive revolution-a revolution I call the efficiency/quality revolution. A 
growing Japanese auto industry that had gained a foothold in the U.S. market in the 
decade before the energy crisis, capitalized on consumer demand for high fuel 
economy. Although VW had been more successful in these pre-energy crisis years, 
its Beetle and initially dismal-quality Rabbit were overwhelmed by more successful 
revolutionaries: Toyota, Nissan, Honda, Mazda, and Subaru. 

In late 1975, Congress passed a strong automotive fuel economy law (15 
U.S.C., 2001 et sec). Over the next decade, under regulations set by this law, 
passenger car fuel economy (as measured according to the legislation) and doubled, 
and light truck fuel economy increased significantly. The smaller, more efficient 
Japanese cars were effective competitors in the U.S. market. Under the GM 
marketing model, small cars were cheap imitations of larger cars. The results were 
the Falcon (which persisted only after being transformed into the Mustang), the 
infamous Corvair, the Vega with a self-destructive engine, and inflammable Pinto 
(all cars their makers would forget). In contrast, Japanese cars were not designed and 
built to be cheap, starter cars for the young and poor. Ultimately in the closing 
decades of the twentieth century, Honda and Toyota successfully challenged the Big 
3 US manufacturers, and their up-market lines of cars put major pressure on 
manufacturers such as Mercedes-Benz in the luxury car field. 

TABLE 5 Elements of the Quality/Efficiency Revolution 
• Entry of European imports in the late 1950s and 1960s 

• Initial regulation of safety and emissions 

• Energy crises of 1973 and 1979 provide public support 

• Japanese begin major exports to, and marketing in, the U.S. in the 1970s; 
open U.S. manufacturing plants in the 1980s 

• Fuel economy standards double passenger car fuel economy 

• Quality of Japanese cars 

-improved fit and finish 

-fewer defects 

-more standard equipment 

• Front wheel drive, unit bodies become the dominant design 

This competition forced major improvement in the quality and performance 
of U.S. cars. Of course, the Japanese had two other advantages: a favorable exchange 
rate and high levels of productivity. The Japanese also make mistakes. Their first air 
conditioners worked poorly and their cars could not withstand the winter salt typical 
of the northeast. Nevertheless, they quickly garnered a quarter of the U.S. market, 
carving the bulk of it from GM's share. Finally, in the late 1970s, the Japanese 
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agreed to a voluntary limit on imports of their vehicles to the US, but they 
maintained sales by building numerous North American assembly plants. 

Fuel economy regulations compounded the disarray of the Big 3, who had 
only known how to make small, evolutionary changes in cars. Chrysler nearly went 
bankrupt and Ford was on the ropes. They survived, however, and became 
substantially better managed, more productive companies because of this revolution. 
The Chrysler minivan and the Ford Taurus helped these manufacturers recover some 
market share. Unfortunately, because of its sheer market power, GM could postpone 
its corporate crisis which, its current pattern of strikes show, has yet to be resolved. 

Counterrevolution: Light Trucks and Vans 

A combination of the unequal application of fuel economy regulations to cars and 
light trucks, and new market demands created a major market shift beginning in 
1984. It was the light truck and van counterrevolution to increasing fuel efficiency 
and safety. As the auto companies made vans and trucks more civilized, the public 
bought them in increasing numbers because they offered more interior space, a better 
view of the road, a sense of personal security, and a kind of anti-style aesthetic. 
Today, light duty trucks (which include all vans, minivans, sport utility vehicles and 
pickup trucks) are approaching half of all new light motor vehicle sales. 
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FIGURE 3 Passenger car, light truck, and van sales since 1970. 

As a result of this trend, part of the gain from the doubling of passenger car 
fuel economy between 1975 and 1985 has been lost since light duty trucks are not 
required to meet the same fuel economy standard. In addition, light trucks and vans 
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compromise safety both because of their poor rollover safety and because they pose 
a serious collision threat to smaller passenger cars. 

This was a counterrevolution driven by market pull. It is hard to imagine that 
automakers could have pushed these homely, impractical, overpriced vehicles on the 
public. However, once car buyers decided they liked them, automakers could not 
make enough of them. Light-duty trucks are particularly attractive to vehicle makers 
because they have very high profit margins and they are subject to weaker fuel 
economy standards. Chrysler invented the minivan in 1984 and bought Jeep (and its 
popular Cherokee) in 1987. It has been a big winner in the market shift to light 
trucks and vans. Today, two out of three Chrysler products are light trucks or vans. 
Nearly all automakers in the U.S. market have gone heavily into this highly 
profitable segment of the market. Even as these vehicles have become increasingly 
like passenger cars, their future is not clear. A new energy crisis could take the steam 
out of this market. 

Dynamics of Automotive Development 

I have chronicled this automotive history to illustrate the forces and conditions that 
drive change. Sustainable personal transportation will depend upon some fairly 
serious changes in motor vehicles and the industry that makes them. The first 
question is what forces will drive future changes? The second is what direction will 
those changes take? The last counterrevolution shows that change can go in 
unplanned directions. Third, what can be done to direct those changes more toward 
sustainable transportation? 

TABLE 6 Marketplace Fortes 
Push Forces 

• New products, performance, and features 

• A new manufacturing or sales entrant into the market 

• Price/productivity competition 

• Advertising 

• Roads and land use patterns 

• Alternatives: transit, airlines, telecommunications, etc. 

Shaping Forces 
• Fuel price and availability 

• Use and product regulation 

• Responsibility laws and insurance systems 

• Objective consumer information 

Pull 
• Customer needs, desires, and wishes 

• Purchasing power and credit 
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Push Forces 

Automotive revolutions have been pushed by companies that make vehicles with 
new appeal to buyers. Some companies have been driven primarily by the profit 
motive while others, like Ford, were driven by owners who had a vision. Individual 
companies drove each of the first two automotive revolutions. The third was pushed 
by a group of Japanese companies that capitalized on the opportunity offered by the 
energy crisis and fuel economy regulation. 

Advertising plays a major role in market push. It became an increasingly 
essential part of the marketing revolution because it can so effectively sell the 
elements of that revolution. The auto industry and its dealers are one of the largest 
advertisers in the country. 

Because so little money is spent on serious research and development in the 
auto industry, new discoveries or innovations rarely play a role in major changes in 
motor vehicles unless there is strong market pull or regulatory pressure. For 
example, in the early 1920s, GM toyed with air-cooled engines, but management and 
technical difficulties, and the lack of obvious market demand caused them to 
abandon the idea. 

In an attempt to retain its dominance in the latter half of the twentieth 
century, GM has been more innovative than the other U.S. companies during the past 
few decades. However, the fruits-the Corvair with its air-cooled rear engine, the 
Vega aluminum cylinder block without liners, the first generation air bags, the front 
wheel drive X-body cars, the plastic-body Fiero, the Oldsmobile diesels, the Cadillac 
8-6-4 engine, plastic-bodied vans, and most recently its EV-1 electric car-were all 
market failures. Whatever pull these technologies may have had quickly evaporated 
as problems with their implementation arose. 

Better motor vehicles have, in recent years, been a response to regulatory and 
market pressures. For example, the use of catalytic converters and electronic controls 
has been driven by emissions and fuel economy regulations and problems with 
drivability, as much as by new technological developments. 

Major product improvements typically result from the entrance into the 
market of new or revitalized competitors that do not subscribe to the overt or tacit 
agreements within the old oligopoly. The Japanese high quality smaller cars set a 
level of productivity and quality (ironically introduced to them by the American, W. 
Edwards Deming) that has had a dramatic impact on U.S. auto makers. Chrysler 
similarly redefined the terms of competition and market demand for family vehicles 
with its minivan. By defining new products, a new or reinvigorated competitor can 
be the most effective force for change in the auto industry. 

It initially appeared that the Japanese might be more innovative than U.S. car 
makers. Honda has made various engine innovations, Mazda successfully developed 
and marketed the Wankel rotary engine, and Subaru pioneered four-wheel drive on 
inexpensive cars. However, Toyota has been the most successful Japanese company 
by perfecting its very conventional products. 

The industry does not like to compete on externalities. It prefers minimum 
standards for all. As a result, when two highly visible safety factors arose, the New 
Car Assessment Program (NCAP) and air bags, manufacturers quickly redesigned 
their vehicles to get good NCAP scores and installed air bags in all new vehicles. 
They could then advertise that they had a high level of safety without having to 
compete by trying to make safer cars than their competitors. 
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Pull Forces 

GM discovered early that car buyers wanted style, easy operation, and a chance to 
out shine the Joneses. It also found that people were willing to go into debt to buy 
new cars. Occasionally, when it has been offered, the public has shown some interest 
in safety and fuel economy in their vehicles as well. More and better roads, cheap 
fuel and parking, and suburban living have also fueled demand for motor vehicles. 
Roads and cars made the major move to low-density suburbs possible. Although 
suburbs were initially facilitated by streetcar lines, public transportation as we know 
it could not have supported suburban sprawl of the type that is now common. 

Factors That Shape the Market 

The factors that moderate the push and pull of the market fall into several categories: 
opportunity, economics, regulation, and information. Opportunity is provided by the 
road system, land use patterns, and alternatives to motor vehicle transportation. 
Economics includes the cost of vehicles, gasoline, insurance, maintenance, parking, 
taxes and fees; in relation to how much the public is willing to spend. Regulation 
controls use (such speed limits and restrictions on truck access to certain roads) and 
vehicles (such as safety and fuel economy standards). Information helps make 
markets more efficient by supporting more intelligent vehicle purchase and use 
decisions. 

Here, I would like to address vehicle regulation as a key factor shaping 
changes in vehicles in the last thirty years. Regulation has many achievements to its 
(;redit, but it l1as limitations. 

Federal Regulatory Role 

Federal regulation of automotive design has dramatically reduced vehicle emissions 
and enhanced safety. However, recent experiences with air bags and fuel economy 
show the limits of regulation when industry vigorously opposes it. The quality and 
success of regulation are dependent on several factors-factors that are mostly 
political. 

TABLE 7 Strengths of Federal Regulation 
• Strong public support 

• Authorization to promulgate performance standards 

• Effective use of agency appropriations 

• Courts supportive when agencies do their jobs well and are well prepared for 
litigation 

• Results are generally highly cost-beneficial 

The quality of authorizing legislation defines the powers of government to 
develop, impose, and enforce the regulations. NHTSA and EPA have relatively good 
automotive legislation. An exception, however, is the loophole in the fuel economy 
legislation that treats light trucks and vans differently from passenger cars because, 
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at the time the regulations were originally promulgated, light-duty trucks were 
primarily work vehicles. Congress did not anticipate widespread use of light-duty 
trucks as substitutes for passenger cars. 

An agency's appropriations affect its ability to operate in a more effective 
and timely manner. This includes approval of agency manpower levels. NHTSA has 
been squeezed for most of its life, but it has used its resources effectively. 
Appropriations have limited how much supporting research an agency can conduct. 
Congress has also used the appropriations process to "discipline" agencies that have 
used their regulatory powers too aggressively (as perceived by key congressional 
representatives). A good example is the current prohibition against NHTSA spending 
any appropriations to increase passenger car fuel economy. 

TABLE 8 Weaknesses of Federal Regulation 
• Political interference can curtail agency powers 

• Appropriations language may limit agency action 

• Novice or ineffective agency leadership is too common 

• Data collection and analysis are given low priority 

• Fuel economy legislation has a loophole for LTV s 

• Innovative solutions are rare in Federal programs 

Political appointments can determine whether an agency has strong 
leadership and a willingness to achieve its goals imaginatively and effectively. There 
have been bright spots, but the norm has too often been weak or ineffective 
leadership of the automotive regulatory agencies. 

The courts have further defined agency powers. In decisions such as Chrysler 
V. DOT (which said that NHTSA could force new technology through its 
regulations) and State Farm V. DOT (in which the Supreme Court reaffirmed the 
agency's responsibility to meet the need for motor vehicle safety), the courts have 
been very supportive. On the other hand, Paccar (which said that NHTSA was 
required to demonstrate the practical viability of technologies required by regulation) 
and the GM X-body case (which said that NHTSA must demonstrate the specific 
causes of safety defects) have diminished NHTSA's authority. 

The auto industry has welcomed Federal regulation to deflect public relations 
problems, to provide a shield against product liability, and to preempt state 
regulations. Nevertheless, it uses its political and legal powers to minimize 
regulatory impacts. 
Although not strictly a regulatory mechanism, taxes based on externalities can 
facilitate regulatory goals. Some states and foreign governments have traditionally 
taxed vehicles based on weight or horsepower. Although the primary purpose has 
been revenue generation, such taxes can dampen demand for larger, more powerful 
vehicles. The gas guzzler tax, for example, has virtually eliminated the really poor 
fuel economy cars. 
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Automotive Research and Development: Push Factor 

Formal corporate research played a modest, but important role in the early 
development of motor vehicles. GM established its first research organization in 
1911 (Sloan, 1965, p. 249). The self-starter, tetraethyl lead additives for gasoline, 
and fast drying lacquer body finishes were a few products of automotive R&D 
programs. In 1918, GM acquired United Motors, which had a more established, 
formal research organization-Dayton Engineering Laboratories-and got the 
innovative geniuses of Charles Kettering in engineering and Alfred Sloan in 
management, in the bargain (Sloan, 1965, pp. 23-25). Most automotive research and 
development before 1965 was directed toward making motor vehicles cheaper and 
easier to build, simpler to operate, more comfortable, and durable. 

Small Federal safety research programs had been initiated in the National 
Bureau of Standards, the Public Health Department, and other agencies in the 1950s 
and early 1960s. These programs were combined in 1966 with the establishment of 
the National Highway Safety Bureau (NHSB), and became the beginning of a small, 
but important Federal automotive research program. Its purpose was to help the 
government deal with safety issues rather than to develop improved automobiles. 

To provide a basis for regulation, the Federal government has conducted 
many research projects relating to automobiles beginning in the late 1960s. This 
research has focused on the epidemiology of motor vehicle crashes and air pollution, 
the biomechanics of human trauma, test equipment and procedures, and the 
construction of prototypes to demonstrate the feasibility of regulatory goals. The 
primary effect of Federal R&D on new cars thus far has been secondary, through the 
regulations it supports. 

The federal EPA and Department of Energy have sponsored small R&D 
projects, primarily on alternative powerplants, automotive efficiency, and low 
emission power plants. The Program for a New Generation Vehicle (PNGV) pulled 
together some of these projects and coordinated them with industry research 
primarily to develop vehicles with substantially higher fuel economy. The goal of 
PNGV is to demonstrate the feasibility of tripling average fuel economy from 27.5 
mpg to 82.5 mpg. The industry initially said that the goal was impossible. It has 
recently conceded that it is feasible, but claims that the cost of such high fuel 
economy vehicles would exceed the value of the fuel saved. 

PNGV was the weak initiative of a President who talked about the 
importance of automotive fuel economy, but would not propose even a modest 
increase in passenger car fuel economy. Both the Congressional Office of 
Technology Assessment and the National Academy of Sciences found that an 
increase lo 33 to 35 miles per gallon in passenger car fuel economy would be 
feasible and cost-effective. Had the President successfully proposed a one mile per 
gallon increase in fuel economy per year, next year's cars would have fuel economy 
ratings of 34.5 mpg and next year's light trucks and vans, 28.5 mpg. 

The lack of impact of Federal R&D, beyond its support of regulation, is 
partly because of the relatively trivial amounts of money spent on it. Demonstrating 
potential or feasibility is quite different from developing a marketable product. 
Furthermore, there has been almost no incentive to use the results of the work on 
automotive efficiency because the market is biased too heavily against improved fuel 
economy. 
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Table 9 Some Economic Facts Relating to Motor Vehicle Transportation 

Approximate Annual Costs of Automotive Transportation 
in the U.S. 

• New vehicles $300 billion 

• Gasoline and other fuels $180 billion 

• Crashes (including insurance) $150 billion 

• Roads $100 billion 

• Maintenance and repairs $170 billion 

Federal research budgets 

• Health and medicine (NIH) $12 billion 
-

• Aviation (NASA) $1 billion 

• Automotive transportation $0.2 billion 

Average direct family expenditures on automotive $5,700 
transport 

-

Auto industry spending on basic R&D ( as opposed to specific new vehicle 
development) is also a small proportion of its income when compared with industries 
such as computers, telecommunications, aircraft, and pharmaceuticals. 

Other Market Improvement Mechanisms 

The market is potentially a much more robust motivator of change than regulation. 
Market mechanisms are often more acceptable to the public than regulation. Fuel 
economy could be a marketable characteristic if U.S. fuel costs were raised. 
However, even at $4 per gallon (which is typical in Europe) gasoline is less than half 
the cost of owning and operating most cars. Gasoline at this price has not had a 
major impact on automotive fuel economy in Europe. A price rise of this magnitude 
could be offset if a car got more than 80 miles per gallon, which would be realistic if 
gasoline were $4 per gallon! If the Federal government collected an additional $3 per 
gallon in gasoline taxes, at current fuel consumption rates, the income could replace 
personal income taxes for all but the richest Americans. Alternatively, this income 
could replace another regressive tax, the employment taxes for Social Security and 
Medicare. 

Consumer information can have a significant impact on the market if it is 
relevant, accurate, useful, and readily available to purchasers. Nevertheless, the 
primary benefit of consumer information comes from its impact on manufacturers 
who do not want the bad publicity and potentially lost sales from poor product 
ratings. Standard consumer information on fuel economy was first available in the 
U.S. in the mid-1970s from the Environmental Protection Agency and the 
Department of Energy. After the oil crisis, Congress required that fuel economy be 
posted on every new car offered for sale in the U.S. Generally, consumers have 
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received information about new vehicles primarily from advertising. But advertising 
has never been a particularly reliable informant, even when it gives quantitative data. 
It plays on emotion and desire, rather than function and reality. 

Consumer information can complement Federal regulation. The New Car 
Assessment Program has effectively raised the frontal impact test speed for restraints 
to 35 mph from the regulatory 30 mph. Consumer information could be effective in 
describing vehicle rollover safety, an area that does not lend itself readily to 
regulation. Alternatives to Federal consumer information that have not been 
seriously tried are to develop voluntary consensus standards for measuring vehicle 
performance and to have the insurance industry sponsor comparative testing to 
provide comprehensive safety consumer information. The Insurance Institute for 
Highway Safety already has an incipient program of this type. 

Where performance involves an insurable loss, such as from traffic crashes, 
insurance rates and conditions can be market incentives. Because the insurance 
industry is even more conservative than the auto industry, insurance has had an 
influence only with dramatically unsafe situations such as drivers with poor records 
and muscle cars. 

The model of insurance doesn't apply to fuel economy or emissions. In fact, 
auto insurance may work perversely against fuel economy. An obvious way to 
improve fuel economy is to reduce vehicle weight, but it is well known that lighter 
cars are less safe than heavier ones. There is, however, a potential positive 
connection between insurance and fuel economy. Automobiles release carbon 
dioxide into the atmosphere which is believed to contribute to global warming. 
Hurricanes, floods, and other major weather hazards that have resulted in massive 
losses to the property insurance industry seem to be a consequence. Insurers are 
sufficiently concerned about the problem that they have established and funded the 
Insurance Institute for Property Loss Reduction to study the problem. This 
organization might become a useful ally in a campaign to reduce worldwide 
automotive fuel consumption. 

CONCLUSIONS 

Thomas Jefferson once said " ... a little revolution now and then, is a good thing, and 
as necessary in the political world as storms in the physical. .. It is a medicine for the 
sound health of government." This idea is as true in business as in politics. The 
American automobile market got a valuable boost from the stimulation given by the 
oil shortages twenty years ago and the challenge of Japanese competition. What we 
need today is a similarly cleansing storm. It might be initiated by an economic or 
environmental crisis. It could also come from competition from a company that 
arises from or goes outside the current club of auto companies. 

TABLE 10 Crises that Might Initiate the Next Automotive Revolution 

• Public concern about global warming 
• A new energy crisis 
• A major environmental crisis 
• International political or economic pressure 



51 

The least likely motivator of a revolution is research results without market push and 
pull to make them part of the market. Technological irmovation may serve a new 
revolution when it occurs, however. But without a well-defined market demand or a 
radical new competitor innovation rarely forces change in a mature industry. 

TABLE 11 Technological Changes that Could Serve the Next Revolution 

• Major gains in power system efficiency 
• Breakthroughs in structural or engine materials 
• New applications of comp11ter and telecommunications systems to motor vehicles 
• Further developments in communications that permit it to compete more 
successf·ully with transportation 
• Blurring of the distinction between private vehicles and mass transit 

Pressure for change can come from social factors and external competition. We are 
increasingly shopping and being entertained at borne through electronic media. 
Telecommuting and shopping by mail or through the Internet may replace some uses 
of motor vehicles. Communications will be a force shaping transportation in the next 
century. However, in trying to define its effects, we shouldn t forget that TV did not 
eliminate the movies and that computers have not led to the paperless office. 

TABLE 12 Examples of Competition Between Transportation and 
Communications 

• Catalog shopping versus the mall 
• Broadcast and Cable TV versus movies and clubs 
• Telecommuting versus commuting by car 
• Telephones and beepers versus visiting 
• Teleconferencing versus live meetings 
• The Internet: 

-for research versus the library 
-for shopping versus the mall 
-for education versus schools 
-for software versus computer stores 
-for conversation versus visiting 
-for e-mail versus the Postal Service 

Competition provides a stimulus for change when there is an active, fluid market. 
One need only look at the computer and telecommunications industries for examples 
of fast developing markets. However, as capital concentrates in an industiy, there is a 
natural tendency toward stabilization unless there are strong pressures for continuing 
innovation and cost cutting. 

Regulation jn the U.S. has been the product of crisis and public concern. A 
future crisis may come from international political and economic conditions as did 
the 1973 and 1979 energy shortages or from environmental factors such as increased 
pollution or global wanning. 
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TABLE 13 Business Initiatives Toward the Next Automotive Revolution 

• Entry of a new competitor 
• Revitalization of an existing company 
• Further international auto industry evolution 
• New automotive marketing techniques 
• A breakthrough in energy source or storage 
• Increased competition from telecommunications 
• New developments in mass transit 

Looking at more traditio11aJ types of competition a natw-al entrant in the automobile 
business might come from the computer industry. New materials and manufacturing 
techruques could radically cut capital costs for such a venture into a thin market. Its 
products could incorporate computer technologies to a far greater extent than current 
automobiles. A new smart car might even drive itself on ordinary highways in the 
futw-e. Cars already have the power of a personal computer on board and can obtain 
access to satellite communications. However this capability has been mostly 
invisible to car users. If computers and communications were used with the same 
innovation in automobiles as in personal computers cars could be transformed to the 
point that the line between mass transit and motor vehicles might forever blur. 

The leaders of the next revolution might be computer entrepreneurs who are 
looking for new markets. They could be foreign automakers- perhaps even from 
China, lndia Korea or Eastern Europe- looking for a repeat of the Japanese success 
of the third revolution. Environmental educators may convince Americans that 
global warming is affecting ll1tir or their children's lives) and the public could 
demand that politicians take bold steps toward taming our transportation beast. We 
may not yet have identified the source of the revo I ution but those of us who care 
about sustainable transportation must try to catalyze the revolution and to be ready to 
shape it when it occurs. 
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SUSTAINABLE TRANSPORTATION: ANALYZING THE TRANSITION TO 
ALTERNATIVE FUEL VEHICLES 
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The use of motor fuels by light-duty vehicles is a major contributor to oil demand 
and greenhouse gas emissions. The rate of introduction of alternative fuel vehicles 
will be an important influence on the time path of fuel use and emissions, and the 
sustainability of transportation patterns. The Transitional Alternative Fuels Vehicle 
(T AFV) Model simulates the use and cost of alternative fuels and alternative fuel 
vehicles over the time period of 1996 to 20 l O. It is designed to examine the 
transitional period of alternative fuel and vehicle use. It accounts for dynamic 
Linkages between investments and vehicle and fuel production capacity, tracks 
vehicle stock evolution, and represents the effects of increasing scale and expanding 
retail fuel availability on the effective costs to consumers. Fuel and vehicle prices 
and choices are endogenous. The model extends previous, long-run comparative 
static analyses of policies that assumed mature vehicl and fuel industries. As a 
dynamic transitional model, it can help to assess what may be necessary to reach 
mature, large scale alternative fuel and vehicle markets, and what it may cost. 
Various policy cases are considered including continued ethanol subsidies, tax 
incentives for low greenhouse gas emittirie fuels and the absence of transitional 
barriers. (1n particular we find that a tax subsidy on low greenhouse gas emission 
fuels equal to the cu1Tent $0.54 per gallon ethanol subsidy will yield a 20 percent 
reduction in annual greenhouse gas emission by 2010.) 

Alternative fuels (AFs) and alternative fuel vehicles (AFVs) have been identified 
both by the Alternative Motor Fuels Act (AMF A) of 1988 and by the National 
Energy Policy Act of 1992 (EPACT) as providing energy security benefits to the 
nation. In particular, EPA CT requires certain percentages of new vehicle purchases 
by federal and fuel-provider fleets to be AFVs. At the same time, AFMA provides 
for favorable treatment of AFV fuel economy ratings in the calculation of each 
vehicle manufacturer s corporate average foe! economy (CAFE) standard. In 
addition to their possible energy security benefits, AFs and AFVs continue to be 
interesting for the reductions in emissions of criteria pollutants (see for example 
Kazimi, 1997) and greenhouse gases that they may be able to provide. The ability of 
AFVs to reduce the transpo1tation sector's contribution to global warming is 
particularly important for long term sustainability because the transportation sector 
accounts for about 32% of all U. . 0 2 emissions with motor gasoline making up 
67 percent of the transportation sector total (Davis 1997; DOE, Tables, 7.9 and 
7 .11 ). For AFs and AFVs to achieve substantial energy security and emission 
benefits, however, it is necessary for them to be widely adopted. This requires a 
large investments in_ fuel and vehicle infrastructure. 
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The Transitional Alternative Fuels Vehicle (TAFV) Model simulates the use 
and cost of alternative fuels and alternative fuel vehicles over the time frame of 1996 
to 2010. As the model's name suggests, the TAFV model is designed to examine the 
transitional period of alternative fuel and vehicle use. That is, the model is a first 
attempt to characterize how the United States' use of AFVs might change from one 
based on new technologies available only at a higher-cost and lower-volume, to a 
world with more mature technologies offered at lower cost and wider scale. It also 
seeks to explore what would be necessary for this transition to happen, and what it 
would cost. 

Previous studies of alternative fuels and vehicles differ in their estimates of 
the penetration rates and costs of AFV s. The Alternative Fuels Trade Model (AFTM, 
USDOE 1996, Leiby 1993) for example fow1d that there coLtld be substantial 
penetration of alternative fuels and vehicles in 20 l 0. Many of these studies are 
limited in that they examine AFV s in a single year. They present a 'snapshot' of 
AFV use given assumptions about technological maturity and price. The AFTM, 
notably, assumed matw-e vehicle technologies produced at large scale and a well
developed, alternative fuel retail sector. Other studies, which examine AFVs in a 
multi-year, dynamic setting (e.g., Fulton 1994, Rubin 1994, Kazimi, 1997, and 
Bunch et al. 1993, 1997), take technologies 
and prices as exogenously given. That is, fuel and vehicle prices are determined 
outside of the model. In particular, they do not examine the important linkages 
between investments in alternative fuels and vehicles, investment in alternative fuel 
retailing infrastructure, and the prices and availability of those technologies. 

This work follows up on the long-run equilibrium analysis done with the 
AFTM, which was a partial equilibrium model, used for long-run comparative static 
analyses. By making endogenous the scale of alternative vehicle and fuel production 
and the retail availability of alternative fuels, the TAFV model fills a gap in 
alternative fuel analysis. By endogenous, we mean that the vehicle and fuel prices 
are determined within the model based upon underlying supply and demand curves. 
In contrast to the AFTM, the TAFV model specifically cha.racterizes the time path of 
investment and adjustment, in order to consider whether some of these transitional 
issues may be important. The results from the TAFV model do, necessarily, reflect 
its many primary assumptions such as the prices for verucle and fuel production 
capital, the costs ofraw materials, and input-output asswnptions that describe the 
productivity of a unit of capital in its respective employment. 

More generally the TAFV model provides a methodology for simulating the 
introduction of new technologies where economies of scale and endogenous 
feedback effects are important. It is our belief that explicitly modeling these dynamic 
effects is very important and cannot be ignored for a wide variety of economic and 
environmental questions that involve either fixed investment in capital or pollution 
stocks such as greenJ1ouse gas emissions. Other applications potentially include 
examining the importance of scale economies in the supply of materials for the 
Partnership for a New Generation Vehicle (PNGV) initiative and infrastructure 
requirements for fuel cells. 
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PRINCIPAL OBJECTIVES 

The principal objective of the TAFV model is to provide a flexible, dynamic
simulation modeling tool that can be used for policy analysis. One use of the T AFV 
model is to assess possible ways in which AFV fleet mandates (authorized under 
EP ACT) or incentives may influence the AFV transition. Because of its flexible 
design, the T AFV model is also able to examine many other policy scenarios 
including the effects of taxes, subsidies and possible oil price shocks. 

There are a variety of transitional phenomena at work in AFV markets, which 
might be influenced by policy. As alternative vehicle and fuel producers gain 
cumulative experience, some cost reductions through learning and economies of 
scale are expected. If vehicle manufacturers are encouraged to design and introduce 
new models with AF capability, the nwnber of vehicle models offering AF capability 
rises, and conswners value this greater choice. Incentives or programs leading to the 
earlier development of fuel distribution infrastructure can increase fuel availability. 
This can greatly lower the inconvenience cost associated with refueling, lowering the 
effective cost of alternative fuels. Promoting the introduction of AFVs may allow 
consumers to gain familiarity, reducing their uncertainty about fuel and vehicle 
performance and reliability. Programs calling for the purchase of AFVs by fleets 
lead eventually to the sale of used fleet vehicles to private consumers, making AFV s 
available to used-vehicle buyers, increasing consumer familiarity with AFVs and 
alternative fuels, and possibly leading to expanded private demand for alternative 
fuels and AFVs. Each of these possible linkages may work slowly, as investments 
are made and vehicle and capital stocks adjust. 

GENERAL MODEL STRUCTURE 

The T AFV model characterizes, in varying degrees of detail, interactions among the 
major components shown in Figure 1 below. 
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FIGURE 1 Conceptual diagram of TAFV model. 

As is shown, new vehicles and on-road vehicle stocks are tracked by age. 
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Also tracked are vehicle production capacities and utilization, and wholesale and 
retail fuel production and capacity. Within these modules are endogenous feedback 
effects from vehicle economies of scale; the relative richness or "diversity" of 
vehicle models offered with each AFV technology; economies of scale in fuel 
retailing; and, the cost to consumers oflimited fuel availability. By incorporating the 
behavior of fuel suppliers, vehicle producers, and consumers the T AFV model can 
test a wide variety of government and private sector policies. These include AFV 
fleet mandates authorized under EP ACT, tax policies which subsidize or penalize 
fuels based on their relative greenhouse gas (GHG) emissions, and policies which 
target the consumer or retail outlets. 

COST FUNCTION REPRESENTATION OF MODULES 

Each module is represented in terms of its current single-period cost function Ctr1, 
defined for each year (t), region (r, corresponding to areas that use conventional or 
reformulated gasoline) and fuel(/). Examples of costs are vehicle production costs; 
fuel production or conversion costs; fuel retailing costs; raw material supply costs; 
and sharing or mix costs associated with vehicle and fuel choices. The sharing costs 
reflect the welfare loss due to the distortion of choice from the ideally preferred mix 
of fuel and vehicle non-price attributes, given unequal market prices of fuels and 
vehicles (Small and Rosen 1981, Anderson, de Palma and Thisse 1988, Leiby and 
Greene 1995). The cost functions summarize the way in which changing levels of 
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activities, inputs, and outputs affect the costs for each module, and implicitly define 
the cost-minimizing behavioral relations for those module variables. 

In some cases the module involves investments ft in fixed capital stocks K, 
with long-lived (multiyear) costs and benefits. If so, the module cost function 
includes the net cost of current activities (C ,, ) plus the costs of current investments 
(1, C, K) minus the estimated discounted future value of all remaining capital stock at 
the end of the last year. Estimated future capital values are determined taking into 
account depreciation, discounting, and expected future use value. For the vehicle 
stock, the future use value declines with vehicle age reflecting the historical decline 
in miles driven per year as vehicles age. 

Market Balancing Conditions 

For each year, the objective is to represent a short-run market balancing which 
results from maximizing consumer and producer surplus. This means that we wish to 
assure that the following short-run conditions are met: 

1. the marginal cost of producing each commodity equals its price; 
2. the marginal benefit of each demand equals its price; 
3. the marginal profitability of each intermediate conversion activity is zero 

(unless constrained, in which case short-run profits can be positive or 
negative); and, 

4. the marginal current-year value of investment equals the price of capital 
minus the discounted expected future value of the equipment from the 
next year. 

We require incremental investment in technology-specific capital to be 
positive. If new investment is zero, the profitability of existing capital is insufficient 
to motivate new investment, and the last stated condition is not met. Disinvestment 
may be desired, but is not allowed. 

The partial equilibrium solution is calculated with GAMS (Brooke, Kendrick 
and Meeraus 1992) and yields market clearing supplies, demands, trade, and 
conversion process levels. It requires that supplies, plus net output from conversion 
activities plus net trades between regions must be greater than or equal to demand. 
Final demands and basic commodity supplies are "price responsive" in that their 
quantities will depend on market prices in each year. Fuel blending and conversion, 
fuel distribution and retail markup, and the combination of fuels with vehicles to 
provide vehicle services are represented with linear conversion processes. For 
conversion processes requiring durable capital equipment (such as methanol fuel 
production or vehicle production), the maximum level of activity is constrained by 
the amount of installed capital. In addition, a capital stock evolution constraint links 
depreciated capital and investment in each year to the next year's starting capital 
stock. 
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Assumptions and Data 

The important assumptions and data sources can be broken down into the following 
general areas. 

1. Wholesale fuel supply curves (annual) for 
• Gasoline; 
• Natural gas supply (to transportation sector, net of other sector 

demands); and 
• Ethanol supply (corn and cellulosic biomass). 

2. Wholesale fuel conversion costs and input-output coefficients: 
• LPG (based on natural gas price); 
• Methanol (from natural gas); and 
• Electricity. 

3. Vehicle production cost curves. 
4. Motor fuels taxes. 
5. Retail fuel supply curves. 
6. Greenhouse gas coefficients. 
7. Fleet sales subject to AFV mandates under EP ACT. 

Many, but not all of these assumptions and data sources are described in the pages 
below. 

WHOLESALE FUEL SUPPLY CURVES 

Gasoline and Natural Gas 

Annual wholesale gasoline and natural gas supply curves pass through the price and 
quantity projections from Annual Energy Outlook (AEO) (EIA, 1996a) taking into 
account price-quantity sensitivities as estimated by the AFTM. This methodology 
insures that the TAFV model uses the standard 1996-2010 AEO base price 
assumptions, but takes advantage of AFTM' s extensive characterization of for the 
endogenous variation of price with quantity demand. These gasoline and natural gas 
supply curves can be seen in Figures 2 and 3. Each curve shows the price per 
gasoline gallon equivalent (GGE) in 1994 constant dollars as a function of the total 
quantity of fuel (million barrels of GGE per day) supplied in each year. 
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FIGURE 3 Net natural gas supply curves for motor vehicles. 

Wholesale Ethanol Supply Curves 

Ethanol for use as either a neat fuel or additive can be efficiently derived from two 
primary sources: grains ( corn) and woody biomass. Feedstock supply curves are 
derived from data provided by Walsh et al (1997), and Perlack (1997). The feedstock 
and conversion data were used to generate marginal cost curves for ethanol supply at 



61 
five-year intervals. These aggregate biomass-to-ethanol supply curves reflect the 
least cost mix of the available biomass feedstocks. The aggregate supply curves were 
then fitted to a variable elastic functional form convenient for use in the TAFV 
model. These are shown in Figure 4 as the smooth fitted curves overlaying the more 
irregular estimated curves. Technical details on the construction of the ethanol 
supply curves can be found in Bowman and Leiby (1997). 
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Figure 4 Cellulosic biomass to ethanol supply curve. 

T AFV Motor Fuels Taxes 

Taxes on gasoline and alternative fuels are a significant component of the overall 
cost of 
transportation services. Because fuel taxes are not equal on a per-mile or per-BTU 
basis, they can significantly alter the relative attractiveness of the fuels in providing 
transportation services. The base case results use current federal tax rates (26 USC 
Sects. 4041, 4081) and a weighted average of state excise taxes (US DOE, 1996, 
Table IV-I) and, for ethanol, a $0.54 per physical gallon "renewable" tax credit. 
These tax rates are shown below. 

TABLE 1 Taxes per Physical Gallon (Current Dollars) 

Federal State Renewable Total 
Tax Credit 

LPG 0.18 0.14 0.00 0.30 

M85 0.11 0.15 0.00 0.27 

Gasoline 0.18 0.17 0.00 0.33 

E85 0.13 0.15 -0.41 -0.09 

CNG 0.06 0.15 0.00 0.20 
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TABLE 2 Taxes per Barrel of Gasoline Equivalent (Current Dollars) 

Federal State Renewable Total 
Tax Credit 

LPG 10.53 7.62 0.00 18.15 
M85 8.13 11.24 0.00 19.37 
Gasoline 7.73 6.99 0.00 14.72 
E85 7.50 8.87 -26.67 -10.28 
CNG 2.47 6.32 0.00 8.79 

Retail Fuel Supply Curves 

Although all of the fuel costs (e.g., taxes, wholesale fuels costs, transportation and 
retailing costs) enter the model separately, retail fuel supply curves may be 
constructed to gain an aggregate view of the relative retail costs of the fuels to 
consumers. Since the price of each fuel is a function of its level of use, each retail 
supply curve shown below is based on the assumption that aJl other fuels are held 
constant at their equilibrium levels. Fuel prices are baselined to AE096 projections 
for 1996 and 2010. Looking at these curves, one sees that the retail price ofE85 from 
biomass does bewrm: cheaper by 2010. This is due to expected tec!m.ological 
advances in biomass conversion efficiencies. Over this same time period, however, 
the $0.54 per gallon tax credit is scheduled to be phased out. Were this tax credit not 
phased out (as is assumed in one of the policy scenarios discussed below) the retail 
price of E85 would be substantially cheaper than that 
shown below for 2010 . 
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VEHICLE SERVICES DEMAND FOR NEW AND USED VEHICLES 
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Benefits in this model come from the satisfaction of final demand for transportation 
services. The total demand for transportation services is specified by a composite 
demand satisfied by the use of existing (used) vehicles and the purchase and use of 
new vehicles. The use of older vehicles is limited by the stock of each type given a 
fixed, age-adjusted use profile. 

Each year, to the extent that existing vehicle stocks are insufficient to satisfy 
demand, a mix of new vehicles is purchased. New vehicles are chosen according to a 
nested multinomial logit (NMNL) choice formulation, which is a common way of 
modeling discrete choice behavior. Vehicle choice is based on up-front vehicle 
capital costs, non-price vehicle attributes and expected lifetime nested fuel choice 
costs. In this way, long-lived investment consequences are reflected in vehicle 
choice. For the vehicles that are dual or flexibly-fueled, fuel is chosen based on each 
fuel's retail price and its retail availability. 

Formally, for composite vehicle services demand in year t of vehicle type g 
the choice fraction for input alternative f will depend upon its ( conditional expected 
indirect) utility, V,g1, which is a linear function of new vehicle price PtJ and nonprice 
attributes: 

Where: 
Bg = cost sensitivity parameter for choice over vehicle types; 
PtJ = vehicle price for fuel technology f, at time t; 

(1) 
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8/R = vehicle range (distance between refuelings) equivalent cost; 
a1w = vehicle weight to performance equivalent cost; 
a.ID = relative diversity of vehicle models, equivalent cost; 
f31 = fuel price sensitivity for vehicle/; and 
Cg1 = expected effective fuel cost over vehicle's lifetime, given current and 

expected future prices for the fuels vehicle f may use, and accounting 
for expected fuel availability. 

The choice of a vehicle is, therefore, made on the basis of endogenous current 
vehicle and fuel prices and endogenous future fuel prices. The treatment of vehicle 
and fuel choice parameters in the TAFV model is based on Greene' s "Alternative 
Vehicle and Fuel Choice Model," (Greene, 1994). 

Since vehicle and fuel choice is endogenous, it is important to specify which 
fuel and vehicle characteristics are considered in the fuel and vehicle choice sub
modules, and which characteristics are endogenously determined. These 
characteristics are shown in Table 3. 

Given equal fuel prices and the exogenous vehicle and fuel characteristics 
shown above, Table 3 gives the default shares of fuels and vehicles based on the 
value of vehicles to consumers (Leiby, 1993). 

TABLE 3 Factors Influencing Fuel and Vehicle Choice 

Factors considered in Fuel Choice I Endogenous I Exogenous 

Fuel Price X 

Fuel Availability X 
(fraction stations offering fuel) 

Refueling Frequency5 X 
(based on range) 

Refueling Time Cost X 

Performance Using Fuel X 
(HP:weight ratio changes) 

Factors Considered in Vehicle Choice I Endogenous I Exogenous 

Vehicle Price X 

Fuel Cost (incl. effective cost of non-price fuel X 
attributes) 

Performance X 
(changes in HP-to-weight ratios) 

Cargo Space (loss due to space required for X 
fuel storage) 

Vehicle Diversity X 
( number of models offering AFV technology) 



TABLE 4 Market Choice Shares Given Equal Prices, Fuel Availability and 
Vehicle Diversity 

Fuel Vehicle 
Vehicle Fuels Share Share 

Conventional Conventional Gasoline 16.9% 

Flex-Fuel Conventional Gasoline 19.0% 

Flex-Fuel M85 40.20% 

Flex-Fuel E85 40.20% 16.8% 

CNG Bifuel Conventional Gasoline 90.8% 

CNG Bifuel CNG 9.2% 7.1% 

LPG Bifuel Conventional Gasoline 76.0% 

LPG Bifuel LPG 24.0% 13.8% 

CNG Dedicated CNG 9.7% 

LPG Dedicated LPG 15.6% 

Alcohol Dedicated. M85 50.0% 

Alcohol Dedicated E85 50.0% 19.4% 

Electric Battery EV 0.0% 0.6% 

Total 100.0% 

KEY TRANSITIONAL PHENOMENA 
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From our preliminary analysis, we have identified some key areas that are likely to 
strongly affect the transition to alternative fuels and vehicles. Because their potential 
importance, these areas have been modeled in detail. 

1. Costs to consumers of limited retail fuel availability for some alternative fuels. 
2. Capital stock durability and turnover: 

• Vintaged vehicles; and 
• Durable vehicle and fuel production plants. 

3. Scale economies for vehicles and fuels. 
4. Endogenous vehicle model diversity: 

• Costs to producers; and 
• Value to consumers. 

Effective Costs of Limited Retail Fuel Availability 

Most alternative fuels are currently available at only very few retail stations. First 
principles, and evidence from surveys of diesel car buyers (Sperling and Kurani, 
1987) suggest that fuel availabilities below 10% can impose large implicit costs on 
consumers. There is, however, little empirical evidence as to the possible size of 
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these costs. Our approach is to use work by Greene (1997, 1998) who models 
availability using a random utility, binomial logit choice framework. Within this 
framework, the valut:, or utility, that thejth individual receives from choosing fuel 
option i is given by 

(2) 

where A;are non-price attributes of the fuel, P;is the price of the fuel, is the 
perceived g(s Ri) retail availability of the ith fuel and is a random error term. The 
term B converts the market e ii price of fuels into consumer satisfaction or utility and, 
hence, can be interpreted as the marginal utility of a dollar. The log of the odds in 
favor of purchasing fuel option 2 rather than fuel option 1 is given as: 

To determine what percentage of the time consumers would choose to use 
one fuel rather than another given different fuel prices and availabilities, Greene 
asked the following question in two national surveys: 

(3) 

Suppose your car could use gasoline or a new fuel that worked just as well as 
gasoline. If the new fuel costs 25 (10, 5) cents LESS per gallon but was sold 
at just one in 50 (20, 5) stations, what percent of the time would you buy this 
new fuel? 

The results from these surveys were used to estimate equation 3. In order to 
do the estimation, a functional form must be chosen for g(s ). Greene estimated four 
forms: linear (g(s) = s ), exponential (),power (g(s) = s hJ, and logarithmic (g(s) = 

ln(s )). The costs per gallon g(s)' e bs for limited fuel availability using the two 
better-fitting functional forms are shown in Figure 7. 

Greene notes (p. 34) that it is not possible to definitively discriminate among 
the alternative functional forms, but that the exponential functional form fits the data 
best and behaves reasonably over the whole range of fuel availabilities. Besides 
issues of fit, we have chosen to use the exponential functional form because our 
intuition tells us that at 50% fuel availability (every other gas station) the cost 
penalty ought to be small. For the exponential functional form, the cost penalty at 
50% availability is 2¢ per gallon, the next lowest fud availability cost is 7¢ per 
gallon found using the logarithmic functional form. At 0.1 % fuel availability the cost 
per gallon, using the exponential functional form, is 35¢. 
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80.0% 

The one exception is electricity. Hybrid electric vehicles are currently not 
characterized in the model, but we plan to include them in the future. 

Vehicle Manufacturers' Costs per Model (Line) 

100.0% 
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The T AFV model is designed to estimate the costs of vehicle production for the 
following alternative fuels: LPG, CNG, alcohols, and electricity. The vehicles are 
either dedicated to a particular fuel type or are capable of using both gasoline and the 
respective alternative fuel. 

AFV costs (shown in Table 5) are calculated from engineering-economic 
estimates of the incremental cost of each AFV fuel technology compared to 
conventional vehicle technology (EEA, 1995c). EEA believes that AFV 
technologies, except for electric vehicles, are mature. Here "mature" means that, for 
a given production scale, further production experience will not reduce per-unit 
production costs at a rate significantly faster than conventional vehicle production 
costs will decline. There do exist, however, substantial per-unit cost savings with 
larger scale production. 

We therefore model per-unit vehicle production costs as a declining function 
of the installed production capacity available in each year. The volume of production 
in any given year is constrained by the level of cumulative capacity investment less 
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capacity decay. This means that vehicle prices are endogenous variables. This has 
the advantage of admitting the positive feedback effects from policies (such as AFV 
fleet programs) that encourage the adoption (and hence larger scale production) of 
AFVs. 

TABLE 5 Cost Data for Vehicle Production and Fuel Retailing 

Incremental Vehicle Production Costs 
(Capital and Variable, Compared to a Gasoline Vehicle) 

Plant Scale (Vehicles per Year) 

Vehicle Type 2,500 25,000 100,000 

Alcohol Dedicated $2,038 $363 $223 

Alcohol Flexible $1 ,911 $409 $284 

CNG Dedicated $5,349 $1 ,841 $1 ,548 

CNGDual $5,792 $2,015 $1 ,701 

LPG Dedicated $3 ,745 $972 $741 

LPG Dual $3,778 $1 ,109 $887 

Electric Dedicated ( 1996) $42,125 $11 ,060 $8,471 

Electric Dedicated (2010) $29 627 $5,974 $4,003 

Note: these figures reproduce the estimated IRE based on EEA's accounting 
1m::thodology, "Specification of a Vehicle Supply ~.1odel for TA.FVM," Sept , 1995, 
p.1-2. They differ slightly from some numbers in EEA's Table 5-2. 

For each fuel technology, vehicle costs increase as the richness of offerings 
(the number of models) increases. Vehicle diversity is a choice variable under the 
control of the vehicle producer. Note that while model diversity adds to the vehicle 
producers' costs, there is a motivation for producing diversity since it makes a 
vehicle (fuel) type more attractive to consumers. Representative total (not 
incremental) cost curves for these vehicle types and for conventional gasoline 
vehicles are shown in Figure 8. As is seen, AFV costs decline sharply with the 
number of vehicles produced each year. 
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Endogenous Vehicle-Model Diversity and the Effective Cost of Limited 
Diversity 

Consumers contemplating buying a new gasoline-fueled car are offered a wide 
variety of models with a huge number of features to choose among. The 
attractiveness of an alternative fuel technology will depend, in part on the diversity 
of vehicle models for which it is available. Offering, for example, methanol fuel 
technology on only a single model will put methanol vehicles at a disadvantage 
compared to gasoline vehicles, all else equal. At the same time, offering methanol 
capability on several different models is expensive because it lowers plant scale for 
any overall level of production. Rather than predetermining the number of models 
offered with alternative fuel capability, we endogenize the level of model diversity 
by balancing additional production costs against additional consumer satisfaction. 

This is accomplished by defining a variable nrwhich represents the number of 
models of fuel type f produced. On the vehicle production side we divide the total 
industry production capacity for vehicles of fuel type /by nr. On the consumer side 
we incorporate n1into the our multinomial choice framework by adapting a 
framework suggested by Greene (1997). In our approach, the unit consumer benefit 
from having n1models to choose between given fuel type f, is 
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where 

B = ~1 nil 1 B n I 
(4) 

m is the number of models of gasoline vehicles offered based on current data, 
8 is the NMNL choice parameter for choice among vehicle-types, and a 
reflects 

the popularity-order in which manufacturers choose vehicle models to offer 
the 

fuel technology f 

If alternative fuel capability is introduced "randomly" on different vehicle models, 
then the appropriate value for a is a = 1. On the other hand, if the new technology is 
offered on the most popular vehicles first, then we can estimate a based on the 
current distribution of conventional vehicle model popularities (sales) (a. 0.37). 
Numerically, this implies that the unit costs of limited diversity per AFV range over 
the following magnitudes: 

• $0/vehicle (when diversity matches conventional vehicles); 
• $770/vehicle (if fuel technology is offered only the most popular model), 

and 
• $2080/vehicle (if fuel technology is offered on only one random model 

AFV). 

SIMULATION RESULTS 

We now present four simulation scenarios, including the base case (no new policy), a 
long-run analysis (no transitional barriers) and two policy cases. In each of these 
cases, all assumptions that pertain to the base case, except those explicitly changed 
in a particular policy scenario are maintained throughout. Detail differences in the 
assumptions can be seen in Table 7 in the appendix. 

Case 1: Base Case (No New Policies) Scenario 

This case characterizes the possible market evolution starting from the current 
limited alternative fuel availability and low AFV production scale. Fuel production 
costs vary over time, reflecting DOE Annual Energy Outlook (AEO) Base 
projections. Alternative fuel taxes reflect current treatment, with a phase-out of the 
ethanol incentive by 2001. There are two existing federal AFV policies: existing 
mandates under EP ACT for fleets to buy AFV s, and CAFE credits for producers of 
AFVs. The existing EPA CT fleet mandates that require certain percentages of new 
vehicle purchases by federal and fuel-provider fleets to be AFVs. Both the existing 
EP ACT fleet mandates and possible additional fleet mandates which may be 
required under a "late rulemaking" are shown in Figure 9. 

A second important policy driver included in the base case is the favorable 
treatment received by AFV s pursuant to AMF A in the calculation of each 
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manufacturer's CAFE standard. When calculating a vehicle manufacturer's CAFE, 
for the purposes of complying with the CAFE standards, AFVs are treated as highly 
fuel-efficient. According the AMF A (including revisions contained in EPA CT) a 
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gallon of alternative fuel used in a dedicated alternative fuel vehicle shall be 
considered to contain 15% of a gallon of gasoline (on an equivalent fuel basis). For 
dual-fueled vehicles the AMF A assumes that the gasoline and the alternative fuel are 
each used half of the time. Our analysis indicates that this yields per-vehicle 
marginal values of $225-$457 for dual and dedicated vehicles (respectively), up until 
AFV s make up 1 % of new vehicle sales in each year (Rubin and Leiby 1997). 
Beyond that point the CAFE standards are unlikely to be binding. 

The results of the base case scenario are summarized in Figures 10 and 11. 
The figures display the time paths for alternative fuel demand shares and vehicle 
production shares for each AFV type. As is seen, in the base case there is almost no 
use of alternative fuels and almost no production of AFV s. These results are in 
marked contrast to DOE's 1996 long-run analysis, which concluded that if the 
necessary infrastructure for a mature alternative fuel and vehicle industry were 
present, then "alternative fuels, as a group, appear likely to sustain a 30-percent 
market share under equilibrium conditions."(DOE 1996:13). However, the modeling 
results here suggest that the necessary infrastructure may not evolve smoothly, fuel 
and vehicle prices may not benefit from economies of scale, and gasoline 
displacement may be very limited in the absence of any additional policies. 
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FIGURE 10 Fuel demand shares-base case. 
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FIGURE 11 Vehicle production shares-base case. 
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FIGURE 12 AFV demand shares-base case. 

As Figures 10 and 11 do show, however, there is some small percentage of 
fuel and vehicle use. Expanding the scale on Figure 11 to highlight the path of 
vehicle purchases by ownership category yields Figure L2. Interestingly, we see that 
the combined AFV sales hover around 1 % for the first 10 years, consistent with the 
subsidies received due their favorable treatment under CAFE regulations. Although 
not shown in Figure 12, the vehicles chosen are FFV s running on gasoline. The 
cumulative, mandated fleet purchases do help induce private vehicle demand by 
driving down the price of AFV s. This effect, as noted above, is however too small to 
have a significant impact on overall sales. 

Case 2: Long-Run Analysis 

As a comparison to our base case, we are interested in determining what the fuel and 
vehicle paths would be in the absence of transitional barriers. This case allow us to 
compare our results with those of the earlier DOE study (1996) and presents us with 
an opportunity to demonstrate the importance of explicitly modeling transitional 
barriers. In this case we assumed that all vehicles and fuels attain their large-scale 
production costs. In addition, we assume that there is a well-developed fuel retail 
infrastructure (all fuels are widely available) and that limited vehicle diversity is not 
an issue for AFVs. That is, we remove all transitional barriers to alterative fuels. 
Otherwise we retain the base case assumptions. The results from this case are seen in 
Figure 13. 
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FIGURE 13 Long-run analysis (as if no barriers). 

In stark contrast to our base case results, all the fuels except electricity gain at least 
some market share by 2010. Combined, the alternative fuels displace a total of25% 
of gasoline demand by 2010 even in the absence of any new policy initiatives. This 
amount of fuel displacement is roughly equivalent to what DOE predicted in their 
2010 analysis. This is a very important finding. It shows the importance of modeling 
transitional barriers when examining new, emerging technologies. Simply doing 
static, short-run analyses ("snapshots") is likely to lead to misleading results. 

Case 3: EP ACT Late Rule Making 

As mentioned earlier, the USDOE has the authority under EP ACT to require private 
fleets and those of state and local governments to purchase certain percentages of 
AFVs (as shown in Figure 9) if it determines that this is necessary to attain EPACT's 
fuel displacement goals. This policy case maintains the base case assumptions, but 
imposes the "late rulemaking" fleet mandate. The outcome of this case is seen in 
Figure 14 which shows two interesting results. First and foremost is that the 
mandated fleet sales induces private (non-fleet) vehicle owners to purchase AFVs for 
about 8 percent of their new vehicle needs by 2010. Not shown in this figure is that 
most of these vehicles are dedicated LPG vehicles (although there are also a few 
early alcohol and CNG FFVs). By the year 2010 however, these vehicles only 
djsplace about 3.5 percent of the gasoline demand. Thus we see that even though 



consumers desire a diversity of alternative fuels and vehicles (as indicated by the 
equal price shares used in the NMNL, see Table 4) vehicle economies of scale 
encourage the market to focus on a particular alternative technology. 
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(Vehicle manufacturers can gain all available CAFE credits for AFV s through their 
production for the fleet program. Since the EP ACT fleet mandate is larger that the 
number of CAFE credits available, there is no longer an induced AFV subsidy from 
manufacturers to households due to CAFE credits.) The second major policy 
outcome shown in Figure 14 is that the private household demand for AFV s once 
encouraged by their favorable treatment for CAFE purposes, is crowded out by the 
larger number of fleet AFV s required under the late rulemaking. This is an example 
of the well-known, and often all-to-frequent occurrence of the law of unintended 
consequences. Here one policy designed to encourage AFV use is canceled out by a 
second policy with a similar goal. 

Case 4: Tax credits for low GHG fuels 

Of particular interest for the long-run sustainability of transportation is the ability to 
stabilize, or actually decrease, the transportation sector's contribution to global 
warming. This is especially important since the transportation sector is responsible 
for about 32 percentage of the emissions of CO2 in the US, and gasoline contributes 
63 percent of the transportation sector's total (Davis, 1997, Tables 7.9, 7.11). One of 
the interesting policies suggested for reducing GHG emissions from the 
transportation sector, is to offer a tax credit for low GHG emission fuels equal to that 
currently available to ethanol, namely $0.54 per physical gallon, or about $0.80 per 
GOE. The tax credit is structured such that a zero GHG emission fuel (pure ethanol 
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from biomass) would gain the full $.80 per GGE credit and gasoline would receive a 
credit of zero. (The taxes and credits are based on only the fuel production and use 
portion of the lifecycle emissions since this most closely captures our understanding 
of suggested legislation.) Other fuels would receive a prorated credit or tax 
depending on whether their GHG emissions are Jess or greater than those of gasoline. 
Shown in Figure 15 are the 'lifecycle" GHG emissions of each fuel based on 
estimates by the US DOE (1996). Additionally shown are the GHG emissions from 
fuel production and use only; excluding emissions from vehicle production. Lastly 
shown are the cents per gasoline gallon equivalent (GGE) credits or taxes based on 
the GHG emissions from fuel production and use.s 

The results of this Low-GHG Fuel Tax Credit policy case are shown in 
Figw-es 16 and 17. We .find that the GHG credit significantly increases the fuel 
shares ofE85 and LPG by 2010. E85 from biomass, receiving a very large ($0.68 per 
GGE) credit is the dominant alternative fuel while LPG receiving a smaller ($0 .16 
per GGE) credit also is a significant fuel. This credit is able to accomplish EP ACT' s 
goal of a 30 percent fuel displacement by 2010. The new vehicle production shares 
tell a similar story. However, it is interesting to note the importance of the long lead 
times 
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FIGURE 16 Fuel production shares-low GHG credit. 

in purchasing the new vehicles before they are able to make a significant impact on 
overall fuel use. Alcohol vehicles come in earlier than the LPG vehicles but 
eventually the sales of new LPG vehicles overtake and surpass those of alcohol 
vehicles. We attribute this phenomenon to increasing returns to scale in LPG vehicle 
production which are larger than those for alcohol vehicles due their large 
incremental retail costs. This interpretation is supported by the fact that the number 
of models of LPG vehicles (i.e., LPG vehicle diversity) is always significantly 
smaller than that for alcohol vehicles which reaches full diversity by 2003. A lower 
equilibrium level of model diversity suggests that scale economies are more 
significant, since the market outcome trades diversity for scale. 
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FIGURE 17 Vehicle production shares-low GHG credits. 

As a variation on the low GHG policy case, we simply assume that the current 
ethanol tax credit, due to be terminated in 2001, will be continued in its current form 
through 2010. In this case, E85 achieves an 85% fuel share by 2010, with no other 
alternative fuel having any significant market penetration. 

TABLE 6 Summary Results Across GHG Cases 

NPV Incremental GHG (Billions Tax/GHG Cost/GHG 
Benefits($ Billions) Metric Tons) ($/MT) ($/MT) 

Tax Cut for Low -25.5 -0.915 66.65 27.84 
GHG Fuels 

Continue Renewable -25.2 -0.759 63.84 33.24 
Fuel Credit 

The costs per metric ton and the overall effectiveness of the two alternative GHG 
policies are shown in Table 6. When comparing the cost per ton of the two policies, 
it is important to make the distinction between the costs in terms of tax dollars 
foregone (column 4 in Table 6) and the costs per ton to the nation's economy after 
subtracting out transfers that benefit the fuel producing sectors ( column 5). As is 
seen from the table, continuing the ethanol tax credit in its current form is not as 
effective as the tax cut for low GHG fuels in reducing GHG emissions (since the E85 
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is derived from corn in the early years), or in attaining EPACT's gasoline 
displacement goal (since LPG qualifies for a subsidy in addition to E85). In addition 
continuing the ethanol tax credit is more expensive to the economy on a per-ton basis 
than a tax policy specifically targeted to reduce GHG emissions. Nonetheless, it is 
still an effective second-best policy. We cannot comment on whether either of these 
policies is, in fact, desirable from a national perspective. In our view that judgement 
is a political decision. 

CONCLUSIONS 

In contrast to earlier work we find that transitional impediments are very important 
to the transportation sector and may overshadow theoretically attainable production 
costs and market penetrations scenarios. In particular the long run penetrations for 
alternative vehicles and fuels anticipated in the earlier EPACT 502B (DOE 1996) 
study are not likely to be achieved without measures to encourage the expansion of 
vehicle production and fuel availability. Limited retail fuel availability is important, 
as are vehicle production scale-economies and limited model diversity. These 
features lead to substantially higher initial effective costs of alternative fuel vehicle 
services than were estimated for the long-run mature market outcomes in the EP ACT 
502b analysis for 2010. 

More specifically, it may be hard for the alternative vehicle and fuel markets 
to get started. In terms of a policy tool we do find that private (nonfleet) AFV 
purchases respond to fleet policies. We observe the expansion of household sector 
AFV demand jn cases where fleets are induced or required to buy more AFVs. In 
part, this reflects vehicle production scale economies at work and our assumption 
that fleets refuel commercially. While we have not tried to determine the size of fleet 
mandates that may be necessary to attain EP ACT' s goals it does appear that this is a 
viable policy tool. In the absence of any specific requirement that fleet AFVs use 
alternative fuel, fleet AFV purchase mandates may be met with dual or flex-fueled 
vehicles, and little alternative fuel may be used. However, if fleet AFV s are also 
mandated to use some fraction of alternative fuel and if they refuel at publicly 
accessible commercial stations, then the barrier of limited retail fuel availability is 
diminished. 

New technologies often require a network of specialized infrastructure, have 
scale economies of production and may have a value which depends strongly on 
their compatibility with some other the existing product or technology ("hardware
software" compatibility). In these cases the market tends toward specialization and 
the dominance of a single technology alternative. Alternative fuels and vehicles have 
each of these features to some degree. However, consumers have distinct tastes and 
circumstances, and thus collectively place a substantial value on having a diversity 
of product choices. Thus there is a tension between the cost-reducing effects of 
specialization and the utility-increasing effects of technology diversification. Given 
the costs and ben.efits estimates used in our model, we find that even in those cases 
where there is substantial AFV penetration due to policies (e.g., GHG-tax credit 
case) the costs of supplying technological diversity outweigh the benefits such that 
only one or two alternative fuel technologies are able to successfully enter the 
market.10 
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Finally, we would like to state that our estimates show that the federal 
government does appear to have technically feasible policies at hand to lead the 
transportation sector towards a sustainable path, if sustainable transportation is 
defined in terms of the transportation sector not increasing or even decreasing, its 
contribution to global warming. Specifically, the use of OHG tax credits or a 
continuation of the renewable fuel ( ethanol) tax credit on the order of $0. 80 per OGE 
does appear to be sufficient incentive to stabilize OHO emissions from the 
transportation sector. 
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This paper summarizes recent work at the International Energy Agency to quantify 
the underlying trends in emissions, as part of a study of the Transport/CO2 strategies 
of six IEA Countries (Denmark, Germany, the Netherlands Sweden, the United 
Kingdom and the U.S .). Where relevant, our analysis here refers to other IEA 
countries as well. Preliminary considerations were presented in 'Transport, Energy, 
And Climate Changes" (IEA 1997b ), which we refer to as Book One. 

A new framework is presented, "ASIF," for decomposing emissions into 
activity, modal share, energy intensity, and carbon content of fuels. The savings in 
energy and CO2 made before 1990 and trends since 1990 are compared to assess 
energy or CO2 policies. Passenger and freight transports are differentiated in our 
analysis. For freight, key parameters are not so much the efficiency of trucks as the 
mix of trucks by size and capacity, the way their capacity is utilized, and actual 
traffic conditions. We then reintroduce schematic forms to suggest where to look for 
energy and CO2 savings. This schematic will then serve for the case studies now in 
progress. We report somewhat pessimistically that while some countries appear to 
be attacking all components of CO2 emissions, none have any clear and large 
dramatic savings in sight. However, new automobile technologies, spurred perhaps 
by voluntary agreements in Brussels, Tokyo, and Washington, could provide large, 
longer-term restraint as these new technologies penetrate the fleet. 

Concern has been expressed in many governments and private studies over the costs 
of externalities from transportation, which include safety air, water, and noise 
pollution competition for urban space, balance of payments problems and risks 
associated with importing oil as the main transport fuels (Kaageson, 1993; COWI, 
1993; OECD 1995; CEC, 1995a; COWI 1995a, 1995b; Dept. ofTransport, 1996; 
Pearce etal., 1996· Det Oekonomiske Raad, 1996, Deluchi, 1997). No one doubts 
that transportation returns a huge surplus to every economy, but there are clearly 
significant parts of the driving cycle where real social costs are greater than the 
benefits accruing to drivers or shippers. Hence there is reason to believe that 
internalisation of costs tlu-ough both direct charging and some regulations could have 
a significant impact on the system in the long run. This was emphasised in a review 
organised by the European Conference of Ministers of Transport (ECMT, 1998). 
That group concluded ' ignifi.cant welfare gains could be realized through an 
adjustment of charges and taxes to provide incentives for reducing the external costs 
of transp01t." They estimated that current welfare losses amount to "several points of 
GDP." Thus the transport system is out of economic adjustment. 

One of these problems though arguably of less impact in monetary terms, is 
the emission of greenhouse gases (GHG) such as CO2 (IPCC 1990; UM, 1991,3; 
Houghton 1994; CEC 1995b· UM 1991; UM, 1993· VROM, 1996a, 1996b; 
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KOMKOM, 1997; NRC, 1997; Trafik Ministerium, 1997). CO2 emissions from 
travel (and freight) have increased in most industrialized countries faster than 
population, and in many cases as rapidly or mor~ lhan gross domestic product (GDP) 
(Schipper, 1996; IEA, 1997a). Indeed, in virtually all regions of the world, CO2 
emissions from transport are rising relative to total emissions. Policy makers have 
discovered this, and are asking why? This paper reviews some of the factors driving 
that increase. We acknowledge the importance of other sources of air pollution, as 
well as the other wide range externalities, but we focus only on CO2 in this review. 

Whatever the "real" external costs of each mode, all studies suggest that the 
values attached to the externality for carbon emissions alone tend to be low 
compared to those associated with other problems. Hence this suggests that CO2 by 
itself may not be "felt" as a strong stimulus for change, but that changes to deal with 
the other problems may affect traffic, and therefore CO2 emissions perhaps even 
profoundly. While the other externalities in transportation may be more serious than 
CO2, they also threaten us today and in that way lead to feedbacks, by which 
technologies and policies could be brought to bear to reduce the problems. But CO2 
emissions present no obvious problem for the present generations. Were CO2 
emissions not increasing, authorities could wait for more information on possible 
damages before taking action. However the increases are internal and may be hard to 
reign in, hence the interest fa a better understanding of the factors underlying the 
increases. Moreover policy makers are under pressure from other constituencies 
(domestic energy consumers, the power generation sector and industry) to 'hit' 
transportation's rising share of CO2 emissions. As a result, policy makers are asking 
why t:missions arc rising in the transport sector? 

This paper summarizes recent work at the IEA to quai1tify the underlying 
trends in emissions, as part of a study of the Transport/CO2 strategies of six IEA 
Countries (Denmark, Germany the Netherlands, Sweden the United Kingdom and 
the U.S.). Preliminary considerations were presented at the 1997 Asilomar meeting, 
1998 TRB meeting and in "Transport, Energy And Climate Changes" (IEA 1997b ), 
which we refer to as Book One. Where relevant, our analysis here refers to other IEA 
countries as well. Our presentation will include trends updated to 1995 or 1996. 

TRENDS IN TRANSPORTATION ACTIVITY 

Book One emphasised the importance of understanding _the components of emissions 
in transportation, and the elements that together determine emissions. In this section 
we review the key transportation demands that are in turn derived for demands for 
personal access to people and services as well as manufacturing and trade in goods, 
travel and freight respectively. After we review these demands and the energy uses 
associated with them we will study how they interact. In this review we include 
examples from countries not studied in depth where they illustrate important 
extremes of one or another parameter, or contrast with a similar country that we have 
studied in more detail. 
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Underlying Factors Affecting CO2 Emissions For Travel And Freight: 
A Decomposition Approach 

Schipper (1995) explains many of the steps used in obtaining and analysing bottom
up data on transpo1i, particularly for understanding differences among countries (see 
also Schipper, Figueroa, Price, and Espey, 1993; Schipper, Steiner, Figueroa, and 
Dolan, 1993). As a next step, Lawrence Berkeley National Laboratory carried out an 
index decomposition of the factors underlying changes in CO2 emissions from both 
freight and travel, as well as from other sectors (Schipper, Steiner, Duerr, An, and 
Stroem, 1992; Schipper et al., 1996; Scholl, Schipper and Kiang, 1996; Schipper, 
Scholl and Price, 1997). 

All of these methods start from a basic formula (Schipper and Lilliu 1998). 
Consider that 

G = A * S; * I; * F;j (1) 

where G is the carbon emissions (or other greenhouse gas), A is total travel, Sis a 
vector of the modal shares i and I is the modal energy intensity of each mode i. The 
last term F1J represents the sum of each of the fuels) in mode i, using standard IPCC 
coefficients to convert fuel (or electricity) used back to carbon emissions. More 
detailed analysis could explore the full fuel-cycle emissions from obtaining and 
refining the fuels but the present analysis is limited to combustion. 

The modal energy intensity term itself is composed of several components: 

I;= E; * VC; * CU, (2) 

where Eis teclU1ical efficiency, VC vehicle characteristics, and CU capacity 
utilization for each mode i. Taking only E and VC yields what we call vehicle 
in.tensity, or fuel/kilo meter. 

Technical efficiency .is the energy required to propel a vehicle of a given set 
of characteristics a given distance, and is affected by the motor, drive train, frictional 
terms (including drag) etc. For cars characteristics could be represented by car 
power, and technical efficiency by energy use/km/unit of power. Capacity utilisation 
would be measured by people/vehicle. All three of these components share in 
determining how much energy is used to transport a person one kilometre by each 
mode. Fuel choice affects efficiency because some fuels, particularly diesel, are 
combusted more efficiently in their respective engines than others. Thus some terms 
in this decomposition that are nominally "technical"-energy intensities-actually 
have important behavioural components. Total travel and modal choice are 
obviously "behavioural,, factors , too. The same is true for changes in power, or 
changes in traffic and driver behaviour all of which affect how technology turns 
energy into mobility. 

This relation illustrated by Equations 1 and 2 can be used to study changes in 
energy use or emissions over time, and the results expressed as indices marking the 
changes in each component. Many indices serve this purpose, but LBNL initially 
chose Laspeyres methodology for simplicity of calculation and because Laspeyres 
indices show the impact of one factor alone on overall change. However, the 
Laspeyres indices often leave large residuals. Since many factors change 



86 

simultaneously, often in countervailing directions, more complex formulations such 
as Divisia or Adaptive Weighted Divisia (A WD) that captw-e the interactions of 
these terms (and heuce reduce the unallocated residuals) are important tools 
(Greening, Davis, Schipper and Khrushch 1997). The carbon emissions from 
electricity generation are apportioned to each mode in proportion to the share of final 
electricity used in that mode (for rail metro, and tramways). 

Feedbacks between these components are important, but not major in the 
countries we have studied. Unquestionably lower driving costs per km, whether 
brought on by lower fuel prices or lower fuel intensities, encourage more driving. 
But the elasticities are only modest: l 0 percent lower costs leads to somewhat more 
than 1 percent more driving in the U.S. to perhaps 3 percent more in Europe, with 
the average around 0.2-0.25 (Johansson and Schipper 1997). Lower costs of using 
cars discourage use of other modes, as can be seen by comparing relative fuel and 
transit costs and relative ridership in different cities in Europe. As fuel costs rise, 
transit ridership rises slightly, and vice versa. In large countries with high freight 
volumes relative to GDP, the share of energy-intensive trucking tends to be small 
(under 40 percent) with the less energy intensive modes dominant. More subtle in 
nature is the impact of lower costs on technology, as suggested by Figure 1 l: 
technology is boosting power at roughly constant fuel economy rather than reducing 
fuel use at roughly constant power. These are all important feedbacks, but they do 
not invalidate our main conclusions about historical trends. As we shall see 
subsequently, however, policies that only aim at lowering fuel use and fuel costs will 
usually lead to less CO2 restraint than policies that include elements that counter this 
trend by either raising fuel prices or raising other variable costs of transportation. 

This approach is very useful for the policy analysis thal will follow. For one 
thing, many policy elements focus on one of the components in Equations 1 or 2. 
Many packages address most or all of them. Ind ed, one powerful lesson we will 
draw from our work is that packages addressing all of the components in a concerted 
and coherent, self-consistent manner usually have a greater effect than the sum of the 
effects of policies addressing the elements separately. This is both because synergies 
among the policies can be more powerful than individual policies alone, and because 
the feedbacks noted above may act to offset hoped-for policy effects when key 
components are left out. In a historical perspective analysis of past behaviour 
reveals which components have changed the most perhaps (but not always) in 
response to policies, which are more rigid. For example changing fuel prices, fuel 
economy regulations, and new technologies have had important impacts on fuel 
economy of cars, but Little impact on the overall growth in car use with income. 
Judging from history which components of rising emissions may yield to different 
stimuli is an important part of the policy analysis that each country we have studied 
must undergo. Therefore we will use thi framework in many circumstances to 
remind the reader how components of emissions have changed or are likely to 
change in the future. 
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Travel 

Travel, or personal transportation, typically accounts for 60 to 70 percent of energy 
use and emissions from transportation. Travel activity A is measured in passenger 
kilometres over each mode Si. The key component is automobile travel, and that is 
driven by automobile ownership (Figure 1). Ownership has risen with income or 
GDP per capita, although it is showing some saturation in the most motorised 
countries, as the figure clearly suggests. Distance travelled per vehicle (vehicle-km, 
or v-km) is rising slowly with income too. However, distance travelled per capita 
(Figure 3) is rising more rapidly, principally because of increasing car ownership 
rather than the slow rise in distance travelled per vehicle. 

Figure 1: Car Ownership and Per Capita Income 
1970-1995 
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Figure 2: Car Driving and Per Capita Income 
1970-1995 
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Comparison of Figures 1 and 2 shows that while Denmark has lower car ownership 
than most countries (at a given GDP/capita), it has about average driving for the 
Ew-opean countries studied. That is, Danes have fewer cars but drive them 
significantly more than drivers in the other European countries. This is why distance 
driven per capita is so much more important than distance driven per car to 
determining total fuel use and CO2 emissions. 

Figure 3 compares per capita motorised travel in the study countries in 1995 
(1994 for West Germany), showing the dominance of the car. Total travel, as 
expressed by the distance travelled on all modes in passenger kilometres, is "driven" 
principally by car use. This indicator is rising at a less rapid rate than car use itself 
because the number of people in a car (load factor) is falling: the number of 
passenger-km in cars grows less rapidly than the number of vehicle-km covered. 

Chart 3: Per Capita Motorised Passenger Travel 
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More detailed comparisons reveal characteristics of aggregate travel that are 
important for emissions. Overall travel per capita is far higher in the United States 
than in the other countries shown, even for a given level of GDP per capita. The 
United States, Australia, and to some extent Canada (not shown) have roughly 
similar high levels of total travel, and the same high shares of car and air travel. This 
suggests that geographical factors play some role in determining total travel. By 
contrast, the United Kingdom West Germany and the Netherlands are the most 
densely populated countries we studied and have lower levels of travel and car 
dependence. Japan (not shown) is even more dense (when one considers that most 
people live on a fraction of the total land area there) and has even lower total travel 
than the European countries. Economic factors are certainly important too, as we 
will note later. While there are important differences among European countries it is 
nevertheless interesting how the overall pattern of travel tends to reveal these three 
groupings as determined by geography. 
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Travel patterns are an important element of the picture. The structure of 

travel by trip purpose, mode, and distance per trip affects fuel use and emissions 
because of congestion motor performance, etc. Schipper, Figueroa and Gorham 
(1995) compared travel surveys from the United States and a number of European 
countries. Some results are shown in Figure 4. Work travel (mostly commuting, but 
some trips within work) accounting for 20-30 percent of travel, services, civic, 
educational, and family business for about 25 percent (except in the United States, 
where the share was higher) and leisure including culture sports, outdoors, etc.) for 
the rest. The car dominates the latter two categories but outside of the United States, 
the car accounts for only 40-60 percent of work trips since these are more easily 
taken on collective modes. Including walking and cycling has little impact on total 
travel but an important impact on total trips, since these can account for as much as 
1/3 of trips. Nonwork trips seem to be leading growth of car use in the U.S., 
probably the result of much greater saturation of trips to work by car since the 1970s 
(over 85 percent of trips, of which only 1 in 10 as a passenger). In Europe, by 
contrast, there is still a slow increase in the share of work trips taken in cars. People 
are not only moving more but the tructute of mobility, in terms of mode. and 
purpose, is changing slowly. 

Figure 4: Passenger Travel by Purpose 
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Interestingly the average trip Jength in a car remains around 13-15 km for the 
United States and all the European countries studied. Roughly 80 percent of all trips 
are less than 20 km and 60 percent are less than 10 km, which implies that the car is 
used mostly when its engine is cold. This raises fuel use and air polluting emissions. 
Ironically, cars are increasingly built for higher speeds and longer trips, but they are 
still used predominantly for local transportation. This also means that our conclusion 
about the importance of country size and geography might be challenged if car trjps 
are roughly the same length in the United States as they are in the Netherlands. But 
the longer distances in the United States are balanced by many sho1ter car trips that 
are taken on collective modes, walked/biked or not taken at all in Europe. 

Since car (and air) travel has propelled most of the growth in travel, and since 
these modes require more energy and emit more carbon per passenger-kilometre than 
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bus or rail modes, energy use and CO2 emissions have risen faster than total travel 

per capita. Knowing the energy use for each mode we can tabulate emissions of CO2 
in a straightforward way. Figure 5 shows these patterns (in tonnes of carbon per 
capita) for travel (Schipper, 1995· Scholl, Schipper and Kiang 1996). The U.S. has 
the highest emissions because it has both the highest level of travel (with the highest 
share in cars or air travel) and the highest emissions per unit of travel in cars. Japan 
(not shown) has low emissions principally because it bas the lowest per capita travel 
and the largest share in rail and bus. European countries tend to cluster between 
these extremes, albeit more closely to Japan. We will explore details of the energy
use patterns later, but turn first to review key trends in freight transport. 

Figure 6: Per Capita Emissions from Passenger Travel by Mode 
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The other part of transportation we consider is goods movement, or freight carried on 
the territory of each country by truck, rail, or ship and barge. Activity in freight 
transport is usually measured in tonne-km, the number of kilometres each tonne 
moves. Figure 6 shows how the level of freight activity (within a country, including 
the domestic portion of foreign trade but excluding goods carried on trucks of a third 
country) itself is coupled to industrial GDP. Conspicuous is the wider spread among 
countries and the different rates of change of freight with changes in GDP. Figure 7 
shows the same data by mode for 1995 (1994 for West Germany). These 
characteristics of freight are important for emissions. 



Figure 6: Freight Transport and Industrial GDP 
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Figure 7: Freight Activity and Total GDP 
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Here two factors appear key to the level of freight relative to GDP. One is 
geography: Canada Australia (not shown), and the United States have the highest 
levels of domestic freight for a given GDP. This high level is dominated by rail and 
shipping (barge or boat), two modes that have very low modal energy intensities. By 
contrast, Denmark, Germany, and the U11ited Kingdom are dominated by trucking. 
Geography appears to work in the other direction here compared with its effect on 
travel: in small or dense countries, trucks more easily handle the relatively short 
distances freight travels. (Included in these data are freight movements by domestic 
haulers to borders, but not [ except for Holland) freight movements of foreign-owned 
truckers within each country.) Another factor is the nature of freight hauled. In the 
large countries (as well as Sweden and Norway-not shown-), raw materials 
dominate freight and swell the totals because of both their bulk and the distances 
from point of origin (mines, forests, farms) to manufacturing and shipping points. 
Because of these factors, the ratio of energy use for freight to GDP for the big 
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countries is not that much higher than that of the smaller countries. As Figure 8 
shows, the CO2 emissions patterns for freight relative to GDP are dominated by 
trucks. But there is greater variation in th~ ratio of emissions to GDP among 
countries than there is for travel, because both intensities and modal mix as well as 
the total level of freight, relative to GDP, vary so much among countries (Schipper 
Scholl and Price, 1997). Germany has low emissions per unit of GDP because of low 
freight and low emissions per tonne-km for dominant trucks. The United States has 
low emissions per unit of freight but very high level of freight and consequently 
much higher emissions than Germany has. Denmark has low freight hauled per unit 
of GDP but a very high truck share and the highest ratio of emissions to tonne-km 
hauled, hence high emissions. Policies must consider each of these components to 
find where CO2 restraint might occur. 

Figure 8: Per Capita Carbon Emissions from Freight Transport by mode 
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Schipper, Scholl and Price (1997) review some of the components of freight 
activity. They found that some goods (bulk goods, raw materials) go mostly by rail 
and barge wherever possible while smaller/lighter goods and goods with a higher 
value go most often by truck. This mix as well as the intrinsic distances different 
kinds of goods travel, and the convenience of modes, appears far more important 
than energy alone in determining modal shift; conversely, little modal shift is 
motivated just to save energy. 

ENERGY USE AND CARBON EMISSIONS: A CLOSER LOOK 

Emissions per capita for both travel and freight rose fairly steadily in every country 
between 1973 and 1995. The major exceptions were the United States and Canada, 
where 1973 levels were only surpassed in the early 1990s. Moreover, the share of 
transportation energy use and carbon emissions in total energy use or emissions 
increased in every country studied. What drove these changes? Why was the United 
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States different until recently? Answering those questions may provide some 
important keys to future carbon restraint. 

Closer examination of trends in vehicle fuel use link activity to emissions. 
We defined the vehicle energy intensity as energy use/vehicle kilometre, and the 
modal energy intensity as energy use per tonne-km or passenger-km ( c.f. Equations 1 
and 2). Vehicle intensity (for a given size and power) is related to the efficiency of 
the vehicle, while modal intensity depends also on the number of passengers or 
amount of freight carried. Since cars, trucks, and air travel account for most of the 
energy use, we will focus on trends in the intensities of these key modes. 

Figure 9 shows the average automobile fuel intensity, or fuel use per 100 km, 
for car fleets (personal light trucks are taken into account in the United States, as 
they account for nearly 30 percent of household vehicles). This measure fell 
dramatically in the United States (and Canada, not shown), but barely changed in 
Japan (not shown) and in most European countries. Note that the figures for the early 
1990s reflect car fleets that have been almost completely renewed since the early 
1970s. Test figures for new automobiles fuel economy are shown in Figure 10 
(personal light trucks are taken into account in the United States). These reflect a 
slow decline in intensities among fleets in Europe, but a reversal in the United States 
as the share in new "cars" of more fuel-intensive light trucks and sport-utility 
vehicles continues to increase. 

Figure 9: On-r<>ad Fuel Intensity 
and Carbon lntonslty of Automobiles 
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The lack of dramatic change in the vehicle intensities in many countries may 
be a surprise to many but has a clear explanation. Vehicle performance and weight 
changes have absorbed some ofthe savings that advances in fuel consumption 
technology offer. Figure 11 shows that indeed fuel use per km per unit of new car 
power, averaged over each years new cars is falling steadily and uniformly in every 
country, and in fact differs little from country to country. But Figure 12 shows that 
power is growing steadily, propelled mainly by higher incomes. Weight is also 
growing, both because. car~ are getting larger and because extra equipment and safety 
measures add weight as well. Thus new teclmology has made cars (and most uther 
vehicles) more efficient but only some of the results reduced fuel intensity. 
Ironically, the most powerful or heaviest fleets use the least fuel per unit of power or 
weight, a result of economics of scale. This means that fuel intensity need not grow 
as fast as power or weight. But there are no signs of a serious decline in fuel intensity 
through 1998. 
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As noted previously, each year there have been fewer people per car in every 
IEA country. Reasons include continued drop in household size and an increase in 
single-person households but also increased use of cars for commuting to and from 
work, particularly for women (or men as second wage-earners in families.). Since 
walking or biking and collective modes do have a large share of these trips in the 
densest areas of cities, it is not surprising if those who do drive to work are likely to 
do so alone, with load factors for these trips ranging from 1.1 in the United States to 
I .3 in the Netherlands. Changes in the overalJ car load factor in European countries 
were great enough to offset the changes in vehicle intensity: it takes more energy to 
transport an average European or Japanese by car today than in 1973. But in North 
America, the· vehicle intensities fell so much that the net fuel use per passenger km in 
cars fell by around 20 percent. In fact, in the U .S. today the average car and average 
city bus require about the same fuel per passenger-km, and emit about the same 
amount of CO2 as well. 
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For air travel, the modal intensities have dropped dramatically. While new 
aircraft consume roughly 30-40 percent less fuel per seat-kilometre than those that 
made up the fleets in the early 1970s, the percentage of seats occupied (load factor) 
has also risen from around 50 percent to ov~r 60 percent for domestic routes in most 
IEA countries. These changes led to a drop of 50 percent or more in the modal 
intensity of air travel, to wheire it lies close to the value for automobiles. The United 
States, with the largest average distances between domestic cities (approximately 
1000 km per stage length, with similar figures for both Australia and Canada), has 
lower intensities then crowded Europe, where congestion on the ground and in the 
air pushes up intensities. 

Freight is a different story. In every country, the vehicle intensity of trucks of 
a given size fell. This was a result of increased penetration of diesels as well as 
improvements in a given type of diesel or gasoline truck. But the ratio of fuel use to 
freight hauled did not fall in all countries, and continues to vary considerably among 
countries, as Figure 13 shows. Since the trucks are produced by large, international 
firms, difference between the figures shown cannot be very much attributed to actual 
differences in the energy efficiency of trucks. Instead the differences arise largely 
because of differences in fleet mix (between large, medium, and light trucks), 
differences in traffic, and above all differences in the capacity utilisation of each 
kind of truck (Schipper, Scholl, and Price 1997). Heavy trucks, when fully loaded 
(say with 40 tonnes) use about one-eighth the fuel per tonne-km as a light delivery 
truck carrying 200 kg. In Germany, regulations limit empty hauling, while in 
Denmark or the Netherlands more than 40 percent of all truck km are empty. And 
traffic on the open roads of the United States or Sweden is much more favourable to 
good fud t:conomy tha.11 that in Germany, the Netherlands, or Japan, where 
intensiti.es are second only to those in Denmark. Danish intensities were high until 
taxation rules were revised starting in 1992, ending the refund truckers got for most 
fuel taxation. Again, it is changes in the loading and utilisation of trucks that affect 
the overall evolution of each country's freight modal intensity the most. These 
changes have explanations in the need for just-in-time deliveries, the rising value (as 
opposed to tonnage) of freight, and above all the importance of other costs besides 
those of fuel in determining the optimal use of trucks. 
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We can aggregate these results to two figures of merit: the aggregate 
emissions intensity of travel, and that of freight, i.e., ratio of emissions to passenger
ortonne-km. Figures 14 and 15 show the results, which follow energy intensity 
trends closely. Understanding these results improves if we use decomposition and 
indexing techniques for this purpose. 
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Figure 15: Aggregate carbon Emissions Intensity of Freight Transport 

80,00,------------ ---------~ 

70.00 

60.00 

50.00 

" 

30.00 
··--···•-... . .... ,,... ........... . 

20.00 

10.00 

0.00-------------~---- -----< 
1970 1975 1980 19B5 1990 1995 

DECOMPOSING EMISSIONS 

--u,s, 
- U.t<. 
· · ·• · ··W. Germany 
---tt- Oanrnllk 
--Swo<IM 
--o-Ne1harh1nds 

In this section we provide a brief decomposition of emissions in 12 countries, 
including the six in our in-depth study. We use 1990 as the base year because of its 
importance to the Kyoto talks. Comparison of trends before and after 1990 offer 
insights into what policy-makers face in trying to hold down emissions from these 
sectors. 

Decomposition of Emissions from Travel 

For travel, higher per capita travel (total activity) increased emissions in every 
country, as Table I, based on Laspeyre indices shows for the group of aggregates. 
Modal shifts (structure) towards more energy-intensive modes (cars, air) increases 
emissions by as much as 25 percent (in Japan, shown for reference), but in most 
countries by up to 1-3 percent using the 1990 modal structure as reference. This 
growth in activity is clearly income-driven (Johansson and Schipper 1997). Since car 
ownership is also income driven, and car ownership growth lies at the root of the 
modal shifts, we can say that modal shifts as well are income driven. And since 
modal shift itself moves people to more rapid modes and those that move them 
considerably longer distances (air, for example), we can say that higher incomes are 
associated with greater and more rapid travel. 

Falling energy intensities of vehicles themselves reduced emissions in more 
than half of the countries, but falling load factors in cars (and bus and rail in many 
countries) offset this restraint, leading to a net increase in energy use (and CO2 

emissions) per passenger-km in cars. Indeed only in North America were the 
emissions savin_gs from lower modal intensities greater than 20 percent. Changes in 
Europe and Japan were small because power and weight increases offset most of the 
impacts of technical improvements. And in all countries, falling load factors in cars, 
as well as in many countries on busses and rail also increased emissions. These 
factors combine to give the changes in energy intensities shown. Shifts in fuel mix 
and utility mix (not shown separately) had almost no impact , for two reasons. F irst 
the emissions per unit of energy released from diesel and gasoline are very close, 
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although diesel is slightly higher. Second, the role of electricity for travel (rail, 
trams) is so small that even the almost complete transition away from fossil fuels in 
some countries (Sweden, France) had only a very small impact on emissions from 
this sector. Combing the energy intensities and fuel factors yields carbon intensities. 
Thus by 1994/1995 incomes and behavioural factors had clearly increased CO2 
emissions, even after over a decade of relatively high road fuel prices. 

TABLE 1 Average Annual Percentage Changes in Carbon Emissions from 
Travel, 1973-1990, 1990-1994, Laspeyres Decomposition, 1990 Modal Structure 

EFFECTS 1973-1990 EFFECTS 1990-1994 
Ac- Acti Struc- Carbon Energy Fuel GDP Ac- Acti Struc- Carbon Energy Fuel GDP 
tual vity ture Int. Int Mix tual vity ture Int. Int. Mix 

Denmark 1.1 1.2 -0.2 0.0 -0.1 0.1 1.8 0.9 1.1 0.0 -0.1 -0.2 

Norway 3.3 2.9 -0.1 0.4 0.5 -0. 1 3.3 0.1 0.4 -0.4 0.1 0.1 

Sweden 1.8 1.3 -0.1 0.4 0.5 0.0 1.9 -0.1 -0.2 0.1 0.0 0.0 

Finland 3.6 2.8 0.2 0.4 0.1 0.3 2.9 -1 .5 -1.0 0.1 -0.5 -0.4 

Netherlands -0.5 2.4 0.2 -0.5 -0.7 0.2 2.5 3.6 2.4 -0.1 1.3 0.0 

France 2.5 2.5 0.1 -0.2 -0.1 -0.1 2.4 1.6 2. 1 0.4 -0.9 -0.9 

W.Germany 2.8 2.2 0.2 0.4 -0.1 0.5 2.2 -0.8 -0.1 0.0 -0.6 -0.9 

Italy 3.5 3.8 0.0 -0.3 -0.5 0.2 2.8 3.7 3.5 0.4 -0 .6 -0.5 

UK 2.4 2.7 0.2 -0.5 -0 .6 0.0 2.0 -0.3 0.0 0.1 -0.4 -0.2 

USA 0.5 1.7 0.0 -1.4 -1.4 0.0 2.7 2.1 1.9 0.0 0.2 0.2 

Japan 3.7 2.9 1.0 -0.5 -0.4 0.0 3.7 4.9 2.3 0.9 1.7 1.6 

Australia 2.8 3.3 -0.3 -0.2 -0.3 0.0 3.0 2.1 2.2 1.3 -0.7 -0.B 

Note. The Netherlands from 1978, Australia from 1974, Denmark from 1972. 

We noted that fuel mix ha. almost no effect on our results. This is in part 
because the mix of fuels varies so little in CO2 content. To be sme, increased use of 
diesel cars should reduce intensities. ome of this has occurred in Germany and the 
Netherlands (as well as Italy and France, not examined in detail in this study.). In all 
these countries, however, diesel i priced lower than gasoline. This advantage is 
utilized by those with greater than average yearly driving distances. And to some 
extent (Hivert 1996), those switching from gasoline to diesel increase their driving, 
consistent with the lower diesel price. Finally marketing data show that for any 
given car model a diesel version tends to have 10-15 percent more power than its 
gasoline counterpart to make up for the general Ly lower acceleration of a diesel 
engine. Thus only part of the potential economy of a diesel engine is actually 
realised as lower fu l use and CO2 emissions in the countries where diesel cars are 
popular. This digression reminds us that ultimately we have to consider terms other 
than I alone in causing changes in emissions. 

Since 1990 the pictw·e of emissions is somewhat different. Since 1990, 
carbon intensity fell slightly in a few countries (Finland France, West Germany, 
Italy, and Australia). Most important the decline from intensity changes in the 
United States has ceased. In all but two countries the rate of growth in emissions, 
relative to GDP after 1990 is higher than it was before 1990. And with recovery 
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from recession, higher economic growth in many countries has stimulated both 
greater activity and slightly more rapid shift to cars and air travel. Thus since 1990, 
trends in emissions point away from their path before 1990. 

Decomposition of Emissions from Freight 

Table 2 decomposes CO2 emissions for freight in the same way as for travel. In all of 
the countries studied, actual emissions increased, and in nearly half of the countries 
studied this increase was greater than that of GDP, which is shown in the last row. 
In a majority of countries, modal shifts (towards trucking), or structure, increased 
emissions often by more than was the case for travel. In contrast with travel, the 
modal energy intensities of freight (energy/tonne-km) reduced emissions in more 
than half the countries. The impacts of changes in fuel mix (including fuels used to 
generate electricity) were again small, except where railroads unde1went significant 
electrification and electricity was generated by low-CO2 sources. Unlike travel, 
(electric) rail plays a more prominent role in carrying freight. Still, as Figure 8 
shows, emissions from freight are dominated by those from trucks, so it is this mode, 
like cars, whose evolution is the most important for that of the sector's emissions. 

Interpreting the differences in changes before and after 1990 is difficult. This 
is because 1990-92 was a period of recession for many countries, with drop in freight 
activity that often left truck fleets carrying fewer tonnes per kilometre, i.e., lower 
load factors. After 1990, emissions rose faster than GDP in seven of twelve 
countries while before 1990 the reverse was true. What is striking is that carbon 
intensity fell or increased by less than 0.1 percent/year in seven countries in both 
periods. At the same time the structural shifts towards trucking and thus greater 
carbon intensity were in general stronger than the arue shifts to cars and :;iir travel. 
We sw·mised that for freight, fuel prices played a less impo1tant role in the overall 
evolution of energy use and emissions than they did for travel. The lack of a strong 
difference in emissions paths between the period of higher prices (which can 
justifiably include the years 1986-1990 when effects of new equipment were still 
being felt strongly through stock-turnover) and period of lower p1ices is thus not 
surpnsmg. 



TABLE 2 Average Annual Percentage Changes in Carbon Emissions from 
Freight, 1973-1994, Laspeyres Decomposition, 1990 Modal Structure 
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EFFECTS 1973-1990 EFFECTS 1990-1994 
Actual Acti- Struc- Carbon Energy Fuel GDP Actual Acti- Struc- Carbon Energy Fuel GDP 

vity ture Int. Int. Mix vity ture Int. Int. Mix 

Denmark 2.8 1.6 0.7 0.7 0.6 0.0 1.8 2.5 -1 .3 -0 .2 4 .2 4.2 0.0 

Norway 2.1 2.0 0.9 -0.7 -1 .2 0.4 3.3 1.3 0.9 -0.2 0.5 0.7 -0.2 

Sweden 2.5 1.0 0.5 1.0 1.2 -0.1 1.9 0.3 0.1 0.8 -0.6 -0.7 0.0 

Finland 2.2 1.7 0.5 0.0 0.0 0.0 2.9 -1.2 0.4 -0 .9 -0.6 -0.3 -0.3 

Netherlands 4.5 2.3 1.5 1.1 0.6 0.0 2.5 3.0 1.8 1.3 -0.1 0.2 0.0 

France 2.0 0.5 1.3 0.4 0.6 -0.1 2.4 2.0 0.6 0.9 0.5 0,6 0.0 

W.Germany 0.6 1.8 1.2 -1 .9 -1 .9 0.0 2.2 4.5 1.9 1.2 1.4 1.7 -0.3 

Italy 4,9 4.3 -0.1 0.7 0.6 0.1 2.8 0.7 1.0 0.2 -0.5 -1,5 

UK 1.6 2.4 0.1 -1.0 -1 .1 0.1 2.0 0.1 0.1 0.8 -0.7 -0.8 

USA 2.5 1.9 0.8 0.1 0.1 0.0 2.7 0.6 2.9 1.7 -3.6 -3.5 

Japan 2.0 1.7 1.7 -1 .2 -1.3 0.1 3.7 2.4 -0.1 0.6 1.9 1.9 

Australia 3.3 2.2 2.9 -1 .8 -2.0 0.2 3.0 0.8 2.8 0.3 -2.3 -2.2 

Note. The Netherlands from 1978 Australia from 1974, Denmark from 1972. 

Summary: More Motion, More Rapidly, Raised Emissions 

Changes in the amount people (and goods) travel have been the dominant cause of 
rising emissions. Technical factors, as the vehicle and modal energy intensities 
represent, led to some restraint of emissions in a few cases for cars and trucks but 
only gave a net reduction in per capita emissions (for travel) in one country. 
Behaviour and system optimisation factors (i.e., modal choices and utilisation, 
speed), clearly boosted emissions as well. As of 1998, there was little sign that these 
factors alone were abating, although their coupling to ever-rising GDP may be 
weakening. Policies aimed at restraining CO2 emissions from travel and freight 
should focus on the underlying factors driving emissions up since 1990, as these are 
likely the forces policies must circumvent. We turn to some of those forces next. 

THE CHALLENGES FACED: TRADITIONAL DRIVING FACTORS 
OF RISING INCOMES AND FUEL PRICES 

The foregoing reminds us that GDP is an important factor driving both passenger 
travel (cf. figures 1-2) and freight (Figure 6). Figures 16 and 17 make this connection 
for travel and freight-related carbon emissions. Only in the United States does there 
appear to be some relenting or decoupling, both during the periods of the oil shocks 
(the bumps in emissions per capita at 18,000 $1990 US and 21,000$ per capita GDP) 
and a slowing of growth after that period. This trend of slowing growth (versus 
GDP) can be discerned in all countries, but it is not very marked at all. For freight, 
there is less of a clear trend in any country, in part because the ratio of carbon to 
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freight hauled fell in more countries than it did for travel, in part because the 
coupling between freight hauled and GDP varies more over time and among 
countries. Nevertheless, our earlier suggestions that income has been the key driving 
factor, are validated by these figures, and confirmed by many statistical 
investigations (Johansson and Schipper 1997; Bennathan, Fraser and Thompson, 
1992). 

Figure 16: Per Capita GDP and Per Capita Carbon Emissions from Travel Sector 
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Figure 17: Per Capita GDP and Per Capita Carbon Emissions from Freight Sector 
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Figure 18 shows the development of average fuel prices i11 the countries we have 
studied. Diesel and LPG prices are included weighted by their shares of total energy 
use for car travel in their respective countries using net heating value. Figure 19 
shows fuel costs, defined as fuel prices in each country multiplied by the average on
road fuel intensity for each country's fleets. What is surprising is that fuel prices in 
any country were higher for such a short time, and how little changed prices were in 



the mid 1990s from their real 1973 values. This is more dramatic in Figure 19, 
which includes the effects of improved real fuel economy on costs. Fuel costs of 
driving one km. in the U.S. in 1995 are a full 30 percent below what they were in 
1973 and nearly 70 percent below their peak level of 1981. 

Figure 18: Automobile Fuel Prices 
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Figure 19: Car Fuel cost per Kilometre 
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Note too that in Figure 19 there is approximately a 2-1/2 to 1 spread in real 
prices as measured using purchasing power parity. In 1981 this spread was 
compressed to 2:1, but got larger as U.S. prices fell in real terms with almost no new 
taxes making up even for the impact of inflation on taxes. The movements in 
Sweden, Germany, and the Netherlands from the late 1980s were principally do to 
higher taxes, while those in Denmark result from a purposeful lowering of taxes. 
Now matter which perspective is taken, it is clear that few drivers in the countries 
studied saw real, steady price increases that left them in the mid 1990s paying more 
to use fuel than they did in the early 1970s. 
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Did higher fuel prices not affect fuel use or emissions? It is often forgotten 
that for most countries, real fuel prices were higher than average only for two brief 
periods, 1974-7 and 1979-1985, periods too short to expect radical changes in both 
vehicle technology and use and modal choice to occur, let alone major 
rearrangement of the housing and mercantile infrastructure affecting the origin and 
destinations of travel and freight respectively. Still, emissions per unit of GDP did 
fall somewhat in these periods, and emissions unit of activity fell as well. This was 
most dramatic in the United States where travel-related emissions in 1985 were at 
their 1973 level despite 13 percent more travel. Both prices and the Corporate 
Average Fuel Economy standards pushed new car fuel intensity downward, as Figure 
10 showed. Even there, however, emissions began to rise after fuel prices dropped 
and new car fuel economy stagnated in the late 1980s. 

Some of the decline in car fuel intensity continued after oil prices crashed, 
because of the technological gains that were started in the high-price years, gains still 
working their way into the fleet through vehicle turnover. Yet prices seem to play a 
pivotal role in fuel economy or fuel use over the long run. One way to see this is to 
view all the countries in cross section. Figure 20, however, shows that there is a 
significant relationship between car fuel intensity ( or per capita car fuel use) and real 
fuel price (with diesel included at its share of car fuel in each country). This is even 
more striking if we plot fuel use per capita versus the weighted price (Figure 21). If 
fuel use for cars in Figure 21 were normalised by GDP instead of population, the 
U.S. point would fall somewhat closer into the line. Interestingly, both Canada and 
Australia, which are included in these plots, fit nicely between the United States and 
Europe. This suggests that the United States is not a freak or outlier. While we do not 
suggest that geography or other factors are unimportant to fuel use, the role of prices 
and incomes are clearly very strong. 

Figure 20: Car Fuel lntenaity and Fuel Price&, 1995 
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Figure 21: Per Capita Car Fuel Use and Fuel prices, 1995 
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The fact car fleet fuel intensities appear to be almost linearly related to fuel 
prices, and that U.S. vehicle fuel intensity in 1994/5 appears consistent with the 
points from the other countries is striking. This suggests that automobile fuel 
intensity is indeed a function of fuel price in the long run. But automobile efficiency 
in a technical sense now varies little among countries ( cf. Figure 11 ), since, as for 
trucks, vehicles are produced by international companies sharing largely the same 
technologies. Instead fleet-average automobile size or weight (cf. Figure 12), power, 
and features that differentiate the points for fuel intensity in Figure 21, with vehicle 
ownership and use taxation, including the impact of company car taxation, certainly 
explain some of the scatter, since these policies affect not only the ultimate cost of 
fuel to the user but the cost of using the vehicle as well, which is much more 
significant (Schipper and Erickson, 1995; Schol and Smokers, 1993; NEDC, 1991; 
Fergeson, 1990). It is not unreasonable to assert, without formal proof, that these 
characteristics depend on incomes (including car taxation) and fuel prices, but this 
formal dependence will have to be subject of future study. Nevertheless, 
governments do affect car prices through taxation and this has a clear affect on their 
characteristics and fuel use (Johansson and Schipper 1997). Figure 20 makes this 
point another way: Shown in Fig. 22 is the same car taxed in each of the study 
countries ( except the United States, where the taxes would amount to a few percent 
only, according to Schipper and Eriksson 1993). The large levies in Denmark reduce 
car ownership (evident in Figure 1), but not necessarily car use (Figure 2). They 
clearly force Danes to buy considerably less fuel-intensive cars than their Swedish or 
German neighbours (Figure 9). 
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Figure 22: Coot of an Opel Astra 1.8 lllre GL 3 door, 1994 
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Freight presents a somewhat different picture. In contrast with cars, the correlation 
between trucking fuel intensity and truck fuel price is very poor (Fig 23). The 
correlation between the ratio of trucking energy to GDP and trucking fuel price, 
shown in Figure 24, suggests that trucking energy depends somewhat on price, both 
through modal intensity and through total volume of truck freight shipped. Thus in a 
cross-national comparison, prices appear to affect both fuel intensity and fuel use in 
most cases, but the relationships are stronger for car use than for trucking. We do not 
have fuel prices for other modes, but since these fuels are untaxed and since other 
modes of freight consume one third to one tenth as much fuel per tonne-km as 
trucking, we expect fuel prices to be even less important for these modes than they 
are for trucking. 
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Figure 23: Fuel Intensity and Fuel Prices for Trucking, 1994 
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Figure 24: Fuel Use per Unit of GDP and Fuel Prices for Trucking, 1994 
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Thus factors causing changes in CO2 emission are intimately related to the 
nature of transportation--comfort, convenience, speed. Thus driving activity
distance-as well as modal choice are related to individual and societal choices 
about housing, work and leisure location. The same is true for freight. But the cost of 
fuel is but a small fraction of the total cost of either travel or freight, even before the 
cost of the transport infrastructure is considered. And the choices noted here are 
deeply rooted in a transportation context. This means that these choices-today's 
slowly evolving transportation patterns-may be difficult to stop simply because of 
CO2 concerns. To be sure, natural limits (saturation of distance or time of travel, 
potential saturation of the distance physical goods are sent around) or local 
constraints (congestion, parking problems, local pollution) may slow or reverse some 
of these trends. But most national transport plans still foresee increases in personal 
and goods transportation with GDP without policy intervention. 

It is significant nevertheless that emissions from freight, in contrast to those 
from travel, show restraint from lower energy intensities in roughly half of the 
countries studied. We speculate that this may be because structural effects on freight 
demand are more intense and also because freight services unlike private mobility 
consumption responds to business needs. Although the importance of fuel costs to 
total freight costs, or to the total costs of products delivered is small, there is clearly 
always room for saving fuel at the margin, subject to the constraints imposed by 
costs for equipment, labour, and maintenance. The same is true for air travel, which 
showed uniform and deep reductions (50-60 percent) in fuel use or emissions per 
passenger-km in all countries from both improved technology and higher load 
factors. In this case, however, fuel accounted for as much as 20 percent of operating 
costs and even in 1997 remains a source of cost pressure to airlines. Thus the 
distinction between enterprises and private automobile use may be important for 
explaining differences in the evolution of fuel intensities and CO2 emissions from 
these different branches of transportation. 

The couplings between travel or freight and GDP illustrated by Figures 5 and 
8 are daunting. While there is no denying fuel prices affect this coupling through 
both fuel intensity and to some extent distance travelled, few expect fuel prices to 
change radically because of oil market changes or even taxes designed to represent 
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the CO2 externality itself. To some extent there may be saturation in the level of 
travel or freight, but no one expects either level to decline if GDP keeps rising. With 
that rise, then CO2 emissions are not expected to decline. Or are they? What could 
cause changes is a combination of transportation policy reforms in the near term, 
technological changes in the longer term, and consumer/shipper responses to both 
forces. We review these possibilities next. 

WHAT IS BEING DONE? POLICIES AND TECHNOLOGIES 
AS DRIVING FACTORS 

Several European countries appear to be making serious efforts to deal both with 
fundamental problems associated with transportation ( congestion, air pollution, 
safety, noise, roadwear) and with CO2. This section introduces us to a framework for 
analysing policies, which will then be enumerated country by country, a framework 
based on the decomposition analysis noted above. 

The key motivation is that alluded to in the introduction: Experts and policy
makers alike (as well as some vehicle-users) find that there are times (and places) in 
the driving cycle where the real social costs of driving exceed by significant amounts 
the private costs paid for a marginal km of vehicle use. Furthermore, the carbon
dioxide component of that excess is probably small. Therefore, the key steps in 
transport policy may well focus on non-CO2 externalities, but to the extent they 
reduce traffic, will reduce CO2 as well. And to the extent that these measures raise 
the cost of driving, they will offset the downward impacts on costs of measw't:s that 
reduce fuel consumption per kilometer. 

To evaluate these efforts we can use a simplified version of Equations 1 and 
2 as an analytical framework illustrated in Figure 25. Options to mitigate CO2 
emissions from transport are illustrated in Figure 26, which is based on the 
decomposition depicted in Equations 1 and 2 but further elaborated into sub
components. As Figure 25 suggests, there are these basic choices: 

• Reduce, or restrain the growth in the movement of people and goods (the 
A term in Equation 1 )-though this is considered a significant challenge 
economically and politically; 

• Reduce the modal energy intensity of the various modes ( cf. Equation 2) 
using less energy for the same mobility or getting more mobility from the 
same energy, by improving the technologies of vehidt::s (less fuel per 
kilometre), improving utilisation (less vehicle-km per passenger or tonne
km), or shifting some activity towards less fuel-intensive modes (the S term 
in Equation 1 ), reversing the trends illustrated in Figures 7 and 11; and 

• Reducing the CO2 content of fuels. 
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FIGURE 26 Actions in IEA countries to restrain transport CO2 emissions. 

In simple terms, relatively large reductions in transport CO2 emission from a 
given baseline can be achieved by making relatively small changes in two or more 
factors noted above. A 10 percent reduction in total emissions could be achieved by 
a 3 percent reduction in each of the factors of mobility, intensity and fuel mix. 
However, the scale of the technological, economic and political challenges 
associated with simultaneous reductions cannot be overstated. Indeed the converse is 
also true: relatively large growth in emissions can result from relatively small 
increases in two or more of the factors. We cannot assume that it is equally easy to 
change each component by the same amount, or that changes in e·ach component will 
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be smooth over time. Experience shows that in the short term, mobility and modal 
mix may change, while in the longer term, technology is more likely to change 
unless strong pressures remain that limit mobility or raise its cost. 

The interactive dependence of transport emissions on mobility, intensity and 
fuel mix suggests that packages of measures, which simultaneously address multiple 
options, have greater synergies and lead to greater mitigation. However, constraining 
mobility is a major boundary condition since it implies overcoming real political and 
economic challenges. On the other hand, the thrust of transport reform packages in a 
number of European countries will directly or indirectly raise the cost of personal 
and goods mobility in congested or otherwise sensitive areas, which may lead to less 
traffic and some changes of mode. These cost shifts are likely to be much larger than 
those associated only with fuel taxation, hence their overall impacts on total 
mobility, on utilisation, and on modal choice could be significant. Thus one could 
imagine an integrated transport/CO2 strategy in which fuel prices and technological 
improvements affected primarily I and F, while reforms in the way transport is 
priced might have a significant impact on A and S (equation (1)). For now we will 
not identify which countries aim at which components of Figure 26, but this will 
become clear as we study each country in depth. 

Figure 26 also spawns interest about the "potentials" for changes in each 
category. These can be posed in a static framework, e.g., move 5 percent of current 
traffic now on cars on to existing local bus and rail lines, in a dynamic framework, 
e.g., slow the growth in car traffic from its present rate (relative to GDP growth) by 
increasing the growth in use of these other modes; or in a policy framework, e.g. 
under what changes in prices and policies might either the static or dynamic change 
occur? A key question is time frame: how long would it take to change the entire 
truck fleet or move freight loading terminals to locations where less fuel would be 
wasted idling in traffic, etc? And perhaps the most obvious question is one of costs: 
how much would individuals and society pay for alternative technologies? How 
much more or less would trucking cost if changes in the system occurred that 
increased load factors? How much car power or weight would car buyers forego for 
each 10 percent increase in fuel prices or in the taxes on new cars? 

Unfortunately, few of these questions are accurately answered with 
observations of past and present patterns. But some of the transport-policy or CO2 

policy-studies we reviewed did try to pose the dynamic and policy questions with 
models, identify key assumptions, note possible feedback between the terms, and 
calculate or approximate the outcomes in the future. To be sure, the potential for 
savings remains, particularly in the area of "vehicle fuel intensity" (i.e., 
technological energy efficiency and, although less likely, vehicle characteristics). 
Alternative fuels also show promise, but at higher cost than gasoline or diesel fuel. 
But no country seems to have figured out how to translate potential into reality 
without incorporating a great deal of patience stretched out over two or more 
decades, and strong political will. This does not mean there will not ultimately be 
low-cost ways of reducing carbon emissions from transportation, only that it will 
take many decades to restrain emissions at low cost. This may be the most important 
lesson of this study so far, and sobering for policy makers and analysts alike. 
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SUMMARY 

We have reviewed key trends driving freight and passenger transportation in IEA 
countries since the early 1970s. In spite of two oil crises that affected fuel prices 
profoundly, the growth in underlying demand for travel and freight stayed closely 
coupled to economic activity, although some signs of saturation have appeared in the 
most motorised countries. Fuel intensity for cars or trucking fell significantly only in 
a few countries, and in no countries is either of these key indicators falling faster 
than underlying activity is rising. Consequently CO2 emissions are rising, in most 
countries faster than the Kyoto targets imply. 

This view should not be taken too pessimistically. As we note in IEA 1997b 
and IEA 1997c, most major automobile companies have announced dramatically 
new approaches to marketing vehicles with significantly lower CO2 emissions, both 
through efficiency and through use of fuel cells or hybrid engines. Voluntary 
agreements between manufacturers or their associations and governments in Brussels 
and Tokyo appear to have spurred development and marketing of more efficient 
models, some of which have been announced or are being marketed already. Attacks 
on transport externalities promise to restrain growth in overall activity and even 
encourage a boost in the modal shares of less carbon-intensive modes. A carbon tax 
would give some encouragement towards both less carbon intensive fuels (natural 
gas in the short run) and perhaps spur serious development of low carbon biomass 
fuels in the longer term. Not surprisingly, all of these elements are present in the 
preliminary transport and environmental plans of each country we have studied, save 
the U.S., where the focus is on automotive technology. How each country's plan 
shapes up will be the subject of a subsequent presentation, but how emissions 
actually evolve will, of course, not be known for some time. This time element is the 
one most forgotten, but is the ultimate barrier to dramatic change, since vehicle 
stocks, driver habits, and freight patterns take decades to change (IEA 1998). 
Perhaps the most elusive element of all is patience, since we can only wait a long 
time to see how things turn out. 
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WHY CAFE WORKED 
David L. Greene 
Center for Transportation Analysis 
Oak Ridge National Laboratory 

The 1975 Energy Policy and Conservation Act established mandatory fuel economy 
standards for passenger cars and light trucks sold in the U.S. Since that time the 
Corporate Average Fuel Economy (CAFE) standards have often been criticized as 
costly, inefficient, and even unsafe, despite the general absence of direct empirical 
evidence to support such claims. This paper reviews empirical evidence on the 
impacts of the CAFE standards and explains why properly designed and executed 
fuel economy regulations may be preferable to other policies for reducing petroleum 
dependence and carbon emissions. It appears that the standards substantially 
achieved their objective ofrestraining U.S. oil consumption without producing 
significant negative side-effects because they were set at levels that could be 
achieved by cost-effective or nearly cost-effective technological innovations. 

Key Words: CAFE; fuel economy; efficiency standards. 

The frequently controversial Federal Automotive Fuel Economy Standards, a.k.a. 
Corporate Average Fuel Economy (CAFE) standards established by the U .S. Energy 
Policy and Conservation Act of 197 5 (PL94- l 63 ), have in fact been a notable 
success.' Not only have they been largely responsible for the nearly doubling of U.S. 
passenger car fuel economy and more than 50 percent increase in light truck MPG 
from 197 5 to 19 84, but they have also been effective in achieving their primary 
objective: restraining the automobile's appetite for oil. At the 1975 on-road light
duty vehicle MPG of 13 .1, the 2.2 trillion vehicle miles traveled in 1995 would have 
required 55 billion more gallons of fuel and cost motorists an additional $70 billion 
(1995$).2 All of this was done at a price American consumers were apparently 
willing to pay. Public opinion polls have consistently shown approval ratings in the 
vicinity of 75 percent for maintaining or raising the CAFE standards. Although 
numerous hypothetical and theoretical objections to CAFE have been raised, tangible 
evidence of significant negative effects is lacking. The combination of efficiency 
and political acceptability enjoyed by technical efficiency standards virtually 
guarantee that they will be a part of any serious effort to achieve sustainable 
transportation. 

This paper attempts to explain why the CAFE standards have been such a 
successful energy policy. It begins by pointing out that economic theory does not 
relegate technology standards to inevitable "second best" status as some imply (e.g., 
Blakemore and Ormiston, 1996, p.7). As a public policy aimed at correcting an 
externality, regulations can be the key part of a "first-best" public policy response 
(e.g., Glazer, 1997). To be sure, practical problems will arise in implementing either 
an effluent tax or a regulatory standard (Vickery, 1992). Next, it is argued that in the 
oligopotistic automotive market a combination of satisficing behavior on the part of 
consumers and risk-aversion on the part of producers makes it very likely that fuel 
economy standards will be more effective than a motor fuel tax. This does not mean 
that gasoline or vehicle use taxes are not important or useful policy tools. Indeed, 
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they are essential if policies are to be economically efficient. It means that taxes will 
be most effective and efficitmt if used in conjunction with fuel economy standards. 
Objections to fuel economy regulations are then enumerated, and the historical 
evidence with reference to the CAFE standards is reviewed. These range from 
claims that CAFE forced consumers to buy smaller less desirable cars (Shin, 1990; 
Crandall et al., 1986), to claims that CAFE differentially harmed domestic auto 
manufacturers (Nivola and Crandall, 1995), to claims that CAFE forced 
manufacturers to produce lighter vehicles that resulted in increased traffic injuries 
and fatalities (Crandall and Graham, 1989), to the claim that a variety of take-back 
effects from increased driving to slower scrappage rates essentially negated the 
potential benefits of increased MPG (Leone and Parkinson, 1990; Kleit, 1990). The 
experience of the past 25 years suggests that concerns over these potential threats 
were greatly exaggerated. 

REGULATION AND ECONOMIC EFFICIENCY 

When an activity such as vehicle travel produces an external cost, it is well known 
that even perfectly competitive markets will fail to allocate resources so as to 
maximize social welfare ( e.g. Baumo.I and Oates, 1988). The most widely 
recognized solution to such a problem is to levy a tax on the activity equal to the 
marginal social dan1age created by the externality it produces (Pigou, 1918). 
However, in many instances, the link between activity and external damage is not 
immutable. This is certainly the case with motor vehicle emissions. The U.S. 
Department of Transportation (U.S. DOT) estimates that the average vehicle on the 
road in 1994 emitted one-half to one-fourth as much pollution as the average vehicle 
in use in 1970, depending on the pollutant (U.S. DOT/BTS, 1996, p. 141-142). The 
difference is the use of advanced pollution control technology, such as three-way 
catalytic converters, multi-point fuel injection, and electronically controlled 
combustion, in newer vehicles. Clearly, technology can change the relationship 
between the level of activity and the environmental damage caused by it. Moreover, 
technology has proven to be by far the most important factor. Had there been no 
changes in emissions rates per vehicle mile since 1970, highway vehicles would 
have produced 4.5 times as mnch hydrocarbons, 3 .2 times the carbon monoxide and 
twice as much nitrogen oxides as they actually did in 1964 (U.S. DOT/BTS, 1996, p. 
143). It is difficult to imagine how such reductions could have been achieved by 
reducing vehicle travel. Still, economic efficiency requires both that decisions taken 
regarding the amount of travel reflect the external costs of that travel, and that 
decisions taken regarding the use of teclmology in vehicle design do likewise. In 
economic jargon, there are two marginal conditions to be satisfied (see, Freeman, 
1997). 

The fact that technology, too, must be optimized to reduce emissions has 
profound implications for environmental policy. First, if a tax is imposed, it must 
fall directly on the external damage. Taxing only the activity, vehicle travel, will fail 
to produce the appropriate changes in technology. Second, there is no inherent 
reason why a well-chosen technology standard, in combination with a tax on the 
activity, could not achieve precisely the same result as an optimal externality tax 
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imposed directly on the externality itself. This proposition is demonstrated for 
the case of carbon emissions in the appendix. 

But even more important is the fact that correcting market failures associated 
with transportation is a very complex undertaking. At present, it remains impractical 
to measure and directly tax external damages done by criteria pollutant emissions 
(Vickery, 1992). Not only is there the problem of accurately measuring each 
vehicle's emissions and collecting the tax, but emissions vary importantly according 
to how a vehicle is operated and maintained, and damages vary according to weather 
conditions, location, and many other factors. Taking almost all of these 
complications into account, Innes (1996) has demonstrated that regulatory standards 
such as CAFE can be a part of an efficient policy strategy. 

The problem is further complicated by the fact that air pollution is not the 
only market failure associated with transportation. As Crawford and Smith (1995, 
pp. 33-34) put it: 

Formulating appropriate policies toward the taxation of road transport is, 
however, far from straight-forward, due to the varied range of social costs 
(externalities) associated with road use (congestion, accidents, road and 
environmental damage), and the complex interactious between road transport, 
other modes of transport and issues of spatial development ... this complexity 
is amplified by the existence of significant "second best" aspects of the use of 
existing fiscal instruments ... 

In the case of the CAFE standards, the market failure they were most directly 
aimed at, oil market disruptions and the market power of the OPEC cartel, is not 
properly characterized as an externality (Greene et al., 1997; Greene, 1997).3 For 
this reason, the success of the CAFE standards may ultimately depend as much on 
the degree to which they stimulated technological change as their effectiveness in 
reducing oil consumption. 

The point is that there are neither theoretical nor pragmatic reasons for 
prejudging regulatory standards like CAFE to be a priori inferior to other policy 
instruments for correcting market failures associated with energy use in automotive 
transportation. An issue that does bear directly on the relative merits of efficiency 
standards versus taxes, is the efficiency of the market for automotive fuel economy. 
If there are good reasons to believe that this market may not respond effectively to 
fuel taxes, a regulatory approach might be preferable. 

THE MARKET FOR FUEL ECONOMY: HOW EFFICIENT IS IT? 

In the absence of evidence to the contrary, it is customary for economists to assume 
that any given market operates as a competitive market, efficiently allocating 
resources and producing goods and services that maximize social welfare. Why, 
CAFE critics ask, should the market for fuel economy be otherwise ( e.g., Nivola and 
Crandall, 1995, Ch. 2; Blakemore and Ormiston, 1996, p.7)? First, there are clear 
market failures. Consumption of petroleum products in motor vehicles produces 
nontrivial external damages to the environment that have been well documented (see, 
e.g., U.S. DOT/BTS, 1996). Also, the petroleum market itself is partially cartelized 
which, though not an externality, is still a significant market failure in the form of 
imperfect competition (see, e.g., Greene et al., 1997). Second, there are good 
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Figure 1. Net Present Value of MPG Increases for a Subcompact Car, Using Industry Data 
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Figure 2. Net Present Value of MPG Increases for a Subcompact Car, Using U.S. DOE Data 

$1,000 ---------------- - . 

$BOO 

e $600 

O,' 
=== 
0 
Q $400 

1 0 
a 

~/ 
0) 
~ 

$200 

$0 

.. $20 -~------- . 1 - ..--.----.--.--..----,--........-----.---.,---i 

28 30 32 34 36 38 40 42 
MIies per Gallon 

($1' .60/gal1 20%. discount rate, ·1 s,00O ml/yr} 



124 

reasons to believe that the market for fuel economy itself is ' sluggish," that is, it may 
tend to produce a satisfactory rather than an optimal solution (see e.g. Stern and 
Aronson, 1984). The reasons for this which are explicated below, include imperfect 
information and satisficing behavior on the part of consumers, together with risk 
aversion and to some extent oligopolistic behavior on the part of producers. Were it 
not for the significant market failures associated with petroleum consumption, this 
sluggishness could probably be safely ignored. 

If the buyer of a new car could save $200 per year on fuel by purchasing a 10 
MPG more efficient vehicle, wouldn't this provide an adequate incentive to 
conswners to search one out and producers to produce such a vehicle? Surely, the 
market will respond to an incentive worth $1 ,500 or so in present value. While this 
argument seems appealing, it ignores the fact that to get that $200 per year in 
savings, consumers must pay more for the vehicle in the first place. It is the net 
value of the fuel economy investment that matters to consumers, not the gross fuel 
savings. Studies of the costs of fuel economy improvement show that the net value 
of higher fuel economy to consumers is relatively flat over a fairly wide range of fuel 

' economy increases. Using data from the National Research Council's (NRC, 1992) 
study of automotive fuel economy, Greene (1996) has shown that estimates of the 
potential for fuel economy improvement based on industry data indicate less than a 
$100 variation in net present value over an approximately 5 MPG range above 
current MPG levels. Calculations based on U.S. Department of Energy (U.S. DOE) 
dRta indicate just slightly more than a $100 difference in net value over a 10 MPG 
range above the present MPG level (Figures 1 and 2). ln other words, whether new 
car MPG is 30, 35 or 40, would be a matter of ±$100 or so net present value to the 
average consumer. One hundred dollars is just a bit more than one-half of one 
percent of the average price of a new car. In other words, the incentive to the 
consumer is not large, it is on the order of the cost of a set of floor mats, or the 
difference between the standard wheel covers and a slightly flashier set. 

Anyone who has purchased an automobile knows that choosing a car can be a 
complex multidimensional decision. Among the important items to consider are 
price, size, reliability, safety, style, performance, handling, comfort, fuel economy, 
and more, including a wide array of amenities from sound systems to air 
conditioning to power seats. There is also frequently a negotiating process in which 
failure to be fully informed and pay close attention can cost hundreds or even 
thousands of dollars. Will a consumer really take the time and effort to optimize on 
each and every feature, especially on a featw·e whose net w01th is less than $100? I 
submit that on items of lesser importance rational consumers will balauct: the 
potential benefits against the cost in time and effort of making a precisely optimal 
decision. In other words, they will decide roughly on a satisfactory range and, if the 
item falls within that range for that characteristic, they will deem it acceptable. 
Precious time and effort to research facts and trade-off attributes will be saved for 
the most important characteristics. 

It is often claimed ( e.g., Nivala and Crandall, 1995, p. 27) that information 
about fuel economy is very precise, because every car carries a prominently 
displayed fuel economy label (a byproduct of the fuel economy regulatory program). 
But how precise is the information on the label? The numbers have already been 
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adjusted for the average shortfall between EPA test and actual on-road expedence 
( about 15 percent) but this will vary by ± 10 percentage points or more, according to 
driving style and environmental conditions. Also, the label provides two fuel 
economy numbers, one for city and one for highway driving. Although the 
difference varies from car to car the highway number is 30 percent to SO percent 
higher than the city number. For the 1996 Ford Taurus, for example, the highway 
MPG is 45 percent higher (29 v. 20 MPG). It is up to the motorist to determine what 
his or her representative driving pattern is and to compute the weighted harmonic 
mean. For the motorist with a typical 55 percent city, 45 percent highway pattern, 
this would be 23 .25 MPG. (The motorist who calculates a simple arithmetic average 
instead of a weighted harmonic average would have estimated 24.5, an error of 5.4 
percent.) Now one must estimate future fuel prices, future annual driving rates and, 
having decided upon the appropriate discount rate, then compute the net present 
value of the fuel economy improvement. 

But wait we're not done yet. That increase in fuel economy is going to cost 
something. The buyer must now estimate the cost of the fuel economy 
improvement, how long the vehicle is to be held, what the depreciation over that 
period is likely to be and then discount that to be able to estimate the present cost of 
the investment in fuel economy (this also involves assessing how accurately the used 
car market will evaluate the remaining value of the fuel savings when the car is 
resold or traded in). But where is the label that says what the fuel economy 
improvement costs? There isn t one. This the consumer must estimate from a 
multidimensional trade-off analysis of the foel economies, prices, and other 
characteristics of various cars available in the market, no mean feat even for a Ph.D. 
econometrician. 

The bottom line is that consumers cannot optimize their fuel economy 
decisions because they lack all the necessary information and it is not cost-effective 
to obtain it. When this situation is combined with the relatively minor difference in 
net value between the optimal fuel economy level and one 5 or 10 MPG away, the 
result is a weak market signal to manufacturers to change fuel economy. And what 
about the risk to manufacturers of making a wrong decision? Significant changes in 
fuel economy require major changes i11 vehicle design. The 10 MPG increase shown 
in Figure 2 above requires a completely new drivetrain, a complete body redesign to 
improve aerodynamics and achieve weight reductions via materials substitution, plus 
a host of miscellaneous improvements to accessories such as air conditioners, power 
steering, and alternators (NRC, 1992, appendix E). Such innovative redesign 
involves considerable risk that consumers may not like the style changes or that new 
components may not prove as reliable as the old ones. Moreover, if a manufacturer 
is to achieve a fleet average gain of 10 MPG, all makes and models would have to be 
similarly redesigned. This would amount to "betting the farm" on something about 
which consumers are almost indifferent. 

But if fuel economy improvements are risky to manufacturers, how do 
standards help? What is the magic of standards that reduces the risk? The magic of 
standards derives from the difference between the intensive competition among 
manufacturers for sales and the extensive competition between the automobile 
industry as a whole and all other products vying for the consumer s dollar. Whereas 
the demand for a pa1ticular make and model of car may be highly price sensitive 
(econometric studies such as Bordley, 1994, and Berry et al., 1995, indicate price 
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elasticities in the vicinity of -5 for choice of make and model), the aggregate demand 
for all new cars is much less sensitive to price, or any other vehicle attribute (the 
price elasticity of demand for new cars is generally agreed to be about -1, e.g., see 
Kleit, 1990). Thus, a pricing or design mistake that could spell disaster for a single 
carline or a single manufacturer would be a much smaller problem for an entire 
industry. 

This does not imply that fuel economy standards can be set recklessly, 
without regard to cost-effectiveness to the consumer and without allowing adequate 
time for testing, retooling and the normal turnover of manufacturing capital. · Even 
small mistakes are big mistakes when they affect the entire automotive industry. Nor 
does it imply that the differential impacts of standards on different manufacturers can 
be ignored. What it does mean is that society as a whole can rationally be less risk
averse than a single manufacturer when deciding on a future fuel economy program. 

Indeed, considerable care was taken in establishing the CAFE targets to be 
sure that cost-effective, marketable technologies would be available to meet the 
standards. Initial comprehensive studies ( e.g., Coon et al. , 1974· Energy Resources 
Council, 1976; U.S. DOT, 1977a; U.S. DOT and EPA, 1975) were complemented by 
hearings and public rulemakings (U.S. DOT/NHTSA 1977b; 1978) to verify that the 
fuel economy goals established met the law s tests of technological feasibility and 
economic practicability, taking into consideration the nation's need to conserve oil 
and the effects of other regulatory standards. The fact that manufacturers were able 
to meet CAFE requirements; largely by adopting technological improvements is the 
key reason why other, theoretically possible market distortions did not materialize. 
The role of technology is perhaps best illustrated by Greene and Fan's (1995) 
calculation that the typical 4,000 lb., 15 MPG passenger car of 1975 built with 
today's technology would get 25 MPG. 

Finally, while there is certainly competition in the automobile market, it is 
somewhere between perfect competition and oligopoly. The biggest manufacturers 
can observe what competitors are doing and choose to lead, folJow, or stand pat, up 
to a point. In other words, a given manufacturer's decision to embark on a fuel 
economy improvement program may depend a great deal on what the other major 
manufacturers are doing. 

The implication of all of the above is that it is reasonable and rational to 
expect a sluggish market for automotive fuel economy. The net present value to 
consumers is relatively flat over a wide range of potential fuel economy levels. In 
addition, it is not reasonable to expect consumers to be precise optimizers in trading
off fuel economy and other vehicle attributes. This relatively weak incentive lo 
producers is matched by a potentially enormous risk to a manufacturer if a plan for 
major improvements in fuel economy turns out to be a miscalculation. 
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THE REBOUND EFFECT: 
DOES FUEL ECONOMY IMPROVEMENT ACTUALLY SA VE FUEL? 

Vehicle Travel and Fuel Cost per Mile The Main Effect 

A key criticism of the regulatory approach is that increasing fuel economy without 
imposing the appropriate tax will reduce the fuel cost per mile of vehicle travel, 
thereby stimulating increased travel. Increased travel, of course, implies increased 
fuel consumption which would work against the chief intent of fuel economy 
improvement: to reduce fuel consumption and the resulting greenhouse gas 
emissions. The existence of a "rebound effect" in no way denies the existence of an 
efficient regulatory standard (Khazzoom, 1980).4 The importance of the rebound 
effect is that its size is a critical determinant of the relative importance of technical 
efficiency versus a usage tax in achieving the economically efficient reduction in 
em1ss1ons. 

There is no reason to doubt that the rebound effect exists. The key question 
is, how big is it? If it is very small, say 10 percent or so, its impact will be 
negligible. If very large, say 90 percent, then it would virtually negate the intended 
societal benefits of fuel economy regulation. The size of the rebound effect depends 
on the elasticity (f3M,gP) of vehicle travel, (M), with respect to the cost of fuel per 
vehicle mile, (gP), where g is fuel intensity in gallons per mile and P is the price of 
fuel in dollars per gallon. The effect of a change in fuel intensity, g, on fuel 
consumption, F, is given in equation (1 ). 

dF = M+g dM d(Pg) = M+gP dM 
dg d(Pg) dg d(Pg) 

(1) 

If both sides of equation (1) are multiplied by (g/F), then by rearranging terms and 
noting that F = gM, the relationship between the elasticity of fuel consumption with 
respect to fuel intensity, (f3F,g) and the fuel cost per mile elasticity of travel, (f3M,gP) is 
obtained. 

/J =l+/J F,g M,gP (2) 

Since the fuel cost per mile elasticity of travel is <0, the fuel-intensity elasticity of 
fuel use will decrease the more fuel-cost-elastic travel is. The fuel cost per mile 
elasticity of travel is a function of the own price elasticity of fuel demand and the 
fuel price elasticity of fuel intensity as shown in equation (3) . 

/J = (/Jr:.1• - /Jg.I' ) (3) 
M ,gP (1 + /Jg,P ) 

Estimates of gasoline demand made before the mid 1980s suggested that U.S. 
gasoline demand was inelastic in the short-run but close to unit elastic in the long
run (see, Dahl, 1986; and Dahl and Sterner, 1991 , for comprehensive reviews). A 
much smaller number of early studies indicated that the fuel price elasticity of fuel 
economy was on the order of +0.5. These values when entered in equation (3) would 
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imply a long-run fuel cost per mile elasticity also in the vicinity of -1, or somewhat 
less. The difficulty shared by all of the early studies was a relatively small historical 
variation in both fuel prices and fuel economy. The second oil price shock of 1979-
1982, the oil price colJapse of 1986, the smaller oil price rise of 1991, together with 
the substantial increase in light-duty vehicle fuel economy over the 1980-1995 
period created a much richer database with which to infer price responses (Figure 3). 

More recent estimates based on the full experience with fuel price and fuel 
economy changes has produced very different but nearly unanimous results. Using 
aggregate national data, first Mayo and Mathis (1988), then Gately (1990; 1992), 
Greene (1992), Jones (1993) and then Nivola and Crandall (1995) all found fuel cost 
per mile elasticities of travel of less than -0.25, even in the long run. Most estimates 
fell in the vicinity of -0.10 to -0.2. Haughton and Sarkar (1996) confirmed these 
results using a time series of state-level data. Only Walls et al. (1993) have recently 
produced estimates based on a single year of survey data that indicate fuel cost per 
mile elasticities in the vicinity of -0.4. But that analysis omits age of vehicle as an 
explanatory variable for vehicle miles. Vehicle usage is well known to be negatively 
correlated with vehicle age, as is fuel economy for models years 1975 through 1983. 
Models estimated using survey data that include age as a right-hand side variable, 
carried out by Golob et al. (1996) and Goldberg5 (1996) have produced cost per mile 
elasticities close to zero. 

The conclusion that the elasticity of VMT with respect to fuel cost is small, is 
quite robust when recent data are used. Even Nivola and Crandall (1995) who assert 
in chapter 3 of their book th;;it the fuel price elasticity of VMT is -0.5,_report in 
Appendix A of their book that their own econometric analysis produced a fuel price 
elasticity of -0. l entirely consistent with the results of other recent studies.6 In 
addition, they found that the elasticity of fuel economy (MPG) was only 0.04 and not 
statistically significantly different from zero. In other words, Nivala and Crandall's 
(1995, p. 126) econometric results are consistent with the hypothesis that there is no 
rebound effect whatsoever. 

The idea that the rebound effect may be smaller than the fuel-cost-per-mile 
elasticity of vehicle travel is futiher supported by recent analysis of asymmetry in the 
price elasticity of demand for petroleum and petroleum prices. Dargay and Gately 
(1994) have shown that petroleum and petroleum product demands appear to 
respond more to price increases than price decreases. Their econometric analysis 
indicates an elasticity of about -0.21 for rising prices but only -0.04 for falling prices 
for oil demand in the U.S. transportation sector. Since increasing fuel economy 
amounts to a decrease in the fuel cost of travel, this suggests that the rebound effect 
may well be smaller than the average fuel cost elasticity of vehicle travel. 
Thus, recent estimates of the rebound effect based on the full experience with fuel 
price and fuel economy changes over the past 25 years provide very strong evidence 
that it is quite small, on the order of -0.1 in the short-run and about -0.2 in the long
run. The implication is that 80 percent to 90 percent of the maximwn potential 
reduction in fuel consumption and greenhouse gas emissions due to a technical 
change in vehicle efficiency will be realized, even after the increase in vehicle miles 
due to lower per mile fuel costs has had its full effect. Once again, the prima facie 
evidence is entirely consistent with this conclusion. Despite an 80 percent increase 
in light-duty vehicle travel from 1975 to 1995, light-duty vehicle fuel use has 
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increased by only 20 percent. The difference is attributable to a 50 percent increase 
in on-road fuel economy over the same period. The average annual growth in VMT 
of 3 percent is consistent with historical trends. The rebound effect has not obviated 
the potential benefits regulatory-driven fuel economy gains. Instead, those 
improvements now reduce U.S. gasoline use by about 45 billion gallons of gasoline 
per year and save motorists about $55 billion per year in gasoline costs, even 
assuming a 20 percent rebound effect. 

THE SHIFT TO LIGHT TRUCKS 

Another rebound argument asserts that CAFE standards may cause consumers to buy 
light trucks instead of cars because the stricter CAFE standards for cars force 
manufacturers to make design trade-offs that car buyers dislike. Certainly the 
market share of light trucks has increased over the period during which the CAFE 
standards have been in effect. But historical data suggest that this may have been a 
continuation of a long-term trend that began much earlier (Figure 4). The dramatic 
rise in light truck market share since 1982 is mainly due to the success of two 
innovations introduced during the mid 1980s: the minivan and the sport-utility 
vehicle (Figure 5). These two new vehicle types are clearly passenger vehicles and 
are the most car-like of the light truck types. The issue is whether these innovations 
in truck design were a result of stricter fuel economy standards imposed on 
passenger cars, or stricter emissions standards, or the exemption of light trucks from 
the gas-guzzler tax, or other policies, or whether trends in demographics, income, 
and life styles were more important factors (e.g., the rise of the sun belt, changes in 
the roles of women, baby boomers raising families, etc.). While such questions 
cannot be definitively resolved by scientific analysis, one can at least calculate the 
impacts of increased light truck market share on the combined MPG of light-duty 
vehicles. 

Had light truck market share remained at pre-CAFE levels, combined light
duty vehicle fuel economy would have been 1.5 to 2.0 MPG higher than it actually 
was in 1996 (Table 1). Using 1975, the year in which the CAFE legislation was 
enacted, as the base year results in a 1.9 MPG impact. Using 1978, the first year of 
binding CAFE standards, results in a 1.6 MPG loss. But this hypothetical loss of 
fuel economy is not only due to the increased popularity of light trucks. It is also 
due to the unequal standards established for the two vehicle types. Whereas the 27 .5 
MPG passenger car standard represented a 75 percent increase over the 1975 average 
of 15.8, the 20.5 MPG light truck requirement represents only a 50 percent increase. 
Had light truck MPG improved as much as passenger car MPG, the impact of the 
shift to light trucks would have been half as large, about 0.8 MPG (Table 1). The 
difference in stringency of passenger car and light truck standards is attributable to 
the fact that passenger car targets were set in the law itself, whereas the light truck 
standards were left to be determined by rulemakings of the Department of 
Transportation. In retrospect, it is clear that the decision not to set equally 
challenging standards for light trucks has cost about 1 MPG in overall light-duty 
vehicle fuel economy. 
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In the early years following the implementation of the CAFE standards, there was 
great concern about the "shortfall" of MPG achieved in real world driving 
versus the EPA's test estimates. After extensive study of the phenomenon (e.g., Murrell, 
1980; Falcon Research, 1981; McNutt et al., 1982), the EPA decided upon correction 
factors to adjust test estimates to better reflect average fuel economy experienced by 
motorists: (1) a 10 percent reduction for urban driving, (2) a 22 percent reduction for 
highway driving implying a 15 percent combined discount (Hellman and Murrell, 
1984).7 At the time, there was concern that the on-road versus test gap might continue to 
grow over time. Follow-up studies by the U.S. DOT 
(NHTSA, 1986) and the U.S. DOE (U.S. DOE/EIA 1996) have shown that the gap has 
remained essentially constant. As a result a given percentage improvement in EPA test 
MPG translates into essentially the same percentage improvement in real world fuel 
economy. 

In general, the fuel economy improvements that occurred from 197 5 to 1993 had 
almost nothing to do with sales mix shifts among light-duty vehicle (interior volume) size 
classes. Using Divisia analysis to estimate the factors responsible for fuel economy 
changes in the light-duty vehicle fleet from 1975 to 1993 Greene and Fan (1995) found 
that, (1) salesmix shifts within light truck size classes had a beneficial effect on MPG, (2) 
salesmix shifts within car size classes had a slightly beneficial effect on MPG, and (3) the 
shift from cars to light trucks bad a negative effect on MPG. Th net result, however, 
was about a one-half MPG improvement i11 the combined fuel economy of passenger cars 
and light trucks over what it would have been had the size class market shares been 
frozen at 1975 values.8 This, despite CAFE standards n~quiring nearly a doubling of 
passenger car MPG. 

VEHICLE SCRAPPAGE AND FUEL ECONOMY 

It is also claimed that because fuel economy standards create market distortions, they will 
cause new cars to be higher-priced and inferior in the eyes of consumers. As a result, the 
relative value of older cars will increase and consequently they will be kept longer by 
motorists. This should show up as an increase in the age and xpected lifetime of 
vehicles. Retarding scrappage rates will eventually lead to an older and therefore less 
efficient vehicle fleet, frustrating the intention to improve fleet fuel economy and reduce 
petroleum consumption. 

In fact, the average age of vehicles and the expected lifetime of vehicles have 
both increased noticeably since 1970. The average age of a passenger car increased from 
5.6 years in 1970, to 6.6 years in 1980, to 8.5 years by 1995 (Davis, 1997, table 3.4). But 
average age is also affected by the rate of growth of sales and even by the fluctuations in 
sales due to business cycles. Expected lifetime, a better measure of longevity, has also 
grown from 10.7 years for a 1970 model year automobile, to 12.1 years for a car 
manufactured in 1980, to 13.7 years for a l 990 edition. But what effect has this had on 
fuel economy, and were the CAFE regulations responsib le? If one computes the fleet 
average fuel economy for the 199 5 fleet of passenger cars, first using the actual 199 5 
distribution of vehicles by model year and then using the 1978 model year distribution 
an indication of the effect of the shift in the age distribution can be obtained.9 Using the 
actual 1995 car population, one obtains an average EPA MPG of26.5. Using the 



younger 1978 fleet, 27.5 MPG is obtained. Whether or not CAFE is responsible, the 
difference is 1 MPG or 4 percent. 
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But is CAFE responsible for any or all of the 4 percent difference? Other factors 
that have affected the age distribution of the passenger car fleet include the continuing 
shift to light trucks which has reduced the growth of passenger car sales necessarily 
leading to an older fleet, manufacturer s successful efforts to improve durability and the 
fairly steady increase in new car prices over the past twenty five years, from under 
$12 000 per car in 1970 to nearly $16,000 today (1990 $) (Figure 6). Hamilton and 
Macauley (1997), for example, attribute most of the increase in passenger car longevity 
over the past 25 years to improved product quatity as a result of increased competition. 

CAFE AND AIR POLLUTION 

If CAFE standards had caused significantly greater vehicle travel, substantially prolonged 
the life of older vehicles, and meaningfully magnified the shift to light trucks then CAFE 
standards could also have caused a significant increase in urban air pollution (see, e.g., 
Khazzoom et al., 1990). But we have seen that CAFE s 
effects in these areas, though they exist, are relatively minor. In addition, there are also 
important ways in which greater fuel economy reduces emissions. 

Improving fuel economy reduces fuel consumption thereby decreasing upstream 
emissions from refueling through refining and oil production. These upstream reductions 
in hydrocarbon emissions are significant even for new, properly operating vehicles 
(Delucchi et al., 1994). Although it has been argued that tailpipe emissions do not 
depend on fuel economy (Dowlatabadi et al., 1996), Harrington (1997) recently 
demonstrated that while new cars of very different fuel economies produce about the 
same quantity of emissions, as vehicles age and pollution control equipment deteriorates, 
emissions ofHC and CO become very closely related to fuel economy. Comparing 12-
year-old 20 MPG and 40 MPG vehicles Hanington s statistical analysis predicts that the 
average HC emissions for the gas guzzler will exceed those of the fuel efficient car by 2.1 
to 3.5 grams per mile (gpm). Since the average emissions rate for a 12-year-old vehicle 
is 3.1 gpm, the gas guzzler wilJ emit approximately twice as much of these pollutants as 
the higher fuel economy vehicle. For these two pollutants at least, raising fuel economy 
has clearly reduced air pollution. 

SIZE, WEIGHT, SAFETY, AND CONSUMERS' SURPLUS: 
IF THINGS ARE SO BAD, HOW COME THEY'RE SO GOOD? 

If CAFE standards have been binding on manufacturers, they should have forced changes 
in vehicle design, technology, and cost that would otherwise not have occurred. Since 
these changes are not what the market would have produced in the absence of standards, 
and if one assumes that the market for fuel economy is efficient ( an assumption we have 
challenged above), then it follows that fuel economy standards will cause consumers to 
be less satisfied with new vehicles than they would have been without the standards. On 
the other hand, if there exist significant externalities associated with petroleum product 
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consumption in motor vehicles, and if the market for fuel economy is sluggish besides (as 
we have argued), then regulations could actually improve social welfare. 

The first question to be addressed is whether the CAFE standards or something 
else, like fuel prices, have been responsible for fuel economy related changes in MPG 
since 1975. We conclude that the regulations were primarily responsible for the fuel 
economy improvements that took place after 197 5., but that higher fuel prices also played 
a role particularly between 1979 and 1982. The second set of questions to be addressed 
is whether those changes had a significant negative impact on consumer welfare. We 
conclude that they did not, despite the fact that real trade-offs were made to achieve 
higher fuel economy. These include increased vehicle cost, reduced weight, acceleration 
performance, and, to some extent, safety. 

CAFE OR PRICE? 

Paradoxically, some argue simultaneously (1) that the CAFE standards have done 
enormous harm to consumer welfare and (2) that they have not been binding, at least not 
during the period when both fuel prices and MPG were rising prior to 1983. For 
example Crandall et al. (1986, pp. 123-124) argued that CAFE could not have 
significantly affected the vehicle design decisions of U.S. manufacturers during the 
1970s. "Any effects of this new set of government regulations on automobile design 
might have begun to appear by the 1978 model year, but the major impacts would have 
been in evidence no earlier than the 1979 or 1980 model years." Based on their own 
calculations of what would have happened in response to fuel prices alone, in the absence 
of fuel economy standards, Crandall, et al. (1986, p. 135) concluded that essentially all of 
the fuel economy improvement that occurred from 1970 to 1983 was stimulated by fuel 
price shocks. "Overall, it appears that the improvement in fuel economy for the industry 
was very close to what would have been expected without the CAFE standards." Of 
course, this early period is precisely the period in which vehicle weight and performance 
decreased (Figure 7). From 1975 to 1979 the average weight of domestically 
manufactured U.S. passenger cars decreased by 670 lbs. , from 4,380 to 3,711 lbs. 
(Heavenrich and Hellman 1996, table E-1). Average weight continued to decrease 
reaching 3,310 lbs. in 1983, a total reduc6on of 1 070 lbs. Weights of domestic light 
trucks show a similar, though less pronounced downweighting (Heavenrich and Hellman, 
1996, table E-4), decreasing from 4 227 lbs. in 1975 to 3,977 in 1983, only a 250 lb. 
reduction. (While the light truck market experienced the same changes in fuel prices, 
light truck fuel economy standards were not nearly as stringent.) Since 1983, the period 
during which CAFE critics agree that the standards were binding on manufacturers, the 
average weights of domestic passenger cars and light trucks have actually increased, by 
380 lbs. for light trucks and 110 lbs. for passenger cars. 



F
ig

u
re

 7
. 

P
as

se
n

g
er

 C
ar

 W
ei

g
h

t 
v.

 C
A

F
E

 S
ta

n
d

ar
d

s,
 1

96
5-

19
96

 

30
 

I 
50

00
 

40
00

 
I 
~
 
~ 
~
 

-

~-
'• 

! 
I 

I 
C

: 
0 

20
 

«s
 

(!
) 

30
00

 
en

 
"'

C
 

s..
. 

C
: 

(I
) 

:J
 

a
. 

0 

.-•r
 <ill"'" o/

 "
"
"
 $

 
$

-"
"'

 T
 

V
 

en
 

(I
) 

20
00

 
a..

 
=

 
10

 
~
 

! I 
• 

10
00

 

o
..

_
 _

_
_

_
 ...

., _
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

 ~
o

 

19
60

 
19

70
 

19
80

 
19

90
 

20
00

 

I •
 C

A
F

E
 

-+
 W

e
ig

h
t 

j 

-w 0
0

 



139 

If CAFE standards were not binding until 1983 or later then fuel prices ( or other 
factors) must have been responsible for the 1,000 lb. reduction in passenger car weight. 
If so, then it follows that any fuel economy or safety impacts of that weight reduction 
must be attributable to fuel prices and not CAFE standards. On the other hand, if CAFE 
standards were at least partially binding dw·ing this period, then they share with the oil 
price shocks responsibility for both weight decreases and MPG increases. It is clearly a 
logical contradiction to maintain both that CAFE had little or no effect on fuel economy 
from 1975 to 1983 and that CAFE was responsible for the decrease in vehicle weight that 
occurred over that period. Yet, opponents of CAFE stil I make this argument. Nivola and 
Crandall (1995, pp. 126-131) present a set of regression analyses which they claim prove 
both that CAFE has been responsible for most of the reduction in vehicle weight since 
1968 and that fuel price and not CAFE is responsible for essentially all of the fuel 
economy improvement. 

In a statistical test of the question of whether or not CAFE standards were binding 
for individual manufacturers over the peri.od 197 8 to 1989, Greene ( 1990) found that the 
standards were a significant constraint on all domestic and some foreign manufacturers. 
A test for structurnl change did not reject th hypothesis that the effect of CAFE 
standards on these manufacturers were the same both before and after 1983. Greene 
(1990, p. 52) concluded, "There is no evidence here to support the assertion that the 
automotive fuel economy standards were not binding on manufacturers prior to 1983. On 
the contrary, it appears that their effect has been strong and consistent throughout the 
period." Greene (1990, p. 55) also found that for manufacturers unconstrained 10 by the 
CAFE standards, the fuel price elasticity of MPG was quite small, on the order of 0.2 in 
the long run. This result is also support d by Dahl's (1995) literature survey which found 
long-run elasticities of MPG with respect to gasoline of 0.2 or less. 

Another possibility which is rarely considered yet very plausible, is that the "Gas
Guzzler Tax" also influenced the down weighting of the automobile fleet. Beginning in 
1980, any passenger car with an MPG of less than 15 was subject to a gas guzzler tax. 
The tax does not apply to light trucks. The MPG limit was increased every year until in 
1986 any car getting less than 22.5 MPG wa defined as a guzzler. The graduated tax 
rates also increased over time from a range of $200 to $550 (depending on MPG) in 1980 
to $1,000 to $7,700 today (Davis, 1997 table 3.43). The effect of the Gas-Guzzler Tax 
on passenger car design and sales appears not to have been studied. 11 Yet it would seem 
reasonable to presume that it had some effect on depressing the market for the largest, 
least efficient passenger cars. 

SMALL CARS, LIGHT CARS, AND SAFETY 

Vehicle weight, as normally applied in constructing motor vehicles, significantly affects 
the safety of a vehicle's occupants. Enough credible work has been done on this subject 
that this assertion cannot setiously be questioned (see, e.g., Evans 1991, pp. 62-78; 
Kahane, 1991 · Klein et al., 1991; Partyka and Boehly 1989· Kahane, 1997). On the 
other hand, the nature of the trade-off between vehicle mass and safety is often 
misunderstood, and the implications for fuel economy regulations are generally 
misinte1preted. The relationship between fu 1 economy, mass and public safety is 
complex, yet it is probably reasonable to conclude that reducing vehicle mass to improve 
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fuel economy will require some trade-off with safety. The rational person will realize 
that individuals, manufacturers and govemments are constantly making trade-offs 
between safety and cost, safety and other vehicle attributes, safety and convenience, etc. 
(NRC, 1992, p. 7). An essential feature of a rational economic consumer is the 
willingness to trade-off risk for money and, since fuel economy saves money, to trade-off 
safety for fuel economy. 

One source of uncertainty is the difficulty researchers have encountered in 
distinguishing between the effects of vehicle size versus weight on safety (e.g., 
Khazzoom, 1996, pp. 112-113). Not even the most recent, extensive study by the 
National Highway Traffic Safety Administration (NHTSA 1997) was been able to 
successfully disentangle the correlation between size and weight to estimate their 
separate effects on safety. What NHTSA ( 1997) reports is the combined effect of both. 
The NHTSA study is quite clear on this point. This is extremely important for programs 
such as the Partnership for a New Generation of Vehicles (PNGV), which are attempting 
to reduce weight but not size via substitution of low-density, high-strength materials. 
The NHTSA relationships are not valid for predicting the effects of such unconventional 
design changes. 

The National Research Council (NRC, 1992) report on fuel economy made two 
key points about fuel economy and safety that have been too frequently ignored in 
analyses of the issue (e.g., Crandall and Graham 1989). First, a distinction must be made 
between the private and public safety benefits of increased vehicle mass. The individual 
who buys a larger, heavier vehicle reduces his own risk of death or injury in a crash, but 
increases the risk to all other motorists who may collide with his larger, heavie1 vehicle. 
This principle extends from vehicle-to-vellicle collisions to include vehicle pedestrian 
and cyclist collisions. In this regard NHTSA's (1997) most recent study of the car size 
versus safety issue is a major step forward. It predicts that a wiiform decrease in the 
weight of all cars of 100 lbs., accompanied by proportionate size reductions, as well, 
would be expected to increase vehicle fatalities by 1.1 percent. On the other hand, it 
predicts that a reduction in light truck weights of 100 lbs., also accompanied by 
proportionate size reductions, would reduce motor vehicle fatalities by 0.3 percent. In 
other words, public safety would be hurt by a uniform reduction in car size and weight 
but improved by a uniform reduction in light truck size and weight. According to the 
NHTSA analysis, half of the increase in fatalities resulting from the 100 lb.-equivalent 
size and weight reduction for cars comes from increased fatalities in collisions with light 
trucks. A roughly equivalent increase comes from greater risk of fatality in collisions 
with fixed objects and rollover crashes. Pedestrians, bikers, and motorcyclists are 
benefitted by the reduction in car size and weight as are, surprisingly the occupants of 
cars in car-to-car collisions. 

The second key point made in the NRC (1992) study ' s assessment of the safety 
issue is that not just the average weight change but the change in the distribution of 
weights matters. In fact, this point follows from the first. That is, if weights of heavier 
vehicles are reduced more than the weights of lighter vehicles, there could be no change 
in fatalities. This phenomenon can be illustrated using the results of the 1997 NHTSA 
analysis. Using the marginal impacts of a 100 lb. size and weight reduction publisht::u in 
the NHTSA study, the effects of a 500 Jb.-equivalent reduction in light truck weight 
(from about 4,300 to 3,800 lbs.) together with a 66 lb.-equivalent reduction in passenger 
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car weight (to about 3,200 lbs.) are calculated in Table 2. These weight reductions were 
deliberately chosen so that the net effect would be about zero. Note that there are 
winners and losers. Pedestrians, cyclists, and car occupants win, light truck occupants 
lose. 

The point is that the distribution of weight changes matters and it matters a lot. A 
100 lb.-equivalent uniform reduction in the weights (and izes) of all cars would give 
quite different results from a change that reduced the weights (and sizes) of heaviest cars 
and increased the weights (and sizes) of lightest ca.rs, thereby making the distribution of 
weights more uniform at the same time the average weight was reduced. In fact, this 
appears to be exactly what happened from 1975 to 1991, as was apparently first noted by 
the U.S. General Accounting Office (U.S. GAO, 1991) and is illustrated in Figw·e 8. The 
heaviest cars (>4,000 lbs.) all but disappeared and the nun1bers of the lightest vehicles 
(2,250 lbs. and below) also decreased. This may well be why the increase in fatality rates 
that might have been expected from the weight reductions that occurred over this period 
of time does not show up in the aggregate fatality rates, which continued to follow a 
long-term declining trend (Figure 9). 

This is not to say that car size and weight do not affect public safety nor is it 
intended to claim that there is no trade-off between safety and fuel economy. It is to say 
that the trade-off is complex, and by no means as unambiguous as some would have us 
believe. It is also important to note that the relationship between fuel price and car size 
choice suggests that fuel taxes would also have an impact on the weight distribution of 
vehicles and, therefore, on public safety (Farrington et al., 1997). This topic has received 
little attention. 

One thing that car buyers do know about fuel economy is that it is associated with 
car size. When gasoline prices rise, car buyers opt for smaller cars. Figure 10 shows the 
pattern of gasoline prices and the market share of mini-compact subcompact and two
seater automobiles (these size classifications are based on interior volume). Clearly, the 
share of small cars waxes and wanes in direct correlation with the price of gasoline. 
Certainly, other factors influence small car shares, but the correlation with fuel price is 
quite striking. The implication is clear: fuel price increases, whether due to oil price 
shocks or motor fuel taxes will cause a downsizing of the automobile fleet. Obviously, 
the effects of fuel price and fuel economy standards on the size distribution of new cars is 
strikingly different. Fuel price increases drive consumers toward smaller vehicles, fuel 
economy standards apparently do not. 12 

THE PUBLIC PERCEPTION OF CAFE 

If the CAFE standards have resulted in more expensive less safe automobiles with 
reduced consumer amenities, why do consumers like the standards so much? PoU after 
poll has shown overwhelming public support for higher fuel economy standards or 
increased fuel economy. 13 In December 199 5 in a po 11 conducted for the Sustainable 
Energy Budget Coalition by R/S/M, Inc., 94 percent of respondents favored "improving 
vehicle fuel efficiency" as a means of addressing the problem of U.S. oil dependency. 
Three-fourths of the respondents said they strongly favored improving fuel efficiency. 
Similar results obtained in similar polls over the past decade are summarized in Table 3. 
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Clearly, these polls indicate overwhelming support for the idea of increasing automotive 
fuel economy in general, and for fuel economy standards as a means of achieving that 
end, in particular. If the fuel economy standards in effect since 1978 have been a disaster 
for consumers, why do they like them so much? 

The effects of changes between 1978 and 1985 in car size, weight, performance, 
fuel economy and price on consumers' surplus were estimated by Green and Liu (1988). 
Changes in the characteristics of a full. array of makes and models of passenger cars were 
considered using two different random utility modeling framew rks. A range of values 
of attributes drawn from the extant literature were tried. The r ults showed that benefits 
and costs to consumers were roughly in balance: the average consumers' surplus gain 
was just slightly greater than the average increase in cost (about $500). 

The kernel of the issue is this. If the market for fuel economy were operating 
efficiently, and if the external costs or other market failure associated with petroleum 
use by motor vehicles were a relatively minor c ncern, then fuel economy standards 
should cause distortions in the marketplace that cost manufacturers pr fits and force 
inferior vehicles on consumers. But if the market for fuel economy does not operate 
efficiently, and if the market failures associated with motor vehicle consumption of 
petroleum are significant, then regulation could produce a result that is preferred by 
consumers, profitable to manufacturers, and beneficial t society. Clearly, consumers 
overwhelmingly believe that fuel economy tandards have made them better off. And 
when one looks for empirical evidence of the damage that fuel economy regulations 
might have done, the expected negative impacts are hard to find. 

EFFECTS ON THE DOMESTIC AUTOMOBILE INDUSTRY 

It has been argued that because domestic manufacturers were constrained by the CAFE 
standards and many foreign manufacturers especiaJly Japanese manufacturers, were not, 
that the standards may have caused domestic manufacttu· rs to suffer competitively. This 
loss of competitive edge might be expected to show up as a loss of market share for 
domestic cars or as lower profits for domestic manufacturers. Indeed, domestic 
manufacturers did lose market share from 1979 to 1982 (Figure 4). But the trend of 
imported car penetration of the U.S. market is clearly part of a longer-term trend that 
began as far back as the 1950s. It may also be that the fuel price shock of 1979, 
inasmuch as it drove consumers t smaller cars the market niche dominated by the 
imports, was primarily responsible for the hift to imported cars. In fact after 1982, the 
period in which CAFE critics like Nivola and Crandall (1995) believe is tbe only period 
in which CAFE tandards were binding, domestic markel ·hare iJ 1proved con3iderably. 14 

Sales of domestically manufactured cars made the greatest gains against imports after 
1986, years in which fuel prices fell and the CAFE standards should have been the most 
onerous. 

Profit rates for the Big 3 U.S. manufacturers, Ford, GM, and Chrysler were, on 
average, higher for the 1960-1977 period than from 1978 to the present (Figure 11 ). 
Annua] profits divided by total revenues averaged 5.5 percent from 1960 to 1977. Since 
then the average rate has been 1.5 percent. Even disregarding the disastrous yea!' of 1992 
in which GM alone reported a $23 billion loss, profit rates have averaged only 2.3 
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Table 3. Summary of Recent Public Opinion Polls on Higher Fuel Economy 
and Fuel Economy Standards 

Proposition Response Date Source 

"improving vehicle fuel support: 95% Dec., 1995 R/S/M, Inc. for Sustainable 
efficiency" strongly support: 75% Energy Budget Coalition 

"increasing the CAFE favor: 72% Dec. 1-4, 1992 American Automobile 
standards to 45 miles-per- Association 
gallon" 

"raising CAFE standards favor: 82% Dec. 11-13, 1991 Federick/Schneiders for the 
to 45 MPG by the year Energy Conservation 
2000" Coalition 

"Increasing federal fuel support: 84% Dec. 7-11, 1990 Breglio & Lake for the 
economy standards to 40 strongly support: 63% Alliance to Save Energy and 
mpg by the year 2000" the Union of Concerned 

Scientists 

"an increase in federal fuel favor: 82% Sept., 1988 The Analysis Group 
economy strongly favor: 56% 
standards ... requiring .. .45 
miles to a gallon by the 
year 2000?" 

"an increase in federal fuel favor: 78% October, 1989 RMS, Inc. 
economy strongly favor: 51 % 
standards ... requiring ... 45 
miles to a gallon by the 
year2000?" 

Source: Memoranda provided by Mr. John DeCicco, American Council for an Energy Efficient Economy, Washington, DC, 
August 5, 1997. 



(l
) .....
 rn 0::
: rn ::J
 

C
 

C
 

<
( 

F
ig

u
re

 1
1.

 
B

ig
 3

 C
o

rp
o

ra
te

 P
ro

fi
ts

 V
er

su
s 

G
D

P
 G

ro
w

th
 a

n
d

 M
ar

ke
t 

S
h

ar
e 

10
.0

%
 ,
-
-
-
-
-
-
-
,
,
-
-
-
-
-
-
-
r
-
-
-
-
-
-
,
-
-
-
-
-
-
-
-
-
-
-

5.
0%

 
I 

/ 
'w

e
 

N
,~

?'
W

 I
~

 
~
 

I 
t¼

~\
...

: 
~

7
"
 

I 
~ 

I 

0.
0%

 I
 

I 
/ 

""
"<

:'9 
1

M
 

'e~
> 

1l
'f 

)i
Q

/ 
f 

I 

-5
. 0

%
 

--
--

-
-
-
-
-
-
-
-
-
-
-
-
+

-
-
-
-
-
-_

,___
..-

--
--

-+
--

--
--

+
--

--
-

-
--

-ll
 

-1
0.

0°
/o

 
~: 

en
 

10
0%

 
<D

 
«J

 

90
%

 

80
%

 

en
 
~
 

0 ::J
 

s..
.. 

1-
- .....
 

.c
 

_O
> 

_
J
 

'U
 

C
 rn
 

s..
.. rn
 

{
) en
 

::>
 

11
+

,..
 

-1
5.

0%
 

... 
70

%
 

o
 

"#
. 

19
50

 
19

60
 

19
70

 
19

80
 

19
90

 
20

00
 

4
-

P
ro

fit
/R

ev
en

ue
 
~
 G

D
P

 G
ro

w
th

 
-

M
ar

ke
t S

ha
re

 

S
ou

rc
es

: 
A

u
to

m
o

tiv
e

 N
ew

s 
M

a
rk

e
t D

at
a 

B
oo

ks
, 

19
96

 a
nd

 1
99

7,
 A

m
er

ic
an

 A
ut

om
ob

ile
 M

an
uf

ac
tu

re
rs

 A
ss

oc
ia

tio
n 

19
97

. 

-~ 0
0

 



149 

percent since 1978. It would be understandable then for the domestic Big 3 to associate 
CAFE with lower profitability. 

The correlation between CAFE and lower profit rates disappears, however, when 
the rate of GDP growth and the Big 3's loss of domestic market share are taken into 
account. From 1965 to 1981 the Big 3's share of U.S. passenger car and light truck sales 
dropped almost 20 points from 92 percent to 73 percent. Increased competition from 
foreign manufacturers and a loss of market power are a more compelling explanation for 
reduced profit rates than CAFE standards. At the same time the annual rate of GDP 
growth since 1978 has averaged 2.6 %/yr., down from 3.8%/yr. for the 1960-77 period. 
When these two factors are accounted for no statistically significant relationship between 
the existence of CAFE standards and the Big 3's profits remains. 

Another potential economic loss due to CAFE arises from the possibility that the 
standards would distort the pricing of large and small vehicles causing manufacturers to 
subsidize smaller, more efficient vehicles and raise prices on larger cars. Several studies 
have attempted to estimate such consumer and producer surplus costs of meeting the 
CAFE standard. Most assume that technology and vehicle design are constant and that 
manufacturers must meet the CAFE standard by adjusting the prices of makes and 
models (Greene, 1991) or size classes (Kleit, 1990; Falvey et al., 1986- Kwoka, 1983) so 
as to induce a sales mix change that will cause their salesweighted MPG to achieve the 
standard. These analyses generally conclude that achieving fuel economy in this way is 
likely to be very expensive. Perhaps this is why salesmix shifts have had essentially no 
role in the fuel economy improvements of the last twenty years. Greene and Fan (1995) 
calculated that only one-half MPG of the increase in new light-duty vehicle fuel economy 
since 1975 could be attributed to salesmix shifts. All the rest was due to changes in 
technology and design. 

The CAFE law permits the U.S. Department of Transportation some flexibility to 
lower fuel economy standards on grotmds of economic practicability. DOT exercised 
this option in 1986, the year world oil prices fell from $3 3 to $17 per barrel ( 1990 $), by 
reducing the standard from 27 .5 to 26.0 MPG. It was raised again to 26.5 in 1989 and 
27.5 in 1990 where it bas remained since (Davis, 1997, table 3-40). This action was 
apparently taken to avoid hardship to domestic manufacturers due to the unanticipated 
fall in oil prices. 

CONCLUSIONS 

Simply put, CAFE worked. U.S. fuel economy regulations have effectively restrained 
motor fuel consumption. Fuel economy regulation can be economically efficient, in 
theory. When there are external costs of fuel conswnption economic theory allows for 
the existence of an efficient level of fuel economy regulation, used in conjunction with an 
efficient tax on vehicle use (or fuel use as a surrogate). Furthermore, even if the efficient 
level of tax is not imposed setting a fuel economy standard at the efficient level in the 
absence of the tax will still improve social welfare. 

Fuel economy regulation has worked, in practice. The CAFE standards played 
the leading role in bringing about the 50 percent increase in on-road fuel economy for 
light-duty vehicles from 1975 to 1995. This increase in fuel economy held down 
gasoline consumption with an effectiveness of 80-90 percent, taking into account the 
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rebound effect. Today, consumers spend over $50 billion per year less on motor fuel 
than they would have at 1975 MPG levels. 

The many potential threats to the success of fuel economy regulation either did 
not materialize or were relatively minor considerations in comparison to the overall 
trends. Vehicle life expectancy increased, vehicle travel increased, there was a major 
shift from cars to light trucks, domestic manufacturers market shares waxed and waned, 
yet petroleum consumption in personal transportation was greatly reduced over what it 
would have been, vehicle emissions were reduced and urban air quality improved, traffic 
fatality rates continued to decline and domestically manufactured cars retained market 
share. Consumers were sufficiently satisfied to support raising fuel economy standards 
even further. 

But all this is past; what of the future? Fuel economy standards can be increased, 
but care must be taken to insure that the technology is available to achieve efficient levels 
of MPG at costs that are not much greater than the direct fuel savings to consumers. Care 
must be taken to insure that manufacturers have the time necessary to respond efficiently 
in changing over capital equipment and testing out new vehicle designs. Attention must 
continue to be paid to potential risks. The fact that standards in the past avoided threats 
to their success does not imply that any arbitrarily designed standard will do. 
Considerable research and analysis went into the formulation of past standards. The 
same will be needed for future standards. And, finally, simply because a corporate 
average fuel economy formula worked well in the past does not mean that a more 
efficient fo1mulation does not e}rist. Proposals ranging from the volume average fuel 
economy standard to fccbates deserve cc1refii l evaluation (McNutt and Patterson, 1986; 
Davis et al., 1995). 

Fuel economy regulation can be an efficient and effective strategy for improving 
the energy efficiency of transportation, reducing petroleum dependence, curbing 
greenhouse gas emissions, and contributing to reducing air pollution. With a proven 
track record of success it deserves fuU consideration as a key policy for creating a 
sustainable transportation system. 
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ENDNOTES 

1. For studies arguing CAFE success see, for example, Glazer (1994) K.irby (1995), 
and Goldberg (1996). Arguments against can be found in Crandall et al. (1986), 
Nivala and Crandall (1995), Leone and Parkinson (1990), and Shin (1990). 

2. Sources are the Federal Highway Administration, Highway Statistics I 995, table 
VM-1, Washington, DC; Davis (1997) tables 3.9 and 3.21; the Energy Information 



Administration Monthly Energy Review, May, 1997 table 9.4. This calculation 
ignores the fact that at 13 .1 instead of 19. 7 MPG the fuel cost per mile of travel 
would be greater and motorists would drive less. Taking this into account, and 
assuming an elasticity of -0.2, the fuel savings would be reduced to 45 billion 
gallons and $55 billion. 

3. A part of the cost of oil market failure, the monopsony cost, is analogous to an 
external cost (Broad.man, 1986). 

4. This effect is taken into account in the theoretical derivation of an optimal 
regulatory standard and usage tax presented in the appendix. 
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5. Goldberg (1996) does not actually include age as a variable but instead uses an 
instrumental variable approach to reduce the effect of omitted, correlated variables. 
She obtained a fuel cost elasticity estimate of -0.11 . 

6. Their data were for the U.S. as a whole and covered the period 1962 to 1992. 

7. These adjustments were for purposes of fuel economy labeling. Compliance with 
CAFE standards continued to be based on unadjusted test mpg estimates. 

8. Greater detail on the salesmix shift analysis can be found in Greene and Fan 
(1994). 

9. This calculation consists of estimating the population-weighted harmonic mean 
fuel economy, taking into account the fact that vehicle use declines by about 4.5 
percent per year as vehicles age. No correction is made for EPA test versus in-use 
vehicle fuel economy. 

10. An unconstrained manufacturer was defined as one whose current year 
salesweighted average fuel economy exceeded the CAFE standard for three years 
in the futme by at least 1 MPG. 

11. An exception is Khazzoom (1994) who found a statistically significant relationship 
between new car MPG and the size of the gas-guzzler tax over the period 1978-
1990. 

12. It is important to keep in mind that for cars, the measure of size used here is the 
EPA's interior volume measure. For light trucks, size classes are not based on a 
single metric. 

13. The author is grateful to John DeCicco of the American Council for an Energy 
Efficient Economy for supplying documentation of the polls cited here (8/5/97). 

14. Nearly all of this increase in domestic market share is attributable to traditionally 
Japanese and European manufacturers' e tablisluneot of production facilities in the 
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United States. As shown in Figure 11, the market share of the "Big 3" domestic 
manufacturers remained essentially constant from 1980-1996. 
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APPENDIX A 

Regulatory standards, in combination with a tax on the activity producing an external 
damage, can be economically efficient. A rigorous though simplified derivation of the 
conditions for an optimal regulatory standard is now provided. We assume society would 
like to maximize total social welfare, W, which is taken to be a simple sum of utility, 
which depends on miles traveled, U(M), plus the external, social cost of emissions, C(E) 
produced by vehicle travel, the market cost of the travel, PMM, and the market cost of 
expenditures required to meet emissions regulations, P xx, A constraint is added which 
simply states that carbon emissions equal miles traveled times fuel economy, g, times the 
carbon content of fuel, k. The variable x, represents how much technology is used to 
control emissions. It is necessary to determine both the optimal level of travel and the 
optimal level of technology, x. The problem is restated in equation (A.I) as a 
mathematical optimization problem. 



Max,1,1,x W = U(M)-C(E)-(g Pr) M( gP 1 )- Px x 

s.t. E = k g(x) M( gP 1 ) . 
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The price of travel is assumed for simplicity to be only the fuel cost of travel, which is 
equal to the price of fuel, Pr, times fuel intensity, g, measured in gallons per mile. 

First-order conditions for optimization are obtained by setting the partial 
derivatives of (A.1) with respect to Mand x equal to zero. We first consider the marginal 
condition for miles traveled. 

aw au ac 
- = ---(kg)-p1 g = 0 
BM BM BE 

au ac 
-=-(kg)+ P 1 g aM aE 

Equation (A.2) states that the marginal utility of travel should be set equal to the 
fuel cost per mile of travel, plus the marginal social damage done by the additional 
carbon emissions produced by a mile of travel. This, of course, is the familiar formula 
for optimal taxation of an external cost first derived by Pigou (1918). This could be 
accomplished either by taxing fuel or by taxing miles, assuming g is set at its optimal 
level. If fuel is taxed, either its carbon content must be a constant or the tax must be 
levied on the carbon content of the fuel. The former is approximately true, and the latter 
is easily done in any case. 

The derivative of W with respect to x indicates how to determine the optimal 
value of g, in other words, what the efficient fuel economy standard should be. This 
expression is somewhat more complicated, since miles traveled depend on the fuel 
efficiency of travel which depends on x. 

It is useful to expand the derivatives of M and E with respect to x, first to note 
that both contain as a common factor the term dg/dx, and second to evaluate the sign of 

BM oM ag 
-- --- P; -ax 8( p1 g) ax 

8(p1 g) 8g 
noting that ax = p I ax 

the derivative of E with respect to x. 
Equation (A.1) states that the change in miles traveled given a change in 

technology equals the change in fuel efficiency brought about by that technology, times 
the price of fuel, times the sensitivity of travel to fuel cost per mile. 

Expanding the derivative of emissions, E, with respect to technological effort, x, 
gives the following. 
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The first term on the right-hand side of equation (A.2) is the reduction in 
emissions brought about by increasing the application of technology to control emissions, 
holding the miles of travel constant. The second term represents the increase in 
emissions due to the effect of x on fuel efficiency, the effect of fuel efficiency on cost
per-mile and the sensitivity of miles traveled to cost per mile. The first term will be 
negative for an increase in x, the second positive. We can think of the first term as the 
intended effect, the second as the take-back effect (Khazzoom, 1980). Which term is 
larger? Canceling the common factors k and dg/dx and dividing by M, the first term 
becomes 1, the second term becomes the elasticity of miles traveled with respect to the 
fuel cost per mile of travel. Recent evidence indicates that the long-run elasticity of 
vehicle travel with respect to fuel cost per mile is in the vicinity of -0.2 for the United 
States (U.S. DOE, 1996, Ch. 5). Thus, the intended effect of emissions regulations would 
be about five times as large, in absolute value as the take-back effect. 

Noting that every right-hand side term in both equation (A.I) and (A.2) contains 
dg/dx, one can see that substituting these expressions in equation (A.3) would insure that 
every term except -Px would then contain dg/dx. Thus, we can move Px to the right-hand 
side and multiply through by ( dx/dg) to obtain an expression for the marginal 
expenditures on emissions control. 

Holding miles of travel constant, the deriw1tive of R with respect to g is equal to 
kM. Thus, the middle term on the right-hand side of equation (A.3) is the sum of the 
change in emissions damage assuming no change in miles traveled minus the change in 
damage due to the take-back effect of increased miles traveled due to reduced fuel 
consumption per mile. In other words, it is the net marginal reduction in damage due to 
increasing fuel efficiency. As we have just noted, according to effect the net reduction 
will be about 80 percent as large as the potential reduction with no take-back effect. 

The final term on the right-hand side of equation (A.3) is the derivative of total 
expenditures on fuel, F = P:igM, with respect to a change in fuel efficiency. The sign of 
this term depends on the relative sizes of the two terms, Mand g(dM/dg). Typical values 
for automobile fuel efficiency are on the order of 0.05 gallons per mile. We also note 
that if the elasticity of miles traveled with respect to fuel cost per mile is about -0.2 then 

BM BM 
g- = gp1-- ~ -0.2M 

8g 8( P; g) 

equation (A.7) follows. 
Once again, the savings in fuel expenditures are about 80 percent of the potential 

savings in the absence of a take-back effect. 
Equation (A.3) can be written in a more simplified form for ease of interpretation. 

In words, equation (A.5) states that the marginal social expenditures on pollution 

8( xPx) 

ag 
au ac aF 
ag ag ag 
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abatement should equal the sum of the marginal gain in utility due to increased travel as a 
result of the take-back effect, the marginal net reduction in environmental damage due to 
reducing carbon emissions, and the marginal net savings in fuel expenditures due to 
improved fuel economy .1 This condition can be satisfied by imposing a well chosen fuel 
efficiency standard as well as by imposing a Pigouvian externality tax. That is, provided 
that the standard is set at the point where equation (A.5) is satisfied. Then, the second 
first order condition can be satisfied by imposing a tax on miles or fuel, equal to the 
residual social damage done by an additional mile of travel or gallon of fuel consumed in 
travel. 

An interesting feature of the fuel economy, or carbon emissions regulation 
problem that distinguishes it from a classical pollutant emission problem which would 
have no take-back effect, is that the largest term on the right-hand side of equation (A.5) 
is almost certainly the savings on fuel expenditures (Greene and Duleep, 1993). As a 
result, to be economically efficient, fuel economy standards would have to require 
improvements that are nearly cost-effective from the consumers' viewpoint. Fuel 
economy improvements can be somewhat less than cost-effective, however, due to the 
additional benefits of lower carbon emissions and increased utility of additional travel. 

It has been demonstrated that an economically efficient regulatory level of carbon 
emissions or, equivalently, fuel efficiency, exists. It requires that the marginal social 
costs of a reduction in fuel consumption equal the marginal social benefits it produces. 
The economically efficient regulation, however, still requires a tax be imposed on the 
activity producing the residual (post regulation) emissions. The tax should equal the 
marginal social damage done by emissions per mile, at the post-regulation rate. 
Interestingly, even if the emissions regulation is not set at the optimal level, imposing a 
tax on the residual emissions equal to their marginal social damage will still increase 
social welfare (e.g., see Freeman, 1997). This is true whether the regulatory standard is 
too strict or too lax. Thus, an optimal level of regulation exists but it must also be 
accompanied by an externality tax on vehicle travel to achieve maximum economic 
efficiency. If, on the other hand, it is impossible to impose an externality tax, imposing 
the regulatory standard without the tax will still increase social welfare versus doing 
neither. 
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TABLE 1 Effect oflncreased Light Truck Market Share on Light-Duty Vehicle Fuel 
Economy 

1996 v. 1978 Combined "Loss" Due 
MPG Using to Greater 

1978 1978 1996 1996 1978 Share & Light Truck 
MPG Share MPG Share 1996 MPG Share 

Passenger 19.9 77.4% 28.5 59.5% 
Cars 

Light 15.3 22.6% 20.5 40.5% 
Trucks 

Combined 18.6 100.0 24.6 100.0% 26.2 -1.6 
% 

Combined, 
assuming 25.4 26.6 -1.3 
Lt. Truck 
MPG of 
21.8 

1996 v. 1975 Combined "Loss" Due 
MPG Using to Greater 

1975 1975 1996 1996 1975 Share & Light Truck 
MPG Share MPG Share 1996 MPG Share 

Passenger 
Cars 15.8 80.6% 

Light 13.7 19.4% 
Trucks 

Combined 15.3 100.0 26.5 -1.9 
% 

Combined, 
assuming 
Lt. Truck 26.8 27.7 -0.8 
MPG of 
24.7 
Source: Heavenrich and Hellman, 1996, table I. The numbers in this source differ slightly from the official NHTSA 
CAFE numbers. For example, NHTSA reports 1996 Passenger Car and Light Truck MPGs as 28.7 and 20.7, 
respectively. Heavenrich and Hellman, however, provide a consistent set of MPG estimates back to 1975 while the 
NHTSA data do not. 
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TABLE 2 Effect of a "Well-Chosen" Weight Reduction on Fatalities in Passenger 
Car and Light Truck Crashes 

Light Trucks Passenger Cars Estimated 
Net Result 

NHTSA- Hypothetical NHTSA- Hypothetical 
Estimated Effect of a 500 lb. Estimated Effect of a 
Change in Equivalent Change in 66 lb. 

Crash Type Fatalities per Reduction Fatalities per 100 Equivalent 
100 lb. Weight lb. Weight Reduction 

Equivalent Equivalent 
Reduction Reduction 

Rollover 15 75 80 53 128 

Fixed Object 47 235 84 55 290 

Pedestrian/Cyclist -45 -225 -19 -13 -238 

Big Truck 29 145 37 24 169 

Passenger Car -80 -400 -31 -20 -420 

Light Truck -6 -30 151 100 70 

TOTAL -40 -200 302 199 -1 
Source: NHTSA (I 997, pp. 6 and 8). 
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TABLE 3 Summary of Recent Public Opinion Polls on Higher Fuel Economy and 
Fuel Economy Standards 

Proposition 

"improving vehicle 
fuel efficiency" 

"increasing the 
CAFE standards to 
45 miles-per-gallon" 

"raising CAFE 
standards to 45 MPG 
by the year 2000" 

"Increasing federal 
fuel economy 
standards to 40 mpg 
by the year 2000" 

11 an increaE:e in 
federal fuel economy 
standards ... requiring . 
.. 45 miles to a gallon 
by the year 2000?" 

"an increase in 
federal fuel economy 
standards ... requiring . 
. .45 miles to a gallon 
by the year 2000?" 

"Which policy would 
you prefer the 
government to follow 
to help stop global 

. ? warmmg .... 
3. regulations that 
force manufacturers 
to produce more 
efficient cars, home 
appliances and other 
equipment." 

Response 

support: 95% 
strongly support: 
75% 

favor: 72% 

favor: 82% 

support: 84% 
strongly support: 
63% 

fo\lnr" in°/4 

strongly favor: 56% 

favor: 78% 
strongly favor: 51 % 

Option 3: 53 % of all 
those surveyed, 74% 
of those who 
responded to this 
question. 

Date Source 

Dec., 1995 R/S/M, Inc. for 
Sustainable Energy 
Budget Coalition 

Dec. 1-4, 1992 American Automobile 
Association 

Dec. 11-13, 
1991 

Dec.7-11, 
1990 

~Pnt lQRR --r .... , -- --

October, 1989 

Nov. 23-24, 
1997 

Federick/Schneiders for 
the Energy Conservation 
Coalition 

Breglio & Lake for the 
Alliance to Save Energy 
and the Union of 
Concerned Scientists 

ThP. Arn:1Jv._;._ Grnnn 
- ·-- - -··-·.1 --- -- - ~r 

RMS, Inc. 

Mr. Steve Gleason, The 
New York Times 

Sources: Memoranda provided by Mr. John DeCicco, American Council for an Energy-Efficient Economy, 
Washington, DC, August 5, 1997; S. Gleason, 1997, "The Public's View on Global Warming," New York Times Poll, 
November 23-24, 1997, New York. 
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Motor vehicle user fees of many types have been widely debated in the United States 
over the past decade. Recently some have begun to be implemented on an experimental 
basis. This paper reviews four efforts to implement congestion pricing, one variant of a 
family of user fees. Three of the efforts reviewed have been successful, the fourth has 
not. The analysis suggests three factors that explain the early success of congestion 
pricing: 1) it addresses both the need to finance infrastructure and reduce social costs of 
transportation consumption; 2) it is a flexible policy that can be tailored to solve unique 
transportation problems at the level of local government; 3) it is successful in those 
instances where it leads to an increase in travel options. The primary conclusion is that 
early experience with congestion pricing is promising, although large-scale 
implementation will necessitate a basic shift in U.S. transportation philosophy towards 
an acceptance of market-based policies: 

In the past decade there has been a lively discussion over the promise of motor vehicle 
user fees in the United States. Most reasons given for why such fees would be desirable 
concern economic efficiency or environmental protection. User fees have been proposed 
to reduce congestion costs, make better use of infrastructure, raise investment capital, 
and to reduce vehicular pollution. The most widely discussed fees included traditional 
fuel taxes, vehicle emission fees, "fee-bates," vehicle-miles traveled (VMT) fees, 
congestion fees, and parking fees. 1 

Early theoretical consideration of vehicle user fees dates back to the 19th 
century, and road tolls have been in existence for as long as there have been roads. Yet 
the early 1990s witnessed a plethora of papers, studies and conferences devoted to these 
ideas.2 The literature that emerged largely substantiated the claim that user fees are 
worth trying. It also identified technical implementation challenges and questions about 
the socioeconomic effects that user fees would have. Most analysts concluded that these 
were manageable problems. A general consensus emerged that the most significant 
impediment to the success of vehicle user fees is that they are politically controversial.3 

Presently, several years after the flurry of debate and study, several fees have reached 
the point of implementation on a limited experimental basis. 

This paper evaluates the early experience with implementing congestion pricing, 
the variant of fees that appears to be making the most headway. The second section of 
this paper reviews four specific congestion pricing pilot projects. Three have 
successfully reached implementation. The fourth was a detailed proposal that was 
rejected by the California state legislature. The review of the projects reveals three 
factors that appear key to the early success of congestion pricing. 

Section three identifies possible long-term implications of early road pricing 
experience. In particular, it concludes that policymakers appear to be implementing 
congestion pricing both to raise capital for investment in transportation infrastructure 
and to increase the efficiency of existing capacity. This section suggests that congestion 
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pricing is simultaneously serving competing notions of "sustainable transportation." It 
is at once serving to finance additional transportation infrastructure and to extract 
greater productivity from existing infrastructure. 

FOUR CASE STUDIES IN CONGESTION 
PRICING 

Among the motor vehicle user fees that have been debated in the United States over the 
past decade, congestion pricing has enjoyed the significant advantage over others of 
receiving Congressional support.4 In 1991 Congress, via the Intermodal Surface 
Transportation Efficiency Act (!STEA), authorized $125 million to support the 
develo;,ment and implementation of congestion pricing pilot projects across the United 
States Presently, 10 metropolitan areas in the United States have availed themselves of 
the program, with four projects having reached implementation. 6 

This section considers four of those projects: State Route 91 in Orange County, 
California; Interstate 15 in San Diego; Lee County, Florida; and the San Francisco
Oakland Bay Bridge. Among the first three successful projects one can discern several 
features that seem to have been key to their success. The fourth unsuccessful project, 
underscores these points, as it lacked several key features. The mix of successful and 
unsuccessful projects reveals that congestion pricing is politically viable, but that 
significant political challenges lie ahead of large scale implementation. The Bay Bridge 
project, in particular, illustrates clearly the nature of the political opposition to 
congestion pricing and, by inference, to motor vehicle user fees generally. 

Some key differences among the successful projects reveal that congestion 
pricing is a flexible policy tool that can help solve a range of problems. The successful 
projects also have several key features in common: they each helped address a critical 
shortage of public funds; they each addressed pro bl ems at the level of local travel 
corridors; and they each increased travel options in their respective corridors. The Bay 
Bridge proposal was similar to the successful projects in some respects but lacked two 
key features: it lacked a viable constituency for the revenue, and it would not have 
increased travel options meaningfully. These points, borne out in the case studies, are 
summarized into the following three elements of success: 

• Public Finance and Externality Benefits: Congestion pricing can reduce 
congestion problems in a given corridor both by managing demand and by 
generating capital for adding transportation capacity. 
• Flexibility at the Local Level: Congestion pricing policies can be designed to 
address a variety of policy problems and can be tailored to the particular needs of 
the implementing jurisdiction. It is a workable strategy for solving local, 
corridor-level, transportation problems. 
• Increases Travel Options: Congestion pricing is being implemented in 
contexts where it enriches travel options. 



A. State Route 91, Orange County, California 

Perhaps the best known experiment with congestion pricing in the U.S. is the "91 
Express Lanes" on State Route 91 in Orange County, California. The SR-91 project 
involved the construction of four new toll lanes for 10 miles in the median of an 
existing, severely congested, eight-lane freeway. 7 The express lanes began operating in 
December 1995. Motorists pay between $0.60 and $2.95 to use the facility depending 
on the time of day and direction of travel. Carpools of three or more travel for free. 8 

Tolls are collected using state of the art "Automatic Vehicle Identification" (A VI) 
technology.9 

The impetus for SR-91 Express Lane project was financial need. 10 The four 
lanes had been planned as high-occupancy vehicle (HOV) lanes for many years but 
had not been built due to a lack of available public funds. Through the 1970s and 
1980s, congestion on the existing lanes grew in lockstep with the Orange County 
economy. Forced to innovate, state and local elected officials, at the urging of 
planners, granted a franchise to a private toll road company to build and operate the 
road. 11 One and a half years after opening over 86 000 motorists have established 
billing accounts to use the road. Roughly 25,000 vehicles use the facility each 
weekday. The project's first year financial report indicates that revenues have been 
sufficient to pay for operating costs. 12 The user fee approach enabled the provision of 
badly needed infrastructure. 
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In addition to providing capital, the 91 express lanes have been successful 
insofar as they have increased the travel options available to motorists. Users of the 
original roadway still may use those lanes for free, or, if they choose, they can pay or 
form a carpool to use the faster express lanes. Moreover, the diversion of traffic onto the 
new express lanes has relieved congestion on the existing lanes, improving traffic for 
those who continue to use the free lanes. Public polls support these conclusions. While 
pre-projects polls of SR-91 patrons indicated a skeptical public, post-project polls show 
that 65 percent of users view the project favorably. 13 

The positive effect of the variable toll on travel demand has been an additional 
element of the project's success. One in five vehicles on the express lanes is a carpool of 
three or more people. The average vehicle occupancy (A VO) is 1.65, compared with the 
Southern California regional average of less than 1.2. 14 To attract paying customers 
from the adjacent free lanes, the 91 Express Lanes offers a superior service, in the form 
of a 20-minute time savings during peak hours. 15 Peak period tolls are set high enough 
during the peak to keep demand within the design limits of the Express Lanes. In the 
off-peak, when the advantages of using the Express Lanes are less, the tolls are 
correspondingly lower. 

The availability of the adjacent free lanes, and the improved traffic flow on those 
lanes mean that the 91 Express Lanes has avoided the adverse impact that tolls could 
otherwise have on the mobility of travelers with low incomes. In contrast to the 
warnings of critics who dubbed the 91 Express Lanes as "Lexus Lanes" because they 
represent a separate service for the affluent, the operator of the road reports that the 
demographic profile of toll customers mirrors that of users of the adjacent free lanes. 16 
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Many customers use the lanes irregularly (several times per week), suggesting that 
people's need for express service varies from day to day. 

Finally, the technological achievement of the automatic toll collection system on 
the Express Lanes is noteworthy. The revenue system for the IO-mile express lanes 
currently includes roughly 86,000 collection points-one for each customer. By 
contrast, state and federa) fuel taxes collected in California support thousands of miles 
of roadway and include only nine wholesale distribution points. The success of the toll 
technology on SR-91 suggests that the technical implementation challenges of user fees 
are manageable. 

B. Interstate 15 High-Occupancy Toll Lanes. 

Interstate 15 in North San Diego has an 8-mile, reversible, HOV lane that historically 
was open to vehicles with two or more passengers. In recent years the mixed flow lanes 
were regularly congested, and the HOV lanes had excess capacity during the peak hours. 
Overall, highway and transit capacity in the corridor was inadequate to serve demand. 
On December 2, 1996, a pilot congestion pricing project was initiated which permitted 
single occupant vehicles to pay to access the HOV lanes during peak hours. 

Besides making better use of the HOV lane, the I-15 project is raising revenue to 
fund additional bus transit capacity in the corridor. In fact, the primary success criteria 
of the project, set forth by the local administering agency, is the degree to which the 
project can finance greater transit service. Because the project is relatively new and is 
still increasing in scope (and complexity), administrators are waiting to gain a better 
estimate of likely future revenues before they initiate the new transit service. The ability 
of the project to support expanded transit service, however, was a key in convincing 
local officials to implement the project. 

In contrast to the SR-91 project, in which toll-paying, single-occupant vehicles 
(SOV) ultimately take precedence over carpools, the California State legislation that 
authorized the I-15 "Express Pass" project requires that toll paying SOVs be limited in 
number so as to maintain free-flow condition for HOVs. 17 Also unlike the SR-91 
project, which charges for each vehicle trip using lectronic toll technology, the 1-15 
project began with a simple monthly pass Lhat old fi r $50 per month and allows 
unlimited peak-hour use. The simple-technology approach suited the I-15 project, given 
its initial small scale. The implementing agency, the San Diego Association of 
Governments, began the project by selling only 500 monthly SOV permits on-a 
first-come, first-served basis. 

Differences between the SR-91 and the I-15 projects illustrate that congestion 
pricing is an adaptable policy instrwnent. In the former case pricjng was used to finance 
new lanes and to finance a specific level of debt. In the latter case congestion pricing is 
being used to take better advantage of existing lane capacity and to finance as much new 
transit service as the revenue will support. Another important difference is the 
sophistication of the technology used for implementation. 

The initial 500 passe , priced at $50 1 er month, were purchased within several 
hours after going on sale, indicating the public's support for the project. After 
monitoring the effects on the HOV lane of the 500 permit-holders, project administrators 
gradually increased both the number and price of the permits. In February 1997, 200 
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subscribers were added and, in March, the price of a pass was raised to $70. DesRite the 
price increase, 84 percent of original subscribers opted to remain in the program. 8 The 
1-15 project plans to replace the monthly pass system with an electronic toll system by 
the end of Summer 1997. 

By opening the HOV lane to a limited number of paying SO Vs and increasing 
transit service, the 1-15 project is, like the 91 Express Lanes, increasing travel options in 
the corridor. A counter-intuitive result of opening the HOV lane to SOV s has been an 
increase in the number of carpools and a decrease in total SOV use. Prior to the Express 
Pass, the lanes typically were used by roughly 3,200 carpools in the a.m. peak and 700 
illegal SO Vs. Since implementation of the Express Pass carpool, usage has risen to over 
4,000 vehicles, and total SOVs has fallen to a little more than 600 SOVs, with 500 of 
those being legal, paying users. 19 This data reveals that the 1-15 project has increased 
travel options and. resulted in more efficient use of existing capacity. 

The similarities of the projects are that they both were instigated primarily to 
increase financial resources and infrastructure capacity. The SR-91 project added lanes 
only, while the 1-15 project makes better use of existing lanes and will add transit 
service. The projects are similar also in that they are functioning at the scale of discrete 
travel corridors. Finally, they have been acceptable to the public in large part because 
they have increased travel options, tolls are incurred on a voluntary basis, and neither 
imposes a financial burden on low-income travelers. 

C. Lee County, Florida 

Lee County Florida has one operating toll bridge, Cape Coral, and another under 
construction, Midpoint. Congestion is a problem on the existing bridge and is expected 
to be a problem on the new bridge. In anticipation of the future, when travel demand is 
projected to exceed the county's capacity to finance additional infrastructure, the county 
has committed to implement a variable toll system on the bridges in late 1997, solely to 
manage demand and better utilize existing capacity. Peak-period pricing is expected to 
more efficiently allocate traffic more efficiently and forestall the need for additional 
capacity. 

A revealing facet of the Lee County program is that, instead of increasing the 
current $1 toll during the peak, the county has opted to lower the off-peak toll to $0.50. 
This approach was made possible by a federal congestion pricing pilot program grant 
that will offset the lost revenue. Presumably, in time, both the off-peak and peak tolls 
will be raised to eliminate the need for federal funds. 

Like the SR-91 project and the I-15 project, the Lee County experiment was 
motivated primarily by scarce resources. In this case, however, congestion pricing is 
not going to generate additional financial capital, at least in the short run. Rather, it will 
address the shortage of road space and funding by more effectively using the existing 
increase road capacity. That is, congestion pricing in Lee County will primarily manage 
demand. Moreover, the implicit political decision was that implementing variable tolls 
via an increase in the peak period toll was infeasible. An off-peak discount was the only 
viable approach. This choice underscores that congestion pricing is acceptable only if it 
increases travel options. 
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The Lee County project, like the SR-91 and I-15 projects, has bt:t:n conceived as 
a corridor-level solution. Moreover, congestion pricing in Lee County has been tailored 
to meet the unique needs of that area. It has not created any inequities in terms of one 
group's travel options improving at the expense of another's. 

D. San Francisco-Oakland Bay Bridge 

The proposal to implement a variable toll on the Bay Bridge has been the most sustained 
and intensive effort to implement congestion pricing in the United States. Unlike the 
three prior case studies, however, the Bay Bridge project so far has failed to reach the 
point of implementation. The project began when a broad spectrum of Bay Area 
stakeholders came behind the idea in January 1993 and worked to develop a variable toll 
proposal and persuade elected officials to implement it. In keeping with the project's 
history of steps forward then back, the effort came to a rest most recently in August 
1997, when the state legislature firmly rejected the proposal and, in order to pay for 
needed seismic bridge improvements, opted for a flat toll increase from the current $1 
automobile toll to $2 at all times and days of the week.20 

Congestion on the Bay Bridge is the worst in the Bay Area, a region that suffers 
from widespread traffic tie-ups. The facility is the workhorse of the region's 
transportation network, enabling over 260,000 vehicles to transport people and goods 
between the East Bay and San Francisco each day. Recurring congestion on the bridge 
delays regular con:unuters 20 minutes each day, resulting in an estimated $17.5 million 
in time, pollution, and fuel costs each year.2 1 The major alternative route to the bridge is 
the Bay Area Rapid Transit (BART) rail service. 

The coalition that has worked to implement congestion pricing on the Bridge 
includes representatives from the business, environmental, and public sectors. Among 
the key supporters are the Bay Area Council (representing large employers), the Santa 
Clara Valley Manufacturing Group, the Bay Area Air Quality Management District, the 
Bay Area Metropolitan Transportation Commission, the State Department of 
Transportation, the Environmental Defense Fund, the Sierra Club, and the Union of 
Concerned Scientists. 

With financial support from the Federal Highway Administration, the group 
prepared a variable toll proposal that originally called for raisjng the current $1 toll to 
$3 during morning and evening commute hours. 22 Using state-of-the-art models, the 
coalition estimated their proposal could reduce delays on the bridge by 40 percent -
saving regular users the equivalent of a work-week's worth of time over a year. The 
resulting $22 million in new toll revenue was to be spent enhancing transit options in 
the Bridge corridor.23 

The proposal included measures to mitigate potential inequities. To avoid pricing 
low-income travelers off the bridge, the proposal called for a "lifeline" toll of $1 for 
people who qualified for lifeline rates with the local phone and electric utilities. 
Reflecting the fact that the average income of commuters on the bridge is 50 percent 
higher than the regional average income, it was estimated that roughly 8 percent of 
bridge users would have qualified for the program.24 

The failure of the Bay Bridge proposal to reach implementation may reflect the 
fact that it differed in at least two important respects from the other three case studies. 
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First, the impetus of the project was not a shortfall of funding. The coalition that put the 
proposal together was concerned exclusively with reducing congestion and dependence 
on single-occupant vehicles. The group developed an expenditure plan for the revenue 
that the program would generate, but it was clearly a secondary consideration. While the 
investment plan adhered to reasonable transportation planning practices, there was no 
organized constituency to agitate for the funds or for the proposed transit services. 

The second difference is that the program would not have meaningfully 
increased travel options. The proposed transit improvements arguably would not have 
been viable improvements for many bridge users. More important, in the eyes of critics, 
the program would reduce options because those who could not afford the peak toll 
would have to forgo their trip. Unlike the SR-91 and I-15 projects, users would not have 
a choice between free, congested lanes, and priced, fast lanes. Whereas it is hard to 
identify a class of "losers" in the three success cases, those Bay Bridge users who value 
$2 more than the time savings it would buy and those who would forgo their travel due 
to the peak toll surcharge would lose. In spite of the affluence of regular bridge users 
and the lifeline pricing feature, the proposal was regarded by some as problematic for 
low-income travelers. 

Despite these shortcomings, the Bay Bridge project won a remarkable showing 
of support. Many civic leaders, including a handful of local and state elected officials, 
publicly support the project. A poll on the idea revealed that 59 percent of Bay Area 
residents supported the program.25 Three of the region's largest daily papers editorialized 
in favor of the project. 

This support notwithstanding, Bay Bridge toll rates are the prerogative of the 
state legislature. Thus far, no senior member of the legislature feels that variable pricing 
will greatly serve a valued constituency, so none has been willing to author a bill. 
Perhaps the key factor that has stifled legislative interest is the vehement opposition to 
the proposal by the most powerful member of the state senate, President Pro Tern Bill 
Lockyer. Lockyer objects to congestion pricing as a matter of principle. Lockyer wrote 
in an op-ed in the San Jose Mercury News: 

I view tollways as economically burdensome and discri
minatory- particularly on low- and middle-income drivers. 
Those who can't afford tolls get stuck in traffic while the wealthy 
zoom by on their private toll roads and lanes. That's un
Californian. ... 1 can't endorse what I see as another step toward 
the balkanization of our society, where the rich in their gated 
communities send their kids to private schools and drive on their 
private toll roads while everyone else lives without civilized 
amenities. That's tantamount to abandoning our civic culture and 
our responsibility to work together to build a great state. 26 

Lacking a sponsor in its original incarnation and facing Lockyer as an opponent, 
the proposal languished until January 1996 when the state department of transportation 
revealed that it had underestimated by $2 billion the costs of reinforcing Bay Area toll 
bridges to withstand a powerful earthquake. This unexpected event created a fiscal crisis 
that, in turn, created a powerful constituency for additional toll revenue.27 Despite the 
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improved political standing of the Bay Bridge variable toll proposal, however, it still 
went down to defeat due to the influence of Senator Lockyer. In August 1997, the 
California Legislature and the governor signed the final financing package for the bridge 
repairs; included was a flat toll increase from the $1 current toll to $2.28 

Many believe that variable pricing on the Bay Bridge wil] come to pass, the only 
question is when. It is conceivable that, once the $2 toll goes into effect in January 1998, 
a future variable toll could be implemented which not only raises the peak toll, but 
lowers the off-peak toll in a revenue-neutral fashion. For example, a $1.50 off-peak toll 
and a $3 peak toll would raise the same amount as the $2 toll. Arguably, this variable 
toll option would also be more fair than the flat $2 toll, as off-peak bridge users have 
lower incomes than peak users.29 

In the meantime, it appears that the failure of the proposal to increase travel 
options, and the fact some groups of users will be left worse off, have been key 
obstacles to implementing variable pricing on the bridge. One broad implication of this 
finding is that pricing of existing freeway lanes is likely to be difficult. Before that level 
of implementation is reached, there will likely have to be many more successful pilot 
projects, like SR-91 and I-15, to generate sufficient public familiarity and support for the 
concept. The battle over the Bay Bridge leaves no doubt as to the enormity of the 
political challenges to a large-scale shift of transportation policy toward 
market-incentives and user fees. 

LONG-TERM IMPLICATIONS AND SUMMARY 

Two Groups of Advocates 

Perhaps the most informative conclusion that can be drawn from these case studies is 
that, where policymakers have chosen to implement congestion pricing, they have done 
so both to finance increases in transportation capacity and to increase the efficiency of 
existing capacity. For those who have followed the user fee debate closely, this finding 
appears to resolve a division between two distinct groups of user-fee advocates. 

The first group consists of those institutions public and private that are 
responsible for building and operating our public transportation infrastructure. The 
second group consists of those institutions that are focused on reducing the social costs 
of transportation consumption, including economic inefficiency and environmental 
externalities. 

Both sets of stakeholders have argued that user fees could lead to a more 
sustainable transportation future. Their definitions of sustainability, however, are 
markedly different. Those interested in user fees for financial reasons define 
"sustainable" as: a transportation system in which more investment capital is available 
for growing our road (and presumably transit) systems to facilitate auto-mobility 
and growth. 

Those interested in reducing social costs define "sustainable" as: a transportation 
system that yields less overall pollution and consumes less energy and fewer resources 
than our current auto-dependent system. 
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Generating Capital 

Some analysts find a certain incompatibility between these two definitions. At a 
minimum, those who identify with one of these visions have tended to dismiss the 
problem being addressed by the other. Yet in the four cases considered here, it appears 
that policymakers have implemented congestion pricing for both financial and social 
cost purposes. Moreover, while both justifications have proved compelling to 
decision-makers, the ability of user fees to generate capital appears presently to be more 
important to implementing agencies. The effects of the user fees on consumer choice of 
travel time and mode have been secondary, although highly relevant to the decisions to 
implement congestion pricing. 

In the case of the SR-91 Express Lanes, the idea of charging tolls was conceived 
because toll revenue was the only means of paying for $126 million of construction 
costs for badly needed highway expansion. However the demand management aspect 
of the variable toll system turned out to be critical to the financial success of the project, 
as they enable greater revenue generation than would a flat toll.30 The variable toll 
method also enables the express lanes to successfully compete for customers from the 
adjacent free lanes. That is, variable tolls enable the operator of the toll lanes to manage 
demand to keep traffic moving fast enough to attract paying customers out of the 
congested free lanes. 

In the case ofl-15, the primary measure of success, as expressly stated by 
SAND AG, the administering agency, is the amount of funding the project generates for 
expanded transit service. Yet what has most impressed analysts about the 1-15 
experience to date is that it has noticeably increased the efficiency of the existing 
roadway.31 The Lee County case appears to value pricing foremost for its ability to 
manage demand, although the federal grant that holds the Lee County treasury harmless 
makes this conclusion tenuous. 

Investing in Transportation Networks 

Perhaps the primary reason that congestion pricing is making headway is because it can 
address both notions of sustainability. Perhaps as in Aesop's fable about describing an 
elephant, both sets of user-fee stakeholders have their bands around different aspects of 
the transportation problem; policymakers are responding to the whole. Through 
congestion pricing, policymakers are able to make necessary expansions to the size of 
the system and to get better use out if it. 

One simple long-term projection of this trend is that investment in transportation 
networks, and the size of those networks, is likely to grow. A second projection is that 
policymakers will be searching for ways to make transportation systems more efficient 
and productive, thereby reducing the social costs of each unit of mobility or transport 
consumed. 

It will be interesting to evaluate whether this feedback will affect the policy 
positions of user fee advocates. For example wi.11 those advocates of pricing who are 
principally concerned with reducing the environmental impacts of transportation balk at 
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the nt:ws that congestion pricing is being used to expand transportation capacity? The 
answer may hinge on whether the early experiments, where revenue has gone to new 
capacity, are perceived as enabling future applications of pricing to existing capacity. 

Local Solutions and Increased Travel Options 

The other two success factors considered in this paper, that congestion pricing was 
implemented because it was suitable at the local level and because it increased. travel 
options, may also be significant for the Jong term. Devolution has been a popular theme 
in government for the past several years, although it is unclear how much real authority 
higher levels of government will ultimately be willing to surrender to locals. In 
transportation, the increasing complexity of the systems suggests that centralized 
policies will become increasingly inadequate and that local solutions will become more 
prevalent. In California for example the long-term ero ion of the purchasing power of 
the state and federal gas tax has meant that local governments are increasingly turning to 
local taxes to pay for transportation services.32 To the extent that congestion pricing and 
user fees offer a decentralized solution to increasingly complex network problems, their 
stock is likely to rise. 

Finally, it should come as a welcome sign that a given policy's impact on travel 
options is an important criterion to decision-makers. serious shortcoming of the 
current U.S. transportation system is the dearth of alternatives to the household 
automobile for personal travel. In each of the successful congestion pricing projects, 
travel options were enhanced. In theory, by "getting the price right," congestion pricing 
could create a more level playing field on which higher-occupancy modes can more 
effectively compete. Whether or not this potential is reached, it seems reasonable to 
conclude that the degree to which vehicle user fees are implemented in the future will 
depend, in part, on the degree to which they increase travel options. 

System Pressures and Philosophical Shifts 

All things considered, it is premature to predict whether targeted user fees, such as 
congestion pricing, will emerge as a major force in transportation finance. The three 
success cases considered here suggest a promising futme for congestion pricing. 
Several pressures on the U.S. transportation system including financing needs, the need 
to reduce social costs, the need for flexible policie and the need for more travel 
options, work in favor of congestion, pricing and, perhaps, other user fees. 

On the other hand, the experience with the Bay Bridge project suggests that 
before user fees become commonplace in U.S. transportation policy, a fundamental 
philosophical shift will have to occur. Tension appears to be building between the 
public's need for a efficient and reliable transportation system, on the one hand and the 
desire to preserve the shared American freedom to drive wherever, and whenever, a 
person chooses. The fact that congestion pricing is being implemented is testament that 
the public attitude on this point is shifting, albeit slowly. 
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ENDNOTES 

1. Fuel taxes are assessed per gallon of fuel; emission fees would be based on the 
quantity of emissions of selected pollutants; fee-bates are envisioned as a 
revenue neutral fee system, whereby vehicles that pollute or consume energy at 
levels above the fleet average would pay a one-time or annual surcharge, while 
vehicles that are cleaner, or more energy efficient, would receive rebates; VMT 
fees would charge a fee for each mile driven by a vehicle; congestion fees would 
charge vehicles for using particular road segments in proportion to the level of 
congestion on each segment; parking fees would charge vehicles for parking in 
private or public parking spaces. A particular parking fee program, termed 
"parking cash-out," was partially implemented in California several years ago, 
whereby state law requires many employers to offer commuters the option to 
choose cash in lieu of any parking subsidy offered. 

2. Several comprehensive analyses included Curbing Gridlock: Peak Period Fees 
to Relieve Congestion, published by the National Research Council in 1994; 
Transportation Pricing Strategies for California: An Assessment of Congestion, 
Emissions, Energy, and Equity Impacts, prepared by Betty Deakin and Greig 
Harvey for the California Air Resources Board, November 1996; and Efficiency 
and Fairness on the Road: Strategies for Unsnarling Traffic in Southern 
California authored by Michael Cameron for the Environmental Defense Fund in 
1994. 

3. See, for example: Wachs, M. "Will Congestion Pricing Ever Be Adopted?" 
Access, Spring 1994, No. 4. 

4. Recently Congress also saw fit to support "cash-out" parking pricing programs. 
Through the Taxpayer Relief Act of 1997, Congress removed a section of the 
Internal Revenue Code that effectively had blocked California from implementing 
its "parking cash-out" law. The tax code now specifically allows employers to 
offer commuters, without penalty, the option to choose taxable cash in lieu of a 
parking subsidy. This federal tax change does not require employers to offer 
commuters the cash option, but it will allow California to enforce its own parking 
cash-out requirement. 

5. In 1995, Congress rescinded the final three years of pilot project funding, or $75 
million, due in part to the relatively slow rate of spending in the pilot programs. 

6. The metropolitan areas include: San Diego; Southern California (2); San 
Francisco Bay Area; Portland, Ore.; Boulder, Colo.; Houston; Minneapolis; Lee 
County, Fla.; and Westchester County, N.Y. 

7. The $126 million construction project is being financed entirely by private 
investors who estimated that demand for the expanded capacity was sufficient to 
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earn them a profitable return on their investment. The terms of the public-private 
partnership include the following: the median right of way, which had already 
been graded to accommodate construction, is leased to the operator, the 
California Private Transportation Company, for $1 per year; the environmental 
review for the project had been completed and paid for by the State prior to the 
introduction of the toll road proposal; toll policy is the prerogative of the private 
franchise; investors are entitled to earn up to a 1 7 percent return on their 
investment (any additional profits will be turned over to the State); after 35 years 
the road reverts to State ownership. 

8. The 91 Express Lane Model gave rise to the concept of the "High-Occupancy 
Toll" (HOT) Lane, on which single-occupancy vehicles pay for access and high
occupancy vehicles travel for free or reduced fare. The 91 Express Lane policy 
of granting discounts to carpools stems from the fact that the facility was 
originally conceived in local transportation plans as an HOV facility. In order to 
comply with the conformity provisions of the 1990 Clean Air Act, the toll road 
was expected to achieve an "average vehicle occupancy" (A VO) at least as high 
as the HOV lane would have. The operator, the CPTC, entered into a 
Memorandum of Understanding with local air and transportation planning 
authorities, in which it agreed to provide free passage or discounted fares to 
carpools. If the toll road encounters certain, specified, financial difficulties, 
however, it will be allowed to reduce or eliminate the carpool discount. 

9. Users sign up for prepaid accounts with the CPTC. Each time an account holder 
uses the facility his or her account number is read by an overhead scanner from a 
wallet-sized transponder placed on the vehicle dashboard. Depending on the 
time and direction of travel, the user's account is debited between $0.60 and 
$2.95. 

10. The federal congestion pricing pilot program is funding an evaluation of the 
SR-91 project but played no role in initiating or sustaining the facility or its 
operations. 

11. The toll roads were authorized by California Assembly Bill 680, which 
authorized the construction of four private toll roads. 

12. "CPTC 1996 Annual Report." California Private Transportation Company, L.P., 
Anaheim, Calif. 

13. Bloom, M.S., and M. Micozzi. "U.S. Experience with Road Pricing Principles." 
Federal Highway Administration, June 5th, 1997. 

14. CPTC 1996 Annual Report 

15. Ibid. 



16. Ibid. 

17. The contract between the private operator of the SR-91 Express Lanes and the 
state allows the operator to reduce or eliminate the carpool fare discount in the 
event the operator is unable to service their debt. 

18. Bloom et al. 
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19. Data source: Wilbur Smith and Associates, "Express Lanes Traffic Volumes I-15 
Congestion Pricing Project," May 21, 1987. The decrease in SOV violations is 
likely attributable to the increased enforcement program that the Express Pass is 
funding. Why HOV use has increased is less clear. 

20. 'Tolls are higher for heavy duty vehicles. 

21. Bay City Council, "Variable Pricing on the Bay Bridge: Fact Sheet," San 
Francisco, Calif. 

22. Tolls are collected in the westbound direction only. The program would have 
yielded its greatest benefits in the a.m. commute, which is predominately 
westbound 

23. "Bay Bridge Congestion Pricing Demonstration Program Fact Sheet," 
Metropolitan Transportation Commission, Oakland, Calif., Dec. 1994. 

24. Ibid. 

25. Bay Area Poll, Nov. 1995. Conducted by the Bay Area Council, San Francisco, 
CA 

26. San Jose Mercury News,. Dec. 6, 1996. 

27. In response to the Loma Prieta earthquake in Northern California in 1989 and the 
Northridge earthquake in Los Angeles in 1994, the California Legislature 
enacted requirements that the state's roads and bridges be seismically 
"retrofitted" for public safety, and that the retrofit work receive priority funding 
overall all other state transportation investments. These provisions meant that the 
$2 billion shortfall threatened new road construction throughout in the state. The 
political importance of the road projects that were threatened brought many key 
stakeholders to the table to assemble a plan to raise the $2 billion. 

28. The toll increase will be on all state-operated toll bridges in the Bay Area, was 
approved for eight years, and will raise roughly one third of the funds needed for 
the bridge work. Another third will be taken from state funds that would 
otherwise go to new road development. The final third will be paid by a general 
revenue bond approved by statewide referendum in March 1996. 
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29. Harvey, G. "Incomes for Off-Peak Travelers." March 28, 1996. 

30. The microeconomic theory that explains this relationship is termed 
"price discrimination." As described in Microeconomic Theory: Basic 
Principles and Extensions (3rd Edition) by Walter Nicholson: "It may 
sometimes be the case that a firm will have a monopolistic position in 
two different markets for the same good. If these markets are effectively 
separated so that buyers cannot shift from one market to the other there 
may be the possibility for the monopolist to increase profits ftnther by 
practicing price discrimination ... This may lead to different prices for 
the same good in the two markets." Published by CBS Co.liege 
Publishing, New York, NY. 1985. P. 423 

31. Cite I-15 HOV performance. 

32. The failing of the gas tax stems largely from the development of more 
fuel-efficient vehicles that yield less tax revenue per vehicle mile traveled. As 
alternative-fueled vehicles increase in number, the fuel tax will become even less 
effective. Moreover, Congress' refusal to appropriate the full balance of the 
Federal Highway Trust Fund and the rising marginal costs of adding 
transportation infrastructure are said to have crimped investment. The California 
Transpurtc:1tiu11 Co1nmission, for example, reports that bet\veen 1970 and 1993 
transportation revenue in California rose by roughly 18 percent, while the state 
population rose by 59 percent, personal income rose by 90 percent, and VMT 
rose by 147 percent (reported in Governor's Commission on Transportation 
Investment, "Final Report," January 1996. California Business, Transportation 
and Housing Agency, Sacramento, Calif. p. 17). Partly in response to this trend, 
18 counties in California have passed half-cent sales tax surcharges to pay for 
road and transit projects. 
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The purpose of this paper is to consider the effectiveness ofland use policy as an 
instrument for reducing environmental and other external costs associated with ownership 
and use of the private automobile. Emphasis is placed on the long run, since land use 
change is a slow process, and consequently can potentially have significant effects only 
in the long run. I will argue that land use change is driven by factors over which we have 
little policy control, and that current trends of decentralization will continue in the future. 
Although the link between urban form and travel behavior may be significant, it is highly 
unlikely that policy actions could shift urban form to patterns associated with less private 
vehicle travel. The paper begins by presenting some information on international trends 
in travel and land use patterns. Then I discuss explanatory factors associated with these 
trends. The final part of the paper addresses the future, and considers the potential of land 
use policies in the context of long run trends. 

URBAN TRAVEL TRENDS 

Urban travel trends are easily summarized. Car ownership and use is increasing, total 
travel is increasing, and both public transit use and non-motorized modes are decreasing. 

Car Ownership and Use 

Throughout the developed world, people own more private vehicles, use them more 
frequently, drive more miles, and are more likely to drive alone than ever before. The 
world's motor vehicle fleet has grown immensely over the past two decades. The total 
number of cars and trucks increased from 246 million in 1970 to 617 million in 1993, 
with most of the growth occurring outside the United States, as illustrated in Figure 1 
(U.S. Department of Transportation, 1996). Average annual growth rates in the motor 
vehicle fleet over this period are 2.6 percent for the United States, 4.4 percent for other 
OECD countries, and 6.5 percent for non-OECD countries. 

Patterns of vehicle ownership are further illustrated in Table 1, which gives 
average annual growth rates for car registrations in selected countries, grouped by level 
of per capita income and weighted by population. The low and low-middle income 
countries have the lowest car ownership rates, but the highest growth rates. These 
numbers suggest that absent severe policy intervention, the world car fleet will grow 
enormously in the coming decades as developing countries achieve higher levels of per 
capita income. It bears noting that China has the lowest 1992 car ownership rate (carper 
population ratio of 0.00162), even though the vehicle fleet increased by more than a 
factor often between 1970 and 1992. Another increase of this magnitude or greater is 
quite possible in the coming decade. At the opposite end of the spectrum, 
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the United States continues to have the highest car ownership rate (carper population 
ratio of 0.6), but it had the slowest growth rate (2.2 percent) during this period, 
suggesting that car ownership in the United States may finally be reaching saturation. 

TABLE 1 Growth in Car Ownership, by Country Per Capita Income Category, 
1970-1992 

Annual Growth Rate 
1970 - 1992, percent 

Cars Population Cars/Pop. 1,992 

Low Income Economies 9.4 2.3 
(Examples: India, China, Nigeria) 

Lower Middle Income Economies 9.6 2.5 
(Examples: Peru, Thailand, Turkey) 

Upper Middle Income Economies 7.2 2.4 
(Examples: Mexico, South Korea, Brazil) 

High Income Economies 3.3 0.9 
(Examples: U.S., Japan, Germany) 

Source: USDOT ( 1996), p. 219. 

Car ownership is significantly related to per capita income . .t'1gure L p10ts car 
ownership per 1000 population against the natural log of 1992 GDP in U.S. dollars for 
several European countries (east and west), the United States, Canada and Japan. The 
graph suggests that as economic well-being improves in lower income countries, car 
ownership will increase. The graph also shows that the greatest dispersion of car 
ownership rates is found among the higher income countries, with the United States at 
one extreme and Denmark and Japan at the other. In addition to per capita income, 
differences in car ownership and use across countries are attributed to population density, 
the density of cars relative to land area or road supply, and car ownership and fuel costs. 
High population density and limited land area may promote implementation of auto 
restraint policies to reduce congestion and other negative effects associated with auto 
travel in densely developed areas. Pucher (1988) associates the generally lower levels of 
car ownership and use outside the United States to public policies that make car 
ownership and use more costly and less convenient. Despite these policies, however, car 
ownership continues to increase. 

More car ownership means more car use; annual vehicle-kilometers traveled has 
increased at about the same rate as car ownership. To illustrate, Table 2 gives annual 
average VKT growth rates for the US, Japan, and selected European Conference (EC) 
countries. Figure 3 shows VKT growth for 6 European countries, 1970 to 1995. Total 
VKT nearly doubled over the period, and the greatest growth occurred in private vehicle 
travel; the private vehicle share increased from 79 percent in 1970 to 85 percent in 1995. 

0.0034 

0.0350 

0.0860 

0.4760 
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TABLE 2 Growth in Car Use, by Country 1970-1993 

Avg. Annual Growth Rate(%) 

Country VKT Cars 

United States 2.7 2.2 

France 3.2 3.0 

West Germany 3.0 3.6 

Great Britain 3.8 3.2 

Japan 6.5 6.9 

Source: USDOT (1996), p. 209. 

Mode Shifts 

Table 3 gives information on mode shares for urban areas in various countries. Care must be 
taken in making such comparisons, because data are collected differently, and mode and trip 
definitions may differ across countries and across years. Data for all trips are not available for 
urban areas in the United Kingdom; hence only data for London and for the journey to work for 
Manchester are presented. Because London is such a large metropolitan area, it is not 
representative of the general level of car use in other U.K. urban areas. In all countries, the trend 
of increasing car use is obvious, but the rate of increase varies greatly. In the United States, 
where car use was already very high in 1969, increases have been quite small. In contrast, large 
increases have occurred in the urban areas of Norway and West Germany. 

Increased car use has come at the expense of both public transport and non-motorized 
travel, depending on the urban area. In Germany, the public transport share has remained quite 
stable, while the non-motorized share has decreased. In the other countries, both public transport 
and non-motorized shares decreased. Decreases in non-motorized trips suggest substitution of 
longer trips for short trips, as well as population shifts out of core city areas to less dense (and 
therefore less bike or pedestrian accessible) areas . Although much of the transportation public 
policy debate focuses on car vs public transport, the observed decline in non-motorized trips is 
probably far more consequential from an environmental perspective. 

Explanatory Factors 

In addition to rising affluence, major explanatory factors for these trends include changing 
demographics and household structure, labor force participation, and changing land patterns. 
Higher income implies higher value of time, making travel time relatively more important in 
travel choice decisions. As the value of time increases, faster modes will be preferred, hence the 
increase in private vehicle travel. Higher income also implies greater demand for goods and 
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services, and therefore more total travel. The relationship of car use, distance traveled, and trip 
frequency with household income is extensively documented. (e.g. Hu and Young, 1993; 
Pisarski, 1996). 

TABLE 3 Mode Share Trends, All Person Trips, Selected Urban Areas 

London 1975-76 1985-86 1989-91 

Car 41 44.3 47.8 
Public Transport 20 17.3 17.0 
Bike 3 2.8 1.7 
Walk 35 35.0 32.7 

Manchester a 1971 1981 1991 

Car 32 50 64 
Public Transport 39 24 16 
Bike 2 2 2 
Walk 21 19 16 

Norwegian city regions 1970 1985 1990 

Car 32 60 68 
Public Transport 20 11 7 
Walk& Bike 48 29 25 

W. Germany urban areas 1972 1982 1992 

Car 34 43 49 
Public Transport 17 17 16 
Bike 8 10 12 
Walk 41 30 23 

US urban areas 1969 1977 1990 

Car 79.8 82 .3 84.3 
Public Transport 4.9 3.4 2.8 
Bike 0.7 0.7 0.7 
Walk 11.5 10.7 9.1 

' Journey to work only 
Source: Pucher and Lefevre (1996); Hervick, Tretvik and Ovstedal (1993); Brog and Erl (1995). 
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Household size has declined both in the US and in Europe for several decades. Average 
number of persons per U.S. household was 2.75 in 1980 and 2.63 in 1990. Household 
composition has also changed: the most rapid increase in household growth was among non
family households, e.g. persons living alone or with other non-family persons (Pisarski, 1996). 
Similar patterns prevail in Europe; among the "EURO12, household size declined from 2.8 in 
1981 to 2.6 in 1991 (ECMT, 1995). Declining household size is attributed to declining fertility 
rates, rising divorce rates, breaking up of the extended family system, aging of the population, 
and growing economic independence of women and young people (Masser, Sviden and 
Wegener, 1992). As birthrates continue to decline, smaller household size should be observed in 
less developed countries as well. 

Declining household size means more travel for personal or household needs. Regular 
household activities (food shopping, laundry and cleaning, home maintenance, social visits, etc.) 
are shared among fewer household members. In addition, non-family households are less likely 
to share resources; consequently we would expect such members to behave more like individuals 
living alone, hence generating more household trips. 

In both the United States and European countries, observed increases in the labor force 
participation rate are mainly due to increased participation by women. Increased participation in 
the labor market by women has at least two significant effects on travel. First, more working 
women means more households with multiple workers. In the U.S., 70 percent of all working 
households had two or more workers in 1990 (Pisarski, 1996). Housing location choice 
decisions are more complex for households with multiple workers; all else equal, it is more 
difficult for such households to live close to work, given dispersed job locations. Although 
research shows that women travel shorter distances to work than men, it seems reasonable to 
attribute some of the observed increase in commute travel distance to the rise in multiple worker 
households. 

Second, increased participation of women in the workforce has not been accompanied by 
any major changes in household responsibilities . All else equal, working women are subject to 
greater time pressure, and consequently attribute high value to the efficiency of driving alone. 
The value women place on driving alone is demonstrated in the United States by the higher 
likelihood of women driving alone than men when household income is controlled (Rosenbloom, 
1995). Also, although United States women in 1990 still drove fewer annual VMT than men, 
the rate of increase in VMT since 1983 has been higher for women (Pisarski, 1992). 

LAND USE TRENDS 

The major trend in urban spatial patterns for several decades has been decentralization. 
Suburbanization of population and employment has been evident in the United States throughout 
the Twentieth century. Large scale population suburbanization was followed by large scale 
employment decentralization and by the emergence of major agglomerations outside the 
traditional downtown (e.g. Muller, 1995). More recently, decentralization has been accompanied 
by dispersion, with most growth occurring outside major centers. 
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Table 4 gives population growth rates for United States metropolitan areas with 1 million 
or more population, by decade, 1960 through 1990, using United States census data. In each 
decade, population growth was more rapid in suburban counties than in central counties. In 
1960, central counties accounted for a majority of the metropolitan population, but by 1970 the 
majority shifted to suburban counties, The suburban county share continued to increase through 
1990. 

TABLE 4 Population Growth for U.S. Metro Areas with 1 Million or More Population, 
Central and Suburban Counties 

Population Growth Rates, Percent 

Years Total Area Central County Suburban Counties 

1960 - 1970 18.50 10.20 27.35 
1970 - 1980 7.78 2.82 12.35 
1980-1990 11.81 9.22 13.79 

Population Shares, Percent 

Year Central County Suburban Counties 

1960 51.60 48.40 
1970 47.99 52.01 
1980 43.28 56.72 
1990 42.27 57.73 

Source: Rosetti and Eversole (1993) 

Population decentralization has been accompanied by employment decentralization. 
Empirical evidence of this trend is extensive. For example, Gordon and Richardson (1996) 
calculated average annual employment growth rates for 54 U.S. metropolitan areas for 1976 -
1980 and 1980 - 1986. Areas were segmented into CBD, remainder of the central city, and the 
remaining metropolitan area excluding the central city. In all cases, growth rates were highest in 
the suburban county. Similar results were found using annual employment data by county 
(Gordon, Richardson and Yu, 1996). 

A similar process of population and employment decentralization is also evident within 
most metropolitan areas in Europe, although from a very different starting point and with a wider 
degree of variability of experience. Indeed, decentralization has been documented in major 
metropolitan areas throughout the developed world. Table 5 gives population and employment 
changes for several metropolitan areas, for core city areas and their suburbs. In all but one case 
(Liverpool employment), population and employment grew faster (or declined slower) in the 
suburbs than in the core city. Note that the table includes metro areas in several different 
countries, and that the most recent series ends in 1985 (more recent data are not available). It is 
possible that more recent data would reveal an acceleration of these trends, given the effects of 
globalization and the shift to an information-based economy. More recent population data are 
available for selected cities. Some examples of central city population shares: Paris central city 
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population share declined from 32 percent in 1968 to 23 percent in 1990; Zurich form 38 percent 
in 1970 to 29 percent in 1995; Amsterdam from 80 percent in 1970 to 66 percent in 1994. Only 
London has held approximately steady at 41 percent in 1971 to 3 8 percent in 1994. 

TABLE 5 Population and Employment Decentralization in Selected European Cities 
Average Annual Percentage Change 

Population Employment 

City Years Core City Suburbs Years Core City Suburbs 

Antwerp 1970-81 -0.8 +1.2 1974-84 -0.7 

Copenhagen 1970-85 -1.5 +1.0 1970-83 -0.3 

Hamburg 1970-81 -0.8 +1.9 1961-83 -0.8 

Liverpool 1971-80 -1.6 -0.4 1978-84 -2.6 

Milan 1968-80 -0.6 +1.3 1971-81 -0.9 

Paris 1968-80 -1.1 +I. I 1975-82 -1.1 

Rotterdam 1970-80 -1.6 +2.2 1975-84 -1.1 

Source: Jansen (1993) 

Land Use and Commuting Patterns 

+0.4 

+3.2 

+1.9 

-3.1 

+1.9 

+0.9 

+1.5 

Decentralization of population and employment is reflected in commuting patterns. To 
summarize, the traditional commute to the center city is no longer the dominant commute flow. 
Commuting between suburban locations is now the major flow in the United States, and is the 
fastest growing commute flow in European metropolitan areas. Table 6 gives commute flow 
data for the United States, drawn again from U.S. census data. Since the census only began 
asking the work location in 1980, comparisons are available only for 1980 and 1990. The data 
are compiled by county, a local political jurisdiction that can include one or more cities. Central 
counties therefore encompass the central city of the metropolitan areas as well as adjacent cities 
and county areas. Central county therefore overstates the central city portion in nearly every 
case. Several observations are to be drawn from Table 6. First, central counties were the 
location of the greatest share of job destinations in both years, but the share declines. 
Conversely, the share of job destinations in suburban and exurban locations increases. Second, 
the suburban resident worker share increases. Third, the largest flow is central county to central 
county in 1980, but is suburban county to suburban county in 1990. 
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TABLE 6 Commute Flows in U.S. Metropolitan Areas, 1980 and 1990 

1980: 31 Metro Areas 

Place of Work 

Place of Residence Central county Suburban county Outside area Subtotal 

Central county 41 .90 2.70 0.83 45.43 
Suburban county 12. 14 40.90 1.53 54.57 

Subtotal 54.03 43.60 2.36 100.00 

1990: 39 Metro Areas 

Place of Work 

Place of Residence Central county Suburban county Outside area Subtotal 

Central county 38.05 3.57 0.83 42.44 
Suburban county 11.68 43.52 2.34 57.55 

Subtotal 49 .73 47.09 3.17 100.00 

Source: Computed from Rosetti and Eversole (1993). 

Using more disaggregate data, (1996) allocates the increa ·e in commute flows between 1980 and 
1990 as follo\-vs: 58 percent suburb to s1-tburb, 20 perc.~nt suhurh to central city, 12 percent 
central city to suburb, and 10 percent city to city. Thus the suburb to suburb commute continues 
to be the fastest growing commute flow segment. 
With more suburban job destinations and fewer central city job destinations comes more use of 
the private car. Table 7 gives mode share for U.S. journey to work trips by destination location 
category. Public transit still carries a significant portion of work trips to central city destinations. 
In contrast, more people walk or bike to suburban jobs than take transit, and the private vehicle 
accounts for 90 percent of all trips. 

TABLE 7 Journey to Work Mode Choice, 1990, by Job Location 

Mode Share, percent 

Job location Drive alone 

Central City 

Suburbs 

• Includes work at home. 
Source: Pisarski (I 996), p. 84. 

68.2 

77.5 

Carpool Pub. Transp. Walk/Bike 

13.4 I 1.0 

12.9 2.0 

Other" 

4.7 2.9 

3.5 3.3 
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The same trend of dispersing commute flows is evident in the EC. Limited data makes 
possible only a few examples. Commute flow data for the Paris region, 1975 and 1982, reveal 
that the greatest decline occurred in the central city to central city flow, while the greatest 
increase occurred in outer suburb to inner suburb commutes. Other large increases took place in 
central city to outer suburbs, and inner suburbs to outer suburbs, implying a significant 
dispersion of travel flows and longer distance commutes, which in turn implies greater use of 
private vehicles (Jansen, 1993). 

In Germany, the share of workers living and working in the same city declined from 72 
percent in 1970 to 61 percent in 1988. The increase in commuting by car that occurred is the 
result of both longer distance commuting and generally increased demand for car travel. For 
those living and working in the same city, the increase in car use was at the expense of non
motorized modes. For those working in a different city, the shift was from public transit (Jansen, 
1993). 

WHAT HAPPENED? 

Before these trends were clearly evident and documented in Europe and other developed 
countries, decentralization and the dominance of the private auto were perceived as a uniquely 
American (U.S.) phenomenon. Explanations centered on public policy, cultural preferences, 
land availability, and rapid economic growth. Public policy factors include: 

• Tax and pricing policies favorable to car ownership and use 

• The Federal Interstate Highway construction program and the Highway Trust Fund 

• Federal tax and mortgage policies that support home-ownership and favor suburban 
residential development 

• Political fragmentation and powerful local governments that allow suburbanites to 
escape urban social and fiscal problems 

It is claimed that these policies supported deeper social and cultural values: 

• The tradition of strong private property rights 

• Historical preferences for single family home-ownership 

• The suburban ideal 

• Ethnic and racial conflicts 

It was argued that economic growth occurred throughout the developed world during the 
post-war era, albeit from a different base, therefore purely economic factors were not a 
satisfactory explanation for American-style decentralization. In light of similar trends now 
evident outside the US, however, explanations for decentralization merit further consideration. 
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If both population and jobs are decentralizing, even in countries where central 
governments have far more control over land use cars are more costly to purchase and operate, 
public transit service is more extensive, and highways do not enjoy earmarked funding sources, 
then perhaps economic forces-rising per capita incomes and economic restructuring- play a 
more important role. 

Rising Incomes 

Rising per capita income increases demand for all sorts of consumer goods, including housing. 
Therefore, preferences for single family homes may not be so uniquely American after all. A 
1985 survey conducted in West Germany provides a small piece of supporting evidence. When 
respondents were asked about their housing preferences; 59 percent chose single family detached 
house, 18 percent chose row house, and the remainder chose apartments and condominiums. At 
the time of the survey,just 40 percent actually lived in detached or row houses (Masser et al, 
1992). Other evidence comes from the growing number of households that choose private 
homes in the suburbs of the United Kingdom, Paris and Australia, even when such moves reduce 
accessibility to jobs and other activities (Cullinane, 1992; Burnley, Murphy and Jenner, 1997, 
Baccaine, 1997). As demand for housing increases, households are willing to travel more in 
order to obtain preferred neighborhoods, housing characteristics, etc. 

U.S. patterns of shopping and retailing are also evident in other countries. The suburban 
shopping center, conveniently accessible only by car and typically offering free parking, can be 
found along expressways in the suburbs of London, Milan, Munich and Paris. The emergence of 
the submhan shopping mall in European metropolitan areas may be explained by many of the 
same factors as in the United States: population suburbanization and rising consumer demand 
creates a market; shoppers are attracted by (relatively) lower prices, more variety, and 
convenient (car) access. A Royal Commission study of changing shopping patterns observes that 
shopping has become a leisure activity, and people are less willing to patronize the closest shops. 
Rather, they are willing to travel further to obtain greater variety, better quality, etc. (Royal 
Commission on Environmental Pollution, 1995). 

Job Decentralization 

The process of job decentralization is also evident outside the US, as described earlier. The shift 
to a service and information-based economy, together with improvements in information and 
telecommunications technology (ICT), have made firms more "footloose", and the 
agglomeration benefits of central locations have become less impo1ta11t for many types of 
activities. Service activities require less fixed infrastructure than manufacturing and so are more 
easily relocated. As the workforce suburbanizes, these firms follow, taking advantage of lower 
land costs while maintaining or increasing labor force access. Expecting that workers will 
commute by car, these firms provide free or almost free (to the user) parking, further 
encouraging auto commuting. Declining agglomeration benefits also imply that congestion and 
other costs of agglomeration will not be as easily offset, and thus will promote additional 
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decentralization. Suburban location in the United States has the additional advantages of lower 
business fees and taxes, as well as lower crime rates. Finally as decentralization continues, 
regional accessibility becomes more homogenous, and the relative advantage of central location 
declines. The value of central location (all else equal) therefore declines for both households and 
firms. 

FUTURE TRENDS 

1 have argued that rising incomes and changing economic structure have played a key role in the 
land use and travel patterns we observe today. What about the future? Would it be possible to 
reverse these trends, and, over time, to foster a reconcentration of activities in metropolitan 
areas? There are really two questions here. First, what magnitude of change would be required 
to significantly reduce private vehicle use; and second, is such change feasible? 

The Evidence 

There is now an extensive literature on sustainable development, and on the expected benefits of 
compact cities, transit-oriented land use, and pedestrian friend ly neighborhoods. Proponents of 
compact development argue that increasing development densities and providing high quality 
transit will promote shifts to transit and non-motorized modes, and reduce use of the private 
auto. These expectations are based on empirically observed cross-sectional correlations between 
development density and measures of car use (Newman and Kenworthy, 1989a; 1989b ). There 
are many questions about the validity of these findings such as whether the environmental 
benefits of less car use are offset by more congestion, whether the relationship is significant at 
densities that might possibly be achieved, or whether there is any causal validity on which to 
base policy decisions. 

Downs (1992) conducted some simple simulations and concludes that very large 
increases in density would result in very small reductions in average commuting distance. 
Schimek (1996) found the relationship between person travel and residential density to be 
significant, but of very small magnitude. pecifically a 10 percent increase in density is 
associated with a 0. 7 percent decrease in VMT. From all the evidence available, it appears that 
in order to realize significant reductions in car travel, large magnitude changes in development 
density would be required. 

The potential effects of pedestrian-friendly or transit-oriented neighborhood design is 
more uncertain. Crane (1996) considered the effects of various network designs, and concludes 
that there are possibilities for increased travel as well as decreased travel. Empirical work that 
has attempted to link aspects of neighborhood design to transit use or walk trips has yielded very 
mixed results (Cervero and Gorham, 1995; Ewing, Haliyur and Page, 1994; Handy 1992, 1996; 
Hanson and Schwab, 1987, Kitamura, Mokhtarian and Laidet, 1997). While in some cases a 
relationship between transit use or non-motorized travel and neighborhood design is 
demonstrated, a relationship with auto use is not demonstrated. That is, the effect of pedestrian 
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or transit accessible designs may be to induce additional trip making, rather than to shift the 
mode of existing trips. 

Implementing Effective Land Use Policies 

On the basis of the existing evidence it is difficult to support the use of any land use policy as a 
means for achieving environmental objectives associated with private vehicle use. Nevertheless, 
let me now consider the second question: are land use changes of a magnitude sufficient to 
significantly reduce private vehicle use feasible? 

F irst, designing pedestrian friendly neighborhoods is quite possible, and indeed is 
happening in several new planned communities. ypi ally these communities are located in 
suburban (or even exurban) locations, often far from major job centers and accessible exclusively 
via automobile. They have the architectural attributes of New Urbanism--front porches narrow 
streets, a town square-but are otherwise rather conventional middle or upper class planned 
communities, highway acces ible and with plenty of room for the family's two or three cars. 
These new communities may have many benefits but less private vehicle use is not likely to be 
one of them. 

The real policy question is, therefore, can metropolitan densities be increased to a level 
that would lead to significantly less private vehicle travel? As noted above, this would require 
substantial increases in densities from existing levels and a reversal of development trends that 
have heen in progress for many decades. I do not think such increases in density can be 
achieved, and increases in density that might be achieved would have at best iittie effect on 
private vehicle travel for the following reasons. 

1. Most firms have no economic incentive to locate in dense, high cost centers. 
Agglomeration benefits are declining for all tb reasons discussed above. Regulation would 
therefore be required to shift the incentive tructur , either by offering large subsidies to locate in 
core areas, or imposing additional costs on locations in non-core areas, or imposing outright 
restrictions on development in non-core areas. In the United States, central city revitalization 
efforts have bad very limited succes , despite the large subsidies involved. There are, of course, 
some major success stories of downtown revitalization, and some types of activities that still 
value core locations. However, these are not the representative experiences of such efforts (e.g. 
Teaford, 1990). Furthermore, the metropolitan areas where central city growth has occurred 
have experienced even greater growth outside the central city (Gordon and Richardson, 1996). 
lf the history of revitalization efforts are any indication, incentives to draw firms to core areas 
would have to be large indeed. Efforts to limit development in suburban areas have a mixed 
history; some studies have shown that the primary effect of such policies has been to shift growth 
to other areas; others have identified restrictions on housing supply that drive up prices. Higher 
housing prices create incentives for workers to seek less costly housing in more remote areas. 
(Rosen and Katy, 1981; Gyourko, 1991 ; Knaap, 1985) 
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2. Globalization makes it increasingly difficult to impose controls on where firms locate. 
Firms may respond in many ways to changes in conditions. As the share of footloose activities 
increases, more firms will have great flexibility in location choices. Through distributed 
production methods, out-sourcing, and other n w forms of economic organization, firms can 
exploit the advantages of specific regions throughout the world. They can likewise avoid the 
disadvantages of specific locations. arge firms have been able to use this flexibility to promote 
"bidding contests among local communities for their business, as for example occurred in the 
case of GM's Saturn plant location in Tennessee. Also, if the cost of doing business in one 
location increases, activities can be shifted to other locations within the firm's spatial network. 
Examples abound of these shifts. In the United States, several types of product assistance 
telephone services, formerly performed in-house in central or branch offices, are contracted out 
to telephone service firms located in small communities in the Southern United States. These 
locations were chosen because there was a supply of workers willing to work swing and 
graveyard shifts for relatively low wages. In the United Kingdom, British Air shifted its 
reservation processing from several sites (including London) to Bangkok, where labor costs are 
much cheaper. Location .flexibility transcend local, state and even national boundaries, and this 
flexibility can only increase as JCT continues to improve making it ever more difficult to control 
the location of business activities via land use regulation. 

3. Most households have no incentive to locate in dense, high cost centers. Demand for 
housing is related to household income. As incomes rise, so does demand for housing services -
more living space. We are now ob erving population shifts to suburban areas in many 
countries; households are choosing suburban locations to obtain more housing. In doing so, they 
are willingly giving up access to jobs, downtown amenities etc. The American Dream of the 
single family home (and garage) is not uniquely Amer.ican at all, but rather reflects widely held 
preferences that can be acted upon as household income rises. There are of course some 
households that prefer urban living (young single persons, affluent empty nesters), and these 
niche markets would likely support high-density policies. However, these are niche markets, not 
mass markets. 

Single family structures are not an option, if density must be greatly increased. It is 
important to note here that I am not arguing that residential densities cannot be increased; simply 
reducing the number of zoning restrictions that exist in most communities would increase 
densities and have many other ben ficial effects as well. Rather, the issue is one of increasing 
densities to levels sufficient to reduce private vehicle use. 

It is clear that most U.S. households prefer low r density living environments. According 
to a 1997 Fannie Mae survey, for example ju t 9 percent of respondents stated that they 
preferred living in a "large city. The top two reasons given for not living in a central city were 
"pace of life and "crowding, traffic congestion. Because lower density living environments are 
preferred, households, like firms, wil.l use their flexibility to act on their preferences. In the 
United States households have historically demonstrated high levels of mobility. As 
development regulations are imposed to achieve high density in urban areas households will 
likely search for more preferable surroundings in Ll n-urban areas. And just as ICT gives firms 
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more flexibility, it also gives households more flexibility: for example, telecommuting makes 
long commutes less costly and computers make possible a growing variety of home-based 
businesses. 

4. Density policies required to achieve reductions in private vehicle use have no political 
constituency. If most firms and households have preferences against high density development, 
it follows that there would be little political support for the policies required to achieve such 
development. In the United States land use control is vested in local governments, which have 
historically responded to the preferences of constituents. Those preferences have resulted in 
extensive application of policies that exclude various activities or social classes, limit 
development density, etc., but very few applications of inclusive policies. Efforts to control 
land use at the regional level are rare (Oregon, Florida and New Jersey have regional land use 
policies), and their success in achieving regional or statewide objectives has yet to be 
determined. 

Perhaps more significant for this discussion is the very rapid proliferation of self
governed communities. The local homeowners' association (HOA) is one of the fastest growing 
types of non-governmental associations (NGOs) in the United States. There were an estimated 
150,000 HOAs in 1992 (Kennedy, 1995). These associations typically operate and maintain 
common facilities, as well as enforce association rules and restrictions, including land use codes. 
Their authority may cover local (private) streets and other infrastructure, parks and recreational 
facilities, and policing. In effect HOAs are taking on and privatizing many traditional functions 
of the public sector. They make it possible for homeowners to not only pw·chase their preferred 
package of housing and associated services ( and thereby also restrict their tax contributions), but 
also assure its maintenance. I view the homeowner association as a means for individuai 
households to exert more control over their local environment. Although governments still have 
all the traditional powers, including land use control, it is becoming more difficult to enforce 
policies for which there is little consensus. 

The situation is different outside the United States. In Europe, land use control generally 
resides at the state or national level, and some countries (for example, The Netherlands) have 
very strict policies to direct and concentrate development. In the United Kingdom, a number of 
planning policies have been established in recent years to foster location of major traffic 
generators in existing activity centers to balance housing and job , and to limit the extent of new 
development. A study of the Oxford region concludes that these policies do affect travel 
patterns, but their effect is limited (Curtis 1996). In light of the population and employment 
trends described earlier in this paper, this conclusion seems reasonable. Land use policy has 
possibly slowed down the decentralization process. 

It could well be argued that this evidence clearly supports land use policy strategies, but 
we need to get back to the fundamental objective of significantly reducing private vehicle use. 
Incremental changes in mode shares or distance traveled are not sufficient to measurably reduce 
vehicle pollution. Even in Europe there are signs of trouble. For example, the Netherlands' 
widely acclaimed residential development planning program has encountered difficulties in 
producing residential communities with high enough densities to support transit because of the 



lack of demand for high density housing (Maat, 1999). · It also bears noting that despite these 
policy efforts, private vehicle use continues to increase. 

5. Density policies that could be implemented will be swamped by larger trends. The 
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trends I have described - decentralization of population and employment, rising income, and 

The growing impact of JCT - overwhelm just about any land use policy option that could be 
considered reasonably politically feasible. In Schimek's (1996) study, a 10 percent increase in 
household income is associated with a 3 percent increase in VMT, all else equal, an effect more 
than four times as great as that estimated for density. What is more likely to happen within the 
next 20 or 30 years, a 10 percent increase in household income, or a 10 percent increase in 
metropolitan density? 

A Digression 

Another way of putting the issue of land use policy efficacy in perspective is to consider pricing 
policy. The standard economic response to questions of environmental externalities is efficient 
pricing, or pricing that reflects the full costs of consumption. What kind of pricing policies are 
required to substantially reduce private vehicle use? The best example we have is Singapore, 
where, in addition to congestion pricing, permits to own private vehicles must be purchased at 
auction (the Vehicle Quota Scheme, or VQS), and a variety of taxes and fees are added to the 
retail price of a new car. Based on 1997 fees, for example, a private car with a retail price of 
$10,000 would cost a total of about $49,000, of which about $19,000 is the VQS average bid 
price. The VQS was introduced in 1990, in response to rapid increases in car ownership despite 
the already existing taxes and fees (the l 980s were a period of rapid economic growth and rising 
household incomes). A recent study has estimated that the VQS has reduced car ownership by 7 
to 11 percent, compared to what would have occurred without the VQS (Chin and Smith, 1997). 
Note that in this example, the VQS increases the purchase price by 63 percent. Demand is 
highly inelastic in Singapore due to the very high price of car ownership. In view of the very 
low price of car ownership in the US, the Singapore example is not directly transferable. 
Nevertheless, if it takes price increases of this magnitude to further restrict car ownership by a 
few percentage points in a ve1y densely developed count,y with excellent mass transit it is 
difficult to imagine what would be required to do the same in the US or in Europe. 

CONCLUSIONS 

There are many problems associated with continued decentralization and low-density 
development. There are also many problems associated with growing private vehicle use. 
Although recognition of these problems is increasing, policy-makers have enjoyed few successes 
in reversing either trend. The greatest success in addressing automobile externalities has been 
realized by regulating the car, rather than regulating the driver. I have shown in this paper that 
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the trends of car use and decentralization are powerful. They are supported by changing 
economic structure and rising affluence, and there is no reason to believe that fundamental shifts 
away from these trends will occur in the future. Land use policies that attempt to reverse these 
trends will be difficult to implement, and will have little effect on overall travel patterns. 
There are many good reasons to advocate changes in land use policy. In the United States, 
certain population segments (poor and minority households) are systematically excluded from 
many suburban communities; this spatial segregation is associated with a host of social and 
economic problems. Zoning and other restrictions increase prices, making housing less 
affordable particularly for lower income households. More specifically, there are good reasons 
to encourage higher development density and better urban design. With higher densities, a 
greater mix of housing choices can be offered. Mixed use development provides more 
opportunities for social and other activities. Pedestrian friendly design may encourage more 
recreational walking and biking, and perhaps ven a few walk trips to the local store. These 
policies, however, will not help much in solving the environmental externalities of the private 
vehicle. 
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Two years ago at the previous transportation energy conference, the theme was: "Is 
Technology Enough?" The answer was a resounding "Yes!" We concluded, though, that 
those technologies would be widely adopted only ifthere were policy, government, and 
behavioral changes. What changes in policy will facilitate behavioral changes in individuals 
and companies that, in turn, will lead to widespread use of benign transportation technology? 
Pricing instruments, land-use strategies, and regulations are the issues that we will be 
addressing. We will provide insights into policy and regulatory initiatives. The first session 
introduces the problems and issues relevant to this conference, developing the context. The 
subsequent sessions will focus on policies that can promote commercialization of more 
sustainable technologies and provide motivation for alteration of present patterns of 
transportation technology use. 

Session I: Problems, Trends, and Issues 
Sunday, August 17, 1997 
Dr. David Greene, Senior Scientist, Center for Transportation Analysis, Oak Ridge National 
Laboratory, Chair 

In his introductory remarks, Dr. David Greene provided an example of recently discovered 
footprints in sandy deposits made by humans thousands of years ago. He noted that it is a 
shame that we do not often enough think about the effects of our actions on humans many 
years into the future-perhaps even thousands of years into the future. 

Dr. Greene noted that Prof. Sperling mentioned how the theme of this conference 
came to be chosen, and how we had, at the previous Asilomar conference, investigated the 
questions of whether technology could achieve sustainable transportation. We came to the 
conclusion that technology could achieve sustainable transportation, the way that we had 
defined it, i.e., up to the year 2015. 

Dr. Greene observed that we have set for ourselves a much more difficult task in this 
conference. What policies and behavioral changes can lead us to sustainable transportation? 
Along the issue of behavioral change-what types of research and research designs should be 
done? How do you achieve changes that will bring about sustainability? In A World Without 
End, published by the World Bank, sustainability is consistent with economic development 
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(growth), only if the coefficient, which translates a nation's level of economic activity into its 
global impact magnitude, is consistently reduced enough to offset economic growth, through 
a realized technological improvement rate. According to Dr. Greene, there is no proof that 
external cost pricing will lead to such technological change. So what should we do? This is 
why we are here. There is an outstanding group of speakers this evening. Each speaker is an 
innovator in his field, insightful, and always thought provoking. 

Policies for Fostering Sustainable Transportation Technologies 
Dr. TR. Lakshmanan, Director, Bureau a/Transportation Statistics, US. Department of 
Transportation 

Given the scope of this conference, Lakshmanan indicated that he would engage in an 
intellectual experiment in sustainable transportation. His experiment goes along these lines: 
discuss the need for sustainable transportation; define transportation according to 
sustainability; and come up with three classes of solutions: demand, supply, and change in 
the context of the problem. Supply solutions are represented by efficiency improvements, 
such as are sought in the Partnership for a New Generation of Vehicles (PNGV) program. 
Demand can be changed by altering pricing-the economic incentive structure. There seems 
to be a potential problem with the demand option-a lack of will to implement price changes. 
Changing the context is represented by land use policy, but changing the behavior of people, 
through land-use planning offers opportunity for only marginal changes. 

How can technology intervene? When one iooks at the problem carefully, un thi;; 
supply-side there are a number of solutions to promote. Often we look to technology as a 
solution. There are some solutions that seem applicable to advanced countries that are now 
implemented in less developed countries, for example, a multi-modal bus system in Brazil. 

We often feel that there is not much that you can do outside of technology. However, 
we should look at question of sustainable transportation more carefully and conduct a 
thought experiment. Is there a path to sustainable transportation? Perhaps we must think of 
the integration of the ecological, social, and economic systems in the context of sustainability 
of these intertwined systems. Can we change the incentive and institutional structure? Can 
we change the normative structure? All of these changes will involve some time. Structural 
change-a transition phase-will be necessary. A "non-marginal" change may be required. 
What are the implications of discontinuities, if they must occur? 

What Does Sustainable Mean? 

Begin by defining sustainable transportation. 

The Brunt/and Report. "Sustainable development is development that meets the needs of the 
future generations without compromising the ability of future generations". Sustainability 
implies that there are several returns generated over a period of time. Part of what the 
Bruntland Report says is to provide and achieve the following: 

• Stability of social and cultural systems; 
• Intragenerational Equity; 



• Intergenerational Equity; 
• Decision making frameworks for socially sustainable development. 

Development Notion 

• Growth vs. development 
• Growth is an increase in the quantitative level of activities and scale of social 
structures 
• Development is a dual structural change 

Path to Sustainable Transportation 

Provide changes in: 

• Incentive system for demand and supply of transportation 
• New normative approaches 
• Institutions 
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Solow (1996) writes: A society that invests in reproducible capital and provides competitive 
rents on its current extraction of exhaustible resources will enjoy a consumption stream that 
is constant over time. 

Allen (1990) provides that development depends upon conservation, and conservation 
depends equally upon development. . .interdependence is an inescapable fact of life. 

Markandya and Pearce (1988). Sustainability ought to mean that a given stock of 
resources-trees, good quality water and so on-should not decline. 

Modeling a Sustainable System 

When we attempt to quantify these definitions, it is important to model flow, stocks, and 
infrastructure that operate during different time structures. Infrastructure is really about a set 
of attributes associated with capital. Changes in flows can be very fast. However, changes 
in capital stock-the infrastructure-are generally much slower. They are also lumpy, 
discontinuous. 

We seem to model transportation and land-use areas in the same temporal frame of 
reference. We do not seem to analyze according to economic process. Variables should be 
monitored according to process, e.g., slow and fast processes. We should understand that the 
stock of vehicles can be changed more rapidly than the stock of highways, rail lines, 
waterways, and housing. The dynamics of the system that we model must take into account 
the time scale of the process. 

Within What Context Does Transportation Operate? 

Transportation is an intermediary group. The context in which transportation provides its 
intermediary services is very important for us to understand. Lakshmanan divided this 
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context into four categories - (1) economic, (II) demographic, (III) public vs. private, and (IV) 
global. 

In the economic context, Lakshmanan noted that we are experiencing a 
dematerializing economy, a shift that may well make it easier to achieve sustainability. He 
pointed out that the value of shipments of products is increasing more rapidly than the tons 
shipped, observing that 2% oftons shipped are associated with 41% of the value of 
shipments. Lakshmanan presented three graphs that illustrated his point that, over a long 
time period, dramatic and beneficial changes do take place in the transportation system. The 
first two of these graphs may be classed as a part of the domestic economic context, while the 
third crosses this boundary and illustrates interactions of globalization with the structure of 
the U.S. economy. Lakshmanan presented a graph that included steel, cement, and paper 
generated per unit of GDP, illustrating noteworthy declines - the dematerialization of the 
economy that he had mentioned. Though he did not make note of the fact, utilization of steel 
per unit of GDP plunged during the time that new vehicle mass was sharply reduced for 
purposes of improving vehicular fuel economy. Another graph that Lakshmanan presented 
might be termed the "technological optimists"' graph. He graphed results from Lundgren, 
who in 1996 presented information showing declining costs of transportation for the 1800s 
and 1900s, documenting very dramatic declines over that long time period. 

The third graph illustrated the change in the mix of exports in the products produced 
in Detroit and San Jose in a matter of just a few decades. It illustrated a decline in Detroit in 
comparison to a huge increase in San Jose. Lakshmanan noted that there has been a dramatic 
f:hift in the amotu1t of exports from the e~5t ~ml west coasts of the U.S. , with the west coast 
rising dramatically in importance over the last few decades. Lakshmanan noted that this 
change was associated with a dramatic change in the transportation infrastructure - a shift to 
containerization of cargo. This is not a trivial shift, and might even fit Lakshmanan's 
definition of a "non-marginal" change. This change has been brought about by both a 
globalization of markets and by a significant shift in the spatial locus of economic power. 

Unfortunately, however, Lakshmanan also observes that the same globalization of 
markets, resources, and leisure destinations may represent a direction making reduced use of 
transportation more difficult. 

In tlie category of public vs. private, Lakshmanan focused on the trend toward 
deregulation, noting that "if you want to reduce public sector activity, transportation is a very 
good target." Within public sector transportation, as Lakshmanan sees it, there has been an 
"accountability revolution," and a push toward inclusiveness of all groups for which services 
are provided. He indicated that planning methodologies were now given more attention than 
in the past. In the private sector, he mentioned two transportation system "models", the 
"control" model and the "coordination" model. An example of a private sector corporation 
using the control model was Federal Express. As Lakshmanan sees it, we are in the midst of 
a long-run shift in the line between private and public transportation activities. He observed 
that the problem in transportation planning may be for transportation planners to do a better 
job of determining how you deal with other people's money, more and more according to the 
rules used by the private sector rather than by the traditional methods used to allocate public 
sector transportation funds. 
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The Global Context in the Future 

In closing, Lakshmanan noted that the world's energy demand increases by transportation 
from 2000 to 2030 can be expected to be considerably greater than for other sectors of the 
world economy. Less developed countries (LDCs) can be expected to expand transportation 
energy use more rapidly than the developed economies. This will put increasing pressures on 
physical and natural capital, calling for changes in transportation pricing and natural 
resource use. Licensing of the rights to use advanced technologies in LDCs may be a 
productive route to explore to help technologically restrain the rate of world transportation 
energy use growth. 

Policies for Fostering Sustainable Transportation 
Dr. Lee Schipper, Lawrence Berkeley Laboratory and International Energy Agency 

Dr. Lee Schipper, in contrast to Lakshmanan's broad sweep of points on the varying time 
periods over which the transportation system has changed and may change in the future, 
focused on the last two decades, and addressed what might be done in the next two. 

Dr. Schipper categorized policies that might lead to sustainability into those designed 
primarily to change human behavior vs. those designed to improve technology, taking 
behavior as given. 

Dr. Schipper introduced the audience to his new book, Indicators of Energy Use and 
Efficiency: Understanding the Link Between Energy and Human Activity, published by the 
International Energy Agency. 

Dr. Schipper noted the challenge in offsetting the inherent behavioral tendency to 
travel more as income rises. He pointed to the link between aggregate growth in national 
income-GDP-and individual income. Whether looked at from the household level or the 
national level, rising incomes create increasing travel. In fact, in some nations, transport 
activity is actually rising even faster than income. Consistently, in all nations examined, 
transport energy use is rising faster than in other sectors of the economy. 

Dr. Schipper noted that VMT per vehicle is largest in the U.S. and Canada, and that, 
among the countries examined, Japan is at the bottom. Australia was not included. Dr. 
Schipper observed that the length of car trips taken are very similar by country. As far as per 
vehicle fuel economy (liters per 100 km) is concerned, Dr. Schipper presented a graph 
showing that, over the last 20 years, the U.S. and Canada have nearly closed what used to be 
a large gap with the other countries examined. 

Vehicle Design and Consumer Choice Inconsistencies with Achieving Sustainability 

Dr. Schipper pointed out that there are some rather key disconnects between the need for 
sustainability and the choices made by automobile manufacturers and consumers with respect 
to vehicle design. First, note that the average distance a person drives is about 12-15 
kilometers. Typically, the car is used for local trips. Yet, we are building and buying cars 
with adequate space and range to serve a full household on long trips, although we are 
mainly using them for short trips, usually occupied by only a fraction of the household. 
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The second disconm:ct is the devotion of efficiency improvements to ever more 
powerful, more rapidly accelerable vehicles. Adjusted to hold horsepower constant, motor 
vehicles in advanced nations have steadily become more efficient. However, horsepower is 
not being held constant, it is rising consistently for a given size of vehicle, thereby offsetting 
the potential fuel economy improvements. From the consumers baseline perspective today, in 
most countries of the developed world, more powerful cars are regarded as a desirable 
evolution of the motor vehicle. 

A third disconnect is that consumers are offered little range of choice. Vehicle 
standardization on the modal desires of the consumer is a common cost-cutting strategy of 
motor vehicle manufacturers. In all of the developed countries, manufacturers rarely offer 
many discrete set of choices for the automobile consumer. Dr. Schipper mentioned the Audi 
A6 as a desirable counterexample of this tendency, noting that four t:ngim: choices are 
available in this vehicle. 

In view of these trends, it is small comfort to know that consumers are still saving 
fuel in the thermodynamic energy-efficiency sense. While aggregate fuel economy (vehicle 
mpg) of all vehicles is not changing much, the fuel economy of vehicles with a given zero to 
100 km acceleration time has been improving. This trend raises the question of how 
advanced technologies, capable of significantly reducing energy use, might actually be used 
after consumers adapt the capabilities of the technology to their behavioral preferences. 

Vehicle Design and Consumer Choice Consistencies with Achieving Sustainability 

The picture is not entirely bleak. There have indeed been some significant improvements in 
motor vehicles, some of which one would agree provides significant movement toward 
sustainability. 

Emissions of air pollutants from motor vehicle have been reduced substantially over 
the last two decades. Lead-a highly toxic material-has been removed from gasoline in the 
U.S., and Japan, and is being removed in Europe. The catalytic converter, whose use is 
enabled by the introduction of unleaded gasoline, has been introduced and perfected to 
reduce hydrocarbons, carbon monoxide, and nitrogen oxides, thereby also reducing ozone 
concentrations in U.S. cities considerably. 

The factories that produce vehicles and materials for vehicles have also been made 
much cleaner and recycling is much more frequent than in the past. 

While safety is not directly a sustainability issue, those thermodynamic energy 
efficiency and emissions reductions that have been achieved have occurred while at the same 
time dramatically improving the safety of the motor vehicle. 

Dr. Schipper contended that, in total, transportation is a great deal for the consumer. 
Those who question its value are required to examine its costs "at the margin." It is necessary 
to draw attention to those cases and conditions where transportation is not such a great deal. 

The (Remaining) Deadly Sins of Transport 

Dr. Schipper listed seven "deadly sins" of transport, conceding that the seriousness with 
which they are regarded depends on perspective, time, and location. In Dr. Schipper's view 
each of the seven are worsening. 
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Road dust, tailpipe and secondary particulates. Since there are more and more 
vehicles on the road, and road dust is an increasing problem. Diesel vehicles emit 
considerably more tailpipe particulates than do gasoline vehicles. Europe is expanding use of 
the diesel, and the U.S. is considering doing so. Thus, tailpipe particulates are rising in 
Europe or are likely to rise in the U.S. 

Spatial issues: parking places, asphalt, and urban sprawl. More vehicles, more 
roads, and more transport use all equate to increases in these factors. 

Congestion and access. Dr. Schipper noted that people are moving out of crowded 
areas, so highway congestion is a result of people being willing to travel more to get further 
away. He said that increasing density is not likely to work. He pointed out that Swedes keep 
moving away from transit stops. 

Noise; habitat disruption,· CO2 emissions; and Energy (oil) use and imports. Dr. 
Schipper noted in his talk that there is no "here and now" problem perceived for CO2 
emissions and energy/oil use. The politics for these issues has to move from the near-term to 
the long-term. Dr. Schipper also pointed out in his talk that it is necessary, in view of the lack 
of general concern for CO2 and oil use, to attach these issues to the those other problems 
(sins) mentioned above that are of immediate concern to users of transport and those affected 
by it. 

European Strategies 

Dr. Schipper indicated that European countries are putting the CO2 issue together with other 
transportation packages that are important in designing vehicles. He said that pricing is a key 
element of European strategies, while technology is next, but is linked to behavior. Rather 
than fuel economy regulation as in the U.S., voluntary agreements to improve new vehicle 
fuel economy are being adopted by companies in Germany, and in Sweden. Congestion 
pricing is "on the table. " 

A problem with use of pricing strategies is that the estimates of price elasticity of 
demand are too broad for policy makers to be happy with them. Dr. Schipper indicated that 
his investigations lead to the conclusion that there is not much of a rebound effect, regardless 
of country. The rebound effect refers to the tendency of consumers to "take back" the fuel 
savings made possible by higher vehicle mpg through more travel. 

Dr. Schipper noted that only Denmark and the Netherlands appeared to be serious 
about policies to reduce global warming, while neither produces motor vehicles. 

US. Strategies 

Dr. Schipper criticized the U.S. for not even wanting to understand its patterns of fuel use. 
According to Dr. Schipper, the U.S. has not surveyed oil use in transportation since 1985 (in 
1986 oil prices collapsed, and have not risen to 1985 real dollar levels since). Dr. Schipper 
estimated that it would take $800,000 to do this correctly. Pricing appears not to be an option 
in the U.S. Dr. Schipper expressed the opinion that the U.S. needs to change its attitude 
toward pricing. He contended that, by ignoring pricing, the U.S. has a tendency to try very 
expensive options. He contended that the cost per ton of carbon emissions reduction from an 
HOV lane is equivalent to $150/ton (he did not give a value for the congestion reduction of 
the HOV lane), far above usual estimates of the value of reducing carbon emissions. Dr. 
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Schipper expre sed the opinion that the U.S. does not have a good track record for future 
payback for today's expense on transportation (a point also alluded to by Lakshmanan). 

Growth in CO2 Emissions in !EA Countries 

Over the study period, (two decades) per capita emissions from travel have increased from 0 
to 80 percent among IEA countries. Increased travel represents the largest component of 
these increases. Modal shifts represent a small positive cornponent. In general modal 
intensity has changed only by small amounts, often increasing rather than declining.The U.S. 
and Canada are a clear exception to this tendency for changes in modal intensity to be small. 
Dr. Schipper attributed the significant reductions in modal intensity in the U.S. to the 
adoption of the Corporate Average Fuel Economy Standards. 

Per capita emissions from fre ight have increased from +20 to 60 percent. This is due 
to increased freight, increasingly on trucks, and to more light trucks. Fuel intensity savings 
for freight have been realized in half of the countries 

Fuel (and indirectly CO2) elastici ties for the IEA countries have been studied: The 
"macro approach" indicated that the response in use of car fuel to fuel price is represented by 
an elasticity from -0.6 to -0.8 . The elasticity ofresponse of car fuel use to income was 
estimated to be from +0.4 to perhaps even more than one. The response in use of truck fuel to 
fuel price is represented by an elasticity from -0.2 to -0.5 less than for car fuel use. The 
elasticity ofresponse of truck fuel use to income was estimated to be from +0.7 to perhaps 
more than one. 

Dr. Schipper asked the rhetorical question, "if so little was saved when fuei prices 
were high, what can happen when prices are low?" 

Five Questions for a Green Future: 
Without Answers, Can There Be Sustainable Transport? 

• Future of the automobile and oil industries? 

Increasingly, there is worldwide competition. For freight transportation deregulation is 
increasing. There is slow modal shifting and restructuring. 

There are uncertain environmental goals, and technical risks in achieving already 
stated goals. 

• Future of driving and freight? 

Congestion is likely to increase due to more use of the motor vehicle, not due to more people 
per hectare in cities. Traffic policies at the local level will become more critical. 

• Future of the car? 

What level of economy, CO2 emissions, and comfort are to be provided? 
Perhaps a highly efficient car - the Amory mobile or three litre per 100 km car is on 

the way? Will it sell? Such a vehicle might be able to "break the link" between increasing 
travel and increasing CO2 emissions, energy, and oil use. 



Can low-energy use trucks be developed? 

• Future of driver? 

Getting older? 
OECD: In industrialized nations, mobile populations are aging and will have more 

free time 
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ROW: Outside the industrialized countries, population growth is rapid, and there are 
young populations itching to drive. 

• Future of policy? 

Dare we ask? 

Restraining CO2 Emissions From Transportation: Which Tools Should be Used? 

• Honest pricing 
• Fuel efficiency improvements. Dr. Schipper did not favor CAFE, he preferred 
the European Voluntary Agreements. 
• Alternative fuels or fools? Dr. Schipper said it was important to price the bad 
fuels where they belong. A resident of Paris, he expressed the opinion that there are 
too many diesels in France. 
• Electric road pricing to deal with congestion. 
• Freight. Implement fuel and congestion pricing. 
• Put traffic restraints into place. Some European cities are implementing no car 
zones. 
• Urban structures 
• Vigorous research in a new price environment is needed. The last time that the 
US took a statistically valid sample on fuel use was 1985. Oil prices have been low 
ever since. We need to understand the effects of these sustained low prices in contrast 
to pre-1986 prices. 
• Fighting CO2 alone offers little hope, attacking "sins" almost always restrains 
CO2. 

Questions for US. Policy Makers: Not for the Weak Hearted 

• Change attitude to pricing? 
• Confront past mistakes. 
• Understanding weakness in the policy process 
• Decide if we, our leaders really care about CO2. Dr. Schipper conceded that 
several European countries appear not to care. 

Dr. Schipper expressed the opinion that few of the policies that he had discussed would be 
adopted by nations for which the production of motor vehicles was a significant part of the 
economy. He repeated that only Denmark and the Netherlands, countries without a domestic 
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automobile industry, appeared to be serious about policies to reduce global warming. He 
indicated that the U.S. has to change its attitude toward the use of pricing, but he does not 
think it will happen soon. 

Uses of Social Cost Analysis 
Dr. Mark Delucchi, Institute of Transportation Studies, University of California, Davis 

Dr. Mark Delucchi, a researcher affiliated with the University of California at Davis, is the 
author of a recently completed 20 volume study of the social costs of motor vehicle use. Dr. 
Delucchi titled his remarks, "Uses of Social Cost Analysis." 

Dr. Delucchi nolt!u lhal mud1 of his work has been an analysis ofthc full-social cost 
of transportation. He observed that his work has included estimating costs of travel time, 
pollution, private user costs, etc. He proceeded to talk about uses of social cost analysis. 

Dr. Delucchi suggested that there is a need to develop a "change of context." He 
offered the proposition that some of the uses of full social cost pricing might be to develop 
inspiration for a long-term vision, and to lead to that vision itself. He argued that the primary 
purpose of social cost analysis is to change our view about the transportation world. 

Dr. Delucchi began with a story from his own personal experience, used to illustrate 
that "appearances" matter. One interpretation of the purpose of his story is that the proper 
presentation of facts can be as important as the facts themselves. His presentation was a 
reflection u_pon his original motivations for employing social cost analysis of the 
transportation sector, in comparison to an emerging vision of how his analysis, and the 
methodology itself, might be used in ways different than he intended. 

Dr. Delucchi indicated that during the conduct of his social cost analysis research 
project he thought that getting the prices right would be the most important use of social cost 
analysis. 

He then proceeded to discuss an experience that changed his view, and began the 
contemplation leading to the points to be made in this presentation. He related that, in May, 
he was invited by Senate staffers to Washington, DC, to come and advise them on how his 
research might be useful to them, e.g., how his data might be useful to defend those portions 
ofISTEA (CMAQ in particular) that allow state and local governments to transfer funds 
within transportation, but away from road building. It was a goal of these Senate staffers to 
make use of Dr. Delucchi's work against the assertions of the highway lobby that the only 
appropriate use of gasoline tax revenue is for roads. 

Dr. Delucchi regretted to report that he was never able to tell the staffers - in a way 
that they could readily take advantage of - what the uses of this information might be to aid 
them in their mission. Since then, Dr. Delucchi has come up with five potential uses of a 
social cost analysis. These are: 

1. Marginal social cost pricing: "Getting the Prices Right." 
2. Use a social cost analysis as part of project analysis or benefit-cost analysis. Use 
of the methodology and data in a least cost paradigm is a logical application of the 
methodology. This, however, is still not an application that captures people's 
attention, however, and was not of interest to the Senate staffers. 
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3. Allocation of funds. This in Dr. Delucchi's view is important. Dr. Delucchi's 
social cost study (and the underlying research upon which it is based) implies a 
misallocation of funds with respect to control of ozone vs. particulate matter, 
implying significant underspending on the particulate problem and overspending on 
the ozone problem. 
4. Social cost analysis can be used as a source of inspiration for a long-term vision of 
the transportation system. Social cost analysis could be used as a well-spring for our 
changing our world view. 

Dr. Delucchi acknowledged that the form of delivery of the message can be as 
important to developing inspiration as the message itself. 

Social cost analysis could be used as a tool for changing perception. For example, 
Silent Spring, by Rachel Carson, changed how Americans perceived their relationship with 
the environment. Dr. Delucchi believes that it influenced a fundamental change. In addition, 
Amory Lovins work on "Hard Path vs. Soft Path" had a great influence on our world view. 

[Editors' note: Lovins defined the linking of fossil and nuclear energy consumption 
and economic growth as the "hard path," while defining the switching to biomass and solar, 
and the use of conservation (Lovins coined the term "negawatts") as the "soft path." Since 
Lovins' publication of this idea, it has clearly been demonstrated that economic growth and 
energy consumption growth are not inexorably linked, and that the potential for energy 
conservation far exceeded the "conventional wisdom" projections before Lovins publication. 
Note also that Lovins has been a strong advocate of the idea that cars can be far more 
efficient.] 

Dr. Delucchi expressed the opinion that it would be nice if someone could write about 
social costs in an influential manner, like Carson and Lovins have done. Concepts such as the 
new "green" GDP figures may help in this effort. Social cost analysis is clearly part of doing 
a green GDP index. Dr. Delucchi suggested that maybe someone could write a piece that 
would help us change our perceptions of what growth is over time. However, he also 
expressed the opinion that this is probably not going to be the approach that changes our 
world view. He expressed the opinion that the future will turn out differently than we predict. 

Finally, Dr. Delucchi said that social cost analysis might lead to a very fundamental 
change in long-term vision. In his own case, his thinking, as stimulated by his own work, 
suggested a transport system not confined to two dimensions. He suggested that the future of 
the three dimensional transportation system might be like the George Jetson vision of travel 
(Jetson was a human cartoon character in a world in the future). 

Session II : Technology Development 
Monday, August 18, 1997 
Part A: Industry Behavior 
Prof Dan Sperling, Director, Institute of Transportation Studies, University of California, 
Davis, Chair 

As moderator of the industry behavior session, Prof. Sperling began by noting that the 
companies presenting at the session are among those that will be taking the lead on 
developing the vehicles and fuels of the 21st century. Ballard Power Systems is the leading 
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fuel cell manufacturer in the world, General Motors and Toyota are developing electric and 
hybrid vehicles, and ARCO is an independent-minded oil company that in 1989 broke ranks 
with the oil industry to promote and sell reformulated. The purpose of this session would be 
to hear from actual suppliers of technologies and to explore the issue of what industry can do 
to help to develop the market for vehicles with new attributes. 

Perspectives on Ballard's Development of the Fuel Cell for Use in Transportation 
Dr. Geoffrey Ballard, Founder and Chairman of the Board, Ballard Power Systems 

In the first presentation, Dr. Ballard began by noting that his company di.d not appreciate the 
potential of the technology that they were developing until it was quite advanced, and in this 
sense they were lucky to be successn1I. He stres ed that industry does not merely supply the 
market with what it wants but that it in fact influences the market to demand what is 
profitable. In this sense, he feels that Ballard and other companies have the power to help 
change the world. 

Dr. Ballard presented some information on the Ballard fuel cell bus, which 
incorporates a 275 horsepower fuel cell engine system. The fuel cell in this bus is five year 
old technology, which is an example of the need to freeze technology development for 
manufacture. Since the development of this early system, Ballard has produced several more 
generations of fuel cell stacks with steadjly increasing performance. The first generation 
system produced 3 kW per cubic foot. The second generation system produced 10 kW per 
cubic foot. The third generation, developed in conjunction with Daimler-Benz, produced 25 
kW per cubic foot. he recentiy deveiope<l. fuuril1 generation bas a similar pmver density, but 
the design is simpler, more advanc d, and lighter. 

Dr. Ballard then stressed that the fuel cell stack itself is just the core of a large and 
complex system. The modular design of the fuel cell system allows it to be placed easily into 
the engine compartment, and the support systems will also soon fit in this space. 

For vehicular applications, costs much approach $25 per kW, and this means that the 
manufacturing cost must approach $20 per kW. Stationary applications can suppo1t costs that 
are ten times higher, but the systems must last ten times longer. 

Dr. Ballard continued by outlining two possible paths to bring fuel cells to market. In 
the first path, niche markets would be the focus wh re the unique attributes of the product 
allow it to be used despite its high costs. A gradual diversification strategy could then be 
followed, but the problems with this strategy are that the company would not have much 
Liquidity to attract investors and that patents would be limited. A second strategy would be to 
go all out to change power systems on all fronts. This strategy requires considerable capital, 
and patent protection. Ballard would also ne d partners and as a result they would give up 
some autonomy. 

Ballard is capitalized at $800 million today, and by 2002 this figure should reach $2 
billion. In order to achieve a 10% return in 2002, profits must be $200 million. If only 
transportation markets were targeled, this wouJd require sy terns to be placed in 5.5 million 
vehicles per year, and this is about 10% of the market. This simple calculation shows that 
Ballard must also target the stationary power market, follow the second technology 
commercialization path, and move forward in all segments. While the bus was a significant 
accomplishment, and has benefited the company by providing it with "green photo 
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opportunities," the heavy duty vehicle market is not large. The locomotive application would 
be the easiest for fuel cells, but funding for this application has not yet been found. 

Dr. Ballard then stressed the importance of technological "legitimacy," in the sense 
that a technology can be legitimate by capturing the ideology of a given community. This 
ideology defines what is good and acceptable, and it shifts with time. For example, 
ideological shifts since the 1960's have made some technologies illegitimate. Technology 
must thus follow social and environmental constraints, and there is now an emerging 
communitarian ideology that contrasts sharply with the older individualistic ideology. Thirty 
years ago, the second technology commercialization path would not have been viable 
because the public did not expect innovation from small companies. Today, even people who 
have never bought stock shares before are buying shares of Ballard because they want to be a 
part of the company. 

In conclusion, Dr. Ballard noted that the PEM fuel cell technology is an inherently 
forgiving technology in the sense that it gets simpler and better over time rather than more 
complex. In the automotive market, many automakers are working to make fuel cells the 
technology of the future, and as a result it will have considerable impact. Ballard has chosen 
to attack on all fronts, and they have chosen a highly visible example to showcase the 
technology in the urban bus demonstration project. 

Questions and Comments 

Q: How have the costs of the technology changed over time? 
A: The price has fallen with the increase in power density, but economies of scale have not 
yet been captured. 

Q: What will be the fuel used for the automotive sector? 
A: We will probably want to use the existing infrastructure, so this supports the use of a 
liquid fuel and probably an alcohol fuel. This type of fuel could be introduced just as zero 
lead fuels were introduced. 

Q: In order to reach the cost goal, what volumes would need to be produced on production 
lines? 
A: If 100,000 vehicle systems per year were produced, then 95% of the cost could be 
removed. 

Q: How much funding is public versus private? 
A: Today, about 10-15% of funding is public, while originally the level of public funding 
was 80-90%. 

Q: Can you give some sense of the fuel efficiency of alcohol/fuel cell vehicle versus 
conventional vehicles? 
A: Alcohol fuels have about half of the heating value of conventional gasoline, but the fuel 
cell system is 35-45% efficient, so the overall efficiency is perhaps nearly the same. 
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Q: Are there different emissions from different fuels? 
A; Yes, and this type of system allows for a choice of where pollution goes. There is some 
exciting research at MIT on hydrogen storage, and advancements may allow the use of pure 
hydrogen in five to seven years. 

Q: What is the obstacle to reducing costs? Are there technological issues or is it simply a 
matter of mass production? 
A: There are no major technological or material issues. The main problem is the design of 
high volume production techniques. 

Q: What are the relative greenhouse gas emissions from fuel cell systems versus 
conventional gasoline systems? 
A: The fuel cell is two to three times as efficient, so roughly half the CO2 of conventional 
systems would be produced, depending on the specific nature of the fuel used. 

Factors that Influence the Successful Introduction of New Technologies 
Ms. Jane Beseda, Strategic Planning Corporate Manager, Toyota Motor Sales USA 

Ms. Beseda began her presentation by noting that for many years Toyota would not 
participate in conferences of this sort, and would not disclose much at all about plans and 
technologies. The company is now trying to adapt to a changing environment and they are 
becoming more open as a result, and more assertive with their actions. 

There are three key factors that influence the successful introduction of new 
technologies. These are: I) changing consumer values and attitudes; 2) external issues; and 3) 
the role of government. Eco-consumers are important today, and "corporate 
environmentalism" is being sought. Commercial viability is critical, but environmental 
concern is a marketing tool today and this is also important. However, survey research has 
shown that over the last two years there has been a drop in consumer willingness to pay for 
environmentally-friendly vehicles. From 1995 to 1997, the percentage of consumers who 
said that they strongly agree that they would pay extra for an eco-friendly vehicle declined 
from 27% to 20% in California, and from 22% to 16% nationwide. Concern seems to have 
peaked in 1994, and it now is declining. Consumers claim to care about the environment, but 
they are unwilling to make actual sacrifices. 

Ms. Beseda went on to discuss which market segments might be most responsive to 
these new vehicle types. Many marketers dismiss baby boomers and traditionals as 
participating in the "consumer revolution" and have instead focused on younger groups. The 
Youth group is seen as being more receptive to environmental products because of the 
emphasis that is being placed on the environment in schools, from grade school onward. 
Despite the concern expressed by young members of society, however, most seem unwilling 
to make big sacrifices for these concerns. 

To reinforce this point of how concern differs from action among the Youth segment, 
Ms. Beseda then showed a video clip of focus group research on West Coast college 
students. The young people shown in the video expressed purchase intentions based on value 
and convenience, despite the fact that they had been screened to be pro-environment. They 
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expressed that they expect safety, service, performance, reliability, range and affordability, 
and that AFVs would need to meet the same criteria met by the traditional family car. 

Ms. Beseda then noted that eco-friendly households will pay more and will consider 
alternative fuels, but these household make up only 8% of intender households. Furthermore, 
the eco-friendly consumer group is more conservative and practical than the early adopter 
group, preferring safety over price and being more willi11g to wait for a vehicle to become 
established in the market before buying. These findings suggest that if a technology is to take 
hold, the product must be practical , converuent and affordable. 

The factors that influence today's decisions appear to be traditional, but are there 
other factors, such as global warming, that could alter the process? This issue is likely to 
grow in importance with public awareness, but in the recent focus groups we found that at 
least among this group of young people, there is little awareness or concern for the subject. 

Ms. Beseda then noted that despite this apparent lack of public knowledge and 
concern, Toyota does not feel relieved of responsibility for taking proactive measures, and 
that the company feels concern about the environmental impacts of its operations in every 
country where it does business. This is why the company's U.S. products have the "best 
combination of size, performance, and fuel economy in every segment" in which the 
company competes, and why it has the highest CAFE rating of any full-line automotive 
marketer in the U.S. By the end of l 997 Toyota will have placed more LEVs in the public's 
hands than any other company. Every g n ration of the company's products has been cleaner 
and more fuel efficient, and they are planning to move as quickly as possible to introduce 
new high-tech products such as the RA V4-EV and the hybrid EV. 

Ms. Beseda cautioned that while Toyota supports protecting the planet, regulatory 
actions must be realistic, practical and "economicaliy responsible." Given the competitive 
nature of the industry no company can unilaterally commit to emission reductions or fuel 
economy increases that would put them at a cost disadvantage. From the company's research 
and recent experience marketing the RA V4-EV it has c ncluded that the future of the AFV 
market will require manufacturers to accept more r span ibility for educating present and 
futw·e customers. Toyota plans to leverage its ex isting educational grant programs to reach 
school-aged children as well as college students. The company still believes that youth are 
the future and an important key to long term success and an increasingly visible role will be 
played by the company in educating the young. Furthermore the company plans to 
increasingly use its brand image and advertising campaigns to "place the environment in the 
forefront of consumer attention when purchasing an automobile." The company also is 
developing support and training operations to assist in the establishment of the market 
development of AFV s. 

Even 100 years after the introduction of the first EV s, Ms. Beseda noted, the same 
issues of lack of range and public recharging, and tbe abundance of cheap gasoline, still 
confront electric transpo1tation options. Perhap it is thi abundance and low cost of gasoline 
that is the greatest deterrent to relieving consumer preference for gasoline powered cars, but 
many energy and petroleum experts predict that demand will outpace oil production between 
2007 and 2014. Toyota subscribes to these predictions of a declining oil future, and a wide 
range of alternative fuel technologies are being pursued so that the company will be prepared 
to offer practical products to meet changing needs and to make the transition away from 
petroleum as painless as possible. 
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Ms. Beseda then emphasized that while focus group participants stressed that the 
government and automakers are responsible for maintaining the environment, in Toyota's 
opinion the answer does not lie in technology forcing mandates. The California ZEV 
initiative has clearly resulted in the manufacture of EVs but it is unclear if these vehicles will 
be commercially viable. Manufacturer mandates do not necessarily result in vehicle sales. 
Only EPACT requires purchases of AFVs, and government fleet managers are balking at 
being forced to purchase transportation that is eco-friendly but that does not fully meet their 
needs in terms of range, performance, and maintenance pa.rticul~·ly when it comes at a 
premium price. Automakers cannot afford to subsidize EV costs indefinitely or in high 
volumes, and the requirements that will go into effect in New York next year run the risk of 
stunting market acceptance rather than supporting it. 

Toyotn has stated a goal to r~rl'icipate in government initiatives that promote market 
driven incentives to develop environmentally friendly vehicles. The company's technical staff 
is working with EPA in the development of the Tier II st'uldards and Toyota is an active 
participant in Enterprise for the Environment, which advocates a performance oriented 
regulatory framework. Toyota strongly supporls the EPA's "Green Car" program, which will 
incentivize manufacturers to produce environn:1entally friendly vehicles and educate 
consumers about the environmental integrity of different automobile types. The government 
should be promoting policies like these that stimulate and encourage a viable market, rather 
than forcing one. 

Ms. Beseda went on to emphatically state that Toyota's strongest suggestion to states, 
CARB, and the EPA is to allocate to the auto makers their fair share of inventory reduction, 
and to then provide the maximum ievej of flexiuility to mc"t tltc overall requirement. 
Mandating specific technologies is likely to stifle innovation and potentially to result in less 
than the optimal solution. Other potential programs include: more Federal and state funds to 
support manufacturer and university research into battery technology, cleaner engines, and 
cleaner fuels; a stronger government role in enforcing tough and consistent fuel quality 
standards; a public-awareness campaign to promote th viability of AFVs; expanded funding 
for demonstration programs such as BART's statio11 car program; tax credits to promote the 
installation of EV and CNG refueling capacity; manufactmer and dealer tax credits to 
promote the training and development of sales and service per onnel; and state and local laws 
that provide more incentives to purchase and use AFV s such as the use of HOV lanes, 
registration fee exemptions, and tax credits. 

In conclusion, Ms. Beseda assured that pure EV like the RAV 4, hybrids, CNG 
vehicles, and direct-injection vehicles will all play a role in the company's future vehicle line 
up. She stated that the company believes that it is well po itioned to achieve environmental 
leadership, and that education technological development and the proper regulatory 
framework will ensure that technologies Lake hold i11 the marketplace and become self
sustaining. The challenges that are posed are formidable, but they can be overcome. 

Questions and Comments 

Q: Would Toyota support emission caps? (Jonathan Rubin) 
A: Yes, the company favors overall goals and flexibility in meeting them. 
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Q: How can change be encouraged without the stick ofregulation? Would we even be here 
if not for the ZEV mandate? (Lee Schipper) 
A: Toyota does business in 165 countries, and it would develop these vehicles with or 
without mandates. 

C: I've been working on the Tier II standards and Toyota has been very cooperative. (John 
German) 

Q: Dealerships are what interface with consumers. What are the barriers involved in this 
interface? 
A: Toyota has chosen a fleet strategy due to these barriers. There are service training issues 
for low volume vehicles, although some dealers are excited about the prospects of selling 
these vehicles. 

Q: What will the batteries for the EVs in New York be? (Lester Lave) 
A: Nickel-metal hydride batteries will be used. 

Q: If consumers do not care about the environment, why spend so much time on consumer 
environmental marketing? 
A: There will not be much direct product advertising, but rather print ads for corporate . . 
image issues. 

Q: What is the cost ofNiMH battery replacement? 
A: The life of the battery depends on usage, and this will affect the cost. The chief engineer 
for Toyota is optimistic about the batteries, and confident that the company can offer a three 
year warranty, reflecting a greater than 3 year battery life. The company has engaged in a 
joint venture with Matsushita to build a battery factory. 

Q: What about markets outside of the U.S.? (David Chien) 
A: As in the U.S., the main initial market will presumably be among the older and wealthier 
vehicle purchasers. 

Q: Given fiscal constraints, how can the government offer incentives? What about 
disincentives to balance incentives? (John DeCicco) 
A: We would recommend looking at a variety of incentive programs. 

A Discussion of General Motors' EV-1 Program 
Mr. Robert Purcell Jr., Executive Director, General Motors Advanced Technology Vehicles 

Mr. Purcell began his comments by quoting Jack Smith, GM's CEO, who said that no car 
company will be able to thrive in the future with a 100% dependence on ICE vehicles. 
Instead, companies should develop a portfolio of options. In March, 1994, he directed those 
in charge of the EV-1 program to "make a business out of it." 

In 1992, the EV-I was taken off production because of the company's financial 
condition and because of the ZEV mandate . Then, in 1994, the vehicle went back on 
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production status. In the subsequent PrEView demonstration program, 700 participants drove 
the vehicles, and the reaction was good. 

Mr. Purcell stressed that there are really only two main challenges: technical 
feasibility and commercial viability. In terms of a price/utility curve, the divergent curve for 
advanced technology vehicles (ATVs), relative to the curve for the core vehicles that the 
company now builds, must shift to reflect greater utility for a given price. An important effort 
in this regard is to make sure that customers understand the benefits and unique attributes of 
new vehicle types. For example, with EVs there is no need to go to gas stations, there are low 
maintenance requirements, and existing EV -1 customers have found that their electricity bills 
for recharging are only $8-10 per month versus about $50 for their previous gasoline 
vehicles. 

From the investors pt:rspective, Mr. Purcell noted, the relevant curve is a risk/return 
curve. The ATVs have higher risk for a given return, and this curve must shift as well. 
Lowering costs will help to shift both the price/utility and risk/return curves. 

Mr. Purcell then showed a cost/volume graph with a step function reflecting three 
generations of vehicle technology and declining costs with volume. Each step function is 
about two years apart, and costs can be reduced as much as 50% with each step. The current 
vehicle is generation 1, and high volume production is not expected until generation 3. This 
generation will have perhaps 25% the design costs of generation 1. 

The GM ATV program, Mr. PurceU noted, will also have the effect of raising the 
product and process capabilities of core vehicles because of the knowledge transfer that will 
occur between the ATV progran1 and other programs. 

The program to produce the EV-1 consumed $200 million, 2 years, and the efforts of 
250 people. With the exception of the radio, taken from the Aurora, and the door handles, 
taken from the Corvette, every other part of the vehicle is new. The body weighs only 290 
pounds, and this is only 10% of the final weight of the vehicle. The drag coefficient is 0.19. 
The EV- I is the first example of the use of a heat pump in a vehicle. The steering is electro
hydraulic, the rear brakes are electric with regenerative capability, and the front brakes are 
hydraulic. The total investment from 1990 onward has been about $500 million. Many of the 
technologies used in the EV-1 are transferable to other vehicles. Some components, 
particularly in the chassis and interior, are moving into high volume production through use 
in core vehicles for the European market. 

Mr. Purcell went on to note that the same electric driveline used in pure EVs can be 
used in hybrids and fuel cell vehicles. Technologies such as electric drives, advanced 
combustion systems, and lightweight structures provide a portfolio of advanced technology 
options for the diverse demands of the future. 

To date, 215 EV-ls have been leased, and 200 electric S-l0s. GMs strategy has been 
to use these early adopters to spread the word about these new vehicles, and this is 
happening. Two owners have had press conferences about their vehicJes and one has 
developed advertisements. The experiences of less rs and those in PrEView has been critical, 
and issues have been brought out that GM engineers would never have considered. GM has 
found that the only way to learn is to get the vehicles out on the road, and the company is 
confident that greater numbers of purchasers will come with time. 

Mr. Purcell then contrasted the EV-1 program to other vehicle programs that are 
assessed based on their performance over the last 10 days. "This car is not about the last 10 
days, it is about the next 10 years." The EV-1 creates a set of options to draw from over the 
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next 10 years - it is a different type of program. In a recent Wall Street Journal article on June 
16, 1997, several technologies were compared with regard to the length of time it took them 
to reach 25% market penetration. Household electricity took 46 years, the telephone took 35 
years, the automobile took 55 years, the VCR took 34 years the radio took 22 years, and the 
cellular phone took 13 years. 1n the first year that the microwave was produced 1953, only 
50 were sold. Tl1is is an 'interesting analogy to the EV in that the microwave cannot compete 
directly with the conventional oven, but rather serves as a complement to it. While the EV-1 
was originally thought to be a supplementary vehicle, it is often being used as a primary use 
vehicle because it is to easy to use just as microwaves are used widely today because they 
are easy and efficient. 

Questions and Comments 

Q: What are the safety versus cost issues for light materials? 
A: The EV-1 meets all of the FMVSS through lots of engineering effort. It has been built to 
absorb energy in different ways. Lots of crash tests were performed on computers before the 
actual vehicle was crash tested. 

Q: When will high volumes be produced? 
A: High volumes will be a function of market development and cost reductions. 

Q: What is the role for government in the development of EV infrastructure? (Doug Howell) 
A: Recharging infrastructure is a barrier. GM will match funds for installing public 
recharging stations, and after this announcement the number of stations doubled in 70 days. 
Infrastructure is not the responsibility of automakers, but GM is willing to partner to make it 
happen. 

Q: What have you learned from the dealerships? 
A: The 25 Saturn dealerships have been enthusiastic and they have been contributing to a 
fund to develop an EV retailing team. This team would isit homes to discuss leases, and it is 
possible that consumers could do everything from home and just have the vehicle delivered. 
Investigating this type of arrangement has taught us a lot about selling upscale products, and 
the creative approaches that can be used. 

The Future of Alternative Fuel Vehicles: An Oil Company Perspective 
Dr. Anthony Finizza, Chief Economist, Atlantic Richfield Company (ARCO) 

Dr. Finizza started by commenting that ARCO has leased an EV-1, and that every executive 
has driven it for a week to develop their own impressions. In response to Dr. Ballard's 
mention of methanol as a possible fuel for fuel cell vehicles, he also commented very frankly 
that the RFG effort showed that methanol was not required, and that ARCO has partnered 
with Exxon and GM to develop a fuel cell vehicle that runs on gasoline. 

Most of the increase in oil demand in the near term will be in developing countries 
[Figure 1], Dr. Finizza noted, and that transportati.on will be the big source of oil demand 
increase. Perhaps 18 out of the 27 million barrels per day i11crease from 1997-2010 will be 
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for transportation. [Figure 2] The oil indu try is under intense scrutiny by investors, and more 
joint ventures are likely for expansion and cost cutting. Mega-mergers are not likely in the 
near future, but in time they could occm. 

Dr. Finizza noted that while there is a strong appetite for environmental improvement, 
emissions will reach an asymptote. [Figure 3] Transp rtation accounts for about one-third of 
greenhouse gas reductions worldwide. [Figure 4] Despite these issues however, ARCO has 
concluded that there will not be much competitio11 with gaso line as an ICE fuel over the next 
10 years. CNG will only find use in niches. Electric ru·i ve is a hjgb-chance event, and it is 
likely that it will form the basis for a new vehicle platform. However improvements in fuel 
economy for conventional vebi.cles are still possible through such measures as friction 
reduction and improved waim-up procedures. These could easily produce a 5% efficiency 
increase. [Figure 5] Overcoming the EV range limitation will prove dif-ficull. [Figure G] A 
gasoline fuel cell hybrid vehicle could attain an efficiency of 45-55% compared to 15% for 
an ICE operating on RFG 20-30% for an advanced ICE, and perhaps 20-25% for a battery 
EV. [Figures 7-9] 

Questions and Comments 

Q: What about the comparative emissions from gasoline reformers versus conventional 
vehicles? 
A: The fuel cell is two to three times more efficient, so greenhouse gases should be reduced 
by- about the sa.i~e amount. 

Q: What gasoline fuel properties would need to change? 
A: Low-sulfur fuels would be required. 

Q: There was a previous comment about tightening in the oil supply - what do you think 
about this? 
A: This is not a high probability scenario. Natural gas can be converted to a low sulfur 
diesel. If anything, there is likely to be a glut. 

Q: If methanol became the fuel of choice, would this be a problem for the oil industry? 
A: Yes, it would be a problem because of the infrastructure issues. Because of methanol's 
affinity for water, we would almost have to start again with infrastructure development. 

Session II: Technology Development 
Monday, August 18, 1997 
Part B: Technology Acceptance 
Dr. Philip Patterson, Supervisor, Planning and Analysis, Office of Transportation 
Technologies, U.S. Department of Energy, Chair 

Mr. Patterson introduced this session with some remarks about previous surveys of 
consumers with regard to their potential interest in electric vehicles. He noted that, in 1975, 
J.D. Power conducted a survey of City Car owners. The biggest problem owners had with the 
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Earlier this year J.D. Power conducted a survey in San Diego and Los Angeles of 
persons making more than $75 000 per year. Half of the respondents declared they knew 
something about electric vehicles. Those who know something were twice as willing to buy 
electric vehicles as those who had heard nothing about electric vehicles. When asked which 
of four automobile firms would be the best to produce electric vehicles, those respondents 
who claimed no prior knowledge of electric vehicles ranked them: 1) Toyota; 2) Honda; 3) 
Ford; and 4) General Motors. Those who did know something of electric vehicles ranked 
them in just the opposite order. 

The average consumer is not a useful concept when speaking of electric vehicles. 
Instead, producers need to break up the mark t into niches uch as the eco-friendly sector and 
the high mileage sector to know better what types of vehicles to make for different people. 

Redefining the Market 
Dr. Tom Turrentine, Institute of Transportation Studies, University of California, Davis 

Dr. Turrentine began by noting that there is a VMT problem today, the main cause of which 
is the end of traditional, local culture and the development of global lifestyle and a 
biographical self. In the absence of local culture people develop lifestyles independently of 
their ancestors. Friendship place of worship, workplace, home, and recreation must be 
chosen rather than acquire. The automobile has been developed as an essential tool for this 
process, providing access to a widening set of opportunities for lifestyle formation. 

Dr. Turrentine continued his remarks by observing that much to the despair of energy 
researchers, there is considerable consumer desire today for what he called "Urban Assault 
Vehicles" in the U.S. today (a.k.a. Sports Utility Vehicles). Consumers pay high prices for 
these vehicles; and profits are excellent, encouraging automakers to spend most of their 
design efforts on new types of Urban Assault Vehicles. These vehicles offer many attributes 
that are different than more conventional vehicles, such as increased cargo space, high 
visibility from the driver's seat over traffic, and a sense of collision safety and personal 
security. More importantly they offer the promise of new lifestyle opportunities and access 
to less traveled terrain-"promising people the mountains." 

Meanwhile, green car technologies are making great strides, with new electric 
vehicles, hybrids and fuel cells. But the technology goals for the "Green Vehicle" seem to 
head in the opposite market direction from the Urban Assault Vehicle-"Small," 
"Alternative Fuel," "Efficient," and "Clean." If one pays close attention to average vehicle 
weights, size, efficiencies and such one might conclude that there is no room for Green 
Vehicles in the market. It would seem that social goals are at odds with private goals. 

However, averages and trends don't tell all. A closer look at the market reveals that 
the greater process in the market might be towards something called "specialization" of 
household vehicles. Over time, the way households view and use their vehicles has changed. 
For the U.S., the early part of the century was an era where the automobile was a luxury. 
From 1920-1960, the vehicle developed into a household n cessity and then developed into 
an individual necessity from 1960-1980. The 1980s and 1990s saw the emergence of 
multiple/specialized vehicles in households, and we are entering an era of 
multiple/specialized autos per individual. More and more households have multiple vehicles, 
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especially among households that purchase new vehicles. Furthermore, these households 
have small fleets with dissimilar body types. This is encouraging for the EV market, since 
EV s will be bought to serve as a specialized vehicle. 

Not only will consumers want the diverse practical features of different types of 
vehicles but the diverse meanings as weJL Along with the growth of Urban Assault Vehicles, 
many studies have found that there is a basic environmental sensibility amongst much of the 
American public that has grown over the past decades (Gallup, 1990; Cambridge Reports, 
1990). And while staunch environmentalists might see the trend to Urban Assault Vehicles as 
incompatible with "green', many citizens will find it not only acceptable, but perhaps 
preferable to have both a green vehicle to express their envirnnmental sensibilities and a 
Urban Assault Vehicle for their ski trip. This will not be a perfect process, but is an 
improvement over today's markel a beachhead for a new change process. 

The new change process involves niche lifestyle marketing by the automotive 
companies, addressing both household lifestyle and community design. Car companies will 
move aggressively to offer car buyers the image of ' saving the earth" and to enhance their 
corporate goals. Community design will turn on health and lifestyle culture, regulatory 
institutions, demand for parking efficiency, and demand for traffic calming. These variables 
will be strengthened through social marketing. Government has yet to make a strong 
statement on vehicles, the way it has made a social statement on tobacco but the potential is 
imminent. The beginning of the transformation of smoking culture was the first no-smoking 
zone. From these small islands tobacco culture lost territory, the smell and habit of smoking 
·was inerei'lsingly stigmatized. 

The promise of green vehicles is to find a place in the iifestyie of ~a\;h home, fu"'1d to 
create no-emissions zones in communities. These zones will evolve into new lifestyle 
enclaves, providing an essential lifestyle tool to individuals but also promising distinct, 
meaningful, and better quality of life regions. 

Questions and Comments 

Q: What are some examples of paradigms where the market is being redefined? (Victoria 
Nerenberg) 
A: GM is an example of starting a new paradigm in Los Angeles and other places with the 
EVl, as well as the BART station car program in the Bay Area. 

Q: Isn't asking people their opinions on themselves and their possible behavior less useful 
than observing how they act? (Geoffrey Ballard) 
A: The opportunities for consumers to reveal their preferences in these sectors is only 
beginning to exist now. It is important that people identify themselves as environmentalists, 
even if in truth it is only when it is convenient for them. The potential is still there and 
greenness becomes a fungible attribute to put in a car. 



Sustainable Transportation: Analyzing the Transition to Alternative Fuel Vehicles 
Mr. Paul Leiby. Research Staff, Energy and Global Climate Change Section, Oak Ridge 
National Laborato,y 
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Dr. Jonathan Rubin, Assistant Professor, Department of Economics, University of Tennessee 

In their presentation, Mr. Leiby and Dr. Rubin described their efforts at developing a model 
to examine the transition to alternative fuels and vehicle . Dr. Rubin began by explaining 
that studying the transition is in1portant because AFV require fuel and vehicle 
infrastrnctures different from those of gasoline vehicles. In a market economy transitional 
barriers may prevent the introduction of technologies that provide social benefits . This 
requires an examination of the way suppliers and consumers react to each other and amongst 
themselves. 

The limitation of previous long-run equilibrimn analysis performed by the U.S. 
Department of Energy and others is that they typically assume a futme world characterized 
by widespread fuel availability, mature fuel and vehicle industries, and a rich variety of AFV 
makes and models. Alternatively, some studies compare the costs and benefits of AFVs 
given today's low vehicle production volumes and low fuel retail availability. Neither 
approach gets at the issues of how we get from here to there. 

The principle objectives of the transition analysis are to: explicitly model the 
transitional fuel and vehicle time paths; model sunk investments in vehicle and fuel 
infrastructure; integrate consumer and producer behavior; include feedback effects from early 
purchase decisions by fleet operators· and ass ss a broad range of federal AFV incentives. 

The model solves yearly for 1996-2010 iJ1 the U .. with urban and non-urban regions. 
It forecasts both new vehicles and on-road vehicle stock fuel use by sector, and estimates 
greenhouse gas emissions. The model incorporates endogenous feedback effects to examine 
vehicle economies of scale, vehicle diversity effects on choice retail economies of scale, and 
fuel availability costs to consumers. The choice among vehicle and fuel types is based upon 
the underlying attributes of the various fuels and vehicles . These include the endogenously 
determined fuel and vehicle prices, and exogenous factor such as truck space and 
acceleration. 

In particular, Mr. Leiby and Dr. Rubin's work demonstrates that transitional barriers 
will severely limit the penetration of alternative fuels and vehicles in the absence of 
significant policy intervention by the government. Nonetheless, Mr. Leiby and Dr. Rubin 
conclude that transitional barriers can be overcome by well-targeted, but possibly expensive, 
policies. However, when policies encourage AFV use, transitional barriers promote the 
specialization of the market in one or two fuels in order to capture economies of scale; this is 
in stark contrast to the diversity of fuel technologies introduced in USDOE' s long-run 
analysis. 

On a hopeful note, Mr. Leiby and Dr. Rubin show that greenhouse gas emissions 
from the U.S. light-duty vehicle sector can be stabilized by converting the current $0.54 per 
physical gallon renewable ( ethanol) fuel tax credit into a tax credit for low-greenhouse gas 
fuels. In this case, the emission reductions occur due a 21 % penetration of E85 (from 
biomass) and a 16% penetration of LPG by 2010. 
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Session II : Technology Development 
Monday, August 18, 1997 
Part C: Government R&D Strategies 
Dr Larry Johnson, Director, Center for Transportation Research, Argonne National 
Laboratory, Chair 

As moderator of this government research and development session, Dr. LaiTy Johnson noted 
that this session would not only focus on automobiles but would also examine the impacts of 
aviation R&D on technology and the environment. 

Energy, Environment and Civil Aeronautical R&D in NASA 
Mr. Howard Wesoky, Assistant to the Director, Aviation Systems Technology Division, NASA 
Headquarters 

Mr. Wesoky began his remarks by noting that air travel is the fastest growing mode of 
transport and commercial aircraft are second only to highway vehicles as consumers of motor 
fuels. According to U.S. DOE statistics, within the U.S. transportation sector, jet fuel use is 
expected to experience an annual growth rate of about 2.3%, compared to 1.5% for diesel 
fuel, and 0.8% for motor gasoline. However, aviation fuel is still just a significant fraction of 
total transportation fuel use, e.g., a little more than 20 percent in the OECD countries and 
about 6 percent in China. Boeing projects that on an average basis worldwide air travel will 
grow at 5.5% per year over the next decade and 4.9% per year over the next 20 years. At this 
rate, air travel will approximately double every 15 years. And although aircraft efficiency has 
doubled over the last two decades, passenger growth is increasing faster, so total fuel use is . . 
mcreasmg. 

With regard to airport community pollution from aircraft, Mr. Wesoky described the 
standards for emissions of oxides of nitrogen, carbon monoxide, smoke, and unburned 
hydrocarbons that have been developed by the International Civil Aviation Organization 
(ICAO) for operations during landing and takeoff below 900 meters in altitude. Control of 
NOx emissions has been of increasing concern because of the general inverse relationship of 
NOx with fuel efficiency. Over the history of jet aviation, NOx emissions on a unit of thrust 
basis have somewhat decreased. 

Regarding broader issues, Mr. Wesoky noted that governments of the world, through 
the Intergovernmental Panel on Climate Change (IPCC), agree that "the balance of evidence 
suggests a discernible human influence on global climate." Aircraft are estimated to have 
contributed about 1.5% to the total human related increase of CO2, the greenhouse gas of 
greatest concern, in the present atmosphere. Aircraft engine exhaust is the only direct 
anthropogenic source ofNOx in the upper troposphere and lower stratosphere, and these 
emissions are of concern because NOx is a precursor to the greenhouse gas ozone. It has 
been previously assumed that such emissions have a disproportionate impact on climate, 
relative to surface sources, but recent research suggests that significant amounts of surface 
emissions do in fact reach the upper atmosphere. 

Environmental Defense Fund scenarios for aviation growth suggest that demand may 
grow by as much as 1030% over the next 60 years. Fuel use would grow only by about 270% 
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during this same period due to a 60% projected improvement in energy intensity. Growth in 
the developing countries will have a major impact. 

In recognition of this situation, the U.S. National Science and Technology Council 
has recognized that' Environmental issues are likely to impose the fundamental limitation on 
air transportation growth in the 21st century.' NASA has the lead responsibility to coordinate 
civil aeronautical research and technology activities. Approximately $1 billion per year are 
spent in this Tegard, with oversight from academia other government agencies, and industry. 
Oversight is also provided by the National Research Council which has highly prioritized 
emission reductions. 

Goals for the next ten years are generally related to ongoing R&D programs, while 
achievement ofrecently established twenty year goals will rely on new programs. All of 
these efforts will rely on government and commercial interests working together, and various 
means of investment will be considered. A range of contractual options exist for NASA's 
involvement in technology development, including recoupment of government funds as 
previously accomplished with the McDonnell Douglas MD-80 aircraft and its Pratt & 
Whitney JT8D-209 engines, and various relationships with industry will be used in the 
future. 

A continuing strong motivation for the Federal government to stimulate technology 
development, other than for energy and environmental considerations, is that the aeronautics 
industry supplies the nation's number one manufactured export, and directly supplies nearly a 
million high-quality jobs. The industry's positive trade balance has been more than $20 
billion for many years. Over the next twenty years the total market for new commercial jets 
is expected to be approximately $1.1 trillion. 

In conclusion, Mr. Wesoky summarized his remarks by stating that the cost of 
acquiring aircraft has increased over the last three decades but that the air line yield per 
passenger has decreased. Therefore, a fundamental challenge is to control the cost of aircraft 
as environmental pressures are increased. Government funding and input to technology 
development may be critical in this regard. 

Questions and Comments 

Q: How do you get technologies commercialized that are beneficial to sustainability? (John 
DeCicco) 
A: Improvements in aircraft efficiency are continuing today, and it is not forced by 
regulation, so something is working in this sector. 

Q: Is there a lesson in this for other sectors? (John DeCicco) 
A: Efficiency improvements were historically pursued by the aircraft industry because fuel 
was expensive and it was in their interest. But fuel is now only 15% of costs, so the impetus 
is smaller today. It is a difficult question and we need to determine what may be necessary 
for further improvement. NASA is now sometimes considered a problem for industry 
because it is developing technologies that may be mandated, and that industry does not want. 
But it takes a lot of time to get these technologies to the market, and regulators do not always 
realize this. Today's new aircraft technology was developed 15 to 20 years ago, so 
commercialization is difficult. There is a role for government to get technologies out there 
faster. Aviation may have has less options than other industries to further mitigate its 



224 

environmental impact and improve energy efficiency. For example, hydrogen use is not 
economical, so petroleum is probably the only real fuel alternative. The government will 
likely have to decide how to trade-off between modes in bringing down CO2 effects on 
climate. 

Q: How can government play a role in R&D support? Historically aircraft manufacturers got 
money through the military. How much money has gone to civilian air developments rather 
than military? (Dan Sperling) 
A: The Reagan administration considered terminating civil aeronautical R&D, but was 
convinced otherwise by Secretary ofD fense Weinberger and others. In the Clinton era, a 
larger percentage of funding is going towards civilian programs. The Space Act which 
established NASA, is directed at helping to maintain the U.S. lead in aeronautical science 
and this is not considered "corporate welfare." 

Q: How significant is that $1 billion annual investment for NASA aeronautical R&D versus 
the industry's investments? (Davjd Greene) 
A: NASA looks further out on the horizon than industry for example industry presently has 
a large debate about the need for larger aircraft. Boeing canceled a project to make bigger 
versions of the 747 aircraft, and their stock went up as a result. The marketplace does not 
value high risk development. NASA is working on a high speed aircraft that would travel at 
Mach 2.4 and that could go from Los Angeles to Toi. yo in about four hours, and this is a 
high-risk project. The government is spending $2 billion on it now, but future industry 
development costs will likely reach tens of biilions. The governmenl i:s investing now in 
order to make the technology more available, and to reduce initial risks. 

Q: The industry will have to look at more than fuel costs to reduce overall costs. Al Gore is 
addressing environmental concerns. How is the aircraft industry looking at environmental 
problems? (Edith Boyden) 
A: Air carriers in the U.S. have only recently begun to recognize the problem. The 
International Air Transport Association had seminars on this topic but few U.S. airlines were 
represented. Now that the ICAO could lose control over regulations to the UN Framework 
Convention on Climate Change, U.S. companies are becoming concerned. 

Q: You painted long term R&D as being successful, but that it is taking a long time. The 
pick-up of technologies is falling off as fuel use continues to be improved. What does this 
say to us with regard to LDVs? We have PNGV, which is focused on technological pick-up, 
but fuel cost is a small part of LDV costs so there in no incentive. 
A: This is a regulatory issue, and I am an engineer, so I do not have any comment. 

Q: A slide showed a I 000% increase in air travel, but an offset through efficiency 
improvements. Do all interests agree on this? 
A: Industry is developing its own scenario under ICAO auspices. Industry agrees that a 50% 
reduction in energy intensity is possible in a fe decades, but feels that the EDF scenario for 
growth in air travel is not realistic because th necessary infrastructure does not exist in the 
underdeveloped nations. 



The Next Automotive Revolution 
Dr. Carl Nash, Aqjunct Professor, George Washington University (recently retired.from 
NHTSA) 
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Dr. Nash began by noting that his remarks would not be focused on Federal R&D because he 
is skeptical that Federal R&D can have a meaningful impact on the automotive industry. 

Taking a historical perspective, Dr. Na h went on to state that in the past as 
automobile use increased, regulations were focused on hazards that were obvious. Roads 
grew and the role of automobiles was transformed in a minimal regulatory environment. In 
little more than a decade, a motor vehicle design was set and this basic design is still in 
production. In the ensuing decades automobiJes became the primary focus of transportation, 
today accounting for 88% of all personal miles of b"avel. Automobiles have become integral, 
and replacing them will be difficult because their influence extends through many levels of 
our society [Figure 1]. 

Dr. Nash then posed the question of how, given this situation, the automobile's 
impacts can be reduced. In contrast with automobiles, the evolution of commercial airplanes 
was strongly driven by government-sponsored research by NASA and its precursor, the 
National Advisory Committee for Aeronautics. Approximately $1 billion is spent annually by 
NASA, and this has resulted in dramatic improvements in airline safety, speed, efficiency, 
and range [Figure 2]. 

Three revolutions and one counterrevolution have had profound impacts on the 
automotive industry. The next revolution will result from similar major dynamic forces, such 
as an energy or environmental crisis, a major new market entrant, or a shift in the public's 
needs and desires. The first automotive revolution was a productivity revolution by Ford, 
starting in about 1907. Ford became the first to 11 more than 10,000 cars in a year, and 
productivity was increased by concentrating on highly integrated manufacturing processes. 
Between 1911 and 1920, Ford build 40% oftbe cars sold in the U.S. and these sales weTe 
facilitated by the productivity revolution, and the push of Ford's productivity innovations 
[Figure 3]. 

The second revolution, Dr. Nash described, was the marketing revolution. General 
Motors successfully challenged Ford's dominance by playing to the pull of the market. GM 
helped consumers to finance their purchases and made more comfortable, stylish, and easily 
operated vehicles at prices only moderately higher than Ford's. GM was able to overtake 
Ford in 1927 through this strategy of credit financi ng, annual model changes, minor product 
differentiation, price class stratification and improved ease of operation. GM also joined 
efforts to undermine transit services by buying systems and dismantling them [Figure 4-5). 

Ford and Chrysler were then in the position of hav ing to compete on GM s level, in 
their game. Innovations such as the V-8 engine power steering and brakes, and air 
conditioning were all made on the same decade -old platform. In 1956 Ford tried to 
emphasize safety by offering safety belts, padded instrument panels and sun visors, and 
dished steering wheels, and this has led some to state-that "Ford sold safety while Chevrolet 
sold cars." While Ford could not meet the demand for safety, having clearly identified a 
latent public concern, it dropped the campaign after a year, allegedly under pressure from 
GM [Figure 6]. 
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Dr. Nash further noted that GM's strategy also killed Kaiser, the most successful other 
postwar insurgent, and various other companies. This left only the Big 3, but GM's victory 
lasted only one more generation [Figures 7-9]. 

The first sign of the third revolution wa Volkswagon's entry into the U.S. market in 
the late 1950s. VW beetles were well-built, functional cheap easy to repair, and fuel 
efficient, but they were also small, noisy, and not particularly safe. The next sign was the 
epidemic of public concern about smog and highway deaths. As large numbers of sporty 
muscle cars proliferated with the increase in baby boomer drivers, highway fatalities 
increased sharply. Air pollution in cities like Los Angeles became oppressive, and could be 
associated directly with automobile use. 

The Federal government intervened by passing safety and environmental legislation, 
and then several years later the first energy crisi hit and became the defining event in the 
third revolution, which was the efficiency/qua lity revolution. The growing Japanese industry 
began to compete largely spurred by consumer demand for vehjcles with higher fuel 
economy. VW's past success was overwh I.med by the higher quality of the vehicles made by 
Toyota, Nissan, Honda Mazda, and Subaru [Figure l O]. 

The strong fuel economy law of 1975 succeeded in doubling fuel economy over a 
decade, but the smaller Japanese cars were more effective competitors than the U.S. models, 
which were essentially scaled down models of larger v hicles and in many cases, such as the 
Falcon, the Corvair, the Vega and the Pint were disastrous. Only GM, due to its large size, 
was able to delay the ensuing corporate crisis, but as a result Ford and Chrysler emerged 
better managed and more productive. 

Dr. Nash went on to describe the counlt:1tevolution t..11nt started in 1984. A 
combination of unequal application of fuel economy standards to cars and light trucks, and 
new market demands, created a major shift toward light trucks that resulted in the light truck 
and van counterrevolution. Today, light truck and van sales are approaching half of all new 
vehicle sales, and a significant part of the gain from the doubling of passenger fuel economy 
has been lost. In addition light truck and vans compromise safety both clue to their poor 
rollover characteristics and because they pose a serious collision threat to smaller vehicles 
[Figure 11]. 

This counterrevolution was driven by market pull. Auto makers could not have 
pushed these homely impractical and overpriced vehicles on the public, but once the public 
decided that they liked them the automakers could not make enough to meet demand. They 
are particularly attractive vehicles for the automal ers, however, because of their high profit 
margins and because they are subject to weaker fuel economy standards [Figure 12]. 

Dr. Nash noted that he stnnmc1rized this automotive history to illustrate the forces and 
conditions that drive change in the automotive industry. ustainable transportation will 
depend on some fairly serious changes in motor vehicles and in the industry that makes them. 
Three questions are important. First, what forces ,vill drive future changes? Second, what 
direction will these changes talce? Third, what can be done to direct these changes toward 
sustainable transportation. 

In some cases, automotive revolution hav been push d by companies making 
vehicles with new appeal to buyers. The first two revolL1tions were driven by individual 
companies, and the third was driven by a group or Japane e companies that capitalized on the 
opportunities offered by fuel economy regulation and the energy crisis. However, since so 
little money is spent on serious R&D in the auto industry new innovations rarely play a role 



227 

in major changes in motor vehicles in the absence of market pull or regulatory pressure. GM 
experimented with air cooled engines in the early twenties, but management and technical 
difficulties, and the lack of obvious market demand, caused them to abandon the idea. GM 
has been more innovative than the other U.S. companies, in an effort to retain its dominance, 
but the fruits of its innovative efforts have all been market failmes. At least part of the reason 
for this was that the company was not seriously committed to the technologies, and they 
therefore appeared half-baked and trouble-pron . 

Dr. Nash continued by noting that better motor vehicles in recent years have mainly 
been developed as a result of regulatory pressure. In hi view, major product innovations tend 
to come from new entrants in the market, or revitalized competitors, that do not subscribe to 
the overt or tacit agreements within the old oligopoly. By defining new products, such as the 
Japanese with their high-quality smaller cars or Chrysler with its minivans, new or 
reinvigorated competitors can be the most effective forces for change in the industry. 

The automotive industry does not like to compete on externalities, and it prefers 
minimum standards for all. When two highly visible safety factors arose, the New Car 
Assessment Program and air bags, manufacturers quickly redesigned their vehicles to get 
good NCAP scores and installed air bags. They could then advertise that they bad a high 
level of safety without having to compete by making their vehicles safer than their 
competitors. 

The factors that moderate the push and pull of th market fall into several categories, 
including opportunity, economics, regulation and information. Vehicle regulation in 
particular, has been a key factor in shaping changes in vehicles in the last thirty years, and it 
has many achievements to its credit but also some limitations. R gulation has improved 
safety and decreased emissions but recent experience with air bags and fuel economy shows 
the limitations of regulation where it is pposed by industry. The q11ality and strength of 
regulation are dependent on several factors that are mostly political. The quality of 
regulations defines the powers of government to develop, impose, and enforce regulations, 
and with the exception of the fuel economy rules that treat light trucks and vans differently 
from passenger cars, both EPA and NHT A have relatively good legislation. An agencies 
appropriations affect its ability to op rate in an effi ctive and timely manner. Appropriations 
also limit how much research an agency can conduct. ongress has used the appropriations 
process to discipline aggressive agencies with the current prohibition against NHTSA 
spending funds on fuel economy improvements being a good example. Political 
appointments can also be a problem in that they determine whether an agency has leadership 
and a willingness to achieve its goals. The courts have also defa1ed regulatory powers in 
some cases supporting government authority and in others limiting it [Figure 13]. 

Shields against product liability and state power have also been instituted by the 
Federal government, and these have been welcomed by industry, as well as the impact on 
deflecting public relations problems and preempting stater gulations. Still, the industry uses 
its political power mainly to minimizer gulatory impacts. 

Taxes based on externalities can facilitate regulatory goals, and some states and 
foreign governments have traditionally taxed vehicles based on weight or horsepower. The 
primary goal has been revenue generation, but such taxes have dampened demand for larger, 
more powerful vehicles. In the U.S., the gas guzzler tax has virtually eliminated vehicles with 
really poor fuel economy [Figure 14]. 
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Formal corporate research, as a push factor, had a modest but important role in the 
early development of motor vehicles. Such innovations as the self-starter, lead additives for 
gasoline, and fast drying lacquer finishes were a few products of automotive R&D programs. 
Prior to 1965, most R&D efforts were directed toward making motor vehicles cheaper and 
easier to build, simpler to operate, more comfortable and durable. 

Small Federal safety research programs were initiated in fifties and early sixties, and 
these were combined in 1966 with the establishment of the National Highway Safety Bureau 
that later became NHTSA. The purpose of this agency was not to improve automobiles, but 
rather to help the government deal with safety issues. The government has conducted much 
research on automobiles, particularly on motor vehicle crashes, air pollution, the 
biomechanics of human trauma, test equipment and procedures, and the construction of 
prototype vehicles lu demonstrate the feasibility of regulatory e;oals. 

The primary impact of Federal R&D has thus been secondary, through the regulations 
that it supports. The PNGV program has the goal of demonstrating the feasibility of tripling 
fuel economy from 27.5 to 82.5 miles per gallon. At first the industry said that this goal was 
infeasible, and now it says that it is feasible but that the high costs of the program would 
exceed the value of the fuel saved. The PNGV program was the weak initiative of a President 
who talked about the importance of fuel economy, but would not even propose a modest 
increase in fuel economy standards. Both the OTA and National Academy of Sciences found 
that an increase to 33 to 35 miles per gallon would be feasible and cost-effective, and had the 
president successfully proposed a one mile per gallon per year increase in fuel economy, next 
year's cars would get 32.5 miles per gallon and next year's light trucks and vans would get 
26.5 miles per gallon. 

The lack of impact of Federal R&D, beyond supporting regulations, is partly due to 
the lack of funding devoted to it. Demonstrating potential or feasibility is very different from 
developing a marketable product, and there has been almost no incentive to use the results of 
the work on automotive efficiency because the market is biased too heavily against improved 
fuel economy. Compared with other industries, such as computers, telecommunications, 
aircraft, and pharmaceuticals, auto industry spending on basic R&D (as opposed to 
developing specific new vehicles) is a small proportion of its income [Figure 15]. 

Dr. Nash continued by noting that ma[ket mechanisms are often more acceptable to 
the public than regulation, and they may be a more robu t motivator of change. IfU.S. fuel 
costs were raised, fuel economy could be a mark table characteristic, but even at $4 per 
gallon gasoline is less than half the cost of owning and operating most cars. Gasoline at this 
price has not had a major effect on fuel economy in Europe. A price rise ofthis magnitude 
could be offset by a car U1at got 80 miles per gall n. [fa $3 tax could be instituted, it could 
replace personal income taxes for all but the richest Americans, or it could replace another 
regressive tax, the employment tax for Social Security and Medicare. 

Conswner information can have an impact on the market if it is relevant, accurate, 
useful, and readily available. But the primary benefit of consumer information comes from 
its impact on manufactmers who do not want the bad publicity and lost sales from poor 
product ratings. Consumer information can complement Federal regulation, and the NCAP 
progran1 has effectively raised the frontal impact test speed for restraints to 35 miles per hour 
from the regulated 30 miles per hour. Information could be effective in describing rollover 
safety, which is an area that does not lend itself readily to regulation. 
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Insurance rates and conditions can be market incentives where an insurable loss is 
involved, such as with crashes, but since the insurance industry is even more conservative 
than the automobile industry insurance has had an influence only with dramatically unsafe 
situations such as drivers with poor records who own muscle cars. This model would not 
apply to fuel economy or emissions, and in fact auto insurance may work perversely against 
fuel economy since lighter vehicles are less safe than heavy ones. There is, however a 
potential connection between insurance and fuel economy in that automobiles release 
massive arnow1ts of greenhouse gases, and climate change could result in more hurricanes, 
floods, and other weather hazards that can result in massive losses to the property insurance 
industry. Insw·ers are sufficiently concerned about th.is to have established and funded the 
Insurance Institute for Property Loss Reduction to study th_e problem and this organization 
could become a useful ally in a campaign to reduce worldwide automotive fuel consumption. 

In conclusion, Dr. Nash quoted Thomas Jefferson who once said, "a little revolution 
now and then is a good thing, and as necessary in the political world as storms in the 
physical .. .. it is a medicine for the sound health of government." This is also true in the 
business world. The American auto market got a valuable boost from the stimulation given 
by the oil shortages twenty years ago and the challeng of Japanese competition and what 
we need today is a similar cleansing storm. This could be initiated by an economic or 
environmental crisis, or it could come from a company that arises from or goes outside the 
current club of auto companies. Unlikely to motivate a revolution would be research results 
without market push and pull to make them part of th market, but technological innovation 
can serve a new revolution when it occurs. But without well-defined market demand or a 
radical new competitor, innovation rarely forces change in a mature industry [Figure 16). 

While information teclmologies may replace some uses of motor vehicles, we should 
not forget that the TV did not eliminate the movies and that computers have not lead to the 
paperless office. Competition provides a stimulus for change when there is an active, fluid 
market. As capital concentrates in an industry, there is a natural tendency toward stabilization 
unless there are strong pressures for continuing innovation and cost cutting. 

Regulation in the U.S. has been the product of crisis and public concern. A future 
crisis may come from international and political conditions, as with the energy shortages, or 
from environmental factors such as pollution or global wanning. 

A natural entrant in the automobile business might come from the computer industry, 
and new materials and manufacturing processes could radically cut capital costs for such a 
venture into a thin market. Products could incorporate comput r technologies to a far greater 
extent than current automobiles. Smart can might drive themselves and there already are 
powerful computer capabilities 111 today's cars that are invisible to consumers. If computers 
and communications were used with the same innovation in automobiles as in personal 
computers, cars could be transformed to the point where the line between mass transit and 
motor vehicles might forever blur. Thus, the leaders in the next revolution might be computer 
entrepreneurs who are looking for new market. They could be foreign automakers, looking 
for a repeat of the Japanese success. Envi ronmental educators may convince Americans that 
global warming is affecting their children's lives and the public could demand that 
politicians take bold steps toward taming the transportation beast. We may not yet have 
identified the source of the revolution, but those of us who are about sustainable 
transportation must try to catalyze the revolution and be ready to shape it when it occurs 
[Figure 17]. 
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Questions and Comments 

Q: Going back to your NHTSA roots why has there been a shift in the market with regard to 
demand for safety? What happened and why? (Dan perling) 
A: Safety has always been of interest, but it has been latent. The public always had a 
concern, and everyone has someone they know who has been killed in a car crash, so they are 
concerned. People who have had accidents have become skittish. The new thing is ability of 
the public to express their concern, and to understand the relative safety of vehicles through 
the NCAP. In the past, automakers have tried to suppress public safety concerns. 

Q: There is concern about the government being too involved in the technology process. We 
need the right balance in sharing money, regulations, etc. F lying is safer than riding in a car, 
but the public does not see it this way. The government has to decide where to invest its 
shrinking money, for example in aircraft safety or efficiency. It is not clear where to invest. 
A: EPA sponsored a study on public perceptions of safety. It also has to do with a person's 
understanding, their ability to control their sunoundings etc. so there are factors other than 
the actual risk. As far as government involvement a more effective way to improve safety is 
to make it a marketplace demand rather than regulated. If aircraft were crashing every day, 
the private sector would work fine. In the auto area, we have accepted 40-S0k deaths per year 
as OK. Beyond where public investment can be a big player, we need market mechanisms 
like insurance and fees in tandem with some regulations maybe in concert with fuel 
economy and emissions. Changes in pricing could do something. 

Q: One problem with government and industry working together are the structural problems 
that exist. What other problems exist? 
A: When NHTSA started regulating safety, what would the industry do if they saw 
regulations they did not like? The number one strategy was to lobby to get the regulation 
changed rather than put money into complying. Industry is too often not capable of making 
changes in the way it does business based on the public interest. It has its own bureaucracy, 
its share holders, and other incentives. Goverm11ent regulations only work well if there is an 
agreed goal that helps industry with profit and is als in the interest of the public. Industry 
will follow if it is in their interest. 

Q: Moynihan has suggested putting aside regulations by complying together to eliminate 
competition - what about this? 
A: Moynihan was a supporter of safety. Nader s unsafe at any speed helped start the increase 
in awareness. Industry says the govenunent is at fault for bad regulations, but really industry 
bas the requirement to meet standards with technologies that do not have other defects. 
However, they cannot be blamed for new and unrelated failures in regulated technologies 
because we have to make sure they are safe. For example air bags may have been oversold. 

Q: There are safety problems with light duty trucks. Are there safety regulations coming to 
deal with this? 
A: NHTSA tried to figure out a new definition to di tinguish commercial and public light 
duty vehicles, but it could not, so instead it tried to shift standards closer to those required for 
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regular cars. Often the problems are a propensity to rol I over, weakness in the roof, and 
hazards inside the cars. NHTSA jg working on dealing with this, and there are some ways to 
deal with these rollover issues. They potentially are asy to deal with because they have low 
centers of gravity. NHTSA has been remiss in moving fo1ward on these standards. These big 
trucks are also battering rams for smaller vehicles, they have rigid frames that do not crush, 
they are higher and heavier, so they increase fatalities. They do meet the same safety 
standards as passenger cars, but due to their size, they have additional issues. 

An Industry Perspective on the Partnership for a New Generation of Vehicles 
Ms. Christine Sloane, General Motors Corporation Technical Director for the Partnership 
for a New Generation of Vehicles (PNGV) 

Ms. Sloane introduced her remarks by stating that she would provide the industry perspective 
on PNGV, and would explore the circumstances in which government and industry can work. 

She then posed the following questions: What are the keys for effective industry and 
government R&D partnership? When does it make sense? Ms. Sloane listed several notions 
relevant to these questions: social significance, commitment, market forces, technical 
challenge, diverse resource base, and accountability. 

Ms. Sloane then elaborated on each of the concepts in turn. First, with regard to social 
significance, it is not only government that is focused on social benefits. Industry has 
employees, whose interests it helps, and the market is driven by society and its wants. 

The government point of view is focused on energy efficiency and environmental 
concerns, economic security and a competitive global position, and reinvestment of military 
R&D. The industry point of view, meanwhile, favors the effic iency of non-adversarial 
problem solving. The potential for big gains is a lure to the industry, and it is willing to work 
in partnerships, with levered resources, to solve big problems. Resources can be pooled in the 
interest of promoting economic security and competitiveness. 

There is an emerging point of view that competitiveness and environmental quality 
can go together. There is an opportunity for increasing credibility, especially through non
adversarial problem solving to show that this is a viable research strategy. This type of effort, 
which includes PNGV, can serve as a future model of how industry and government can 
work together, and how industry can lead national programs. 

With regard to the commitment concept Ms. loane stressed that PNGV has a very 
high level of commitment. Three CEOs are involved, along with the head of the UAW and 
Vice-President Gore. This is a key ingredient, and it is needed for success. If the CEOs make 
a commitment to the Vice-President, it is a big deal. They are putting their public image on 
the line. Commitment is needed for success, and other agents need to know that things will 
happen before they join in. 

In elaborating on the market forces notion, Ms. Sloane pointed out that low oil prices 
have reduced market forces to support private investment in energy efficiency. Market forces 
were in other areas and have shifted. For example, fuel economy was a number two priority 
in 1980 and in 1994 was number fifteen. This is not the whole story, however, and industry 
knows that today's market is not the future market. It anticipates that in the future the market 
may have to do with fuel efficiency, and it is also cognizant of the needs of developing 
countries. 
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The level of investment in PNGV has been tremendous, but industry is still not sure 
that can reach the goal of tripling fuel economy. It has seen that it would have to re invent the 
wheel, and this requires lots of resources. Every component and subsystem must be 
reinvented, and with a 10 year goal, this translates into a big resource requirement. 

All parts of the vehicle must be examined, and Federal R&D has focused on 
powertrain area, or the supply side. There is also the demand side: aerodynamics, rolling 
resistance, braking, etc. These need to be focused on as well, but PNGV focuses mostly on 
the supply side. 

A big challenge is also in reinventing relationships. There is a lot of overhead and 
work in putting together and maintain the partnerships. Relationships with government and 
other partners in industry need to be reinvented. There is a need to relate U.S. car 
manufacturers, the U.S. government, and the extended enterprise (suppliers, universities, and 
federal labs). The individual U.S. automakers are not organizations that wish each other well, 
rather they are in competition. This is an unusual circumstance for a partnership, and it has 
required significant work. A common goal is needed for a successful partnership. Bob Mull 
of Ford examined the Japanese example and how MITI had government working with 
industry and helping them. The realization was made that in order to get goals accomplished 
in proper timeframe, the three companies would have to work together. 

There are several guiding principles for getting partnerships together and achieving 
technology goals. The primary objectives are to achieve technical goals, credibility in social 
concerns, and national competitiveness. Credibility requires sustained commitment and 
visible progress. Collaboration is the preferred approach, but it requires lots of discipline. 
PNGV will be putting out concept vehicles this and next year, and they am lry ing to spread 
the word that they are pfbgressing. 

Reinventing relationship.with government requires joint commitment, and a goal and 
vision of success. The j-0.int technical strategy has defined roles for government and industry. 
The government roles are for resources, in terms of direct funding and through the 
government labs, for the convening power of Federal agencies and R&D organization, and 
for translating regulations and infrastructural issues. The industry roles are for resources, 
especially in terms of thei,upply base, convening power, particularly with regard to suppliers 
and the need to hold workshops on technical issues, and in market translation to make sure 
the market-gets what it wants. 

Thus, a joint technical strategy has emerged with a technical team structure that helps 
to identify expertise in focus areas, e.g., turbines, batteries, flywheels, and lightweight 
structures. It is comprised of people in industry, the national labs, and program level people, 
and they work out what targets need to be and what opportunities exist to meet the goals. 
They figure out which targets are realistic and practical, and then university researchers and 
others can review the goals. 

It is also necessary to reinvent relationships with suppliers. The automakers and 
suppliers used to simply work on near term needs and commitments, but they must now shift 
to meeting future needs as well. Suppliers are encouraged to do the following: join the 
national PNGV initiative, understand PNGV needs and challenges, focus on breakthrough 
technologies, deploy technologies early via evolutionary applications, leverage capabilities 

4 • 

and resources, and collaborate with customers and the government. 



PNGV is drawing on a diverse and non-traditional resource base, and it is looking 
into new areas, such as batteries and fuel cells, ceramics, etc. These resources are often 
outside of the auto industry or the government. 
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There are a few critical elements of the funding situation. The stability of the 
government effort is important, but it changes year by year so this is a difficulty. There are 
also corporate welfare issues. The industry does not want government money or welfare, but 
it needs resources to offset the risk associated with the endeavor. A recent analysis on GM's 
corporate welfare revealed that of the contracts that had come to the automakers, most are 
funneled to suppliers. The final analysis concluded that only about 3% of the money is 
expended within the corporation, mostly on vehicle integration. There is not much money 
that stays with the Big 3. Last year it was at about 8%, but a lot of that was to Delphi for fuel 
cells, and this is technically part of GM. 

The relevance and focus of government effort is also important, particularly when 
agency missions are aligned and coupled with PNGV. Cost sharing issues involve pluses and 
minuses. Active engagements and a focus on commercialization are pluses, and a mismatch 
of risks and costs is a minus. 

Accountability is important, and it is necessary to have defined deliverables. PNGV 
aims to have proof of concept by 2000 and a prototype in 2004. Milestones are important to 
reach goals. 

Ms. Sloane went on to elaborate on some of the realities of working with the 
government. First, the government is not a monolith, and there are many voices to deal with. 
A high level of support is critical when dealing with the bureaucracy. There are always 
budgetary issues. Lack of alignment with different agencies is a problem. The government 
sometimes does not understand the technical issues, and the engineers do not understand the 
government. The benefits of working with the government include the talent pool, which is a 
natural resource, and the fact that Federal skills complement those of industry. 

Questions and Comments 

Q: Bechtel is building infrastructure in an automated highway partnership, and the 
advantages and disadvantages are similar. It has found that engineers are trying to understand 
government more than Congress has. What are advantages of having only the government 
and the Big 3 involved in primary decisions? 
A: The suppliers are involved, but the drivers and goals are more focused on technical 
targets and barriers. This is made operable by workshops on targets and opportunities, and 
participation has been very broad. It is important the Big 3 does not take too much 
dominance, and they want other input. But in terms of the overall organization, of who works 
with who, where administrative overhead is focused, and so on, this mainly concerns the 
government and the Big 3, and the suppliers are lucky to be out of it. In terms of getting 
things done, however, the R&D community is very important and helpful. The goal is to 
move more and more work outside to the technical community but there are biases toward 
the big corporations. 

Q: The third National Academy review said that the PNGV program was underfunded and 
was in danger of not meeting its goals. What is your comment on this? (David Greene) 
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A: This is true. If one wants to reach an extremely tough target, one wants to manage the 
risk. One wants a "fast horse," but also more than one horse. It is best to have a primary path 
and some secondary paths. In order to have a lot of secondary paths under development, 
money is required. The resource constraints of smaller companies can be a barrier, so 
funding them is important. There are currently not enough horses in the race and some are 
developing too slowly, but iu order to not drop them, resources get diverted to the secondary 
paths. This can jeopardize the near term success of the primary paths, but the secondary paths 
are needed for safety. The primary paths may work out, but it is tough to take the chance. 
The primary paths have good funding, but once again the risk must be managed. The 
organization feels committed to meeting the target, so in some ways no money is enough. 
When they started they did not know how to meet the goals but significant improvements 
have been made and they now think they will meet the pr of of concept challenge. The issues 
of cost and wide deployment (marketability) are really important and we need to work on the 
cost challenge. 

Q: How much underfunded do you think the program is? (David Greene) 
A: They are getting on the order of $250 million, but only $100 million is on the more sure 
bets. Industry is matching these commitments and the share is growing. 

Q: You have set yourself an extremely difficult goal looking for high fuel economy with all 
of today's benefits with no cost increase. Has the industry talked about what they will do 
when o.r if they are there technically, but not at the right cost? 
A: We need to handle the risk. If hypotheticaiiy they met:l tcdmical goals, but not cost goals, 
it will be difficult to get market penetration. But it is not an all-or-nothing type of thing. 
There are spin-offs, for example, that can be deployed in other forms. They will try to deploy 
as much as possible as soon as possible. Technologies with high cost differentials will be 
pushed out to longer introduction dates . They need to make a return on these efforts, but they 
know where the competition is. Automakers have historically failed to anticipate their ability 
to drive costs down, so we should not let that necessarily be a stopping point. 

Q: What do you think of the Toyota hybrid? 
A: It does not make the PNGV goals, and it is not triple fuel economy. There are also 
emissions problems. It is missing some customer "goodies" so it would not sell in the U.S. 

Q: The Toyota vehicle is very good on emissions isn't it? 
A: There is no cold start in the Japanese test cycle, so the emissions appear better than they 
would really be. 

Q: Bob Purcell said that they will not move on to mass production till generation three, but 
you are talking about putting a generntion one vehicle on the road and commerciali.zing it. 
(Dan Sperling) 
A: Not all of the technologies are generation one. There are lots of generation three 
technologies that will be incorporated that have never been in the market, and these will be 
drawn on. 
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C: Oil companies have had the same problem in terms of underestimating their ability to cut 
costs or provide resources. We probably will not have oil problems or gas price increases, so 
80 mpg is a good goal, but there may be no drivers. 

Q: Is this the best way for government to help? What about a $1 billion challenge by the 
president? The U.S. could give $1 billion to the first automaker to produce an 80 mpg car 
with x thousand sal.es. You say that there are lots of obstacles in the government. Is there a 
simpler way that this partnership? 
A: This would be an interesting experiment, but its effectiveness would be uncertain and I 
cannot really comment on it. Once could get carried away with optimization never move. 
There are a number of avenues that work, and we have to pick some that work based on what 
we have at hand to work with. The effectiveness of this program will be determined by how 
it does. 

Q: You say the current market undervalues fuel economy, so what do you think will change 
to make your investment worthwhile? (Jason Mark) 
A: This too speculative to answer. It really is a global requirement that we are looking at. 
We will benefit even if our own market will not support it. Market circumstances can change, 
and a crisis can change the situation. We do look at fuel use as one thing that can impact 
marketing, so we are pursuing it as one strategy. 

Q: What strategies have you developed to deal with the infrastructure issues? 
A: We cannot really identify a highway infrastructure issue, but there may be fuel quality 
supply issues 

Q: What about lightweight vehicle issues? 
A: That is an issue the we have to deal with. Education about safety, the need to deal with 
regulations, and other issues will be examined, and efforts will go in those directions. 

Session III: Policies 
Tuesday, August 19, 1997 
Part A: Regulation 
Why CAFE Worked 
Dr. David Greene, Senior Scientist, Center for Transportation Analysis, Oak Ridge National 
Laboratory, Chair 

Dr. Greene started by noting the achievements of automakers since the beginning of CAFE in 
1975. He noted that in 1975 the average fuel economy of light duty vehicles regulated by 
CAFE was 13 mpg. IfU.S. consumers had driven the same 2.2 trillion vehicle miles in 1995 
in light vehicles that obtained 13 mpg than the realized 20 mpg, the U.S. would have 
consumed 55 billion gallons of fuel, costing $70 billion. Considering the fact that consumers 
would have compensated for the low fuel economy of their vehicles, the net savings after the 
anticipated reduction ofVMT would be about 45 billion gallons. Dr. Greene argued that it 
should be obvious that CAFE has been successful energy policy. 
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Dr Greene noted that his paper shows theoretically that a properly designed fuel 
economy regulation and tax on VMT can be an economically efficient carbon tax. He noted 
that implementation of regulations is the critical matter. Ifthere is no tax with a well 
designed regulation, households can be better off. Even ifthere is a tax, you can also be 
better off if you regulate properly. The important point is that regulation, done well, can 
function even better than a tax. 

Following this quick summary of his theoretical :findings, Dr. Greene presented a 
series of slides to demonstrate some fundamental points related to the theoretical findings. 
First, he described the market for fuel efficiency as a "sluggish" market. He presented graphs 
of the estimated change in cost of selected motor vehicles needed to cause fuel economy to 
increase, and the net savings in fuel that would result. His point was that the net savings over 
a range of values representing an increase of up to 30% is less than $100. This is not enough 
savings to make much difference to a consumer. As Dr. Greene put it, "increased fuel 
economy is down in the range of better hub caps". The choice of a vehicle is a complex 
multi-dimensional choice in which fuel economy is only one factor. Dr. Greene doubted that 
anyone actually takes out a calculator and does an analysis of the net present value of fuel 
savings when comparing light duty vehicles. He asked if anyone in the room had done this. 
No hands were raised. Dr. Greene said that choosing fuel economy is a "fuzzy" process in 
which consumers cannot be expected to optimize. 

He also noted that the fuel economy regulation itself presents distorted information to 
the consumer, since use of the average of mpg for city and highway fuel economy results in 
about a five percent error relative to (the correct) use of gallons per mile (the harmonic 
average of mpg). 

The converse of these points mentioned by Dr. Greene was that one could raise fuel 
economy requirements by nearJy 10 mpg and typical consumers would not care too much. He 
pointed out that if all manufacturers are committed to provide better fuel economy it is much 
less risky for any single manufacturer. Though the individual manufacturer will need to raise 
prices to cover the increased cost of the regulation, that manufacturer will not suffer from the 
same pdce elasticity risk as when all manufacturers raise their price by such an amount. The 
price elasticity of demand for an individual car line is approximately -5 when no other car 
line raises its price though it is only -1 for all cars- i .e. when all cars raise prices by the 
same amount. Thus, if the industry acts together to increase fuel economy, the consequences 
can be small in total. However, if individual manufacturers act alone, their risks of losses are 
great. 

Dr. Greene noted five objections to CAFE standards that are typically used by 
opponents. These are: (1) People will offset fuel economy savings by driving more, (2) 
people will hold onto cars longer thereby reducing the fuel economy of the fleet at a lesser 
rate than anticipated, (3) consumers will switch to light trucks (4) lighter cars and trucks are 
less safe, (5) consumers won't like the new vehicles, and sales will drop. 

Concerning objection number one, Dr. Greene noted that the estimates of the amount 
of driving increase that would arise from a one percent decrease in fuel operating cost per 
mile were on the order of 0.5, when studies using data up through the early 1980s were done. 
However, since that time, this estimate has dropped sharply to O. l to 0.2. Thus, 80-90% of 
the fuel economy gains of the vehicles can be expected to be realized as reduced fuel 
consumption. 
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Dr. Greene estimated that the effect of increased vehicle life since 1975 has been to 
reduce realized fleet fuel economy by perhaps one mpg. He questioned whether all of that 
can be blamed on fuel economy standards noting that the quality, durability, and reliability 
of vehicles since that time has risen sharply. 

The shift to light trucks that has occurred since the early 1980s was conceded to be at 
least in part a result of CAFE. One question posed by Dr. Greene is whether the minivan
which was classed by NHTSA as a light truck despite the fact that it was built on a car 
platform-would have emerged without CAFE. This wa clearly a vehicle that revealed a 
consumer preference for a lot of enclosed passenger volume, and for a relatively high seating 
position. Dr. Greene noted however, that within the light truck class of vehicles there had 
been a significant introduction of smaller truck models so that "within class" trends in mpg 
had been positive. Though the effect was not as large, there was also a shift toward smaller 
size within cars. Across classes, however, there was clearly a shift from cars to trucks, a shift 
to larger, less efficient vehicles. Dr. Greene estimated on net, that there was a slight positive 
effect. 

While light duty vehicles did change in weight during the period of implementation 
of CAFE, the fatality rate dropped throughout the period. While Dr. Greene concedes that 
weight reduction does increase fatalities when all other things are held equal, he points out 
that the weight issue is very complex. He mentioned a HTSA study that had evaluated the 
safety effects for pedestrians, bicyclists, passengers, and drivers. He noted that weight 
reduction increases the fatality rate of drivers, but decreases the fatality rate of all others 
involved in light truck accidents. He cited a NHTSA study that examined a theoretical 
average reduction of truck mass of 500 lb in combination with one for cars of 66 lb. In this 
study the net number of fatalities was essentially w1changed after the weight reduction. In 
this case, making the mass of vehicles on the road more similar was beneficial to all but the 
light truck drivers. Dr. Greene did not consider the fact that some drivers might actually 
realize the nature of these trade-offs and buy light trucks as a form of protection from other 
light trucks, but he did point out that NHTSA now recognizes that there is a compatibility 
problem between cars and light trucks 

Though it is asserted that consumers will not like or buy vehicles with greater fuel 
economy, consumers do state consistently that they like CAFE. In his paper, Dr. Greene 
provides results of five surveys that indicate favorable responses to the idea of increasing fuel 
economy to 45 mpg, with "support" obtaining from 72-82% and strongly support or favor 
obtaining 51 & 56%. Support rose to 84% and strong support to 63% in the one question 
where th.e goal was 40 mpg. When the question was worded more vaguely - "improving fuel 
efficiency" - support rose to 95% and strong support to 75%. While there does seem to be 
evidence in these results that consumers recognize a risk of pushing fuel economy standards 
too high, the overwhelming evidence is that they support the standards and would support a 
reasonable increase in their level. 

Dr. Greene alluded to comments in focus group presentations shown earlier in the 
conference by Jane Beseda of Toyota, concerning an unwillingness to individually sacrifice 
for the environment, but an indication that the government and industry needed to get 
together to solve environmental problems. Like the ant maker who cannot afford to risk 
increasing fuel economy when otJ,ers arnund him do not, young consumers who identified 
themselves to Toyota as favorable to the environment did not individually appear to be 
inclined to take actions supporting the environment on their own. 
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In closing his presentation, Dr. Greene indicat d that well designed regulatory 
standards work and should be considered. In the clo ing of his paper he reminded the reader 
that he had shown theoretically that a well designed combination of a fuel economy standard 
and vehicle use tax (such as a gasoline tax) would be best for economic efficiency when there 
are external costs of oil consumption such as global warming and oil import dependence. 
Even without a vehicle use tax, Dr. Greene asserted that a well designed fuel efficiency 
regulation such as CAFE would make us better off. As a result, "it deserves careful 
consideration as a key policy for creating a sustainable transportation system. 

An Environmental Regulator's Perspective on the Effectiveness of Regulations in 
California 
Mr. Tom Cackette, Chief Deputy Executive Officer, California Air Resources Board 

Mr. Tom Cackette of the California Air Resources Board presented a discussion of the use of 
regulation for reducing criteria pollutants, from a California l erspective. California, due to 
the severity of its air quality problems compared to those of other states in the union, was 
given the right to establish regulati ns different from Lhose in the rest of the U.S. 
Accordingly, with respect to emissions regulation stringency California has tended to be 
ahead of the rest of the nation and has also forced ·U,e adoption of many emissions control 
technologies later adopted in the rest of the U.S. 

Mr. C.ackette pointed out that the regulatory approach used in California has been 
successful, when looked at in retrospect. He asserted that, on th~ whole, performance based 
standards had been used successfully by California. During the question and answer period 
he was challenged about this statement and reminded that CARB had introduced the "ZEV" 
emissions standard, one clearly designed to force the introduction of a specific technology, 
electric vehicles. Mr. Cackette conceded the point, but said that on the whole the approach 
had been one of use of performance standards. He al o noted that CARB had exhibited 
flexibility in the implementation of this particular standard . He noted that effective 
technologies had been developed as a result of the "ti rcing" effect of regulation and the key 
had been providing adequate lead time to allow introduction of reliable effective 
technologies. 

Mr. Cackette presented a graph showing that the costs for "marginal control" had not 
risen to date. [Figure 1] This graph did indicate, however that RFG costs had been 
considerably higher than the other technologies shown on the slide ($2.5/lb of ozone 
precursors vs. $1/lb or less for several others shown). He nsserted that trade-offs (sacrifices 
due to high costs) had not been required. He presented a graph showing the declining trend in 
ozone in the Los Angeles (South oast) area, indicating that serious ozone days per year had 
dropped from about 100 to less than seven I er year. [Figur 2] Mr. Cackette said that similar 
successes occurred inmost of the rest of A although progress had been less in the 
Sacramento and San Joachin Valley. 

Mr. Cackette argued that regulations led to the development of the catalytic converter 
and closed-loop feedback fuel control and that the 0.4 g/mi. NOx emission standard forced 
the replacement of carburetors with fuel injection. He observed that the exhaust gas 
recirculation technology for reducing NOx got off to a bad start, but is now a standard, well 
performing technology. He pointed out that the emissions improvements have not come at 
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the cost of vehicle performance, since today's vehicles perform far better than those of the 
past. In view of the fact that th re are limited engineering resources that can be devoted to 
development of new technology, CARB has learned to be flexible and not push regulation 
too fast. As a result of this evolution of technology rather than revolution, costs per pound of 
emissions reduction for the last decade have not increas d over time. Thus, the incremental 
cost of emissions control has not changed over tim due to technological innovation done 
within a reasonable development period. 

Mr. Cackette indicated that the process of devel ping and implementing regulations 
had changed a lot since the 1970s. In the l 970s he d scribed it as adversarial and inflexible, 
with a regulatory strategy of 11 adopt and wait". Technical i sues were resolved in public view 
in a public hearing. Industry took the position that regulation was abhorrent. Mr. Cackette 
described the process as a regulator/industry dance. In the 1990s the process has become 
consultative and flexible with more public involvement, with the exception of discussion of 
technical issues, which now more often occurs in consultations before pub.lie hearings. 
Working out the technical details before public hearings are held is regarded by Mr. Cackette 
as a good change to the process. It wa asserted that public involvement has increased, and 
policies are now decided at hearings. There are more consultants involved and more 
implementation follow-up. Industry now says that regulation is sometimes OK In fact, if a 
corporation can develop a method of inexpensively reducing emissions, that corporation 
might develop an advantage over competitors by ignaling to regulators tbat it would accept a 
tightening of the standards. 

Mr. Cackette cited the example of reduction f diesel NOx emissions from 11 grams 
per brake horsepower-hour in 1983 to about one third of that level in 1996. Generally, the 
initial reaction of maufacturers is that they caruiot meet th regulation or that it will be 
extremely expensive. Looking back it is obvious that industry can accomplish a great deal 
when asked to do so. 

In the future, CARB may consider a Low Emis ions Vehicles 2 (LEV2) standard, 
which would require new light duty vehicles to have emissions very near zero by 2005. By 
2008 CARB might be requiring new heavy duty vehicle. to have NOx emissions down to 
only one gram per brake-horsepower hour, another 50% below the recently adopted, stringent 
2 gram standard for 2004. The question is whether uch regulations would simply cause 
further evolution of current spark and compression inanition engines, or would lead to a "leap 
frog" of technology perhaps the fuel cell. Although the electric vehicle production mandate 
has been moved to 2003, it remains in place and is a driving force. Marketability is 
recognized as an issue, with both cost and acceptance of the unique attributes of the EV 
technology being issues of concern. 

Criteria Pollutant Emissions vs. Oil Use and Greenhou ·e Ga ·es. When we look forward, we 
can see the time when the automobile is a very mall part of the pollution problem in 
California. Near zero smog emissions seem possible in which case the automobile will 
represent only about 10% of the problem. However, this success for criteria pollutants may 
not translate into success in reducing greenhouse gases and/or oil use. Criteria emissions may 
be reduced with little efficiency gains, or efficiency gains may come at the expense of criteria 
pollutant increases. The direct injection gasoline engine is expected to improve fuel economy 
by perhaps 10%, but at the present time it increases NOx. Advanced diesels might offer up to 
50% increases, but they may increase NOx and PM missions. To obtain high efficiency 
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there are two technologies of interest, the light duty diesel and the fuel cell. The cost for 
these technologies is seen as less than twice as much as fo r gasoline. The fuel cell involves 
infrastructure issues if it uses hydrogen or methanol as th fuel. On efficiency grounds, it 
appears that the direct injection compression ignition dj sci may be comparable to a fuel cell 
refonner combination (required by methanol) also using liquid fuels. However, for the diesel, 
criteria pollutant emissions are a major challenge in comparison to the fuel cell system. At 
the present time, aftertreatment ofNOx for a diesel 011ly offers about 30% conversion of 
NOx. For the diesel, ULEV seems a stretch, and near zero emissions with the diesel are 
speculative at best. It is possible that an adversarial relationship will develop if PNGV 
pursues a diesel engine that California cannot accept. Perhaps this is a classic trade-off in the 
making. Despite the present concerns over the emissions of the diesel, it is still possible that 
an advanced compression ignition engine/fuel/aftertreatment combination can be found to 
provide very low emissions. Cooperation in the development and evaluation of this 
technology will be critical. Vice President Gore has indicated support for development of the 
diesel, but no exceptions or exemptions with regard to emissions. 

Decision Making in the 1990s. Decision making for regulators is more difficult in the 1990s. 
Legislators are much more ideological and do not know much from a technical perspective. 
More hurdles have been put in place. Requirements for review and careful cost/benefit 
analysis can be interpreted two ways. One interpretation is that it will improve the process. 
Another is that these are steps designed to inhibit the process. Congress has recently taken 
back authority originally given to the Environmental Pr tection Agency, threatening to 
review and overturn EPA actions required by the Ci tan Air Act. 

Within the executive branch the process of setting regulation has become more 
politicized. Organizations responsible for regulation are 'graying.' Work done is technically 
sound, generally with good data gathering. The organizations now move more slowly and 
deliberately, but they are still moving. 

The public still strongly supports clean air. Questionnaire responses indicate a 
consistently high level of support for clean air. However it is also clear that consumers 
prefer improvement of teclmology to life style changes. Talk show hosts are a new part of the 
mix. They have power to cause strong public reaction. Environmental groups have become 
more pragmatic. The public as a whole does not participate in the process, and is not 
knowledgeable and effective in any case. 

Questions and Comments 

In response to questions from the audience, Mr. Cackette gave one reason that land use 
regulation and planning had not been used by CARB to address the smog problem. The legal 
goals for smog reduction have always been about 5-J O years out. When one projects the 
effects of land use controls and planning effects tend not to show up for 30 years or more. 
Accordingly, land use is not seriously considered. Mr. Cackette also mentioned that the 
promotion oflifestyle changes through Transportation ontrol Measures (TCMs) may be six 
feet under. 

Rich Kasssel of the Natural Resources Defense Council indicated that there was a 
disconnect between the PNGV efficiency goal, apparently relying on the diesel, and the 
environmental community wanting anything but the diesel. 
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Mr. Cackette noted that the PNGV had originally been called the "Clean Car" 
initiative by some, but that had been lost. He noted that states and interest groups had been 
kept out of the PNGV, but could be reconnected to it. Mr. Cackette noted that there is 
presently a gap between the emissions of a diesel and gasoline vehicle, but there is also some 
misinformation on how dirty the best diesel technology really is. It is uncertain whether you 
can have a clean diesel engine without another breakthrough in technology. 

In response to a statement by Steve Plotkin that the ZEV mandate was not a 
performance standard and was not developed by consensus building, Mr. Cackette defended 
the ZEV mandate. Although these were in effect technology specific, the implementation has 
in fact been flexible. Despite the contention that the standard forced one technology (EVs), 
Mr. Cackette argued that it may have forced consideration of electric dive and then fuel cells 
in conjunction with electric drive as "equivalent zero emissions vehicles" (EZEVs). Plotkin 
also said, if gasoline vehicles can achieve near zero emissions, why the ZEV mandate? Mr. 
Cackette responded that the near zero emissions of gasoline vehicles that he projected are not 
guaranteed, and there remains a significant risk that such emissions levels might not be 
achieved by gasoline vehicles throughout the vehicles' life. 

Comments on the Presentations by David Greene and Tom Cackette 
Dr. Lester Lave, University Professor and Higgins Professor of Economics, Carnegie Mellon 
University 

Lester Lave provided comments on the presentations of Dr. Greene and Mr. Cackette. 
Dr. Lave was a resident of the Los Angeles area as a young man. He recounted a story of his 
first driving in the smog, with tearing eyes causing him to pull over to the side of the road to 
wait for the tearing to stop. He then recognized that it was not a temporary problem, and that 
he would have to make a rather long drive ahead with tearing eyes for the duration. He then 
acknowledged that CARB, as represented by Mr. Cackette, had accomplished a great deal on 
behalf or residents of California, and offered his congratulations for that accomplishment 

Dr. Lave did offer criticism, however. His principal criticism was that one cannot 
simply worry about air pollution and greenhouse gases arising from transportation 
technology substitutions. Solid and liquid wastes might also be important, while broader 
economic impacts should be examined. Dr. Lave stated that it is necessary to cast the 
evaluation net more widely. In particular, he pointed out that Carnegie Mellon had done an 
assessment of the introduction of one half million battery powered EV s in California by 
2007, and had estimated that peak ozone would be reduced only from 200 ppb to 199 ppb. 
He also reminded Mr. Cackette of the Carnegie Mellon study that had estimated large 
increases in national emissions of lead, due to the introduction of such electric vehicles. Dr. 
Lave mentioned a new modeling system developed at Carnegie Mellon, which makes use of 
Input/Output tables and methods to estimated total national emissions changes from a 
particular regulation. 

Dr. Lave asserted that he does not think the EV 1 should be out on the road. He 
indicated that it is great in the laboratory, but terrible public policy. 

Dr. Lave mentioned that economists generally use static models that ignore technical 
change, implicitly acknowledging the difficulty of applying standard economic tools in a 
situation with reasonably rapid technical change. 

Dr. Lave indicated that he thought that CARB had done a better job of technology 
forcing, though he did not specify the basis of the comparison. The comment could be 
interpreted as "better than in the past", or perhaps better than the US EPA. 
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Dr. Lave acknowledged that CAFE worked if your goal was to increase fuel 
efficiency. He agreed with Mr. Cackette that the PNGV would need to address the problem 
of criteria pollutant emissions as well as efficiency. He cited the risk of developing an 
efficient vehicle with emissions that would be unacceptable in urban environments, such that 
you could distribute the vehicle widely so long as you did so where there were not many 
people. 

Dr. Lave acknowledged that Dr. Greene's analysis of CAFE could be correct insofar 
as the most efficient regulation can be determined. He said the fundamental issue is 
efficiency, not whether it is accomplished by regulation or by taxation. Dr. Lave said that 
there certainly are economists who will say that one should use taxes or nothing at all, but he 
clearly indicated that he is not one of them. He indicated that CAFE did a wonderful job 
through the mid-80s, but a poor job since. Dr. Lave agreed with David Greene's point that 
there is a range of possible light duty vehicle fuel economy ratings for which there are small 
fuel efficiency dollar benefits when selecting the higher level of mpg, while there are larger 
collective benefits to be had by moving to the higher end of the range where net individual 
owner benefits still occur. He mentioned that Jack Gibbons, U.S. Science Advisor, has, in 
addition to David Greene, made this point. Dr. Lave agreed that setting CAFE at a higher 
level within this range is probably desirable. However, he expressed the opinion that there 
should not be such an increase in CAFE unless there is a commensurate increase in fuel 
price. Specifically, if there were a commensurate increase in fuel price then it would be 
acceptable to go to a standard of 32-34 mpg for cars, but if th increase were only for cars 
and not trucks, then the change would be defeated to a large degree by a shift to trucks. 

Dr. Lave alluded to the high gasoline prices in Europe vs. the U.S., with little or no 
increase in per vehicle fuel economy, stating, with only slight hyperbole, that gasoline prices 
alone have "no effect". Dr. Lave indicated that he would be in favor of an increase in CAFE 
with a commensurate increase in fuel price, but he noted that the fuel price justifiable on 
grounds of greenhouse gas emissions is only on the order of 25¢ per gallon. Saving of oil was 
asserted to be worth about $1-5 per barrel, equivalent to 2-12¢ per gallon. At present gasoline 
prices, a 25¢/gallon tax would be offset by an increase in car CAFE fuel economy from 27.5 
mpg to around 33 mpg. This is essentially equivalent to Dr. Lave1s recommendation. 

Dr. Lave asserted that a significant problem is that we cannot come to agreement on 
our goals. National energy security-i.e. oil use reduction-and greenhouse gas reduction 
can directly conflict. If we want to use coal to back out oil use such a policy would contradict 
greenhouse gas goals. PNGV, on the other hand may place oil savings above air pollution 
reduction. 

Dr. Lave expressed an opinion that PNGV vehicles will not be able to be sold without 
a commensurate increase in fuel price. As he closed, it became less clear what his personal 
positions were vs. his recommendations to the conference attendees, given their own 
interests. He indicated that oil savings may no longer be very important, given an estimate 
that world natural gas reserves are probably equal to coal reserves. Under these 
circumstances, Dr. Lave does not see oligopoly power of the Middle East as a threat. Since 
the highest estimates of the damages due to global warming amount only to 25¢/gallon, 
which in tum only justifies an increase of CAFE to 32-34 mpg, why are we working so hard 
to try to save fuel? He seemed to think that the present discussion was probably tilted too 
much toward energy savings and not enough toward solving criteria air pollutant problems. 



He noted that CAFE had been far more effective in reducing fuel consumption than a 
previously imposed tax of 25¢/gallon would have been. 
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David Greene's response to Dr. Lave was to remind him that there was also a CAFE 
standard for trucks, and that an increase in the CAFE requirements for both cars and trucks 
probably would not lead to a shift to trucks that would eliminate the benefits. He also noted 
that he had examined the mix effects within car and truck classes and across classes, and the 
shifts "had not mattered" to the overall light duty fleet mpg obtained. 

A European Perspective on Transport Regulation and Taxes 
Dr. Stephen Peake, Leader, Transport Analysis for the Energy and Environment Division, 
International Energy Agency, Paris 

Dr. Stephen Peake came to the conference with international experience, having worked for 
the Energy Information Agency and having recently written an article on criteria pollutant 
emissions reduction technology and regulation for the Financial Times of London. He 
reminded the audience that we had really made progress in reducing criteria pollutants. Dr. 
Peake noted that he sees a large gap between what has been done for criteria pollutants-i.e. 
significant reductions-and what needs to be done for carbon dioxide reduction. He has just 
completed a computer model of world carbon dioxide emissions. Out of that experience came 
an observation about "technological optimism and behavioral doom". In effect, Peake 
ascribed to the thought that, although great technological advances can be foreseen, the 
magnitude of the problem and the momentum of present human behavior is such that there 
will be growth in carbon dioxide emissions despite considerable improvements in 
technology. 

Dr. Peake went on to mention several things that "worked" in Europe, by country. He 
described Denmark as "regulatory utopia", indicating that they are doing what Dr. Greene 
and Lave had talked about - i.e. combining an integrated package of taxes and regulations. 
Germany's auto industry is adopting voluntary agreements to reduce motor vehicle fuel 
consumption. The Netherlands is working to reduce congestion and introduce alternative 
fuels. Sweden has adopted a strong fiscal approach, using fuel taxation. The United Kingdom 
has decided to raise fuel taxes 5%/yr. for a number of years. This was a major shift in policy 
for the U.K. 

Dr. Peake noted that raising fuel prices in the U.S . does not appear to be an option. 
The U.S. searched for technical solutions. In his judgment, CAFE was a powerful regulation. 
He was the only participant in the conference who pointed out that the federally driven air 
quality changes in the U.S. had not succeeded. While this is a matter of perspective, it is, in 
fact, true. Great improvements in air quality have been achieved in the U.S., but the standards 
have not been met in all locations, so it is correct to say that the U.S. regulatory approach has 
failed to ( completely) meet the goals that it has set for itself. 

Dr. Peake reminded the audience that transportation taxes designed to achieve a given 
amount of CO2 reduction are very expensive. He raised the question whether the transport 
sector should be given a reduction goal commensurate to its contribution to the CO2 

emissions problem, implying that it should not. 
Dr. Peake noted that energy measures alone do not have much effect on mobility. He 

indicated that the model that he uses involves multiplication of mobility times modal 
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intensity times fuel mix. He indicated that constraining mobility is difficult, and seems to be 
off the agenda. This leaves modal efficiency and fuel mix. 

Dr. Peake noted that the European Auto/Oil study was not going well. 
In a comment on David Greene's assessment of the effectiveness of CAFE, he 

wondered if there would have been an autonomous increase in mpg in the absence of CAFE. 
In closing, Dr. Peake expressed optimism that air quality can be improved, but 

reducing CO2 emissions will be difficult. He also asked whether we should be worrying 
about equity while determining how much transportation should contribute to greenhouse gas 
and air pollution reduction 

Due to time constraints, neither Dr. Greene nor Mr. Cackette offered "rebuttals" to 
Dr. Peake's comments. 

Session III: Policies 
Monday, August 18, 1997 
Part B: Pricing 
John DeCicco, Research Scientist, American Council for an Energy Efficient Economy, 
Chair 

John DeCicco introduced the session. He pointed out that "policy people" think that pricing 
is important to deal with the concerns of the conference. However, John also pointed out that 
taxes would be needed to maintain the revenue stream in the event that the fleet efficiency 
were improved dramatically. Thus, from DeCicco's perspective, changes in tax rates are 
necessary in order to offset revenue losses, so why not make those taxes as efficient as 
possible? 

Effects of Fuel Prices on Motor Vehicle Technology and Consumer Choices in Four 
Low Density Nations 
Mr. K G. Duleep, Managing Director, Energy and Environmental Analysis, Arlington, VA. 

Mr. K. G. Duleep initiated the discussion of prices. He presented results of an international 
study that had been designed so that the countries being examined were as similar to the U.S. 
as possible. In particular countries were selected that had (a) low overall population densities 
(< 60 persons/sq. mi.), (b) high urbanizaUon (>80%) ( ) car friendly cities, and with (d) 
potential for long distance auto trips. The countries selected also happen to test the fuel 
economy of their vehicles in the same manner as in the U.S. The countries selected were 
Sweden, Canada, and Australia. Among the four countries, the highest fuel prices are found 
in Sweden, the U.S. the lowest. The period of time covered was 1979-1992. 

It is difficult to compare fuel prices across countries due to wide swings in exchange 
rates. Mr. Duleep therefore used an index designed to correct for this problem, the 
purchasing power parity index. The study indicated that fuel economy ratings of vehicles in 
the four countries had converged by 1992 in spite of big differences in the level of fuel prices 
and the changes in prices for the four countries. 

Gasoline prices for Sweden rose to a peak in 1982 and dropped somewhat thereafter. 
The U.S. peaked in 1981. Canada exhibited a slower rise than the U.S. and Sweden, but 
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stayed high! Generally speaking, the price of gasoline rose and fell in all four countries over 
the twelve year period examined. Mr. Duleep's interpretation was that, although there was a 
big change in fuel prices over the period, there was only a small change in fuel economy. 

Mr. Duleep noted that all four countries had a significant population of light trucks in 
1990, with Sweden having the lowest percentage (9 .4 % ), followed by Australia ( at 14% ), 
while the U.S. and Canada had a very similar total of 30 and 29% respectively. 

As far as the inducement of fuel efficiency is concerned, Mr. Duleep asserted that fuel 
prices-50¢/gallon to $3.00 per gallon above those in the U.S. have little effect on the mpg 
rating of new vehicles. On the other hand, however, Mr. Duleep did note that vehicle sales do 
vary across countries generally consistent with the ordering of vehicle prices. He presented 
graphs that indicated that per capita sales were highest in the U.S. and Canada, lowest in 
Australia and Sweden. Making use of the affordability ratio-price of vehicle to income-Mr. 
Duleep showed that affordability was highest in the U.S . and Canada (ratio lowest), lower in 
Sweden, and lowest in Australia. 

Mr. Duleep noted that all four countries appear to specialize in production of large 
cars for the domestic market, importing a significant proportion of small cars. He also noted 
that the trend to minivans and sport utility vehicles is worldwide. The vehicles in Sweden and 
Australia have not gone to four wheel drive and/or four valve per cylinder engines to the 
extent that the U.S. and Canada did. The U.S. and Canadian cars have lower coeffficients of 
drag than the Swedish and Australian cars. The U.S. and Canada tend to have larger internal 
volume cars. Despite the higher prices in Sweden and Australia, the level of technology 
appears to have lagged behind the U.S. and Canada. 
Overall, at the end of the period (1992), there were only small differences in the fuel 
economy of the average vehicle sold in the four countries. So we do not see evidence that 
higher prices induced greater vehicle efficiency. 

Mr. Duleep presented results of some simple regressions on the determinants of total 
sales over the study period. The analysts found that the affordability index (income over 
price) had the largest elasticity, at 0.72. Fuel cost over income had an elasticity of -0.34. 
National unemployment had an elasticity of -0.45. An indicator of pent-up demand using 
prior years' sales rates also had an important effect. The goodness-of-fit of the equation for 
all four countries was 80% or better. While the elasticity of response to vehicle price is larger 
than to fuel price, it must be remembered that the net effect is a result of the total change in 
vehicle price and/or fuel price and the respective elasticities. If the percent variation in fuel 
price over a given period is more than double the variation in vehicle price during that 
period, then fuel price changes can be the more important net 

Mr. Duleep found that the level of the stock market had a significant effect on the 
demand for luxury cars. Mr. Duleep concluded that vehicle affordability or vehicle price to 
income ratio, rather than fuel price, had the largest effect on sales. 

A binomial tree model of auto demand was constructed by Mr. Duleep. 
He noted from experience in developing this model, that if you change prices to force 

people to substitute technology, people then buy smaller cars. The manufacturer responds to 
this in two ways, by producing smaller cars and by reducing prices of larger cars to maintain 
sales. Thus, manufacturers respond to loss in sales share by lowering prices. The lack of 
information on transaction prices led Mr. Duleep to use list prices in the analysis of market 
share dynamics. It was noted that, when fuel prices rise, the demand shifts away from large 
cars to small cars, but the manufacturer responds to this by lowering the price of large cars in 
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such a manner that the market segment shift from large to small is reduced. This statement is 
a bit at odds with a figure presented by Dr. Greene for the U.S. in which he showed that 
small car share and real fuel price in the U.S. tracked each other fairly well from 1974-96. 
However, many other variables also track fuel price, such as personal income. 

In closing, Mr. Duleep reiterated that, as fuel prices are increased, manufacturers of 
large cars defend their market share by lowering prices. Consistent with this, given the wide 
range of vehicles and fuel taxes in the four countries examined, lack of large scale response 
in consumer demand to vehicle supply is remarkable. According to Mr. Duleep, small 
changes in fuel economy are almost entirely due to consumer demand, not technology 
supply, in the four countries. Total vehicle sales appear to be well explained by vehicle price 
and fuel cost, each relative to income, across the four countries. Sales by class appear to be a 
stronger function of vehicle price than gasoline price. Wealth effects have successfully been 
shown to be related to the purchase of luxury vehicles by linking the behavior of the stock 
market to the purchase of this class of vehicles. For these four countries, which each 
specialize in the domestic production of large cars, the ability of the domestic manufacturers 
to defend their position as suppliers of large cars (by lowering price to maintain sales 
volume) tends to dampen any intended effects of gasoline price increases. 

In response to an audience question, Mr. Duleep stated that the VMT per vehicle in 
the four countries was not estimated, but he did not think that it varied much, perhaps by a 
couple of thousand miles per vehicle, or 10-15%. In response to an assertion by Lee Schipper 
that the sale of company cars in Sweden is considerably different from that in the other four 
countries, Mr. Duleep "begged to differ', asserting that Dr. Schipper was referring to Volvo 
company car sales in Sweden. The entire fleet of cars sold actually had proportions of 
business fleet sales that are similar to those in the U.S., if one counts sales to auto rental 
companies as business fleet sales, Mr. Duleep did concerlf': thr1t the sales of business cars in 
Sweden accounted for 45% of sales, and that fuel costs were not paid by the owner, while 
first costs were treated as income and taxed accordingly. In the U.S., business sales account 
for perhaps 30% of the total sales, with many of these sales to rental fleets. 

Mr. Duleep did not have a complete explanation for the large differences in levels of 
technology within the four countries (front wheel drive, 4 valves per cylinder, coefficients of 
drag), but suggested that it may be due to differences in the level of competition experienced 
by domestic manufacturers in each country. 

Congestion Pricing in the United States: A Review of Early Implementation Experience 
Mr. Michael Cameron, Transportation Program Manager, Environmental Defense Fund 

Mr. Cameron initiated his talk with a bit of near-term historical perspective. He noted that 
four years before all of his discussions had been theoretical and prospective, discussing the 
goodness and likeliness of road pricing. In today's talk, he was able to provide real world 
examples. 

Mr. Cameron indicated that he was giving his presentation from the perspective of an 
advocate of pricing. He thinks that (improved) road use and congestion pricing - motor 
vehicle user fees-are good ideas, and that they will happen. 
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The purposes of motor vehicle user fees are to: (1) reduce congestion, (2) make 
better use of infrastructure (3) raise investment capital, and (4) reduce pollution. Types of 
fees that can be applied include: (a) fuel taxes, (b) emission fees, (c) feebates, (d) VMT fees, 
(e) congestion fees, and (f) parking fees. Mr. Cameron's interest, and the focus of this 
presentation, is congestion pricing. 

Four examples were discussed. These are: 

I. State route 91 in Orange County California 
II. Interstate 15 in San Diego 
III. Lee County, Florida (bridges) 
IV. The San Francisco-Oakland Bay Bridge 

Cameron's considered judgment, after examining these cases, is that success needs three 
elements. 

A. Public finance and externality benefits 
B. Flexibility at the local level, consideration of improvement of congested 
corridors 5-15 mi. long 
C. For the pricing strategy to increase travel options. 

I. State Route 91, Orange County, Calif. This is a ten mile four lane facility built in 
the median of an eight lane freeway. It is the most well known of the four. It has been open 
for a year and a half, serves 25,000 daily users, and 86,000 persons have signed up for 
accounts. Cameron notes that this represents a tip-of-the iceberg relative to what is possible. 
He notes that collection of the fees on this corridor represents 86,000 collection points, while 
the state gasoline tax is presently collected at the wholesale level at nine collection points in 
the state. The toll itself is highly flexible, depending upon the level of congestion in the 
freeway and on the facility itself. The toll varies from 25¢ to $2.75. By prior agreement, high 
occupancy vehicles go free. The tolls are to pay for the facility itself, so those who pay are 
those who benefit (aside from HOV occupants). In order to allow for the possibility that 
revenues might not be adequate, it is possible that HOV occupants could be charged in the 
future. The average vehicle occupancy is 1.65, in comparison to a regional average of 1.2. 
This shows that the intended effects are being realized. An important attribute is that you are 
not forced to pay the toll. Those who do not pay the toll obtain benefits from those who do, 
since the level of congestion on the freeway is reduced. 

II. Interstate 15 in San Diego. This project is much more modest in scope and 
purpose than the SR91 project. It did not involve new construction, and involves only one 
HOV lane on the existing interstate. There is about eight months of experience with the 
project. The facility is eight miles long. Single occupancy vehicles (SOVs) can buy a pass to 
get on the HOV lane. There is no debt. The purpose is to make better use of existing 
infrastructure, and to provide funding for alternatives to the highway. Revenues are used to 
fund transit. Only a limited number of passes can be sold, because they are subject to the 
restriction that the rate of flow on the HOV lane cannot be diminished. The allowable 
number of passes sold out quickly. There are presently 500-700 daily users. This project also 
has flexibility. You do not have to buy the pass to travel the corridor. 
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III. Lee County, Florida. This is a prospective case. There are two very congested 
bridges in the county. It has been determined that the County cannot afford another bridge. 
Accordingly, the plan is to lower tolls during the off-peak period in order to encourage peak 
period bridge users to shift trips to the off-peak period. In this example, an actual reduction 
of fees is planned, and the projected effects are a reduction in peak period congestion. Thus, 
efficient pricing need not always imply price increases. The area is a growing one, so 
increases in tolls in the future to provide funds for new capacity are open for consideration. 

IV. The San Francisco-Oakland Bay Bridge. In this case, the proposed policy 
involved an inflexible increase in tolls for every user of the bridge, justified as compensation 
for external costs only. Spending of the revenue involved transfers and did not involve 
reduction of congestion on the bridge. Revenue was to go to area transit improvements. 
There was no way to avoid the proposed toll increase in this case. The highway cases have 
options - either pay/no pay. The project to date has not been implemented, despite 
considerable public support and advocacy. The proposal here was somewhat like that in Lee 
County, in that it involved greater differentiation between peak and off-peak tolls. However, 
in this case it involves a considerable on-peak toll increase from $1 to $3. It was projected to 
decrease congestion by 40%. 

There were two reasons that the proposal did not succeed. First, there was no 
institution concerned about raising the revenue and making use of it. A spending plan was 
put together, but it was not the focus of the project, and was not considered a compensation 
or offset for paying the toll. Spending on public transit was proposed, but apparently bridge 
users regarded this as a nearly complete loss of value with respect to their own needs. 
Second, on equity grounds, the president pro tem of the California Senate, Bill Lockyer, 
strenuously objected to the proposal and made a political issue out of it. Lockyer considered 
it a rich vs. everyone else issue, increasing stratification hP-tween the haves and have nots. 
Many people agree with Lockyer's views, though Mr. Cameron does not. 

In summary, the first three examples show that differentiated user fees can be 
politically feasible, while the last shows that this is not guaranteed, and that development of 
acceptable user fee and revenue use structures can, under some circumstances be a long-term 
battle. 

Mr. Cameron reminded the audience that sustainability has at least two different 
meanings, depending on the group using the term. For many, it means a transportation 
system and charging structure that assures a sustainable flow of funds to facilitate auto
mobility and growth. For others, it means development of institutional and charging 
structures more focused on consuming less energy and fewer resources, and generating less 
overall pollution than does our current auto-dependent system. 
Mr. Cameron pointed out that congestion pricing is being considered for both reasons. 

In closing, Mr. Cameron observed that user fees may fit a perceived trend to 
decentralized transportation systems decision making. Congestion pricing is a "bottom up" 
approach in which local concern over congestion over transportation links a few miles long 
can lead to local action to address the problem. He noted that a diversity of options is 
important, and, with such diversity, success is more likely. Punitive fees and fees that are 
seen as discriminatory may not work. In Mr. Cameron's estimation, the projects discussed in 
this presentation may not look like what will be seen in the future. In effect, these projects 
are designed to increase capacity and make travel easier and may therefore contribute to 
more sprawl. Mr. Cameron reiterated that a spending purpose is needed for revenue 
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generation. He still sees the San Francisco-Oakland Bay Bridge toll proposal as "on the 
table", because the present discussion focuses on use of the revenue for bridge upgrades for 
"seismic retrofitting". This appears to be a more popular and acceptable use of the revenue 
that would be generated. However, at the moment, the seismic retrofit fee is proposed to be a 
toll increase to $2, and not be time differentiated. 

In the question and answer session,Mr. Cameron conceded that no estimates of net 
energy effects of these policies had been generated. 

In response to another question, Mr. Cameron noted that the need for the SR91 
upgrade was very great. The corridor had level of service F - i.e. very severe congestion. 
Since it was completed by private financing, tolls had to be used to finance the road. It has 
been found that the toll revenue is not great enough to cover the debt incurred. Tolls were 
raised in peak hours to attempt to increase revenue, but the authority is still not covering its 
debt. There is thought now of selling the facility to the state. Mr. Cameron said that the lane 
usage on the toll facility does not represent "Lexus lanes". Instead, the mix of users is similar 
on the freeway and on the tollway. Pricing experiments did show elasticity effects. When 
increasing fees from $2.50 to $2.75, they lost 10-15% of SOVs and HOVs increased. They 
may have to impose tolls on HOVs to meet costs. 

Mr. David Chien, a conference participant and "slugger" from Washington DC, noted 
that planning these facilities can have some intricate complexities. "Sluggers" stand in line 
and get picked up by SOVs who want to become HOVs and use HOV lanes. The "slugger" 
gets a free ride without downtown parking fees, and the driver gets to work faster. Sluggers 
generally drive to the pick-up point. However, they are known to use transit line parking lots. 
Transit authorities do not want them doing this, as it reduces transit ridership. Mr. Cameron 
indicated that he thought the same phenomenon occurred in the San Francisco area at Bay 
Area Rapid Transit Station parking lots. 

Open Discussion 

John DeCicco noted that "deals" might need to be struck between those concerned with 
causing the externality costs of motor vehicles to be internalized, and those interested in 
raising revenue for new roads, road maintenance, or infrastructure upgrading. 

A paper on congestion pricing by a David Jones was mentioned. This paper was 
reported to have found that London residents and visitors were willing to pay tolls into 
London if the money were used for (a) transit, (b) traffic calming, and (c) improving the 
environment. This was an example illustrating that multiple uses for user fee revenues might 
draw different constituencies together in support of increased user fees. It also illustrated that 
user fee revenues don't necessarily have to improve the system on which the user fee is 
collected. 

Mr. Cameron reacted to this statement with a point concerning the fondness for roads 
in California. He noted that federal and state funds for roads had been falling in CA, so the 
counties have been raising sales taxes to pay for roads rather than pricing the roads. Mr. 
Cameron thought it would be better to get the funds from users than from a general local 
sales tax. 

Mr. Cameron was accused of not caring about equity in his work on the Bay Bridge 
case. Cameron disagreed with this assertion, indicating that work had been done on setting up 
low income subsidies. He conceded that these obviously did not adequately address the 
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concerns of Lockyer, and raised the issue of the value of efficiency vs. equity, and where the 
balance lies. 

A comment from the audience indicated that the gasoline tax was not politically 
acceptable in California at this time, but roads were desired. Thus, use of sales taxes to fund 
roads was likely to be put on the ballot and achieve some success. This was portrayed as 
"expedience," i.e., go for the more readily available funding source. 

Session III : Policies 
Monday, August 18, 1997 
Part C: Land Use and Mode Shift 
Mr. Don Chen, Surface Transportation Policy Project (STP P), Chair 

As chair of this session, Mr. Chen began by noting that when looking at the future of 
transportation and land use, it really pays to look at the past. It is widely accepted that 
transportation infrastructure and land development patterns follow each other quite closely in 
a mutually enforcing manner. Our own GIS analysis of Interstate-era highway investment 
patterns and development reflects this relationship. [Chen shows slides of highway 
construction and developed land in the Chicago metropolitan area from 1950-1990.] 

But in recent years, states and regions across the nation have expressed alarm over 
rapid growth, or "suburban sprawl," on the metropolitan fringe. [Chen shows a slide of 
metropolitan land growth and population growth.] Over the past several decades, land 
development in some American metropolitan areas has outstripped population growth by an 
order nf magnitude, and many local leaders believe that this has contributed to environmental 
problems, fiscal concerns, and the decline of central cities. 

Therefore, to better manage growth, regions wish to arrest the haphazard chicken
and-egg cycle in which roads enable development which in turn, justifies more roads. They 
are looking at ways to direct transportation investments in an effort to guide development so 
that fewer costs are incurred. A key manifestation of this effort is the Intermodal Surface 
Transportation Efficiency Act of 1991, which gave metropolitan planning organizations 
(MPOs ), rather than states, the authority to determine how best to spend federal 
transportation dollars. This local empowerment was also coupled with requirements that 
MPOs develop long-range transportation plans that considered land use impacts. 

This MPO planning framework has changed priorities, as reflected in a number of 
new trends. [Chen shows slides on federal transportation spending.] Since ISTEA was 
passed, we have actually had a decrease in federal spending on new highways and an 
increase in maintenance of existing roads. We have also had dramatic increases in federal 
funding for bicycle and pedestrian projects, as well as the transfer of funds from highway 
programs to transit. 

These federal spending trends are also influencing state decision making. Numerous 
states have embraced the planning principles of IS TEA and have adopted goals of system 
preservation, intermodal infrastructure development, and improving service delivery rather 
than expand the highway network. Also, many states have come to realize that building new 
highways doesn't solve congestion problems, partly because of induced demand effects, and 
have begun to focus on innovative ways to reduce congestion. These include measures to 
better support carpool, transit, paratransit and other services; encourage non-motorized 
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transportation; implement high-technology measures such as time-of-day pricing and 
telecommuting; and facilitate the development of high-access neighborhoods. Some states 
have even launched their own "smart growth" initiatives. These include Maryland, New 
Jersey, Colorado, Georgia, Maine, Oregon, Rhode Island, Vermont, Washington State, and 
Florida, and typically call for a combination of land use planning, incentives for downtown 
development, developer impacts fees, transportation incentives, and zoning rules. 

With these developments, we have seen a change in the "sprawl" debate - one that 
has shifted from a debate about the environment and energy consumption to one that also 
includes fiscal and social concerns. We believe this issue will gain strength because now it 
seems likely that ISTEA will be reauthorized more or less in its present form and the 
transportation and land use planning provisions will be left in place. This means that in the 
future, we will have more and more opportunities to influence VMT and energy consumption 
in the transportation sector. 

Land Use Policy and Transportation: Why We Won't Get There From Here 
Prof Genevieve Giuliano,, Professor and Vice Dean, School of Urban Planning and 
Development, University of Southern California 

Prof. Giuliano began her remarks by saying that she was going to tell a very simple story. 
The story would be one that land-use policy would not be a promising strategy to achieve 
environmental or sustainability objectives. To effectively tell the story, Prof. Giuliano said, 
she would have to go outside the United States. 

Prof. Giuliano continued by saying that land-use policy is a trendy issue. It is 
attractive because it seems to be the "no cost" policy, and benefits will follow. Some car 
ownership and travel trends include the fact that car ownership is increasing everywhere in 
the world. Growth in car ownership and populations-for different classes in the world-are 
the highest in less developed locations across the globe. 

We are seeing the lowest rate of increase in U.S. The highest rate of increase is in 
Japan. Car use is increasing and also taking away shares from other modes. One of the things 
that we attribute to car ownership is rising income. There is a relationship between GDP and 
car-ownership rates. There is a message: Sustainability is more about pricing than it is about 
land use. 

Prof. Giuliano described her efforts to look at different metropolitan areas around the 
world, and mode shifts over time. For London, car use is increasing, and transit use, cycling, 
and walking are decreasing. The car eats out of transit and walking modes. Perhaps this is 
representative of the lack of walkable environments. 

With rising income comes a whole array of demands that need to be made. Household 
size is an important variable, and it is dropping in many countries. It is not only in the U.S. 
that the presence of "traditional" nuclear families is on the decrease. There are more adults in 
the household. There is an increase in labor force participation among women. Women are 
approaching the participation of men in the work force. The incidence of people living in 
multi-worker households is increasing. There are a lot of things going on independent of any 
type of policy activity. 

In land use, the story is one of decentralization. Many refer to this as sprawl. This is 
happening everywhere around the world. Populations are settling outside of central areas into 
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suburban areas. Employment decentralization is happening too. Employment is shifting to 
suburban areas. Poor cities are accounting for this trend due to the shrinking share of all jobs 
in metropolitan areas, and more job gains are being realized in outlining areas. The same 
trends are present in Europe. Again, the evidence is pretty clear. Urban areas in Europe 
started out much more dense, but the scale for analysis is quite different in contrast to the 
U.S. 

How do land use and travel interact? Commuting patterns have changed. The suburb 
to suburb commute is the dominant commute in the US. The same pattern is occurring in 
Europe; however, longitudinal data are difficult to obtain. Along with commuting patterns 
goes mode share. Transit is losing its market. The journey to work is the same as that of the 
U.S. in European cities. 

Why did this happen? We can blame our own culture, e.g., our political and social 
culture. When decentralization happens in other countries, something else may be an 
important factor. 

What happened? There are several important factors. First, incomes have risen. 
Second, housing preferences have become such that the demand and preference for 
decentralization are there. Third, job decentralization has resulted in a shift to an information 
and service-based economy. Services are becoming far more mobile, as they grow in market 
share. The highly qualified job employers are moving out to the suburbs. Firms have less 
incentive to invest in high-cost locations. We have had a great change in decentralization, 
and the issue of access starts to diffuse, as well. This will only increase with an information
based economy. Fourth, economic restructuring has occurred. Information technology is 
shifting the way firms organize themselves. Networks have tremendous flexibility to respond 
to incentives in different localities. 

Prof. Giuliano then suggested two land-use proposals for the future. First, an urban 
design policy based on transit oriented development (TODs). The idea behind this proposal is 
to make walking and transit use more attractive. Second, an increase in development 
density-the "compact city" proposal. In this way, automobile use would become less 
attractive. 

What is the empirical evidence? With respect to urban design, it is all very 
contradictory. There is nothing there for policymakers to hold. Newman and Kenworthy have 
studied the relationship between density and transit use. The only point at which there is a 
shift in mode use is when density is very high. This is the challenge for the long term. 

Can we design better neighborhoods? This can certainly be done, but it will not have 
anything to do with greenhouse gas emissions. 

Prof. Giuliano went on to describe why increasing density does not work. First, the 
firm location incentive issue means that firms do not have an incentive to locate in dense 
areas. There is evidence that firm location in these areas will continue to decline in the future. 
Getting more employment in core, central areas is very expensive. Second, the trend toward 
globalization creates a challenge for these kinds of policies. Globalization makes firms even 
more footloose. How can we impose policies on firms? The global firm is highly flexible. 
How can we impose restrictions on where firms go? Third, the household location incentive 
issue means that; while there are people who love to live in core, dense areas, the mass 
market seems to be going in the other direction. Furthermore, households are becoming more 
footloose over time. If I telecommute, I can move even farther away from my workplace. I 
have less and less incentive to live near a particular job at one point in time. Fourth is the 
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political support issue. Land-use controls reside at the local level. Communities vote to 
reduce their densities. The European situation might be very different; nevertheless, we do 
not know what are the limits. The fifth factor is the range of larger trends that are occurring. 
Whatever can be done to increase densities will be only incremental. Sixth is the increase in 
private vehicle demand. In 1990, Singapore imposed regulations on new car purchase. 
Certificates are now sold on auction. Taking the cheapest car and adding all the fees, a 
$10,000 car becomes $19,000. Demand is inelastic in Singapore, given this anecdote. 

Questions and Comments 

Q: I disagree very strongly that land-use policy is not a viable policy to implement 
sustainable transportation. My experience in Portland, Oregon, and in Europe shows me that 
your conclusion is not true. (Sam Sadler) 
A: I tried to make it clear in my presentation that things are quite a bit different in Europe. In 
terms of the Portland story, we can spend a lot of time debating whether or not land-use 
policies can have an impact on sustainability. I am not sure that the land-use policies in 
Portland are very effective-time will tell. 
C: I find some of what you are saying somewhat inspiring with respect to providing 
walkable areas. Decentralization of jobs is not that important because work trips are only 
about 25 percent of VMT. In suburbs, with high land values, we are building things very 
densely, but we do not build in walkability. (Bob Noland) 

Q: GDP vs. travel per capita data, in the U.S., Europe, and Japan, provide that land use is 
important. Newman and Kenworthy show that the interaction goes either way in Japan. You 
do not move very far when you move in Japan due to the expense. I think it is fair to say that 
it is difficult to find a land use policy in Europe that works. You cannot rule land use out. 
The cost of housing is left out of your analysis, as well. What the World Bank proved is that 
the bigger your home is the more fuel you use. Clearly, you can not deduct your mortgage in 
France and Canada. It is difficult to separate out policy impacts from trends and statistics. 
(Lee Schipper) 
A: This conference is about grand issues of global warming and environmental solutions. If 
you ask me about what are better answers, we have had better solutions all day, e.g., 
technology, than land use policies. 

Q: Would you comment on a policy reflected in a SCAG draft regional transportation plan 
that provides people who choose to buy a home near a transit station or transit development 
with a higher mortgage qualification. The theory is that you will be using transit, not a 
personal vehicle, and you will have more income to invest in the home. 
A: You might or might not use transit. If I was looking to buy a house, I would research this 
deal. 

Comprehensive Urban Modeling 
Prof Bob Johnston, Professor of Environmental Studies, University of California, Davis 

Prof. Johnston began by providing an overview of his talk and the four main points that he 
would cover. These included the following topics: types of models; experience in the U.S.; 
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current developments; and research program needed. He also mentioned four questions that 
would be addressed, and these included: research issues; the need for an open modeling 
process; modeling for sustainable development; and equity. 

Prof. Jolmston began by covering some general points. He mentioned that there are 
many cases of successful land-use development, for example in Portland and Toronto, but 
that he would be agnostic about whether or not these policies would work. Many regions in 
the U.S. do need to look at land use policies in conjunction with transit, maybe with pricing 
of the auto mode as well. There was a good debate in the Journal of the American Planning 
Association in 1997 (Ewing v. Gordon and Richardson). Prof. Johnson then noted that he had 
read dozens of articles on the topic, and that all had significant flaws in the empirical 
research. 

There are statutory requirements that bear on the need to do land use modeling. First, 
the CAA rules require that land use effects of changes in accessibility be taken into account 
in serious or severe nonattainment regions. Second, ISTEA requires that transport networks 
and land-use patterns be "consistent" in regional plans, and all MPOs must do this. Single 
land use projections are used for all scenarios in these types of exercises, however, and no 
MPO uses multiple projections, as required. 

Comprehensive urban models have a land use side, which includes economic activity 
and land consumption. These are zonal models with exchange of persons between zones, like 
normal travel demand models. There is a time lag from changes in transport systems to 
changes in land use. 

History of Model Development (Highlights) 

The history of model development is characterized by the following highlights, in terms of 
progressive improvements. The progression has been from static models, to integrated 
models, to inclusion of a land market with prices, to inclusion of an 1-0 model for goods, to 
inclusion of a floor space submodel, to multipurpose software packages, and finally to 
including the effects of land prices on wages. 

The models typically run now in Windows95. A lot of work has been done on these 
models in Europe and Japan. The best categorization of the models has been done by David 
Simmonds, but the paper has not been published. 

Different types of land use models are available. There are predictive models, which 
can be either static or dynamic. There are three types of dynamic models: entropy based 
(ITLUP, LILT); activity based (IRPUD, MASTER IV -- these represent human 
demographics and housing construction but they are very data hungry); and spatial 
economics based models (e.g., MEPLAN, TRANUS -- these have submodels inside). There 
are also optimizing models (e.g., TOPAZ, TOPMET, and SALOC). The best compromise 
between behavioral models and tractability is the spatial economics based model family. 

Why not run a land use model in iteration with a travel model? This is the commonest 
practice in the U.S., but only an integrated model can consistently treat prices and utilities in 
land use and transport, so we can compare the economic effects of land use and 
transportation policies. TRANUS, for example, is a big nest of MNLs. This is a well-known 
statistic in terms of measures of confidence and other statistics. 

The experience in the U.S. has been that about 11 MPOs have custom models. These 
are not transportable, and so experience with them has been limited. DRAM/EMP AL is used 



in about 12 MPOs and thus is the commonest. MPOs prefer it, because they can use their 
own travel model in iteration with DIE. However, DIE did not estimate acceptably in 
Portland and it produced poor results in Seattle and Los Angeles. 

There are some important criteria for a useful land use model. First, it should be 
behaviorally based (on stochastic economic decisions). Second, it should be sequentially 
dynamic. Third, it must be tractable. 
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There have been current developments related to the use of TRANUS in Sacramento. 
There are papers, reports, and a web page. It has produced acceptable results, but many 
improvements are planned, such as adding another base year for calibration. SacTRANUS 
feeds land use projections into a GIS-based land allocation model, and produces fine-grained 
land use maps. SacTRANUS now has an energy model for vehicles and buildings, plus a 
greenhouse gas model. A model comparison study has been undertaken on TRANUS, 
MEPLAN, and DRAMIEMPAL using the same Sacramento data. METROSIM may also be 
included. The paper will be modeled after Wegener, Mackett, and Simmonds, 1991 
(Dortmund study). 

There is an irony in that MEPLAN was supported by U.S. DOT until about 1981, but 
then it was dropped. 

TRANUS is being used in the state of Oregon and in Baltimore. TRANUS is also 
being used in Lyons and Brussels, as well as in about 10 Latin American regions. MEPLAN 
is being applied all over, but not in N. America. 

Academic and owner improvements are being made to statistics, algorithms, and user 
interfaces in Japan, Europe, Latin America, and the U.S. There is a challenge for modelers to 
model different regulatory regimes. 

Research program support needs include the need for multi-year support. TMIP is 
under funded, but a conference was held in 1995 and a good report was generated. There are 
also needs for multi-year cross-sectional estimation and calibration, model estimation from 
longitudinal panel data sets, stated preferences surveys to estimate behavior, and multiple 
model meta-analyses. There are also needs for better data to improve the models (e.g., VMT, 
employment by sector, floor space lease values, I-O tables, vacant land, etc.). However, 
because integrated models are highly interrelated, they are highly synthetic, that is they can 
create missing data that can then be checked for reasonableness. 

In conclusion, Prof. Johnston addressed some questions that arise regarding the need 
to conduct such modeling exercises. In response to the potential lack of need to worry about 
air quality given the introduction of cleaner vehicles, the response given was that the fleet 
would be cleaner but still mixed over the next 20 years, so it still needs to be modeled. In 
response to the critique that differences across scenarios are not statistically significantly 
different, Prof. Johnston said that this is true for most policies examined with travel models. 

He continued to say that with 50 year scenarios, as he is now doing with citizens 
groups in the Sacramento region, people stop worrying about what their agencies told them 
to say, and they think more freely. Future work will examine a variety of projects including 
new rail starts, cashing out workplace parking, commuter rail, habitat protection, and 
incentives for in-fill development. 

Land use and transport options are being developed that are not on anyone's agenda 
right now. With 50-year modeling, people do not like what they see (100-200% growth). 
With 20-year modeling, about a 50 percent increase in development is usually seen. The 
long-range scenario approach is going to allow for transportation planning that has not yet 
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been done in the U.S. Agencies are just embarking on this in the US. The biggest concern in 
most metropolitan areas include equity, quality of local services, and habitat loss. The issues 
are not air quality and global warming. Sustainable development should be the focus. 

Questions and Comments 

Q: In terms of land use, there is a life-cycle issue across the population. Many people at 
different times of their life are interested in different types of land-use patterns. Could we see 
significantly different travel patterns and land-use patterns if we could have urban living that 
was accommodating of the life cycle? (Dan Sperling) 
A (Guliano ): The aging population now is a population that has lived its entire life around 
the automobile. We do not see a preference yet in the graying population to move to urban 
areas. In Europe, the aging phenomenon is occurring as well. This is viewed as a major 
concern. There is a breakdown of "traditional" family structure, e.g., the extended family. If 
cities were less crime ridden, then perhaps we can move people to urban areas. If you have 
an environmental objective, there are better ways to get there. You should invest in cities, but 
not necessarily for environmental reasons. 
A (Johnston): The number of aging people who will not be safe to drive is rising. 
Governments cannot fund services for the aging, given our current land patterns. If the 
greenhouse gas issue turns out to be real, we are going to have to come up with policies, e.g., 
a carbon tax. A lot of issues will intersect in certain ways, including urban renewal. 
C (Chen): The social cost study by Mark Delucchi can make people more aware of costs and 
who pays for them. This information can give people a new outlook. Understanding social 
costs of information is a novel issue for the general public at present. We have similar 
subsidies and distorted economics, which undervalue open space and farmland. If we can 
take some of this information and understand cross-subsidies, then we can start to apply this 
information in Mark's five different ways. 

Q: Are you looking at ITS modeling? (Pat Conroy) 
A (Johnston): We have already modeled several ITS technologies. There are many thorny 
issues to address going out 50 years. This model is not very well calibrated going 50 years 
out, however. All we need to do is agree on two or three scenarios to conduct a 50-year 
modeling exercise. 

Q: What about telesubstitution as a transportation option? (Pat Conroy) 
A (Johnston): Just tell us what you want, and we will put it in there. 

C: For a wide range of people, sustainability is related to a very large set of issues, including 
equity. I would suggest that if this is an issue that we want to think about, then certain ideas 
brought up in the previous presentation should be considered further. 
A (Johnston): I think this is why my presentation was put last. We need a broader definition 
of sustainability. 

C (Lee Schipper): I would like to comment on the difference between the U.S. and Europe. 
There is a huge gap between women and men and the elderly. This trend is still going on 
throughout Europe; we have already past through this in the U.S . We will not have as many 



licensed drivers in thousand-year old cities. There are not many places in the U.S. that are 
similar to European cities. There are bigger issues as to where people live. We need to 
understand these issues better to address greenhouse gases. Perhaps we are looking at the 
wrong issue in VMT. 

C (Bob Noland): Land use is probably not going to give us a lot of reduction in VMT. 

Open Mike Session 
Barry McNutt, Office of Policy, Planning and Analysis, US. Department of Energy, 
Moderator 
Station Cars 
Victoria Nerenberg (BART Office of Technology Advances) and Martin Bernard (National 
Station Car Association) 
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Victoria Nerenberg recommends that we do not look only at vehicles, technologies, and 
regulations. Instead we should look at new ways to use vehicles, such as car sharing 
organizations (which are becoming popular in Europe), station cars, smart jitneys, and casual 
carpools. Transit agencies in the US are spending billions of dollars to provide parking for 
their customers to leave their cars at a transit stop all day. These vehicles have cold start 
emissions in the morning and evening and hot soaks when they get to the station. Thus, even 
though individuals choose to use transit, perhaps in part with the idea that they will reduce 
pollution from their automobile, most of the emissions still occur. Instead of the present 
approach, transit agencies could provide access (with help from a rental company perhaps) to 
a fleet of clean vehicles. A transit user would drive one to the station from home and park it 
at the end of a queue and then get on the transit. On the other end they would take the first 
vehicle from that queue and drive it to work, using it through the day as needed. There would 
thus be less need for parking while at the same time opening up transit to a wider range of 
people for whom it was previously too inconvenient. The limits of EV s are not such large 
constraints for transit users since most of the potential market would work in a circle around 
the transit stop, beyond walking range. Future improvements would be to make the system 
smarter with GPS, smart cards, and improved reservation systems. BART now has a program 
with 40 EV s at three stations in the Bay Area on an experimental basis. 

Martin Bernard said that by the end of the year there will be more than 100 station 
cars on the road. Iµ the future these will be used at any location with high access volumes 
such as college campuses, airports, and stadiums and will be run by the private sector. He 
described the personal enthusiasm that comes from ceasing straight analysis and working in 
the field to improve the transportation system. He indicated that it is necessary to reverse the 
transit death spiral, and it needed to be done without subsidy. 

Questions and Comments 

Carl Nash (retired from NHTSA) said that the cars are too small to be safe ("death traps") 
and these will inflict much greater costs on society. Victoria Nerenberg responded that the 
station car concept is technology neutral and could give us increased efficiency with 
conventional vehicles. Marty said that they are probably as safe as conventional vehicles as 
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long as they are kept off the highway. He noted that the cars being used do meet European 
safety standards, though not the Federal Motor Vehicle Safety Standards set by NHTSA. Dan 
Sperling (ITS-UC Davis) defended the vehicles being used in the initial program, stating that 
the transportation system today is too homogenous and that we need to do experiments to 
find different ways to improve the system. Furthermore, motorcycles are dangerous too, not 
to mention bicycling, walking, etc. 

Greg Dana (Association of International Auto Manufacturers) said that when people 
leave their cars in the queue they will leave them dirty. Nerenberg and Bernard replied that 
there will have to be a checkout procedure of vehicles as they are in the queue. 

Charles Lave (UCI) asked how successful are station cars for providing vehicles for 
both ends of the trip. Victoria Nerenberg said they are improving the reservation system 
using web pages for now and developing in-vehicle tracking. While they eventually want 
automation it will initially be run with humans. 

K.G. Duleep wondered how the cost would ever get competitive. Martin Bernard replied that 
it would just take a few people using the car each day, noting that costs per user a halved by 
just getting two users per day. Present rental fees are $150/month for home rental, and $100 
for rental at work. They are looking into having the cars be shuttles at work sites once 
-individuals have been delivered to the job site. In some cases corporations are cosponsoring 
the costs. The Bank of America is splitting costs 50/50 with employees. A member of the 
audience suggested they hire an operations research expert with prior experience in the 
airline industry to set up a reservation system. 

A Penny for Progress 
Mr. Doug Howell (Environment and Energy Study) 

Mr. Doug Howell expressed the opinion that it will be impossible to get Congress to go for a 
tightening of CAFE standards. Mr. Howell then proposed a political ( or politically feasible) 
model for funding alternative fuels and jump starting the industry. Create a one cent gas tax 
that can be given back to each state in proportion to its fuel use that matches on a dollar per 
dollar basis their contribution to the fund. The stipulation would be that the funds would have 
to be applied in such a way that they reduced greenhouse gas emissions, criteria pollutants, 
and/or oil use. Reduction of all three would not be required. Each state would have to 
maintain some minimum change for each but could concentrate in one category if they found 
a technology with a special advantage. After a certain time, including an evaluation program 
the 'winning' fuel or technology would get the money. By giving each state the autonomy to 
choose their own methods to make desired reductions, this method would be more politically 
feasible. 

Mr. Howell saw the proposal as a way of integrating the goals of the 1992 Energy 
Policy Act (EPACT), and the Clean Air Act Amendments of 1990, adding in legislation 
designed to address the greenhouse gas issue. To be consistent with he asserted that 
acceptable fuels should be at least 50% non-petroleum. He thought that 5-10 years would be 
needed to see significant results. 
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Questions and Comments 

Lester Lave asked if we should eliminate the uninteresting alternatives first since a fuel like 
E85 is clearly not worth it. Doug said that would be up to the state. He noted that ethanol 
from com has to be allowable for this program to have a chance of passage. He noted that a 
recent pro-ethanol federal legislative proposal had 129 signatories. 

Michael Cameron asked if the EPA really wants the competition and someone asked 
if alternative fuels should really be fighting amongst themselves. Mr. Duleep said there 
would be no economies of scale and what if gasoline turns out to be the best alternative after 
the time limit. David (?) said that even a one cent tax is nigh on impossible. 

Regulatory Flexibility 
Prof Daniel Sperling, Institute for Transportation Studies, University of California, Davis 

Right now we have a regulatory framework that has worked fairly well to reduce air 
pollution from a system with one propulsion system and one fuel. The present regulatory 
paradigm will not work so well with multiple fuels and multiple propulsion systems. What is 
needed is a regulatory approach that connects the goals of reduced pollution, greenhouse gas 
emissions, and improved fuel economy, and does so in the context of the full fuel cycle. We 
need to be able to handle tradeoffs posed by diesels, whereby NOx and PM are increased 
while CO2 is decreased. One option is to use marketable credits and emissions trading, as 
CARB has done in California with the LEV and ZEV program. 

Questions and Comments 

Greg Dana asked if we are trying alternative fuels only for energy security reasons since 
hybrids can cut CO2 in half and criteria pollution is hardly a problem. 

Carl Nash suggested a regulatory negotiation (reg-neg). He asked what mechanisms 
are used for past negotiations and trading and suggested that the ASTM has a very good 
program set up for negotiations of standards. 

Martin Bernard said that although the air might be cleaner in California, in many 
places around the world it is not and we need to think about those places as well. 

Lester Lave said that we live and die by the trade offs we make and that we can not 
depend on the EPA to know what it is happening. He said that trading is very complex and 
depends greatly on good knowledge of technical details. He indicated that economists often 
do not know enough. He indicated that a trading system that EPA negotiated with ARMCO 
steel was highly favorable to ARMCO. We need to know more and need to have the 
flexibility to change our course when we do find out more. Regulations end up being too 
vague as little is known to begin with. Mike Lawrence agreed that trades are very complex. 

John DeCicco said that the measurements problem for increasing flexibility is very 
big. A complex regulation can expand the scope to make negotiations very difficult. Michael 
Cameron said that the simulations are difficult to understand and it is difficult to keep track 
of these flexible negotiations. Dan Sperling replied that this was not the case in the case of 
vehicles. He asserted that we have plenty of baseline data to compare from. There are very 
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few suppliers who need to be monitored and these suppliers can easily negotiate between 
themselves. 

Considering the Toyota Hybrid 
Mr. John German, US. Environmental Protection Agency 

Mr. John German was enthusiastic about the Prius hybrid vehicle being produced in Japan by 
Toyota, which had been described to EPA and others by Toyota. Mr. German had driven the 
vehicle, and had a considerable amount of presentation material that Toyota had provided. 
The new Toyota Corolla hybrid EV uses an Atkinson Cycle engine, meaning it has a longer 
expansion cycle and is able to recover more of its heating losses. The engine in the HEV is 
designed to run to a peak of 4000 RPM, it has low friction, and variable valve timing. 
Conventional small car engines are designed to run from 5500-6800 rpm. This engine design 
allows the engine to have half the weight of a conventional engine. The catalyst is able to be 
attached right on to the manifold, greatly decreasing light off time and reducing cold start 
emissions. The HEV uses an electric drive system, incorporating regenerative braking and 
using a specially designed nickel metal hydride battery for energy storage. As a result of the 
more efficient engine, operated in an inherently more efficient region, and as a result of the 
regenerative braking and the elimination of engine fuel use at idle, there is an 80% 
improvement in fuel efficiency over the EPA city and highway test cycle (CAFE), according 
to Mr. German. On the Japanese test cycle, it doubles fuel economy. 

The vehicle is said to have extremely low criteria pollutant emissions, and better 
acceleration than the comparable Corolla. Its low emissions are because of quick catalyst 
light-off and consistent 3toichiometric operation. Average NOx conversion effidenc.y is 
raised because there are not any rapid transients in engine operation. According to Mr. 
German, this engine will achieve 85-90% of the CO2 reduction that could be obtained with a 
diesel, without the PM and NOx problem. He wonders why one should go to the diesel in the 
PNGV HEV with this technology available. The extra cost is $4500, although the engine 
itself is cheap. Most importantly it is in production. 

Dan Santini and Steve Plotkin asked questions and expressed doubts that the fuel 
economy gains could be as high as Mr. German claimed, if the vehicle were tested on both 
the city and highway cycle. Santini predicted lower fuel economy on the highway cycle. Mr. 
German conceded that mpg gains were less on the highway than for the city cycle, but 
maintained that the claimed 80% gains were for the combined city and highway cycles. 

NPGV 
Dr. Mark Delucchi, Institute for Transportation Studies, University of California, Davis 

The PNGV folks are proposing a diesel hybrid that will produce the same NOx as a gasoline 
car and close to the same PM. But PM is the most damaging pollutant (and NOx is most 
dangerous as a precursor to another particulate, ammonia nitrate). The improved fuel 
economy serves to cause a transfer in wealth from Saudi Arabia to the US. Using a 
wealth/mortality function this leads to a few more deaths in Saudi Arabia and a few less in 
the US. However, at the same time the increased PM serves to kill more people in the US 



than before. They should therefore use the name NPGV, the Negative Population Growth 
Vehicle. 

Questions and Comments 
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Stephen Peake ( from the International Energy Agency, in Europe, where diesels are prevalent 
and increasing in number) said that studies into PM are an emerging science that there is a 
small group of U.S. scientists recycling data and that episodic pollution dominates overmuch. 
We should not ignore the research but should use caution and take care. Peake's comment 
was apparently interpreted by Dr. Delucchi as a comment about the so-called "harvesting" 
effect, where individuals very close to death have the date of death accelerated a few days 
when a PM episode occurs. Mark Delucchi replied that there are good studies and that his 
conclusions have taken into account the expected lifespan of those who were already sick 
when they were killed prematurely due to PM (i.e., he did not place a high value on deaths 
caused a few days earlier). Dr. Delucchi indicated that he included three "classes" of death, 
the least important of which are harvesting deaths. 

Lester Lave said that the past 27 years of epidemiological research has produced 
many studies with uniform results showing that the benefits of PM reduction are large and 
clear. There is, however, controversy as to what makeup of the PM is the culprit but that the 
danger of PM generally is not in doubt. Dr. Lave noted that economists have estimated that 
the benefits of PM control exceed the present expenditures (costs) of control. He noted the 
controversy over whether sulfates, nitrates, or general carbonaceous particulate is the key 
culprit in causing PM damages. 

Peake also noted that there are many sources of PM in the environment, with motor 
vehicles only one of the many. 

Fuel Formulation Regulation 
Barry McNutt (US. Department of Energy Office of Policy, Planning and Analysis) 

Barry McNutt asked if we should be paying more attention to regulating the quality of fuel. 
Our fuel production system is very sophisticated today and we can alter fuels at the refinery 
to lower the oil content or the greenhouse gas component. We would give the fuel provider a 
range of options, asking for performance and not a specific recipe and the costs would not be 
prohibitive. McNutt mentioned dimethyl ether (DME), a potential compression ignition 
engine fuel (i.e. diesel engine) that appears to be able to greatly reduce PM and NOx 
emissions from the diesel engine. McNutt indicated that fuel prices are not the major issue, 
but fuel quality needs to be "on the table" with respect to any of the issues of interest -
criteria pollutants, greenhouse gases, or oil use. 

Questions and Comments 

Tom Cackette said it made more sense to put the burden on those who make the engines. 
McNutt replied that a better fuel will do better even if you do not change the engine and that 
it is difficult to get engine makers to work together with oil producers. McNutt indicated that 
fuel quality would very likely be an issue for heavy duty diesel engines in order to meet 
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anticipated 2008 standards. Lester Lave said that an Ultraclean diesel engine can be designed 
only if a clean fuel is available, and that he had heard from two oil companies that this would 
be possible using natural gas as a feedstock. (Author's note: two possibilities are Fischer
Tropsch diesel fuel and DME, both typically made from natural gas) 

Terry Day of Exxon said that government is too inconsistent in its message to 
business. Exxon is not willing to engage in alternative fuels if they are being held up with 
subsidies that can disappear at any time. With market or government guarantees they would 
be willing to put efforts into alternative fuels. Day indicated that the lowest performing 
corporate asset at this time is refined fuel in the U.S. The present strategy is to lure customers 
into gasoline stations to sell high margin items (popcorn, candy, pop). Exxon (per Day) sees 
no problem with alternative fuels but does not see any that can be successful without subsidy. 
Methanol does not make sense without subsidy. He could go through all of the alternatives 
and make this statement. In other places in the world governments have shown that 
alternative fuels will be subsidized. 

John DeCicco said we should move to low sulfur fuel, then to designer fuels reducing 
carbon over time. Carbon sequestration and other steps might also be necessary. 

On CAFE 
Steve Plotkin (Argonne National Laboratory, Center for Transportation Research) 

With respect to CAFE, the 'do nothing' alternative appears that it will win out in the end, 
although a stricter CAFE may have a chance. David Greene missed the point when he said 
that we may miss the optimum CAFE standard. The key point is that the risk involved in 
selecting the right tux is more than the risk involved in selecting the right CA FF level. 

Lester Lave was wrong in his opinion that we moved to SUV s because of CAFE, just 
because they were contemporaneous. Minivans were a marketing revolution. Trucks lag 
behind cars in mpg but people are spending (much) more on them anyway, so it is not fuel 
economy cost issues that are driving them away from cars. It is consumer preference for 
usable interior volume and other amenities, as the popularity of the minivan indicates. 
Furthermore, in Plotkin's opinion Dr. Lave was incorrect to assert that CAFE did not hurt the 
Japanese. In Plotkin's opinion it just gave them the opportunity to move in and compete in 
the large car market as well. 

Questions and Comments 

Greg Dana said that CAFE worked at first because it was easy and now we need price 
incentives because people are not buying efficient cars. Steve Plotkin said that CAFE could 
still go higher before it would be pushing away consumers. 

Lester Lave said that diminishing marginal returns as we keep raising CAFE mpg 
makes it less and less useful. It is his opinion that ifthere had been just one standard that 
included trucks consumers would have demanded that the standard be knocked down so they 
could buy them. Steve Plotkin said that was a red herring. The technology that has improved 
cars can improve trucks even if they must remain below cars in terms of the level of mpg 
required. A uniform standard including cars and trucks can work if trading is allowed. 



David Chien said that standards are a political nightmare and are just not going to 
happen in the foreseeable future. 

John DeCicco said that even though a doubling of mpg now might provide less 
reduction in fuel consumption compared to that achieved in the past 25 years, it is still a 
doubling of mpg and leads to major improvements. 
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Dr. Lave indicated that the low hanging fruit had been picked for the motor vehicle 
and that it made sense to go after utilities instead of transportation. Paul McArdle pointed out 
that utilities use very little oil, so oil savings would not be obtained by "going after utilities", 
even though greenhouse gas reductions might. 

A comment from the audience was that we can grow more fruit on the tree, i.e. 
develop new technologies at reasonable cost by working on the problem. 

Green Marketing 
John DeCicco (American Council for an Energy Efficient Economy) 

John DeCicco indicated that the American Council for an Energy Efficient Economy 
(ACEEE) is fighting for higher CAFE standards. Toyota's and Tom Turrentine's 
presentations brought up the points that there is a green market out there, but that we have 
never tried to plug into it. There are environmental values present in a portion of society that 
we must try to tap. ACEEE is therefore making a clean car guide to present information on 
the different makes and models. However, the environmental movement suffers in that it is 
not good at marketing. Environmental advantages should be an attribute that is sold in cars, 
but who should educate the consumer on this? This guide uses an absolute scale, looking at 
emissions and the full fuel cycle. 

Questions and Comments 

Barry McNutt wondered whether the "greenness" of automobiles will help sell cars. 
Steve Plotkin said that there needs to be a political force to make such a document 

really useful. A comment from the audience was that only a shock will lead to a big change. 
Greg Dana wondered how ACEEE planned to get the information on these ratings 

out. 
John DeCicco responded to a question on the weighting scheme explaining that it is 

very difficult to weight and compare different pollutants with each other and with greenhouse 
gases and that it is important to not run counter to CARB or EPA when the rating is 
developed. 

Air Quality vs. Energy Savings 
Mr. Richard Kassel (Natural Resources Defense Council) 

Mr. Richard Kassel is concerned with the bifurcation between air quality and energy 
planning and policy, with regulations like EPACT concerned solely with energy and ones 
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like CAAA dealing just with emissions. He mentioned that the allowance of RFG as a "clean 
fuel" in the CAAA is inconsistent with EPACT, which focuses on alternative fuels that are 
predominantly non-petroleum. He stated that half of PM in Manhattan is diesel exhaust. The 
progression of urban transit buses to natural gas has large air quality benefits (via PM 
reductions) even if it has other tradeoffs, such as increased greenhouse gas emissions. He 
indicated that one of four buses ordered are CNG and that it is well worth the CO2 trade-off 
involved. One gets an 80-90% PM reduction vs. even the best diesel. He indicated that one 
third ofNOx in New England is due to over-the·-road heavy trucks. Unfortunately, in his 
opinion, alternative fuels for heavy duty trucks do not work. Finally the incomplete goals of 
PNGV-fuel savings only-have led to down-select to a diesel, which is a huge risk and will 
greatly hamper attainment efforts. We must think long term and set inviolate standards. 

Questions and Comments 

McNutt said that setting inviolate standards denies tradeoffs that might lead to larger overall 
benefits, such as the reduced PM for increased CO2 trade-off in Kassel's CNG bus example. 
Kassel said it was very hard to tradeoff between different environmental problems. Paul 
McArdle pointed out that LNG is promising in over-the-road trucks. Kassel noted that New 
England does not have abundant inexpensive natural gas. 

On Land Use 
Sam Sadler (Oregon Office of Energy) 

In contrast to Prof. Genevieve Giuliano's extremely critical present::ttion, land use planning in 
Portland, OR has led to considerable improvements in the transportation system with VMT 
leveled out and the bike modal share going up. The Portland area is growing 10%/yr. 
Portland has had land use planning for 20 years. In Sadler's view, billions of dollars of 
international corporate relocations to Portland were occurring because of the history of past 
land use planning and promise that it will be maintained. Portland will have mixed use. One 
of the hottest areas in Portland is now row houses and lofts. $140 million is going into high 
density development. Zoning is being used in conjunction with the light rail line. Building 
out along the line is occurring. It is long-run. There is a strong constituency for holding the 
urban growth boundary. Prof. Giuliano said that the controversy among planners mean that 
there is no guidance and no certainty but Portland has found certainty. More constraints 
develop from political problems. Finally, it is a state goal to reduce VMT per capita by 20% 
by the year 2025. (Author note: This will hardly offset the effects of present population 
growth rates, if they continue). 

Questions and Comments 

David Greene said there are ways to improve efficiency that do not require changing people's 
behavior. Steve Plotkin and Robert Noland questioned the validity of the data presented. 
FHWA data indicates that VMT is rising at rates similar to the rest of the U.S. Sadler noted 
that transit ridership has risen by 30% in a few years. Dan Santini noted that, given the rate of 
population growth described, this could actually have happened with a decline in share for 



transit. Nevertheless, if one had not invested in transit, then what would have been the 
consequence? 

Comments on EP ACT 506 Report 
Mr. Paul McArdle (US. DOE Office of Technology Utilization) 
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EP ACT has set goals to reduce oil dependence in light duty vehicle fuels by 10% in 2000 and 
30% by 2010. It includes federal fleet purchase requirements, followed probably by state and 
then municipal and private fleet requirements. EP ACT includes tax incentives, R&D, public 
information, emissions testing and many other components. Section 502 addresses 
replacement fuels - blends of non-petroleum fuels and gasoline or diesel. Your input into the 
approaches for use of replacement fuels will be needed in the medium term. We are working 
with stakeholders in these actions, as represented by our recent Long Beach stakeholder 
meeting in June. Section 506 requires an evaluation of the program and realistic scenarios to 
reach these goals. A document will be published soon and comments will be requested in a 
Federal Register notice to come out on Sept. 1. Your comments would be greatly 
appreciated, and will be attached to the report when it is sent to the President and the 
Congress. 

When to Educate 
Mr. Jesse Herbert (University of CA at Davis) 

Mr Herbert indicated that he had chosen this field of study because people had brought these 
issues up to him when he was young. He asked rhetorically, what is the best way to present 
these issues to the young so that they remain concerned with them as they come of age to 
affect substantial change on the transportation system? He requested that the attendees in the 
audience educate the young, from kindergarten on. 

Questions and Comments 

Tom Cackette replied that grade schools love EV demonstrations and could well create 
strong impressions for the kids. "Kids love cars." DeCicco felt that scholarships should be 
sought to help bring in non-Davis students to this conference to help spread the message. Phil 
Patterson mentioned the success of the student competitions in educating everyone, including 
the young. Many of the competitions even involve grade schools. 

Session IV: Concluding Session 
Wednesday, August 20, 1997 
Barry McNutt, Office of Policy, Planning and Analysis, U.S. Department of Energy, 
Moderator 

On the Importance of Greenhouse Gas Emissions Reduction 
Ms. Linda Lance, Associate Director, White House Council on Environmental Quality 
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Ms. Lance began her remarks by noting that there is currently a sense of urgency in the 
White House regarding the greenhouse gas issue, and that transportation sector emissions are 
of particular concern. She added that we need to decide what the goal should be, and how 
badly we want to achieve that goal. Sustainable transportation is a goal, but this means 
different things to different people. For the White House, greenhouse gases are the main 
sustainability issue. 

Ms. Lance continued by noting that consumers are entrenched and that they are not 
moving in the right direction. People may not do what they say they will. In contrast, 
industry is not entrenched, in that it sees technology investment as being in its long term 
interest. 

There is a need to get technologies on the road, but risk is a barrier. Experimentation 
should be encouraged. 

Pricing policies are not a magic bullet. They have important limitations. Public 
support for policy goals is critical to regulation. Support is there for air pollution control 
efforts, but perhaps not for greenhouse gases. Industry might actually be more with the White 
House than the public is. 

Technologies cannot be separated from the people and the industry. A more creative 
set of solutions is required, and the needs and wants of public and the industry cannot be 
ignored. The n;al goal is to put mass quantities of vehicles on the road that reduce CO2. 

Ms. Lance concluded her remarks with two points. First, greenhouse gas reductions 
from the transportation sector will not occur without regulation. Second, the most effective 
regulation will be collaborative, flexible, and evolutionary. A mix ofR&D, regulation, and 
consumer education can be effective, but consumer education is not of paramount importance 
bt:l.:ause citizens are not ignorant. 

Questions and Comments 

Q: Is a revolutionary crisis needed, such as an oil crisis? (Carl Nash) 
A: We want to start acting before a crisis hits. In the case of greenhouse gases, the effects 
may be too far away to concern people, but that does not mean that there is no problem. We 
do not want to wait. 

C: Even though CAFE is stagnant, it does provide a floor. (Steve Plotkin) 

Q: EPA has worked with FHWA on ISTEA reauthorization that would benefit the 
environment, but they did not get as far as EPA would have liked. What is the White House 
view? (Bob Noland) 
A: The political context of the bill is relevant, and highway funding has only recently begun 
to change so it is hard to use it for environmental goals. There is still the idea that funds 
should only be used for infrastructure. ISTEA cannot solve the CO2 problem. 

Q: Consumers are modeled as having fixed preferences, but this is not true is it? (Steven 
Bemow) 
A: The education of the citizenry could raise policy sophistication and awareness. 
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Conclusions and Recommendations from Volvo's Perspective 
Mr. Stephen Wallman, Director of Strategic Business Development, Volvo Car Corporation 

Mr. Wallman started by commenting that industry is often viewed as the "bad guy" but that 
at this conference a broader view had emerged. 

He then mentioned some facts about Volvo, starting with the figure that the company 
produces about 400,000 vehicles per year, of which about 25% goes to the U.S. market. The 
home market in Sweden is very small. The bus division currently on the Swedish market sells 
about one-third of its buses as CNG fueled. The company also makes flex-fuel cars and 
buses. They are working on a hybrid vehicle, rather than a pure battery electric, because their 
vehicles are family cars, and these require long ranges . 

Mr. Wallman then posed a question: "What problem are we trying to solve?" There 
are several possibilities, including congestion, CO2/fuels, safety, and pollutant emissions. 
Customers tend to notice the congestion problem most. The CO2/fuels issue is a major focus 
in Europe. 

There are European emissions goals for 2000 and 2005. The 2000 goal is similar to 
the LEV standard, and the 2005 goal is similar to ULEV. The recent auto alco/oil program 
was not as successful as hoped. 

As mentioned, CO2 is a big focus in Europe. There is a goal in Germany to reduce 
fuel consumption by 25%. The French have a goal of 150 gm of CO2 per km. Volvo has a 
target of producing vehicles with a 25% reduction in fuel use by 2005. 

Fuel quality is an issue, particularly in Europe where fuels have a high sulfur content. 
For AFV s, some sort of subsidy will be needed for low volumes of production, but 

with higher volumes subsidies should not be needed. 
The average European car sold today, tested on the EU cycle, gets about 40.4 MPG 

(7.1 liters per 100 km). There is a EU proposal for fuel economy of 5.0 liters per 100 km by 
2005. The Parliament has even asked for 3.75 liters per 100 km by 2005 . 

At this point, Mr. Wallman showed a slide with "Customer" in the center and "Auto 
Industry," "Policymakers," "Oil Industry," and "Researchers" in a ring around the sides. He 
suggested that all interests must work together, and that the needs of the customer cannot be 
overlooked. 

CO2 is a global problem, and this suggests that all must work to help solve it. In the 
U.S., fuel price will eventually have to be dealt with. Legislation is a part of the changes that 
will need to be made, but it should not be technology forcing. Rather, targets should be set 
and flexibility should be allowed in meeting those targets. 

It is a good idea to combine cars and light trucks into the same CAFE calculation, to 
give more flexibility. There might then be more large cars instead of light trucks, and this 
could benefit safety and the environment. Efficiency should be the goal, not small cars. 
Direct injection diesel is attractive, but high NOx and PM emissions are a concern and these 
will have to be reduced. Direct injection gasoline would improve CO2 emissions, but NOx 
and PM increase. 

Mr. Wallman then commented that he was surprised that there were negative 
comments expressed about some of the more innovative notions that had been raised at the 
conference, for such ideas as station cars, "penny for progress," and regulatory flexibility. He 
said that we need to try new potentially good ideas in order to encourage experimentation. 
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Mr. Wallman concluded by mentioning some key issues. These include fuel price, 
where in the U.S. a gradual price hike is needed, the CAFE/light duty truck issue, regulatory 
goals and flexibility, and the fact that market demand is customer driven. 

Questions and Comments 

Q: What is the status of cellulosic biomass in Sweden? 
A: Calculations show that the costs would be about four times as high as gasoline, but these 
could probably be lowered in volume production. No other European country is looking at 
alcohol fuels, so the vehicles would have to be flex-fuel to allow for use in other countries. It 
is impossible to optimize a vehicle for two fuels, so it would not be a good idea for vehicles 
produced in high volumes. 

Technology Is Still the Answer 
Dr. Charles Lave, Professor of Economics, University of California, Irvine 

Dr. Charles Lave began by contemplating the notion of producing vehicles with higher PM 
emissions, but lower greenhouse gas emissions. Given the health effects of PM, he asked, 
would we be killing today's people to save tomorrow's? 

He went on to say that by the "Law of Large Propo1tions" the focus should be on the 
big components of the system that really matter, rather than on the small components. After 
the OPEC cartel was formed, efforts to save fuel could have focused on getting people to use 
transit, or improving cars. While cars use 97% of the energy, the focus has been on transit, so 
the law oflarge proportions was not followed. Transit energy efficiency has actually 
declined, and little mode shift has occurred. Transit actually now uses more energy per 
passenger mile than automobiles -- the crossover occurred in 1990. Dr. Lave commented that 
"we fail when we try to change people and we succeed when we try to improve technology: 
make existing behavior less harmful." 

U.S. motor vehicle related greenhouse gas emissions are only about 3% of the global 
total, so why should this be our focus? Large countries, such as China that account for a 
growing share of emissions, should be helped with technologies that can reduce their 
emissions. Six months of Chinese economic growth would offset any feasible reduction in 
U.S. greenhouse gases. 

Dr. Lave closed by arguing that if one really cares about greenhouse gases, one 
should help the developing countries. One should help China and other couutries by 
exporting engineers, and bringing their engineers here for education. He said that "spreading 
guilt is not a solution." Finally, he said "technology is still the answer." 

Questions and Comments 

Q: What about speed limit policies to save fuel? 
A: Speed limit policies to save fuel consumed lots of effort, and only reduced fuel use by 
one half to 1 %. 
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Q: Another perspective is to focus on what you can change. Why would other countries want 
technologies that we are not using? (Steve Plotkin) 
A: They would want the technologies because they could gain greater energy efficiency; 
that's the incentive. 

Q: Is pricing the best way to change people? 
A: This only moves people along the demand curve, but it does not shift the demand curve. 

C: Developing countries have low CO2 emissions per capita. Should we not therefore focus 
on the U.S.? 

C: U.S. cars and light trucks, if a "nation" of their own, would be the fifth largest source of 
greenhouse gas emissions. 

C: Would it be cheaper to import Chinese engineers or export U.S. engineers? 

Conclusions and Wrap-Up 

One theme that has emerged from the conference is that Federal policy interventions must be 
collaborative, R&D oriented, regulatory based, and perhaps education oriented. An important 
question is: "How badly do we want this?" (Barry McNutt) 

We need also to have the concept that "price matters." (Alex Farrel) 

We need the idea of innovation, and how the Federal government can encourage it. (Bob 
Noland) 

The best policy would be a mix of regulation and pricing, but people are not ready for this 
yet. R&D and education are more practical. We can put more money into R&D. There are 
four areas in which the government spends lots of money on R&D and these are defense, 
agriculture, health, and aerospace. But these areas are not lagging -- we need more for 
transportation. (David Greene) 

We need a crisis, or a revolutionary new auto entrant. One might be able to argue that 
weather disasters are increasing. Perhaps Bill Gates could be the new entrant who could 
make a revolutionary change. (Carl Nash) 

The "collaborative" concept needs to be fleshed out. (John DeCicco) 

There is a willingness to embrace policies where everyone shares the pain. Education can 
raise awareness. (John German) 

Bill Gates is already involved in automobiles. The government is spending money on ITS 
infrastructure, and not just vehicles. Behavior could change through the information that 
some ITS technologies can provide. (Holger Spielberg) 
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We should set targets, and then decide what tools to use. (Sam Sadler) 

Assume that there is a greenhouse gas reduction target. What levers should the federal 
government use? (Linda Lance) 

The U.S. should provide leadership for the rest of the world (Pat Conroy) 

The issues are complex. There is no one solution. We should look at the whole spectrum of 
options. It is a tough environment for these policies. (David Chien) 

The R&D and technology themes have run through the conference. We should put more eggs 
in the basket. Constituencies get created around R&D efforts. Research should be 
consultative, not necessarily collaborative. (Dan Sperling) 

The Nunn/Lugar amendment to help Russia with nuclear issues is an interesting model for 
possible U.S. aid to other countries. (Charles Lave) 

What should the policy be to get the 80 MPG cars out there? (Tom Cackette) 

Academics should not just do what is interesting, but also what is needed for policy in the 
near-term. (Linda Lance) 

Technology is notoriously "leaky." Thus ifth<~ U.S. promotes the development of fuel 
efficient technology, but is unwilling to use pricing or reg11lation to introduce it, those 
countries willing to llS pricing as a lever may introduce the technology before the U.S. We 
have seen that some EV-1 platform developments are first expected to be incorporated into 
European vehicles. Where global warming is concerned development of more efficient 
technologies that are introduced anywhere is of benefit (Dan Santini) 

Technology might be the answer, but the question is important. Other issues may not be 
helped by technology. (Bob Noland) 

Technology is the way, but what is the how and why? A crisis is necessary to cause 
introduction of more efficient technology (Carl Nash). 

We want to prevent a crisis, so we need creative policies. (Linda Lance) 

The answer depends on the question. The narrow greenhouse gas question has technology as 
the answer. (Sam Sadler) 

CAFE changes are feasible today, but fuel taxes are a ways off. (Alex Farrel) 

Pricing can be incentives, not just fuel price. (John DeCicco) 

Stephen Wallman's key policy issues that remain are relevant: fuel prices, CAFE/LDTs, 
need for flexible regulation, and influence of consumer demand. 
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We should encourage experimentation with policies and technologies. Let's see what works. 
Why is there so much despair? Good things have happened. (Dan Sperling) 

I agree that technology is the answer, and that new vehicle types can get around political 
expediency. The technology will be developed outside the U.S. and the crisis will emerge 
because of that. (Geoffrey Ballard) 

There should be policy support for new ways of using vehicles, not just the technologies. 
(Victoria Nerenberg) 

PNGV is too narrow. There are new ways for vehicles to complement technology. (K.G. 
Duleep) 

Change can result from experimentation. Let's think about that and close the conference now. 
(Dan Sperling) 




