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ABSTRACT

A team of researchers from the University of California completed a comprehensive study to assess
the potential design, implementation, and benefits of a feebate program for new light-duty vehicles
in California as well as possible stakeholder responses. The study’s research plan applied a variety
of methodologies, including: case studies of existing policies, quantitative modeling of market
responses by manufacturers and consumers, focus groups, stakeholder interviews, and a large-scale
survey of California households.

The study finds that feebate policies can be used in California to achieve additional reductions in
greenhouse gases from new passenger vehicles beyond those projected from emission standards
alone at a net negative social cost. Different feebate program configurations could lead to greater
reductions, but require tradeoffs. Factors beyond California’s direct control also determine the
effectiveness of feebates. Because California is roughly 10% of the domestic new vehicle market, a
California-only feebate would lack the leverage to induce major vehicle design changes, with most
of the emissions reductions coming instead from sales-mix shifts. Additionally, feebates are
observed to interact with the stringency of national emissions standards. If standards become very
stringent, feebates offer reduced incremental benefits because only relatively expensive technology
will be available for adoption in response to feebates.

With regard to stakeholders, the statewide survey of 3,000 households indicates that consumers
are generally concerned about climate change and energy independence, and that, based on an
initial understanding, three-fourths would be supportive of feebate programs. As for industry,
modeling results suggest that new vehicle sales levels would decline under all feebate programs,
resulting in industry revenues falling on the order of 1 percent (or several hundred million dollars
per year). Interviews with automakers indicates that their views on feebates are mixed, with
details of program design being a key determinant.
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EXECUTIVE SUMMARY

The California Global Warming Solutions Act of 2006 (AB 32) calls for California’s greenhouse gas
(GHG) emissions to return to 1990 levels by 2020. The California Air Resources Board, designated
the lead agency to implement AB 32, produced a Scoping Plan, which specifies the evaluation of
feebates as a possible complement to or substitute for California’s GHG standards limiting
greenhouse gas emissions from new light-duty vehicles. Feebates are market-based policies for
encouraging emissions reductions from new passenger vehicles by levying fees on relatively high-
emitting vehicles and providing rebates to lower-emitting vehicles. Whether or not revenue
neutrality is a requirement, a feebate policy would need procedures for adjusting fees and rebates
to take into account the changes in vehicle offerings and new vehicle sales mix that occur over time.

A team of researchers from the University of California completed a comprehensive study to assess
the potential design, implementation, and benefits of a feebate program in California as well as
possible stakeholder responses. This document is the Final Report for the study. It finds that
feebate policies can be used in California to achieve additional reductions in greenhouse gases from
new passenger vehicles beyond those projected from emission standards alone. Specifically,
feebate policies affect the average emissions levels (measured in grams of COz-equivalent per mile,
or g/mi) for the new vehicle fleet sold in each model year. The amount will depend on the design
features of the feebate policy and other modeling assumptions. Based on study results, a moderate
feebate program based on a footprint system (similar to the national emissions standards for
MY2012-2016) with average rebates of $600 and average fees of $700 yields an average reduction
of 9 g/mi versus a no-feebate scenario for the period 2011-2025 (a 3% improvement). This
translates to 3 MMTCO:E of total emission reductions in California in 2020, about 2 percent of the
reductions needed to achieve the AB 32 target or about 10 percent of reductions expected from the
California Light-Duty Vehicle Greenhouse Gas Standards. By way of comparison, these reductions
are on a par with the Scoping Plan’s combined expected reductions from two sources: the Million
Solar Roofs program, and High Speed Rail.

Different configurations of a feebate program could lead to greater reductions, but would require
some tradeoffs. Specifically, the footprint-based system requires the smallest average levels of fees
and rebates, but also yields the smallest emissions reductions. Of the alternatives considered in the
study, a system based on a single benchmark for all new vehicles yields the largest emissions
reductions, but also the largest levels of fees and rebates. The new vehicle sales shifts produced by
this option also yield the largest reduction in consumer welfare. However, a more complete
evaluation takes into account the cost of administering the program, as well as the social benefit
from additional fuel savings over the full lifetime of a more efficient vehicle fleet (beyond those
already included in the consumer welfare calculation). When all these factors are taken into
account, there is a net gain in social benefit associated with all feebate programs we considered,
with the largest gain coming from a program with a single benchmark system. In other words,
feebate programs reduce emissions at a net negative social cost.

The automobile industry would also be affected differently depending on the program design. In
general, model results suggest that new vehicle sales in California would decline under all feebate
programs, resulting in industry revenues falling on the order of 1 percent or several hundreds of
million dollars to one billion dollars per year. This decline is to be expected under the assumptions
of our analysis, which require that feebate programs (1) cover administrative costs, (2) cover ZEV
mandate vehicles that would receive rebates, and (3) be revenue neutral. Fees outweigh rebates,
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contributing to higher average new vehicle prices and lower new vehicle sales. Footprint-based
feebates yield the smallest sales decreases, and single benchmark systems yield the largest sales
decreases.

Factors beyond California’s direct control determine the effectiveness of feebates for producing
additional emission reductions. For example, because California is roughly 10% of the domestic
new vehicle market, a California-only feebate would lack the leverage to induce major vehicle
design changes. Most of the reductions from California-only feebate programs would come from
consumers purchasing greater volumes of lower-emitting vehicles through sales mix shifts. The
study investigates the implications for feebate programs with greater market coverage using two
additional cases: (1) California plus thirteen “Opt-in States,” and (2) a national feebate program.
Results are summarized in Table ES-1.

Table ES- 1. Effect of Feebate Programs For Three Levels of Market Coverage

Reduction of | Percent Change T_o tgl
. Emission
Average New | in Average New | Average Average .
] . \ Reductions
Scenario Vehicle Vehicle Fee per Rebate
s L. from
Emission Rates | Emission Rates New per New Feebates in
in CAMY2011- | in CAMY2011- Vehicle Vehicle .
2025 (g/mi) 2025 2020 in CA
& (MMTCO:E)
gf&‘;om‘a' 9 g/mi 3% reduction $700 $600 3 MMT
California +
13 “Opt-In” 12 g/mi 5% reduction $675 $550 5 MMT
States
Entire U.S. 24 g/mi 10% reduction $600 $500 9 MMT

Note: All scenarios assume a feebate program based on vehicle footprint. Fees and rebates are established
based on a rate of $20 per g/mi (roughly equivalent to a carbon price of $200 per tonne of CO;) and a
benchmark that maintains revenue neutrality. Opt-in States are those that have adopted California’s GHG
standards and together with California represent between 35% and 40% of the U.S. automobile market.

The study finds that expanding a feebate program to a broader market will induce manufacturers to
design vehicles with lower emission rates, leading to greater emission reductions. For example,
under a national feebate program the new vehicle emissions average in California would be
reduced by an average of 24 g/mi, about a 10 percent reduction, versus 9 g/mi for a California-only
program. Much of this improvement occurs due to vehicle redesign decisions, and these greater
reductions can be obtained with lower levels of fees and rebates than with a California-only
program.

Additionally, the stringency of the performance standards is an important factor in the additional
reductions generated by feebates. The steeper the decline of allowable emissions over time, the
smaller the incremental benefit from feebates. However, the lowest absolute emission levels occur
through a combination of feebates with tighter standards. Feebates offer reduced incremental
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benefits with the tighter standards because the standards force the adoption of lower cost
technology, leaving only the relatively more expensive technology available to the feebate program.
The relative cost of technologies also results in the incremental benefit from feebates diminishing
over time in any scenario where standards continue to tighten. Feebates could also be used to
offset some of the shortfall in emission reductions if standards cannot continue to be tightened in
later years.

The results from this study are consistent with lessons learned from Denmark, France, the
Netherlands, and Norway that have already implemented similar programs. Consumer car
purchasing behavior in these countries has demonstrated a clear shift towards lower emission
vehicles following the establishment of their respective feebate programs. The extent to which
consumers have differentially purchased lower emitting cars in these countries has varied
somewhat with economic conditions (e.g., typically increasing with higher gasoline prices), but the
net effect of reducing emissions has been unambiguous.

The stakeholder response portion of the study involved a survey and focus groups of households as
well as interviews with automobile manufacturers and automobile dealers, which yielded
additional insights related to implementing a potential feebate program. The statewide survey of
3,000 households indicates that consumers are generally concerned about climate change and
energy independence and that three-fourths of respondents would be supportive of a feebate
program. However, program design would need to consider the issue of fairness raised in focus
groups.

Interviews with a sample of automakers representing 72 percent of US sales show they are more
cautious in their support for feebates, the specific program design being a key determinant. Though
in all cases, a national program would be favored over a state or regional program. Automobile
dealers are generally opposed to feebate programs due to concerns about administrative burdens,
potential revenue losses, and perceived reductions in consumer choice by the government.

Overall, our study suggests that feebates do have the potential to provide California with additional
greenhouse gas emission reductions at negative cost, however this effect will depend on the design
of the feebate program and stringency of concurrent GHG standards. Considerations in designing
this program include not only incremental benefits but also impacts on consumer welfare, vehicle
sales, and stakeholder concerns. Designing the program in a way to assure revenue neutrality in
light of uncertain future economic conditions is also a key consideration. In addition, any program
would need to be carefully coordinated with other state and federal policies to reduce greenhouse
gas emissions from passenger vehicles.
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1. SUMMARY FOR POLICY MAKERS

The California Global Warming Solutions Act of 2006 (AB 32) calls for California’s greenhouse gas
(GHG) emissions to return to 1990 levels by 2020. The California Air Resources Board, designated
the lead agency to implement AB 32, produced a Scoping Plan, which specifies the evaluation of
feebates as a possible complement to or substitute for California’s GHG standards limiting
greenhouse gas emissions from new light-duty vehicles. To meet this need for evaluation, a team of
researchers from the University of California completed a comprehensive study to assess the
potential design, implementation, and benefits of a feebate program in California as well as possible
stakeholder responses. This document is the Final Report for the study. Because of its
comprehensive nature, the material presented in this report is divided into two main parts:
Summary for Policy Makers (Chapter 1), and Research Report (the remaining Chapters). The
Summary gives a complete but high-level view of the study and its findings. The Research Report is
a more detailed treatment that provides complete documentation of the study, including additional
background material, detailed descriptions of the methodologies employed, and a comprehensive
review of results and findings that are beyond the scope of the summary. The Summary includes
“pointers” to later chapters and sections to allow the interested reader to explore particular aspects
in more detail.

1.1. Why Feebates? - Background and Research Objectives

This research project is concerned with a specific type of economic incentive policy known as
feebates. Although there are many possible types of feebate policies, for this project they all share
the following basic definition:

A feebate is a market-based policy for encouraging greenhouse gas (GHG) emission
reductions from new passenger vehicles by levying fees on relatively high-emitting vehicles
and providing rebates to lower-emitting vehicles.

The purpose of the project is to provide a comprehensive study of feebates that meets the decision-
making needs of ARB by addressing issues essential to the practical design and implementation of a
potential feebate program for California. ARB commissioned a request for proposals in fall 2008.
Proposals from two University of California research teams (Davis and Berkeley) were combined
into a single research project, and work began in February 2009. The remainder of this section
gives additional background, and reviews project tasks and objectives. For a more detailed version,
see Chapters 2-4.

1.1.1. Motivation

The California Global Warming Solutions Act of 2006 (AB 32) calls for the state’s greenhouse gas
(GHG) emissions to return to 1990 levels by 2020. On December 12, 2008 the Board approved a
Scoping Plan (Plan) that provides policy recommendations and estimates of emission reductions for
individual sectors of the California economy. The largest contributor is the transportation sector,
which produces 38% of GHG emissions in California. Passenger vehicles are estimated to produce
74% of the emissions from California’s transportation sector.

The Scoping Plan specifically discusses two policies for reducing passenger vehicle emissions
through improved vehicle technology. The first (Pavley) is based on legislation (AB 1493, Pavley)



passed in 2002 that sets emissions standards for new vehicles sold in California through MY2016.
The second (LEV III-GHG)! would set additional restrictions for model years 2017-2025. The target
for the combined policies is a 31.7 MMTCOzE? reduction below 2020 business-as-usual (BAU)
levels. However, these policies require waivers from the U.S. Environmental Protection Agency
(EPA) under the Clean Air Act. At the time the Scoping Plan was developed, the existing Pavley
policy had not received a waiver. Because of uncertainty over these policies, the Scoping Plan also
directed that an alternative policy option (feebates) be considered as a possible replacement for
Pavley and LEV III-GHG. Feebates were also to be evaluated as a possible complement to these
policies to achieve further GHG reductions. Because the Pavley waiver was granted in 2009, use of
feebates as a replacement for Pavley is now of secondary importance, with the primary emphasis of
this research being on feebates as a complement to LEV I1I-GHG.

Although not specifically discussed in the Scoping Plan, this study also explores potential
implications of California’s historic leadership role in areas related to emissions reduction policy.
For example, at one point in time thirteen other states (Arizona, Connecticut, Maine, Maryland,
Massachusetts, New Jersey, New Mexico, New York, Oregon, Pennsylvania, Rhode Island, Vermont,
and Washington, collectively referred to, along with California, as “Opt-In States”) indicated intent
to exercise their option under Section 177 of the Clean Air Act to adopt California’s Pavley
emissions standard. If California were to implement a feebate program and other states were to
follow by adopting similar measures, this would be expected to have implications for the
effectiveness of feebates within California, as well as reduced GHG emissions in other parts of the
United States.

1.1.2. Feebate Policy Options

One simple description of the project’s main research objective is: (i) formulate alternative feebate
policy options, and (ii) evaluate and compare the options. To provide a basis for discussion, we
review basic design elements of feebate programs that, when combined, yield specific policies.

The first requirement is an efficiency criterion for defining a feebate. Our study uses the CO-
equivalent emission rate of a vehicle, measured as grams of CO; per mile (or simply g/mi).
Generally, a feebate policy requires the following:

¢ A benchmark that defines which vehicles pay fees and which receive rebates.

¢ A functional form and a rate parameter (or parameters) that determine
payment/credit amounts.

¢ A locus of monetary transactions to determine how and when rebates and fees are
actually transferred at the time a new vehicle is purchased.

1 More specifically, these light duty GHG standards are to be part of the California Advanced Clean Car
program, and are abbreviated as “LEV III-GHG”. In some discussions, the Pavley standards might be referred
to as “Pavley I,” and the LEV III-GHG standards as “Pavley I1.”

2 Million metric tons CO; equivalent.



In addition, practical details of how a program is introduced and implemented are
important. The following discussion provides a review of these design elements in more
detail.

Structure of benchmarks

Perhaps the simplest possible feebate policy is to use a single benchmark for all vehicles,
combined with a single rate parameter, so that a feebate amount is given by the simple equation:

Feebate = rate*(emissions_rate — benchmark),

where rate is in units of dollars per gram per mile ($/g/mi), and the emissions_rate and benchmark
are measured in grams per mile (g/mi). For example, consider a policy with a rate of $20/g/mi and
a benchmark of 300 g/mi (~ 30 mpg). A new vehicle emitting at a rate of 350 g/mi (~25 mpg)
emits more than the benchmark, and would be assessed a fee of 20*(350-300) = $1,000. A vehicle
emitting 250 g/mi (~36 mpg) would be assessed a fee of -$1,000, i.e., it would receive a $1,000
rebate (a negative fee is the same as a rebate).

Simple movement of the benchmark changes the net flow of fees and rebates, and in many cases it
would be politically attractive to set the benchmark so that revenue neutrality is attained.
Options for benchmarks considered in this study include:

« Single benchmark
* Two benchmarks (one for passenger cars, one for light duty trucks)
¢ Footprint-based benchmark(s)

For a footprint-based benchmark, the benchmark is assigned on the basis of a vehicle’s size as
measured by its footprint, defined to be: wheelbase x track-width. The MY2012-2016 national GHG
emissions standards are based on two footprint curves (one for passenger cars, and one for light-
duty trucks) that assign a benchmark for each footprint value (yielding literally hundreds of
benchmarks).

There are arguments for/against the benchmark options. A single benchmark is “fair” in that it
represents an absolute standard that is the same for all vehicles. In addition, theory suggests that
this approach could yield larger improvements than the others. However, some consider it “unfair”
because some consumers (e.g. large families, self-employed service providers) are forced to pay a
fee for a larger vehicle that they really “need.” Moreover, there is a concern that a single benchmark
could impact manufacturers in different ways, depending on the types of vehicles they sell. The
footprint approach addresses both of these issues by establishing benchmarks as a function of size,
although it increases the complexity of the program. The two-benchmark system can be viewed as
lying between these two systems. An objective of this study is to examining the tradeoffs among
these systems in more detail.

Functional form and rate

A second design element is how fees/rebates vary as a function of distance away from the
benchmark. In the previous simple example, the functional form is a straight line and the rate
represents the marginal value of reducing a vehicle’s GHG emissions by one unit. A straight-line
functional form values every gram of CO; equally. Options for functional forms include:



e Straight line (linear)
* Piecewise linear (segments that change rate)
¢ Step function

These are illustrated in Figure 1.1 below. These forms can be combined to include specified
maximum and/or minimum values, and also a “donut hole” where there are no feebates over a
specified range. Some consider step functions to be easier for consumers to understand, and this
has been a matter of some discussion. However, a drawback is that the feebate changes abruptly at
certain specific values of the emissions rate, so that two vehicles that are almost identical could
have very different feebate levels. The section on Lessons Learned gives examples of all three of
these functional forms, and discusses tradeoffs among alternative functional forms.
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Figure 1.1 Three Feebate Functional Forms

When considering the effect of the feebate rate, the simplest case is the earlier example of a linear
function with a single benchmark. The rate represents the change in vehicle purchase price per
unit of improvement in the emissions rate (in g/mi). Vehicles emitting more emissions than the
benchmark will be assessed a fee that will cause sales to decline, and vehicles emitting less
emissions than the benchmark will receive a rebate that will cause sales to increase. All other
things equal, increasing the rate will magnify the effect on sales.

Point of regulation/locus of transaction

Another essential design question is the manner in which feebates will be transacted. Feebates may
be enforced at the level of the vehicle manufacturer, in which case there will be a small number of
parties involved and most “transactions” will be internal to the firm. However, this does not mean
that the feebate is being applied to the manufacturer rather than the consumer. Any feebate could
appear as an additional line item on the vehicle label, and would effectively represent a change to
the vehicle’s purchase price.

Alternatively, feebates could be made a part of the transaction between dealers and customers.
This would greatly increase both the number of transactions and the volume of revenue flows but
could possibly have a greater impact on consumer decision-making. Finally, there could be systems
where consumers are required to process their feebate transactions directly with a government
agency.



Implementation strategies

Another element potentially affecting the success of a feebate policy is the way that it is introduced.
A feebate policy could be implemented either abruptly, or with prior notice given to manufacturers
and consumers. A delay between the announcement and implementation of the policy gives
manufacturers time to adapt, but could also have the initial perverse effect (in the short term) of
causing consumers to buy higher emission vehicles that would soon be charged a fee. Similarly,
they could delay the purchase of lower emission vehicles until the rebates become available.

Other considerations include whether to phase in different elements of the system at different
times, e.g., beginning with rebates and adding fees later (or vice-versa), gradually increasing the
number of vehicles subject to the program, etc. Finally, there are practical issues on how to manage
revenue flows, especially if conditions in the market change dramatically due to, e.g., volatility of
energy prices, technology breakthroughs, etc.

1.1.3. Overview of Research Tasks and Methodologies
The following is a brief overview of the research tasks performed in this study.

1. Compile case studies on real-world policies to identify any lessons learned. The team
compiled ten case studies on a range of feebate-related policies (i.e., economic incentive-based
policies related to vehicle purchase and use). These are discussed in Chapter 6, with details
appearing in Appendix D. Four studies of recently implemented “true feebate systems” are
summarized in this chapter—see section 1.2. These address the potential effectiveness of feebates,
as well as provide insights on feebate design issues.

2. Develop specific feebate policy options to be evaluated. Feebate policy design elements are
combined in different ways to generate specific policy options. There are virtually an infinite
numbers of combinations that could be considered. The team developed and prioritized options
based on input from a public forum, and consultation with ARB staff. Details appear in Chapter 7.

3. Compare policy options based on quantitative projections of future outcomes. A Feebate
Analysis Model was developed specifically for this project. An overview is given in Chapter 5, with
detailed documentation in Chapter 8. Vehicle redesign and pricing choices by manufacturers as
well as consumer response in the new vehicle market are simulated under alternative policy
options, yielding estimates of relative impact on average emissions rates of new vehicles, total
emission reductions, and social costs and benefits. Results are summarized in section 1.3, with
more details appearing in section 9.1.

4. Determine possible responses of key stakeholders to feebate programs. Focus groups and
a statewide survey of consumers were conducted. Personal interviews were conducted with new
vehicle dealers, vehicle manufacturers, and feebate program experts, and additional stakeholder
feedback was obtained through public workshops early in the project. Results are summarized in
section 1.6, with more details in section 9.3 and Appendices B and C.

5. Assess implications for feebate policies with larger market coverage beyond California.
California represents only about 10% of the domestic automobile market, so the potential impact of
feebate polices on manufacturer vehicle design decisions could be limited. However, if other states
were to adopt feebate policies (or if there were a nationwide feebate policy), the potential could



greatly increase. Our research explored this aspect of feebates. Results are summarized in section
1.3.7, with more details in section 9.1.2.

Other research tasks include the estimation of economic and fiscal impacts (including
administrative costs), an exploration of equity implications, and potential interactions between
feebates and other AB 32-related policy initiatives. These are summarized in sections 1.4, 1.5, and
1.7, respectively. A more detailed treatment is found in Chapter 10.

1.1.4. Assumptions, Policy Environment, and Evaluation

The likely impact of feebate programs on greenhouse gas emissions for the study’s planning
horizon (2011-2025) depends critically on a wide range of factors that will affect the future new
vehicle market. Quantitative projections require assumptions about the decision-making behavior
of both consumers and vehicle manufacturers, and also the policy environment in which these
decisions are being made. Specifically, future emissions performance standards can play a major
role; however, the form and stringency of these standards through 2025 are far from certain at this
time. In fact, current and expected near-term policy conditions have already changed multiple times
during the course of this project. Details about the study’s working assumptions for quantitative
policy analysis appear in Chapter 7. However, to provide additional background on the policy
environment we review elements of the AB 32 Scoping Plan that were taken into consideration by
our study.

Emissions standards can be summarized in terms of the average emissions rate of new vehicles sold
for a given model year. The timing and amount of actual emissions reductions depend on how the
vehicles are driven over their lifetimes. Evaluating feebate programs on the basis of these same
measures requires a baseline (or reference) policy for comparison. The Scoping Plan specifies
anticipated reductions in terms of both measures. The following facts are relevant for establishing
areference policy scenario:

e Pavley uses two “benchmarks”. It requires that new passenger cars and trucks up to 3750 lbs
on average emit less than 205 gCOzE per mile by MY2016. For light-duty trucks 3750-8500 lb
the limit for the average is 332 gCO2E/mi. ARB anticipates the fleet-wide average to be 243
gCO2E/mi. The emissions reductions from this policy are estimated to be 27.7 MMTCO-E.

* Anational standard has been finalized that goes through MY2016. It is based on two footprint
curves (one for passenger cars, and one for light-duty trucks), and is expected to yield a new
vehicle fleet-wide average of 250 gCO2E/mi (roughly similar to Pavley).

e There is nothing in currently proposed policy to indicate what national emissions standards
would be after MY2016, though EPA and NHTSA have filed a Notice of Intent for standards
covering MY2017-2025.

e A LEV III-GHG standard, if implemented, would start in 2017 and go through 2025. Although
there are rough expectations of emissions reductions from this standard (4 MMTCOE in
2020, growing to 27 MMTCO2E by 2030), there is little information on what the form or
stringency might be.

To address the need for a reference policy scenario over the entire period (2011 to 2025), the study
makes the following assumptions:



e The currently proposed national standards are used for MY2011-2016. Because the national
standards were designed to harmonize with the California program, we consider them to be a
reasonable substitute.

¢ The period MY2017-2025 requires an assumption for national emissions standards. In
consultation with ARB staff, our study adopted a Reference Policy that assumes a 2%
reduction per year starting in 2017.3

This reference policy scenario, denoted as the 2% National Standard scenario, is used to make
baseline projections. Projections for the 2% National Standard plus a feebate program are then
compared to the baseline to evaluate how the feebate program might complement emissions
standards. There is also an interest in the feasibility of using feebates as a substitute for future
emissions standards. To examine this, we use an alternative scenario that assumes national
standards stay at 2016 levels for 2017-2025. Because this corresponds to a 0% reduction starting
in 2017, this is denoted as the 0% National Standard scenario. An overview of the quantitative
analysis results is provided in section 1.3. More detailed quantitative analyses appear in sections
9.1 and 9.2.

We add a few final remarks about policy evaluation. As noted, one direct measure of feebate
effectiveness is the reduction in average emission rates for new vehicles. The most obvious
mechanism for achieving this is by inducing sales shifts to more fuel-efficient vehicles. However,
the feebate literature has found that a potentially more important effect could be on manufacturers’
vehicle redesign decisions over time. An important aspect of our study is that it specifically takes
into account both of these mechanisms.

1.2. How well have feebates worked elsewhere?

Feebate policies have been discussed for quite some time, but until recently there has been very
little real-world experience with them. Chapter 6 describes ten case studies related to economic
incentives for new vehicle sales; details on the ten case studies appear in Appendix D. In this
summary we focus on four “true feebate systems” (also called “bonus/malus” programs) from
Denmark, France, the Netherlands, and Norway. The remaining studies (which include Canada,
Germany, Spain, Sweden, and the UK) primarily document various types of vehicle-related taxation
schemes.*

It can be challenging to draw definitive, bottom line conclusions from case studies. For example,
providing detailed quantitative estimates of emission reduction totals, fee and rebate amounts for
different vehicle types, etc., would be challenging under the best of circumstances, and well outside

3 The assumption of a 2% annual reduction in the standards was not based on a greater expected likelihood
that this would be the eventual stringency of a national program, rather that it fell in the middle of the range
of possible equally likely stringency levels. Since these scenarios were developed and analyzed, ARB and the
federal government have indicated that MY2017-2025 standards will be in the 3-6% range.

4 The omitted cases include studies of various tax incentive plans that are not “true” feebate systems because
they do not provide rebates/subsidies in conjunction with fees/taxes.
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the scope of our study. Moreover, in a complex policy environment it can be difficult to disentangle
outcomes and identify which ones are specifically due to a feebate program. However, we do have
aggregate level data on new vehicle emission rates from both before and after the introduction of
feebate policies. In all four cases these measures provide at least some evidence to suggest that
feebate policies played a role in reducing average vehicle emissions. Details are reviewed below.
More generally, the four cases offer real-world examples of a variety of feebate design elements
adopted by policy makers (e.g. type of benchmark, functional form, feebate rate), as well as
subsequent events in response to these design elements.

1.2.1. European Context

All four cases involve European countries. The European context and the complex policy landscape
faced in these countries can make a direct comparison with California a bit difficult. For example,
three of the four countries belong to the European Union (EU), which has its own independent
policy-making activities related to greenhouse gas emissions. Policymakers must contend with
conditions in their own countries, as well as the implications of belonging to the EU. More
generally, European countries have been much more aggressive in this arena than the United States
with regard to greenhouse gas emissions standards.

In April 2009, the European Commission enacted mandatory CO; emissions standards for passenger
vehicles of 130 g/km [209 g/mi, or 42.5 mpg] by 2012 after automakers failed to achieve their
voluntary reduction targets. These standards apply to 65% of each manufacturer’s new passenger
cars in 2012 and will increase to 100% of passenger cars in 2015. From 2020 onward, the
emissions target is 95 g/km [153 g/mi, or 58.1 mpg], though the details of the path to this target
have not yet been defined.

As a point of comparison, the Pavley standard is 233 g/mi in 2012 for passenger cars and 361
g/mi for light-duty trucks (3751-8500 lbs).

1.2.2. Feebate Case Fact Summary

A related discussion appears in Chapter 6, and a much more detailed treatment of each case
appears in Appendix D; for this summary we provide a short list of facts from each. These give a
sense of the range of feebate program design features that have been adopted by policy makers to
address their own particular concerns, and also add real-world context for the discussion in later
sections.

Denmark
* Introduced June 2007 as a modified registration tax
» Single benchmark = 150 g/km (241 g/mi)
* Benchmark expressed to the public in terms of fuel economy
* Two straight lines (linear) -- different rates (slopes) for fees and rebates:
o $50/g/mi for rebates
o $13/g/mi for fees

France
* Introduced December 5, 2007 (rebate only)
* Fee partadded January 1, 2008



* Benchmarkin 2009: “Donut hole”s from 130-160 g/km (193 - 257 g/mi)
* Benchmarkin 2012: “Donut hole” from 130-140 g/km (193 - 225 g/mi)
* Functional form is a step function with 9 levels

» Shape of step function yields an approximate “rate” of $16.5/g/mi

Netherlands
* Introduced July 2006, revised February 2008
* Benchmarks based on footprint/class of vehicle
*  Step function with 7 steps
* Complexity precludes simple description of a feebate rate
»  While this study was being completed in 2009, it was announced that the system would be
abandoned in 2010 in favor of a single benchmark

Norway
* Began taxing COz in January 2007, with a rate change in January 2008
* Rebate added in January 2009 to yield a full feebate system
» Single benchmark =120 g/km (193 g/mi)
* Functional form is four line segments with different rates
0 Rebate = $52/g/mi
0 Initial fee rate = $55/g/mi
0 Feeincreases to a maximum rate of $259/g/mi

1.2.3. Comparison of Design Features

The four cases provide an opportunity to compare and contrast the relative merits of a variety of
feebate system design features.

Benchmarks

Three of the four countries opted for a single benchmark system. The Netherlands started out with
a footprint-based system, but has since abandoned it for a single benchmark. It is interesting to
note that this was done due to consumer sentiment. Their research indicated that consumers
thought the footprint system was too confusing and complicated. In addition, they did not like the
fact that a larger, higher emitting vehicle could receive a rebate, while a smaller, lower emitting
vehicle would be charged a fee. In contrast, France’s single benchmark system created concerns
about fairness to large families that “need a larger vehicle,” and the system has since been modified
to include subsidies to address this issue. With regard to the benchmarks themselves, Norway
currently has the most aggressive benchmark (120 g/km, or 193 g/mi), which corresponds to the
EU’s original voluntary 2012 target.

Functional Forms

France is the only country with a step function rather than straight lines. This choice was based on
the belief that step functions are “easier for consumers to understand.” In addition, France has a
donut hole for the range 130-160 g/km (note that 130 g/km is the EU’s mandatory target for 2012),

5 A donut hole is zone where vehicles would neither be charged fees nor awarded rebates.
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where vehicles are exempt from both fees and rebates. One argument in the literature is that
consumers might be more accepting of a feebate system if there is a range of vehicles that is
unaffected by the feebate policy. A donut hole fits naturally within a step-function-based system
(although it is not precluded by other functional forms).

In contrast to France, Denmark and Norway use straight lines. However, rather than use a single
slope (feebate rate) both have opted for more complicated systems with multiple line segments
with varying slopes. Interestingly, in Denmark fees have a lower rate than rebates, whereas in
Norway rebates have a lower rate than fees. In Norway there are multiple segments for fees, with
fee rates dramatically increasing for vehicles with higher emissions.

Figure 1.2 depicts the feebate systems of Denmark, France, and Norway (the complexity of the
footprint-based Netherlands system precludes its inclusion in this comparison). Note that the fee
rates for Norway are so steep that most of the function cannot be included in the figure. For
comparison purposes, we have also added a linear feebate function with a $20/g/mi rate and a
single benchmark (274 g/mi) similar to those used in our quantitative modeling for California. This
illustrates the general similarity between the type of feebate policies in our study and those
currently in use.
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1.2.4. Assessment of Effectiveness

Given available data, the most practical approach to assessing feebate program effectiveness uses
average new vehicle emission rates. For the time frames considered here, a successful feebate
program would yield a decrease in average new vehicle emissions by causing a shift in consumer
purchases. The following figures show average new vehicle emissions before and after the
introduction of feebate programs in Denmark, France, and Norway, respectively. One complication
is that there were also sizeable changes in fuel prices during this period. Even so, the basic shapes
of the curves suggest clear shifts associated with the introduction of feebate programs.

Emissions averages for Denmark are provided in Figure 1.3 for gasoline and diesel separately, and
also combined. The shift is smaller for diesel than for gasoline, with the latter taking on a value of
roughly 18 g/km (26 g/mi). Figures 1.4 and 1.5 for France and Norway suggest shifts of 7 g/km
(~11 g/mi) and 10 gm/km (~16 g/mi) respectively. Note: The data for Norway correspond to the
the conversion of the vehicle registration tax in January 2007 to include CO,, followed by the offer
of rebates beginning in January 2009. The case of the Netherlands is a bit more complicated—for

details, see Appendix D. However, those results also suggest that their feebate policy helped to
reduce greenhouse gas emissions.

So, to conclude: Our study has compiled data to support the position that feebate programs in other
countries have led to a reduction in average new vehicle emissions.
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1.3. How well can feebates work to reduce emissions in California?

Under the assumptions adopted in this study, feebate policies can be used in California to achieve
additional reduction of greenhouse gases from new passenger vehicles beyond those projected
under national emission standards alone. However, the size of the reduction is not large when
compared to the impact of emissions standards. For example, the total reduction in 2020 from a
feebate program is projected to be in the 3-4 MMTCO:E range, versus the 31.7 MMTCO:E target for
the combined Pavley and LEV-III standards. A major finding is that, because California represents
only 10% of the new vehicle market, a California-only feebate policy is likely to have minimal
influence on vehicle design decisions. Conversely, our results highlight the critical role that
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national emissions standards would play in influencing manufacturers’ decisions to reduce vehicle
emission rates: the increased availability of improved vehicles creates the possibility for more
rebate options, contributing to the potential effectiveness of feebate programs. Finally, we
emphasize again that these and other findings always depend on the modeling assumptions, which
we discuss first before summarizing findings in more detail.

1.3.1. Feebate Model Overview

A Feebate Analysis Model was developed to provide quantitative projections of market behavior
and emissions reductions in response to possible feebate policies in California. An important aspect
of feebate (and other) policies is their potential to affect future vehicle technology adoption
decisions by manufacturers. We assume that when manufacturers make these decisions they take
into consideration the overall response of the entire domestic (United States) new vehicle market,
and the national policy environment. For this reason the Feebate Analysis Model has a two-tier
structure. The top tier is a Manufacturer Decision Model (MDM) that simulates design decisions for
new vehicle offerings for the period 2011 to 2025. We also assume that manufacturers are unlikely
to produce “California only” vehicle configurations. At the same time, manufacturers would be
expected to take into account policy changes unique to the California portion of the market when
making their overall design decisions. To include this effect the MDM divides the U.S. market into
two sub-markets: California and “Rest of U.S.” The bottom tier of the Feebate Analysis Model is a
California-specific model (called CARBITS) that supports more detailed examination of policy
impacts on the California vehicle fleet (both new and used) for multiple consumer groups. It takes
as given the vehicle configuration projections produced by the MDM.

In the MDM, manufacturers can use available conventional and/or hybrid technologies with
specified cost curves to make emissions improvements to individual vehiclesé. They decide on the
timing and amount of these improvements. They can also choose to change vehicle pricing to shift
the new vehicle sales mix. These decisions are made on the basis of anticipated consumer
response, the requirement to meet specified emission performance standards, and any feebate
program that might be introduced.” The MDM provides projections of new vehicle attributes and
offerings for the entire U.S., as well as projections on new vehicle sales, average emission rates, etc.,
for both sub-markets. Overall response to California feebate policies can be evaluated using these
results. The bottom-tier California model can be used for more detailed analysis (e.g., the impact on
individual consumer groups, or on the used vehicle market).

1.3.2. Feebate Model Assumptions and Reference Policy Scenario

As noted previously, results depend on modeling assumptions. Model development required
adoption of base case modeling assumptions, including behavioral assumptions for both
manufacturers and consumers, and a reference policy scenario to provide a baseline for policy
comparison. Examples of base case assumptions for our model include cost curves for conventional

6 Cost curves were provided by ICF International.

7 The model also takes into account allowances for Air Conditioning and Flex Fuel Vehicle credits that can be
used to meet emissions standards.
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and hybrid vehicle technologies, projections of future economic factors such fuel prices and new
vehicle sales levels, and, importantly, behavioral assumptions on consumer preferences for new
vehicles. Two key elements in an economics-based market response model are: the value placed
on fuel savings by consumers, and their responsiveness to vehicle price changes.

The consumer demand model in the MDM assumes that consumers evaluate only the first three
years of fuel savings when deciding what vehicle to purchase. It also assumes the existence of
vehicle market segments, where vehicles within the same segment are closer substitutes than those
in different segments. This means that consumers responding to a price increase for their prefered
vehicle are more likely to switch to another vehicle in the same segment. The MDM consumer
demand model uses a pattern of price sensitivities (or, elasticities) based on values taken from the
literature.

Finally, the model adopts a reference policy as a baseline for comparison. The definining element is
a national emissions standard for 2011-2025. As discussed in section 1.1.3, we adopt the currently
proposed national standard for 2011-2016, and assume that from 2017-2025 the emissions target
continues to decrease at a rate of 2% per year. This reference policy secario is denoted the 2%
National Standard. Because future standards remain uncertain after 2016, other scenarios can be
conveniently specified by changing the post-2016 rate of reduction. One potentially interesting
alternative assumes a 0% reduction rate after 2016 (the 0% National Standard), i.e., the national
standard stays flat at the 2016 rate for 2017-2025. This would occur if there are no future national
policy changes beyond those currently proposed. The MDM can also model emission standards that
apply only to California or the Opt-In states.

Figure 1.6 shows MDM projections of average new vehicle emission rates (in g/mi) in California for
the 2% and 0% National Standards. For the 2% National Standard, average emissions from new
vehicles in California decline from 303 g/mi in 2011 to 215 g/mi in 2025 (about 30%).8 New
vehicle emission averages (not shown) are higher in the Rest-of-US than in California: they are 5
g/mi higher in 2011, with the gap shrinking to 1 g/mi in 2025. One finding we consider noteworthy
is that under the 2% National Standard, manufacturers can be said to “run out” of cost effective
technology in 2022. Starting in 2023, manufacturers choose to meet the emission standard by
using vehicle pricing to change the sales mix of vehicles. The other option would be to redesign
vehicles with additional emissions improvements; however, they chose not to do so for economic
reasons.

8 The 2016 average (254 g/mi) appears to be a bit higher than the national/Pavley targets. However, because
the MDM incorporates provisions on air conditioning and flex-fuel vehicle credits, manufacturers are actually
in compliance.
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Figure 1.6 Average new vehicle emission rates in California for two national emission
standards

The 0% National Standard scenario provides an interesting comparison. It represents the laxest
possible post-2016 national standard that does not allow emissions levels to go back up. In later
years technology becomes less expensive, and fuel prices are projected to increase. Under these
circumstances there is at least the possibility that manufacturers might choose to design vehicles
that yield emissions levels better than the national standard in response to consumer preferences.
However, these results show that, even under a standard that “goes flat” in 2017, manufacturers
would still design their vehicles just to meet the standard. It is important to note that this outcome
is a consequence of the entire set of base case modeling assumptions. For example, if consumers
were to place a higher value on fuel savings, or if fuel prices were much higher, or if vehicle
technology were less expensive, manufacturers might choose to design vehicles that would
overcomply with the standard.

1.3.3. Evaluation and Comparison of Feebate Policies

Our study compares a large number of feebate policy options by combining various design elements
described in the introduction. Two main design elements are: Type of benchmark, and feebate
rate. As discussed previously, choosing a benchmark system requires consideration of tradeoffs,
whereas the feebate rate primarily effects the strength of the response. In the next sections we
evaluate feebate programs for three different benchmark systems using a baseline feebate rate of
$20/g/mi, and discuss tradeoffs. Discussion of the sensitivity to higher or lower rates is addressed
in section 9.1.3. Outcome measures for evaluating the overall impact of policies include:

* New vehicle emissions averages

e Sales mix and sales levels

e Effect on consumer welfare

e Total reduction of CO;

e Social costs and benefits associated with CO; reduction
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Emissions Reductions

A key design issue is the type of benchmark system to use. The literature suggests that different
benchmarking systems can differ in overall effectiveness, and on their impact on individual
stakeholders. Although the level of the feebate rate is also important, it primarily magnifies (or
reduces) the effect of a system if the rate were to be increased (or decreased). Results in this
section address both the overall effectiveness of feebates as well as the relative effectiveness of
different benchmark systems. Equity-related issues are addressed in other sections.

Figure 1.7 shows the estimated effect on California average new vehicle emission rates of three
feebate systems introduced under the 2% National Standard scenario. Results are reported as
changes from the levels in Figure 1.6 (negative values imply a reduction in the rate). Each system
uses the same feebate rate of $20/g/mi, roughly equivalent to a carbon price of $200 per tonne of
CO2.° As mentioned earlier, this rate is comparable to those used in similar programs in Europe.
The solid lines denote the total change (dashed lines are discussed below). The first is a footprint-
based system patterned after the proposed 2011-2016 national emissions standard [diamonds].
Specifically, the system uses two benchmark curves: one for passenger cars, and one for light-duty
trucks. The second system uses a single benchmark value for all vehicles [squares], and the third
uses two benchmark values (one for passenger cars, and one for light-duty trucks)[triangles]. Note
that when simulating these systems the MDM seeks a revenue neutral version of each system by
allowing benchmark values to vary from year to year.10

These results are consistent with what has been found in other studies. The effect is largest for the
single benchmark system (an average 14 g/mi reduction for the period 2011 to 2020, the year for
which AB 32 targets are specified), and smallest for the footprint system (an average 10 g/mi
reduction for 2011-2020). In later years the level of GHG emissions reduction relative to the
standard diminishes as the standard becomes more stringent. These emissions rate reductions can
be used to estimate total emission reductions in California (versus the Reference Standard case) for
the year 2020 for comparison with AB 32 targets:

» Single benchmark => 4.4 MMTCO:E reduction
e Car/truck benchmark => 3.9 MMTCO:E reduction
* Footprint => 3.3 MMTCO:E reduction

9 This is a rough estimate that assumes 100,000 lifetime miles for a vehicle (with no discounting). NHTSA
estimates a larger value for lifetime miles, but also discounts. One issue is whether or not GHG emissions
should be subject to discounting. Whether or not this is a reasonable price for carbon is another discussion in
itself. There are arguments regarding economic externalities (e.g., energy security, failure of the market to
properly value fuel economy) that arise when discussing what an appropriate price for carbon might be.

10 The MDM includes an estimate of program administrative costs (discussed in a later section), as well as
rebates for ZEV vehicles mandated in California. Benchmarks are found so that these expenditures plus the
net fees and rebates for new vehicle sales are revenue neutral over the entire life of the program.
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Figure 1.7 Change in California average new vehicle emission rates from feebates for three
benchmark systems (total change, and portion of change due to vehicle redesign).

These totals are based on MDM projections of new vehicle sales for 2011 to 2020, the average
emissions rates for new vehicles sold in those years, and assumptions on average miles driven in
2020 for new vehicles sold for 2011-2020. These figures are simple approximations that do not
take into account other effects such as fleet turnover, etc., and should be viewed accordingly. These
estimates suggest that feebate programs could be used to reduce emissions on a scale comparable
to the discussions in the AB 32 Scoping Plan.

Another finding is that these feebate systems reduce average emissions primarily by inducing sales-
mix shifts. The dashed lines in Figure 1.7 are estimates of the amount of change attributed to
redesign. Although the feebate systems induce some redesign, the effect is rather small relative to
the total. Moreover, the change due to redesign is about the same for all three systems, so that the
differences are due to sales mix shifting. The average reduction for 2011 to 2020 model year
vehicles due to design change is about 2.4 g/mi for all three benchmark systems, versus a 14 g/mi
total reduction for the single benchmark (less than 20%). Moreover, the effect becomes very small
starting in 2020 (less than 5%). This is noteworthy because a widely-stated potential benefit of
feebates is their potential to incentivize the introduction of new vehicle technology. Our view is
that, because California is roughly 10% of the domestic new vehicle market, a California-only
feebate would lack the leverage to induce manufacturers to adopt additional emission reduction
technologies. Implications for feebate policies that extend beyond California-only are discussed in
section 1.3.7.

To summarize, these results provide an evaluation of the three benchmark systems with respect to
emissions reductions. The single benchmark system yields the greatest reductions, and the
footprint-based one yields the least. However, a more complete comparison requires consideration
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of other factors. These include the overall impact on consumer welfare, other social costs and/or
benefits associated with the programs, and questions of implementability and acceptance by the
public.

Consumer Surplus

One feature of the MDM is that it uses a consumer surplus (CS) measure in its calculations. CS can
be viewed as a monetary measure of total consumer welfare (or utility) associated with the
existence of the new vehicle market. It accounts for welfare from purchasing new vehicles (for
those who do), as well as the opportunity to purchase (for those who do not). Changes in CS can be
used to compare policies that alter market behavior.

Figure 1.8 shows the total change in CS for Californians under each benchmark system (versus the
Reference Standard case). In all cases CS decreases, but there are systematic differences: the
footprint yields the smallest CS reduction, and the single benchmark the largest. This is consistent
with expectations: the footprint system has the most flexibility for producing patterns of fees and
rebates that might satistfy the most consumers. The single benchmark is clearly the least flexible,
and the car/truck benchmark is in between.
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Figure 1.8 Change in California consumer surplus ($M) for three benchmark systems (versus
2% National Standard scenario with no feebate policy)

In addition to emissions reductions and consumer surplus, another impact of feebate policies is the
social benefit associated with increased fuel savings. Specifically, the MDM assumes that consumers
value only the first three years of fuel savings when making vehicle purchase decisions. This value
therefore acrues to the consumer and is included in Consumer Surplus as a personal benefit.
However, the expected lifetime of a vehicle is 14-16 years, and any additional fuel savings that
accrue after the first three years will not be accounted for in the CS measure. The monetary value
of this additional fuel savings can be considered a social benefit for the purpose of making policy
decisions, and it can be substantial.
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Our analysis indicates that when all costs and benefits are taken into account, the monetary value of
fuel savings outweighs other costs (including loss of consumer surplus, adminstrative costs, etc.) so
that all three feebate systems generate a net negative social cost. In other words, in addition to
reducing greenhouse gas emissions, feebates also generate net postive social benefits.!l1 Because
emissions improvements are linked to fuel savings, the single benchmark system yields both the
largest emissions reductions and the largest social benefit. Similarly, the footprint system yields
the least. It is up to policy makers to evaluate whether this criterion should determine the choice of
a benchmark system (if any), or whether other issues (e.g., equity considerations) should also play a
role.

1.3.4. Feebates to Replace LEV III-GHG?

To explore the concept of feebates as a replacement for LEV I1I-GHG we begin with the 0% National
Standard scenario described earlier (see Figure 1.6). Specifically, we consider the case where the
national standard is assumed to stay at 2016 levels through 2025, but a more stringent LEV II1I-GHG
standard is introduced in California starting in 2017. The key question is: “What could be achieved
if feebates were used as an alternative to LEV III-GHG?”

Our earlier findings suggest that manufacturers would be unlikely to respond with major emissions
reductions by adopting additoinal fuel economy technologies in their vehicle designs. Figure 1.9
illustrates the effect on average new vehicle emissions of one of our previous feebate programs (a
$20/g/mi-footprint feebate in California starting in 2011) under a 0% National Standard. The 2%
National Standard averages are included for comparison purposes. The feebate program averages
prior to 2017 are the same for the 0% and 2% National Standard scenarios because the standards
are the same during the period 2011-2016. For the period 2017-2020 the feebate yields larger
emissions reductions than the 2% National Standard, providing an indication of the effectiveness of
the feebate. For example, if the LEV III-GHG standard were roughly the same as the 2% National
Standard, the feebate would be more than adequate as replacement during this period (particularly
when cumulative effects are taken into consideration). However, obtaining emissions reductions
that match (or exceed) the 2% standard post-2020 would require higher feebate rates.

This example was provided to clarify the replacement issue. Using separate MDM runs, we also
identified the schedule of feebate rates over time that would be required to exactly match a 2%
emissions standard in California—see Table 1.1.

Table 1.1 Feebate rates to replace a LEV III-GHG standard (2% annual reduction starting in
2017)

Model Year 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Feebate rate ($/g/mi) | 5 5 5 10 15 20 30 35 40

Note: In MY 2025, a $40/g/mi rate translates to average fees of $1400 and average rebates of $1050.

11 Given that the usual objective is to find cost-effective policy options, it is noteworthy that these feebate
programs yield negative costs.
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Figure 1.9 Effect of a $20/g/mi footprint feebate program under a 0% National Standard
scenario (2% National Standard included for comparison purposes)

1.3.5. Spillover and Leakage

A frequently discussed issue for feebate systems is how they interact with markets outside the
feebate region. There is the possibility of spillover, i.e., a feebate program within a region affects
broader market conditions in ways that yield emissions reductions outside the feebate area. There
is also the possibility of leakage, where emissions reductions inside the feebate region are offset by
increased emissions outside the feebate region. One potential source of spillover would be a
feebate’s effect on manufacturer redesign decisions, which would alter vehicle offerings for the
entire market. One possible source of leakage arises from the fact that consumers in different
regions have different vehicle preferences. In this case, feebate policies could create a situation
where the industry meets its overall national emissions requirement through sales mix shifts that
balance emission reductions within the region with emissions increases outside the region.

Figure 1.10 shows the change in new vehicle average emissions for the “Rest of the U.S.” when
feebate programs are offered in California. The line for Rest-of-US is obtained for the footprint
program; however, the lines for the other two programs are almost identical and are eliminated for
readability. Figure 1.10 is a modification of Figure 1.7, so that averages for California are included
for comparison purposes. There is evidence of spillover (for all years before 2018 except 2016) but
also some leakage (for 2020 to 2025). The pattern suggests that spillover occurs when feebates
induce the largest design changes. Note that, although Rest-of-US changes might be considered
small compared to California’s, these are per-vehicle changes for 90% of the domestic market. If the
cumulative effects are calculated over the entire period, the spillover and leakage effects

20



approximately cancel out.!? Having observed this effect, it is important to remember that these
results (and others) depend on our baseline assumptions, including those about future
technological progress. Slower technological progress could lead to more leakage, and faster
progress could lead to more spillover.
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Figure 1.10 Change in new vehicle average emissions due to California feebate programs
(includes change in Rest of United States).

1.3.6. Sensitivity to Assumptions

All findings summarized thus far use the same base case modeling assumptions previously
described. Our study also includes scenarios to test sensitivity to changes in base case assumptions.
Figure 1.11 shows what happens if consumers are assumed to fully value fuel savings over the
lifetime of a vehicle when making their vehicle purchases. All three cases use the 2% National
Standard, so the profile labeled “Three Years of Fuel Savings” (the base case modeling assumption)
corresponds to the previous result for a 2% National Standard (with no feebate). When consumers
are assumed to value fuel savings for the full lifetime of the vehicle, the results are dramatically
different. Manufacturers voluntarily choose to sell vehicles with average emissions that are much

12 Some readers might notice a small spike that occurs in the year 2016. Although it exists for all results, it is
particularly noticeable for the Rest-of-US profile in Figure 1.10. The spike occurs due to the abrupt
discontinuation of certain emissions credits. Manufacturers address the loss in credits (at least in part) by re-
pricing their vehicles to produce sales-mix shifts that satisfy the emissions standard.
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better than the emissions standard because of consumer preferences. In this case an emissions
standard would not be required. Adding a $20 footprint feebate yields additional emissions
reductions, but these are relatively small compared to the effect of changing the assumption about
the value of fuel savings.
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Figure 1.11 Effect of assumptions on consumer value of fuel savings.

Another sensitivity case assumes that consumers are less sensitive to vehicle price—see section
9.1.7. For this case consumers are much less responsive to feebate policies, so the emission
reductions are lower than those in the base case. Sensitivity to other base case assumptions are
explored in the Chapter 9. For example, the model requires projections on fuel prices, technology
costs, etc. However, the two assumptions reviewed here appear to be the most important ones in
terms of sensitivity.

Finally, we note that our base case assumptions on the value of fuel savings and price sensitivity
are, in a sense, “feebate friendly.” If consumers were to place a higher value on fuel savings then
feebates would perhaps not even be necessary. If consumers were much less price sensitive, then
feebates would not have the desired effects. However, it is important to note that the base case
assumptions were developed using our best judgement based on experience with both the
literature and industry practices, and were adopted prior to generating the results summarized
here.

1.3.7. Effect of Feebate Programs Outside of California

The AB 32 Scoping Plan specifically calls for an evaluation of feebate programs in California.
However, California has historically played a leadership role in the area of environmental policy
whereby other states might choose to adopt the same or similar policies based on California’s
example. In the case of the Clean Air Act, states are specifically given the option to adopt either
national emission standards or California emission standards. If multiple states were to follow
California by adopting its feebate policy, it would have significant implications for policy
effectiveness. To explore this possibility, our study includes scenarios that assume other states
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adopt California’s feebate program, effectively increasing its geographic coverage. We consider two
scenarios, where market coverge consists of: (1) California plus the thirteen “Opt-In States”
(Arizona, Connecticut, Maine, Maryland, Massachusetts, New Jersey, New Mexico, New York,
Oregon, Pennsylvania, Rhode Island, Vermont, and Washington), and (2) the entire nation
(complete market coverage).

Figure 1.12 shows the change in new vehicle average emissions in California for a $20/g/mi
footprint program under three market coverage scenarios (California only, California plus Opt-in
States, and National). The nature of the results is what would be expected, i.e., impact increases
with larger geographic coverage. Furthermore, the size of the improvements is substantial. One
key finding is that, as geographic coverage increases, a larger portion of the feebate’s impact is due
to its effect on the redesign decisions of manufacturers. Figure 1.13 includes separate lines for the
portion of change attributed to redesign (California-only results were shown in Figure 1.7, and are
omitted here for clarity). In the year 2018, the percentage of change due to redesign is 60% and
87% for the California/Opt-in and National coverage scenarios, respectively. The averages for the
period 2011-2018 are 54% and 77%, respectively. After 2018 the relative amount of change due to
redesign steadily falls (as does the total change).

Effects of increasing the market coverage of a feebate program are summarized in Table 1.2. In
addition to the effects within California, there would obviously be important implications for what
would occur outside California. In particular, for the California plus Opt-in States scenario, our
results indicate that there could be spillover effects in the non-feebate states. These would most
likely be due to the increased impact on vehicle redesign decisions induced by the larger market
coverage.
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Figure 1.12 Effect of increasing geographic coverage on new vehicle average emissions for a
$20/g/mi footprint feebate program.
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Figure 1.13 Change in new vehicle average emissions for a $20/g/mi footprint program for
two geographic coverage scenarios (including portion due to redesign).

Table 1.2 Changes Induced by a Footprint-based Feebate Program ($20/g/mi) for Three
Levels of Program Coverage (See text for the list of Opt-in States).

Reduction of . Total Emission
Percent Change in Average Average .
Program Average New Reductions
. . Average New Fee per Rebate per
Coverage Vehicle Emission . .. from Feebates
. Vehicle Emission New New . .
Rates in CA Rates in CA Vehicle Vehicle in 2020 in CA
(g/mi) (MMTCOzE)
gi{;for“‘a' 9 g/mi 3% reduction $700 $600 3 MMT
California +
13 “Opt-In” 12 g/mi 5% reduction $675 $550 5 MMT
States
Entire U.S. 24 g/mi 10% reduction $600 $500 9 MMT

1.4. What would be the economic and fiscal impacts of a feebate program?

Programs that alter the behavior of the new vehicle market have the potential for a broad range of
economic and fiscal impacts. These include effects on industry sales and revenues, dealer revenues,
and state and federal tax revenues. Effects on overall consumer surplus in the new vehicle market
were mentioned earlier. Ripple effects extending to the used vehicle would affect consumers as
well, and also industry-related businesses such as auto parts suppliers and repair garages. These
effects would play out in different ways -- some positive and some negative for various
stakeholders.
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1.4.1. Overall impact on vehicle sales and revenues

Economic analyses derived from MDM results show that feebate programs can generally be
expected to depress industry sales and revenues in California to some extent.!3 The overall effect is
expected to be small, but the relative effects across manufacturers could vary, depending on the
specific program design. This is further addressed in the section on equity issues. Findings related
to the overall impact are:

» Feebate programs in California could reduce annual California sales by about 10,000 to 15,000

units per year. There are modest increases in sales in the rest of the country, but they offset
no more than 1,000 units per year (on average). These sales declines imply a decrease in
total industry revenues in the range of several hundred million to over one billion dollars per
year (or about 1%). This translates into a negative impact on California dealers in the form of
a 0.5% to 0.75% reduced sales volume. These sales declines suggest that used vehicles would
stay in the market longer, yielding secondary impacts related to the used vehicle market
(repair shops, aftermarket sales, etc.). Many of these impacts would yield increased revenues
for those businesses. For example, if consumers retain older vehicles for longer periods, they
may spend more money at auto garages to maintain them.

« Increases in the feebate rate ($10 to $20 to $30 /g/mi) would yield larger total sales declines,

and magnify any disparities among manufacturers (and also dealers).

* Impact of a California feebate program on national employment in automotive manufacturing

and related businesses would be very small. Typical industry practice is to measure impact
per 100,000 vehicle sales lost, and the reductions projected by the MDM are only on the order
0f 10-20% of that level.

To provide additional perspective, we also consider scenarios where feebate programs cover larger
portions of the market. Under a nationwide feebate program:

¢ Annual new vehicle sales in California would decline by up to 20,000 units. The sales-related

effects discussed above for a California-only program would be similarly magnified.

« National new vehicle sales would decline by an average of 135,000 units per year. This could

have a measurable impact on national employment in automotive manufacturing and related
businesses. Depending on how the sales losses are distributed over manufacturers, the
number of displaced workers could vary from 2,000 to 20,000. However, these job losses
could be partially offset by changes in the market for used vehicle-related services.

e Total industry revenues would generally decline, up to several billion dollars per year (or

about 1%).

13 Note that these results are obtained for feebate programs under conditions of increasingly stringent
national standards. Previous studies of feebates with no tightening of emissions standards have shown
increases in revenue even though unit sales decrease. This can occur because increased use of fuel economy
technologies can raise the price of vehicles at a faster rate than the decrease in sales. See, e.g., Greene, et al.
(2005).
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1.4.2. Fiscal and Administrative Costs

Costs to the government from feebate programs would fall into two general categories: 1) the cost
of administering the feebate program, and 2) other fiscal effects. A feebate program might be
expected to cover its own administrative costs from revenue flows associated with the program
itself. In this case a “revenue neutral” program would require more fees than rebates in order to
offset administrative costs. Because the level of administrative costs could affect the feasibility of
a feebate program, our project developed the cost estimates summarized below. Other fiscal
effects would include lost vehicle sales taxes and tax revenues from vehicle-related goods and
services.

In general, the administrative costs for feebate programs are estimated to be somewhat higher
than those for similar previously proposed California programs; however they are still relatively
modest in relation to the size of revenue flows in the program. We also note that there is
precedent for placing a cap on total administrative costs at some percentage in the authorizing
legislation, thus limiting the ability for these costs to creep up over time.

The program administrative cost estimates assume that the majority of the responsibility for
designing and administering a California feebate program would be shared among various state
agencies (ARB, DMV, Board of Equalization, and Dept. of Finance), rather than residing solely with
one of them. The estimates are based partly on analysis done in 2007 for AB 493,14 but were
updated and extended based on additional research and analysis. In general, we estimate that
there would be several million dollars per year in ongoing administration costs, depending on the
design of the program, and that this would be on the order of 1% (ranging from about 0.5-2.0%)
of the total fees collected or rebates paid under the program.

Feebate programs are estimated to have somewhat different costs depending on design:

e If automobile dealers are the collectors of fees and distributors of rebates,
administrative costs are estimated as $3.25 million in one-time startup costs
followed by $5.5 million in annual program costs.

* If the auto manufacturers (rather than dealers) are the contact point with the state
for collection of fees and distribution of rebates (i.e., more “behind the scenes”)
administrative costs are estimated as $2.75 million in one-time startup costs
followed by $4.6 million per year in annual program costs.

* For a “hybrid” type design that involves fees being collected at the dealership but
rebates being sent to consumers directly (on a delayed basis based in response to an
application for the rebate), administrative costs are estimated as $3.75 million in
one-time startup costs followed by $6.5 million per year in annual program costs.

These administrative cost estimates are somewhat higher than previously estimated for AB 493,
primarily due to inclusion of estimates of Dept. of Finance cost recovery rates for their
administrative functions and the fact that the feebate programs evaluated would include more

14 The “Clean Car Discount for California Families” bill that narrowly missed passage by the California
legislature in 2006-07.
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vehicles than were proposed to be included in AB 493. We also note that these cost estimates are
small in comparison to the size of the program, as measured by the level of fees collected (or
rebates distributed). For example, if the average fee were $700 (as shown in the above table) and
about 1 million vehicles were assessed a fee, total fees would be $700M, and administrative costs
are still expected to be less than 1 percent of this total.

1.5. What are the equity implications of feebate programs?

1.5.1. Manufacturer Equity

As noted above, total industry revenues would decline by a small percentage under feebate
programs. However, because industry revenues in this sector are so large, this still amounts to a
large amount of money and one potential concern could be whether feebate programs affect
different manufacturers and dealers in disparate ways.

Table 1.3 summarizes the sales mix for seven vehicle segments (Standard Small Car, Standard
Midsize/Large Car, Prestige Small Car, Prestige Midsize/Large Car, Pickups, Vans, and SUVs) for the
scenarios discussed in section 1.3 (2% National Standard, three benchmark systems using a
$20/g/mi feebate rate). The no-feebate results provide a reference case for comparison. Sales
mixes are averages over the period 2011-2025; however, the year-to-year variation is extremely
small. Raising or lowering the rate would be expected to magnify or shrink the changes that are
observed. The Standard versus Prestige distinction is included due to its importance in
determining consumer preferences and sales shares. Briefly, each vehicle brand is designated
Standard or Prestige based its perceptual position in the market. For example, Standard brands
include Chevrolet, Ford, Honda, and Volkswagen, and Prestige brands include Cadillac, Lincoln,
Acura, and Audi. Assignment of a vehicle configuration to a category is therefore based on its brand
and not, e.g., vehicle price or amenity packages. A detailed listing of Standard versus Prestige
brands is included in Table 8.3.

Table 1.3 Estimated Sales Mixes under Different California Feebate Programs

Prestige
Mid/ Prestige Mid/
Small Large Small Large
Car Car Car Car Pickup Van SuUv

Reference Case 27.6% 19.5% 6.7% 5.8% 10.0% 3.1% 27.2%
Footprint 28.9% 20.0% 6.2% 5.4% 9.9% 3.1% 26.5%
Single Benchmark | 30.6% 20.1% 6.4% 5.4% 8.9% 3.0% 25.6%
Two Benchmark 29.6% 19.3% 6.5% 5.5% 9.6% 2.9% 26.6%

Note: Rows may not sum to 100% due to rounding.

As indicated in the table, the main impact of feebate systems is to increase the demand for non-
prestige cars and decrease the demand for all other vehicle types, primarily SUVs. The differences
among the systems are what would be expected based on theory. The footprint yields the smallest
increase in small car demand, single benchmark yields the largest, and the two benchmark
(car/truck) system lies in between. The single benchmark yields the largest increase in non-
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prestige midsize/large cars, and the largest decreases for Pickups and SUVs. At the same time, none
of these changes is particularly large. The single largest increase is for small cars with the single
benchmark, a change from 27.6 to 30.6% (a 3 percentage point increase).

Manufacturers’ product portfolios will determine how they are affected by these sales shifts.
Portfolio mixes tend to be correlated not only with the prestige versus standard distinction, but also
with country of origin. To provide a high-level comparison, we have added a regional dimension
and assigned each manufacturer to one of six groups. The effect of feebate programs on sales
revenue share is summarized in Table 1.4.

Table 1.4 Estimated Revenue Shares for Six Manufacturer Groups Under Different California
Feebate Programs

Domestic- | Europe- Asia- Domestic- | Europe- Asia-

Standard | Standard | Standard | Prestige Prestige | Prestige
Reference Case 27.9% 1.4% 39.2% 2.6% 17.6% 11.3%
Footprint 27.5% 1.2% 41.6% 2.5% 16.2% 11.0%
Single Benchmark 26.9% 1.3% 42.2% 2.4% 16.3% 11.0%
Two Benchmark 27.1% 1.3% 42.1% 2.4% 16.2% 11.0%

Note: Rows may not sum to 100% due to rounding.

The changes in share are relatively small, as might have been expected from the results shown in
Table 1.3. Under all benchmark systems, revenue shares increase for Asia-Standard, and decrease
for all other groups. The increase for Asia-Standard is smallest for footprint, and largest for single
benchmark. Conversely, Domestic-Standard loses the least share for footprint, and the most for
single benchmark. This is consistent with Table 1.3, in that Asia-Standard dominates both the Small
and Midsize/Large car markets. Again, although these effects are consistent with what would be
expected, they are still quite small.

1.5.2. Consumer Equity

It is often the case with significant policy measures that there will be subtle and/or explicit “social
equity” impacts of various types. These can be in various forms, from direct economic effects
through taxation or other direct welfare loss to more subtle effects such as health impacts from
exposure to increased levels of pollution. In many cases it is desirable to have policies that are not
“regressive” from a social equity perspective. Other policies may be explicitly “progressive,” but
many others seek to be neither progressive nor regressive and to accomplish some other policy
goal (e.g.,, GHG emission reduction) without major impacts on social equity.

The CARBITS model includes a variety of assessment measures that can be broken down by
household demographic groups to explore issues related to social equity. For example, in the case
of income there are five income categories. CARBITS modeling results capture effects due to shifts
in vehicle-purchasing decisions by income group, allowing an examination of the social “incidence”
of feebate programs from the least well off to the most well off of the income quintiles. Section 9.2.4
provides CARBITS results for the impact on various metrics by income category. We summarize the
main findings here. With regard to payment of fees and rebates:
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e The average rebate per vehicle is similar across income categories.

e The average fee per vehicle varies by income category. The average fee is smallest for the
lowest income group, and average fees increase with increasing income.

e Overall net feebates are actually positive for the lowest income group. For the single
benchmark, they are also positive for the second-lowest income group. Net feebates are
negative for all other groups, and become increasingly negative with increasing income.

Based on these findings, feebate programs could be characterized as “non-regressive” with regard
to the payment of fees and rebates. Itis also important to recall that feebate programs apply only to
the purchase of new vehicles, and that the incidence of new vehicle purchases increases
dramatically with increasing income.

Of potentially greater interest is an evaluation of the “ripple effects” that can be expected to occur
over time through the used vehicle market. This can be examined using an overall measure of
consumer surplus (CS) that captures household utility for the entire vehicle market. The basic
measure is the change in CS for a feebate system versus the Reference Standard case. CARBITS CS
results differ from the MDM in certain ways, for reasons discussed in section 9.2. However, for
purposes of comparing feebate systems they behave similarly, and CARBITS measures are
specifically useful for assessing the differential impacts across income categories. One main caveat
regarding the CARBITS results: The changes in consumer surplus are rather small in virtually all
cases.

Before discussing dynamic effects, we consider the average change in CS by income group taken
over the entire period 2011-2025. The change in CS is positive for the two lowest income groups,
and negative for the three highest income groups—see Figure 9.28. This is true under all three
feebate systems (footprint, single benchmark, and car/truck benchmark), although the patterns
vary. This is another piece of evidence to suggest that the types of feebate programs assessed here
are not likely to be regressive.

Looking at the yearly change in CS, the average change in CS per household (across all households)
is generally positive for the early years. The change in CS initially increases, but then falls so as to
become negative, and then becomes increasingly negative in the later years. The crossover from
positive to negative occurs in 2018 for the single benchmark case, and in 2020 for the footprint and
car/truck cases—see Figure 9.27. The interesting thing to observe is what happens when these
yearly changes are broken down by household income category. In all years, for all feebate
systems, the lowest income group has a positive change in consumer surplus—see Figures 9.30 to
9.32. For many years the second lowest income group also has a positive change in consumer
surplus. The higher income groups are the ones that experience negative changes in CS, and it is
these households that drive the average CS results over all households.

Our interpretation of this finding is that there are two effects. First, if lower income households
purchase new vehicles, the vehicles they choose lead to positive net feebates and therefore
increased consumer surplus. Second, as higher fuel economy vehicles continue to diffuse into the
used vehicle market over time, lower income households benefit from the availability of used
vehicles with higher fuel economy. These plus other results suggest that the effect of feebate
programs is non-regressive with respect to their impact on lower income households.
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1.6. How do stakeholders view feebate programs?

The Feebate Analysis Model results in Section 1.3 give some idea of how feebates might impact
average emissions rates of vehicles sold in the new vehicle market. However, there are other
practical issues to consider that fall outside the scope of quantitative modeling. The attitudes and
views of various stakeholders affected by feebate programs could be important when making
certain program design decisions. In the case studies from Europe (Section 1.2), attitudes of
average consumers and the government’s interaction with vehicle providers at times played
important roles in policy makers’ decision-making. To explore consumer-related issues, focus
groups and a statewide survey of the general car-buying public were conducted. In addition,
members of the team interviewed representatives from vehicle manufacturers and auto
dealerships. The following sections summarize key findings from this stakeholder opinion
research.

1.6.1. Consumer Research

Consumer research was conducted in two phases. Exploratory research using focus groups was
performed first to gain fundamental understanding of knowledge, perceptions, and issues of most
concern to consumers regarding feebate program designs. A total of twelve focus groups were
conducted in the Bay Area, the Central Valley, Los Angeles area, Sacramento, and San Diego; two of
the focus groups were conducted in Spanish. Although focus group results cannot be used to
establish specific statistically valid conclusions, they yield key qualitative understandings that
provide a sound basis for developing questions for quantitative research using a large statewide
survey. Administered by telephone, survey interviews were conducted with over 3,000 households
through California, yielding an adequate sample of responses for valid statistical analysis.

Key Focus Group Findings

*  When designing the focus group protocol, a major concern was how hard it might be for
respondents to understand feebates. However, participants seemed to quickly understand
the concept of a feebate program.

* In most cases, after discussion over the course of the focus groups, the overall response to
feebate programs was negative.

* Many participants generally had a negative view of both manufacturers/dealers and
government programs, and viewed feebate programs with suspicion. There was concern
that manufacturers/dealers would find a way to manipulate feebate-related transactions to
their benefit.

» Participants suggested alternative policy approaches to address vehicle fuel efficiency,
including gas taxes and direct regulation of manufacturers. In addition, many proposed that
fees and rebates should be targeted directly to manufacturers rather than consumers.

* Participants generally felt that a feebate program would be ineffective in influencing vehicle
purchase decisions.

*  When pressed to estimate the level at which feebates might be effective, they indicated that
the fee or rebate would need to be 10-25% of the sticker price, or alternatively, in a range
from $1,000-$5,000.
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Participant responses to the various feebate program design elements reflect, and were
consistent with, trade-offs relating to issues of fairness and complexity that are well-known
in the literature.

0 Respondents generally preferred a continuous feebate function to a step-based function,
believing that the continuous was more “fair” (even if a step based function might be
“easier to understand”).

0 Although there was substantial disagreement, the majority of respondents preferred a
class-based system for (at least) cars and light-duty trucks for reasons of fairness to
families and small businesses. Others found class or size based systems too complex
and thought that consumers would find them confusing.

0 At the same time, there was an understanding that higher emitting vehicles could
receive rebates while lower emitting vehicles could be charged fees under a class-based
system. This also seemed “unfair” and, moreover called into question the purpose and
effectiveness of the program.

0 The possibility of special exemptions or other breaks for large families or businesses
was recognized as a way to address the fairness issue, but with concerns that it be
administered fairly.

There was considerable skepticism that a feebate program could be managed so as to meet
the goal of revenue neutrality.

Key Statewide Survey Findings

The statistics below summarize key findings from the 3,000-household statewide survey
administered between October and December 2009. The numbers shown are the raw survey
results as well as a “weighted” sample that adjusts responses to make them more representative of
the true demographic composition of the state.
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In contrast to the focus group results (which are not statistically valid), survey respondents
were generally positive and supportive of feebate programs. Seventy-six percent of
respondents either agreed (46%) or strongly agreed (30%) that they “would generally be
supportive of this type of program to help slow the rate of climate change”. (See Figure
1.14) With the weighted results, the percentages were agree (50%) and strongly agree
(26%), retaining a total percentage of 76% but with fewer in the strongly agree category.

Support for feebate programs is highly correlated with perceptions and opinions on issues
related to climate change and energy dependence. The large majority of all respondents:
0 Are aware of the terms:
*  “climate change” (92% / weighted 87%),
*= “greenhouse gases” (80% / weighted 71%).
0 Believe that:
=  The earth is experiencing climate change (41% strongly agree / 38%
weighted; 45% agree / 47% weighted)
* Human activity is a contributing factor (36% strongly agree / 35%
weighted; 46% agree / 50% weighted)
= Dependence on foreign oil is a serious problem (37% strongly agree, 43%
weighted; 44% agree / 45% weighted)

Consumers were asked what they would do “if a new vehicle that you were planning to
purchase increased in price by $2,000 due to an emission fee.”



0 16% said they would buy the vehicle anyway,

0 39% said they would buy a different vehicle,

0 20% said they would buy a used vehicle,

0 14% said they would save money to buy the same vehicle later,

0 5% said they would not consider a vehicle with an emissions fee, and
0 6% did not know how they would respond.

* The respondent’s self-described positioning on political issues was well-balanced among
conservatives, moderates, and liberals:
0 31% Liberal/Very Liberal
= 7% very liberal
= 24% liberal
0 32% Moderate
0 29% Conservative/Very Conservative
= 23% conservative
* 6% very conservative
0 4% Other / 3% Not sure / 2% Refused

As shown above, the weighted sample results differ from the raw survey results, but only by a
relatively small amount of a few percentage points between categories. The overall conclusions
remain unchanged.

Question: 1 would generally be supportive of this kind of program to
help slow the rate of climate change

76% would support
feebates

Strongly Agree
30%

Refused
0%

Don't Know
204 \

Disagree
14%
Figure 1.14 Breakdown of responses from telephone survey administered to 3,072
households in California in late 2009 (unweighted)

Strongly Disagree
8%
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1.6.2. Dealer Interviews

In addition to consumers, auto dealers and automakers were interviewed to gain insights into their
perceptions of feebate programs and their support or opposition to them. Key findings from the
dealer interviews include:

 Dealers expressed both practical opposition to a feebate program related to potential loss of
sales and increased administrative burden as well as more of an ideological opposition
related to perceived restriction of consumer choice.

e When asked about preferred alternatives to the feebate program, three of the eight dealers
expressed a preference for an increase in fuel taxes, arguing that higher fuel taxes are more
likely to have a significant impact by influencing driving habits and reducing vehicle miles
traveled.

¢ Regarding program administration, three of the eight dealers strongly opposed dealership-
level administration, mostly because of the administrative burden.

0 One interviewee described his dealership as already "inundated as a business in
handling the State's business."

0 Two dealers also described past problems with other programs administered at the
dealership—Ilike the tire fee—which has resulted in steep fines when dealers make
mistakes when reporting and making payments to the State.

0 Two of the eight dealerships, however, indicated that given the synergies with current
reporting requirements, if set up correctly they may be able to undertake the
administrative aspects without much trouble.

¢ When asked about compensation from the State for administration, four of the eight dealers
provided estimates for acceptable reimbursement. Two dealers indicated that $50-$100 per
transaction would be adequate, one dealer preferred a monthly compensation of ~$1000 per
month, and one dealer argued for a percentage reimbursement rather than a fixed per
transaction or per month repayment.

e Six of the eight dealers interviewed expressed willingness to set aside time to train
salespeople about the program, if implemented. Five dealers stated that this training would
not be a problem, since salespeople already undergo training on a regular basis, and one
dealer indicated that they would comply if compelled by the State.

1.6.3. Vehicle Manufacturer Interviews

The team conducted six interviews with experts from five automobile manufacturers in the US and
abroad during the period July to December 2009 (one company was interviewed twice, with two
different perspectives). Also one additional automobile manufacturer provided a response to the
interview questions in written form. Larger automakers were the primary focus but a few of the
smaller ones were also interviewed. Overall, the six manufacturers queried represented about 72%
of the US market based on 2009 sales.1>

15 Note that the automaker interviews were conducted on a confidential basis, where the specific individuals
interviewed are not identified.
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Automakers were generally opposed or “lukewarm” to potential feebate programs, particularly at
the individual state level. The automakers interviewed clearly had various amounts of internal
thinking and debate about potential feebate policies, but generally were very aware of them due to
their previous application in other countries. They generally expressed that their potential support
or opposition would hinge on the design of the programs, and were more supportive of federal
programs than those instituted by individual or groups of states. Key points of opposition included
restriction of consumer choice, and preference for fuel tax based policies that would more directly
address consumers’ use of fuels rather than programs such as feebates that would be applied to the
initial purchase of lower versus higher emitting vehicles but not directly tied to the ongoing
production of greenhouse gas emissions based on vehicle use.

Key findings from the automaker interviews were that:

e Three of the six automakers interviewed were generally supportive of a feebate program,
though all of the automakers indicated that their potential for support depends on the
structure and design of the program.

0 For two automakers, support stems from the belief that a feebate program sends a
signal to the market and car buyers that the government supports a fleet-wide shift
toward more fuel-efficient vehicles.

0 One automaker supports feebates as part of the company's overall shift toward greater
environmental stewardship.

* Two interviewees expressed general opposition to a feebate program. For one automaker, this
sentiment stems from the belief that the program would be biased against consumers with
large families or needs that require larger vehicles and trucks. Another automaker described
feebates as "unnecessary and duplicative" and an "inefficient, expensive and complicated
way to get small environmental benefits."

* Four automakers indicated a preference for a linear feebate structure as opposed to a step-
based structure or a structure with a zero-band, and three of these indicated a preference for
a single benchmark system that places all vehicles on the same scale.

0 Two automakers prefer a multiple-class system that would "compare vehicles that are
really comparable;" for example, a class-based system that would compare SUVs to
SUVs, and compact cars to compact cars.

0 One automaker that is generally opposed to feebates prefers class-based as the "lesser
of two evils."

0 None of the automakers indicated a preference for a step-based function (one strongly
opposed it), and two pointed out that the step-based structure could lead to market
distortions, "gaming," and border issues.

* When presented with the concept of a footprint-based function, one automaker indicated that
this kind of system would be too complicated for consumers to understand and another
expressed dislike for footprint-based systems in general.

0 Two of the six automakers preferred footprint-based: one likened the footprint-based
system to the shadow area-based program in the Netherlands (which this automaker
favored), and another prefers a feebate system that aligns with CAFE (so thus also
prefers footprint-based).

e Four of the six automakers indicated that a feebate program in California would likely impact
product design and product planning.
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0 Three of these indicated that the program would primarily result in product
adjustments at the manufacturer level, while one indicated that feebates would result in
a mixture of product design changes and shifts in production allocation.

0 One of the four argues that this impact on product planning will be largely negative and
that the program will cause "planning mistakes" and "wasted resources."

* When asked about previous experience with similar incentive/disincentive programs, three of
the five automakers indicated that they had had relatively positive experiences in the past.

0 One automaker felt that the Canadian feebate program—though relatively short-lived—
was generally good and motivated the company to improve one model in order to make
it eligible for the incentive.

0 Another automaker felt that Cash for Clunkers was successful at influencing consumer
decision-making and also attracting new car buyers to the new car market.

0 A third automaker described the Netherlands feebate program—which they described
as a "multiple-class, vehicle shadow area-based program"—as a model for future
feebate programs.16

« Four of the six automakers also described negative experiences with past programs.

0 Cash for Clunkers, according to two automakers, disrupted dealership cash flows and
provided little lead-time for dealers and manufacturers to prepare for program
implementation.

0 Two automakers used the Canadian program as an example of what “not to do” with a
California feebate program, since they argue that the program was too short-lived and
resulted in a lot of gaming and little technological change and environmental benefit.

¢ Three of the six automakers responded that the feebate program should be administered by
the dealership, where they believe it would more effectively influence consumer decision-
making. One automaker pointed out that administration by any entity other than the
government (i.e. via vehicle registration) would dilute the signal from the government and
incorrectly associate the feebate to the dealer or manufacturer.

 All automakers that were asked about national versus state-by-state feebates programs much
preferred a national program. If a national program could not be developed and if state
programs were adopted, manufacturers would prefer similarly designed and aligned state
programs.

1.7. How might a feebate program best be coordinated with other state measures
and goals?

The primary focus of this project was determined by the AB 32 Scoping Plan, which explicitly called
for an evaluation of feebates as a substitute for (or complement to) emissions standards for new
passenger vehicles. However, there are other policies in the transportation section of the Scoping
Plan that, because they also impinge on emissions from passenger vehicles could require
coordination with feebate policies. These include: 1) the Zero-Emission Vehicle (ZEV) program; 2)

16 After the interview was conducted, the Netherlands made the decision to drop a class-based program in
favor of one with a single standard—see section 2.
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the Low Carbon Fuel Standard (LCFS); and 3) SB 375 - the “sustainable communities strategy”
program. In addition, there are non-transportation AB 32 programs that could interact with the
transportation sector, such as a proposed statewide GHG “cap and trade” program. The most
important of these interactions are briefly discussed below, with a larger discussion in the final
report.

1.7.1. California Zero Emission Vehicle (ZEV) Program

This program requires increasing numbers of zero emission vehicles (ZEVs) and very low-emission
“partial zero emission vehicles” (PZEVs) to be sold in California in the coming years. The rules of
the program have become quite complex, as the program has evolved extensively since first
introduced in 1990. The regulations now lay out multiple pathways by which automakers of
various sizes may meet the regulation, to provide an element of flexibility. The gist of the current
regulation is that major manufacturers must meet percentage requirements for advanced vehicle
introduction that increase over time. They can do so with various combination of ZEVs, “enhanced
advanced technology-PZEVs,” “advanced technology-PZEVs,” and “PZEVs.” These ZEV rules are
currently under revision but are expected to provide an ongoing stimulus for automakers to
produce initially small but growing numbers of near zero-emission vehicles.

However, these vehicles would also be subject to any feebate policy introduced in California. Their
emissions characteristics virtually ensure that these efficient and low-fuel cycle GHG vehicles would
receive rebates, providing additional incentives for consumers and making compliance with the
ZEV mandate easier. Under the feebate scenarios examined in this project, ZEVs could get up to a
few thousand dollars in incentives. In this regard, it should be recognized that any feebate program
should be coordinated with other ZEV-related incentive programs.

1.7.2. Low Carbon Fuel Standard (LCFS)

This is one of the “early-action” GHG emission reduction measures required for identification and
implementation by AB 32. The LCFS limits the average carbon intensity of transportation fuels
supplied by regulated parties for use in California. The LCFS requires a 10% average reduction in
carbon intensity by 2020 relative to 2010 levels. This represents a 15 MMT reduction in GHGs or
about 10% of the reductions needed to achieve the total AB 32 target.

Since the LCFS applies solely to fuels, and feebates apply only to the sale of vehicles, the potential
interaction effects between the two programs are somewhat subtle. There are potential synergies
between the two, to the extent that the two programs do reinforce the introduction of lower carbon
fuels into the market (i.e., feebates also encourage the adoption of advanced technology vehicles
using lower carbon fuels, such as plug-in hybrid and potentially biofuel-powered vehicles). Hence,
the addition of a feebate program in California could help some fuel producers meet the LCFS
requirements by making it easier for them to sell the required amount of low carbon fuels.
However, we note that many of the feebate scenarios we have analyzed mainly result in
incremental improvements to conventional vehicles that would use reformulated gasoline. The
scenarios involve somewhat lower usage of gasoline overall, which would slightly reduce the
amounts of lower-carbon fuels needed to meet the LCFS carbon fuel intensity targets, but otherwise
have little implications for the LCFS program.

Other key but less direct policy interaction areas include those with other AB 32 related programs,
such as SB 375 - related to smart growth and land use changes - and potential GHG cap and trade
programs. These and some other potential policy interactions are discussed in Section 10.5.
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1.8. Key Conclusions

Based on the collection of results, we provide an overall summary of some conclusions along with
brief discussion. These reflect the outcomes of individual project tasks as well as interactions
among the tasks. They represent the key take-away messages from the project efforts.

1. There is evidence from case studies in four European countries to suggest that feebate
programs can be effective in lowering the average emissions rates of new vehicles.

* This finding is based on average vehicle emissions data from both before and after the
introduction of feebate systems.
* Atthe same time, this finding should be viewed with some caution for a number of reasons.
0 There are important differences between the policy and cultural environment of
Europe versus California.
0 Introduction of these systems overlapped with fuel price increases in most cases. At
the same time, even taking into account fuel price volatility, the data seem to
indicate that feebates did have a measureable effect.

2. Quantitative models suggest that, under the right conditions, feebates can be used to
reduce greenhouse gas emissions from new vehicles in California below national emissions
standard levels. In addition, results indicate that feebates yield net positive social benefits
aside from greenhouse gas reductions.

* A California feebate program could reduce average emissions from new vehicles by 3 to 5
percent, producing 3 to 5 MMTCOE of reductions in California in 2020, depending on the
design of the policy.

* Results are subject to base case modeling assumptions on consumers’ value for fuel savings,
their responsiveness to price changes, fuel prices, and vehicle technology costs.

* If consumers were to value fuel savings over the full lifetime of the vehicle, the market
would yield emissions levels below currently discussed targets without policy intervention.

3. The ability to affect vehicle design decisions is one of the frequently stated benefits of
feebate programs. However, because California is about 10% of the domestic market,
feebate policies based in California alone would only have a limited effect on vehicle design
decisions.

* For scenarios involving California-only feebate programs, manufacturers’ technology
decisions are largely determined by national emissions standards.

* Because California-only feebates have limited impact on vehicle design decisions, they are
also limited as a source of “spillover” and produce minimal co-benefits for non-feebate
regions.

» If feebates were implemented over a larger geographical area, the potential for spillover
would increase. If other states or the entire country adopted California’s feebate policies,
the impact could significantly increase.

* A nationwide feebate system could have a very large impact on emissions reductions from
passenger vehicles due to its much greater impact on vehicle design decisions. Average
emissions from new vehicles would be lowered by about 10 percent, and roughly three-
fourths of these reductions would result from vehicle redesign as opposed to changes in
purchasing behavior.
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4. Quantitative models suggest that a single benchmark system (i.e. one that is not indexed
to vehicle size or class) would yield the largest reduction in greenhouse gas emissions, but
also the largest reduction in consumer welfare (measured by Consumer Surplus). However,
when future fuel savings are taken into account, a single benchmark system would yield the
largest net social benefit.

5. Quantitative models suggest that, under the right conditions, feebates could be used to
reduce greenhouse gas emissions in lieu of more stringent performance-based standards
beyond 2016. A properly designed feebate program could be used as a substitute for
increasingly stringent GHG standards for new vehicles beyond 2016 (i.e. LEV III-GHG). This
would require raising the feebate rate over time, from $5/g/mi up to $40/g/mi by 2025.

6. Although a single benchmark system would yield the largest net social benefit, issues of
equity and fairness among stakeholders could require consideration of alternatives.

* In the project focus groups, there was sensitivity to the issue of “fairness” and a belief
that a class-based (or footprint) system would be “fairer” than a single benchmark for
people who “need big vehicles.”

* This concern is consistent with experience with France’s single benchmark system. The
system was recently modified to provide subsidies to large families who “need” larger
vehicles.

* Some focus group participants understood that, under a class-based (or footprint)
system, there would be instances where some large, higher emission vehicles would
receive rebates while other lower emission vehicles would receive fees. This is
confusing, and seems inconsistent with the stated purpose of feebate systems.

* This view is consistent with recent experience in the Netherlands, who introduced a
footprint-based system. Consumer sentiment about the complexity of the system, and
the possibility of higher emitting vehicles receiving rebates, caused the Netherlands to
abandon its footprint system in favor of a single benchmark system.

7. Model results suggest that there would be a decline in new vehicle sales under all feebate
programs, with an associated 1% drop in industry revenue for the California market.
Although this is small in percentage terms, it is significant in terms of dollar amounts.

8. Feebate systems have an impact on sales patterns. All systems increase the demand for
non-prestige cars (particularly small ones) and decrease the demand for all other vehicle
types, particularly SUVs. However, there are differences across systems. A footprint-based
system yields the smallest increase in small car demand, the single benchmark yields the
largest, and a two-benchmark (car/truck) system lies in between.

9. Because product portfolios vary across manufacturers, they are affected differently by
sales-mix shifts.

* Although evaluating impacts on individual manufacturers would be unreliable, grouping
manufacturers using two dimensions (prestige versus non-prestige, domestic versus
Asian versus European) reveals shifts in revenue shares due to feebate systems.

* Revenue shares for non-prestige vehicles with Asian nameplates (“Asia-Standard”)
increase for all feebate systems, and decrease for all other groups. The increase for
Asia-Standard is smallest for a footprint-based system, and largest for a single
benchmark system.
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These results assume that vehicle portfolio offerings across manufacturers remain
unchanged from those projected for the period 2008-2013.

10. Analyses of the impact of feebate policies on different income groups suggest that these
policies are not regressive.

In the new vehicle market, the majority of fees and rebates are applied to higher income
groups because they purchase the majority of new vehicles.

For households that purchase a new vehicle, the average feebate is negative for all
households except for those in the lowest income groups. For those income groups with
a negative average feebate, the average gets more negative as income increases.
Analysis of consumer surplus changes indicates that that lower-income households
experience an increase in consumer surplus due to feebates, whereas higher income
households experience a decrease. This is consistent with the pattern of feebates for
new vehicle purchases, but also reflects a “ripple effect” from the diffusion of more fuel-
efficient vehicles into the used vehicle fleet over time.

11. Results from a large statewide survey (sample size of 3,000) indicate that consumers in
California are generally concerned with anthropogenic climate change and energy
independence, and would be supportive of a feebate system.

In the survey, a total of 76% of survey respondents either strongly agreed (26%) or agreed
(50%) that they “would generally be supportive of this type of program to help slow the
rate of climate change.”

Exploratory research using focus groups (total of about 100 participants) was conducted
prior to the survey. The issue of program fairness was a major theme; for example, a
household that really needs a large vehicle might be forced to pay a fee. We found that
overall response to feebate programs was weakly or strongly negative in most groups.
Although focus groups cannot yield statistically significant conclusions, this outcome is
qualitatively different from the survey results and should not be summarily dismissed. One
possible explanation is that, in the dynamic and interactive setting of focus groups, the
presence of individuals with concerns about fairness or a dislike of government programs
could influence the overall tenor and direction of discussions.

With regard to program fairness, survey results generally indicate that the idea of providing
feebate-like incentives is not generally considered unfair - although some respondents
would rather see government programs targeted more directly at the automakers
themselves.

12. Automobile dealers are generally opposed to feebate programs due to concerns about
administrative burdens, lost revenues, and broader “ideological” opposition to government
policies that are perceived to reduce consumer choice.

Dealers have had mixed and often negative experiences with other types of grant and
incentive programs (e.g., Cash for Clunkers) that come with state reporting requirements.
Some (but not all) dealers are concerned with potential revenue losses under a feebate
program. (This concern is generally confirmed by quantitative modeling results.)

13. Automobile manufacturers are mixed in their support or opposition to feebate
programs, some citing it as being in line with their corporate stance for "environmental
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stewardship” but others being concerned about potential negative effects on sales revenues
that also could impact dealers.

* The automakers are generally knowledgeable about feebate programs and have a
preference for linear as opposed to “step based” programs.

* The automakers had a mixed response to footprint and class-based programs, some
suggesting that a footprint-based system would be well harmonized with CAFE and others
suggesting that either type would be too complicated for consumers to easily understand
and thus not "transparent” enough.

* The automakers expressed a clear preference for a national rather than individual state
programs, and worst of all a “patchwork” of differing state programs - some suggested that
individual state programs should be at a minimum, harmonized with each other in the
absence of a federal program.

14. Administrative costs for feebate programs are estimated to range from $4.6 to $6.5
million annually (plus $2-$4 million in startup costs). This cost is relatively small when
compared to the volume of revenue flow in a feebate program, is on the order of 1% of total
fees collected, and is consistent with the level of administrative burden that is typical of
state programs of this sort.

15. The potential effectiveness of feebate programs is affected by future events that in some
cases can be unpredictable, such as gasoline price changes, cost evolutions for new
technologies, or changes in automobile market structure. The future stringency of fuel
economy or greenhouse gas emission standards is also found to be a key factor in the
incremental benefits of a California-level feebate program. Policymakers should be aware of
the potential for these events to interact with feebate program implementation and
potentially affect overall effectiveness.
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2. INTRODUCTION

The California Global Warming Solutions Act of 2006 (AB 32) calls for the state’s greenhouse gas
(GHG) emissions to return to 1990 levels by 2020. The California Air Resources Board (ARB, or
Board) is the lead agency for implementing AB 32, and on December 12, 2008 the Board approved a
Scoping Plan (Plan) that provides policy recommendations and estimates of emission reductions for
individual sectors of the California economy. Passenger vehicles are a large contributor of GHG
emissions, and the primary policy option specified by the Plan is the direct regulation of GHG
emissions via a declining fleet average standard for new vehicle sales. The Board has already
approved one such a standard under AB 1493 (Pavley) in September 2004. It applies to passenger
cars and light-duty trucks and is phased in beginning with the 2009 model year, achieving
maximum stringency for the 2016 model year. The Plan identifies this standard (referred to as
Pavley 1) as one policy for helping to meet the requirements of AB 32. The Plan also identifies
another policy option (Pavely II, or LEV-III) that would further strengthen the standards beginning
with the 2017 model year.

However, at the time the Plan was drafted the U. S. Environmental Protection Agency (EPA) had
denied the necessary waiver for implementing Pavley, placing these policy options in doubt.
Moreover, according to the Plan “AB 32 specifically states (section 38590) that if the Pavley (AB
1493) regulations do not stay in effect, that the State shall implement alternative regulations to
control mobile sources to achieve equivalent or greater GHG reductions” (emphasis added). The
Plan goes on to identify a type of economic incentive policy known as a feebate as the possible
backstop to the Pavley regulations. Although there are many possible types of feebate policies, for
this document they all share the following basic definition:

A feebate is a market-based policy for encouraging greenhouse gas (GHG) emission
reductions from new passenger vehicles by levying fees on relatively high-emitting vehicles
and providing rebates to lower-emitting vehicles.

The Plan envisions designing a feebate program that would obtain “cumulative emission reductions
equivalent to those that would have been achieved under the Pavley regulations.” However, the
Plan also recognizes that, in the event that Pavley regulations are implemented, feebates could be
used as a complementary policy to achieve even greater GHG reductions.

To address issues related to the practical design and implementation of a feebate program for
California, the Plan specifies that a comprehensive study of feebates be conducted. To meet this
requirement ARB commissioned a research project on feebates. A request for proposals was issued
in fall 2008. Proposals from two University of California research teams (Davis and Berkeley) were
combined into a single research project, and work began in February 2009. The team produced an
interim statement of findings in April 2010.

This document is the project’s Final Report, and the sections that follow comprise the Research
Report portion. Section 3 provides background to support the material presented in the remainder
of the report. Sections 4 and 5 provide an overview of research project tasks and methodologies
employed, respectively. Section 6 discusses “lessons learned” from ten case studies of feebate and
feebate-like policies. Section 7 discusses how policy options were developed and describes those
that were adopted for detailed analysis. Section 8 provides details on the Feebate Analysis Model
developed for the project. Section 9 compiles the results of policy analysis from the methodologies
discussed in sections 5 and 8. Finally, sections 10 and 11 present policy implications, and
recommendations and conclusions, respectively.
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3. BACKGROUND

Implementing policies to reach the AB 32 goal of reducing the state’s greenhouse gas (GHG)
emissions to 1990 levels by 2020 requires detailed estimates of the state’s past emissions,
business-as-usual estimates for 2020, and specific targets and estimates for reductions from
specified policies. Although AB 32 is based on a return to 1990 levels, emissions levels in the
Scoping Plan are expressed as a “2002-2004 average.” The emissions total for this average is 469
MMTCOzE, and the business-as-usual (BAU) projection for 2020 in the Scoping Plan!? is 596
MMTCOE. Based on extensive technical work and consultation with stakeholders, ARB developed
a 2020 target of 427 MMTCO2E. This implies a reduction of 169 MMTCO:E (or approximately 30%)
from the state’s 2020 projected emissions, and the reduction of 42 MMTCO2E (almost 10%) from
2002-2004 average emission levels.

In this section details from the AB 32 Scoping Plan on emissions targets and policy options
(including the role of feebates) are reviewed. Because emission standards play a fundamental role
in policy analysis, relevant details on these are reviewed. Past efforts in California to implement
feebate systems that provide interesting and useful background on this subject are also reviewed.
Finally, the fundamental design elements providing the “building blocks” for developing alternative
feebate policies are described, as these will be referenced in the remainder of the report.

3.1. AB 32 emissions targets for passenger vehicles

The AB 32 Scoping Plan reports that the transportation sector had a 2002-2004 average emissions
level of 179.3 MMTCOE, and has a BAU projection of 225.4 MMTCO:E out of the total 596
MMTCOzE (or 38%), making it by far the largest sector in terms of GHG emissions. By this
accounting the transportation sector’s share of reductions would be 64 MMTCO.E. Because
passenger vehicles produce 74% of the sector’s emissions, their share of BAU emissions and
targeted reductions would be 167 MMTCO2E and 47.4 MMTCO:E, respectively.

With regard to reduction policies, the transportation sector is included under California’s Cap and
Trade program, which complicates the discussion. However, the Plan identifies specific reduction
measures that are directly or indirectly related to passenger vehicles—see Table 3.1. These include
vehicle efficiency measures (e.g., to reduce rolling resistance, encourage more efficient auxiliary
systems, etc.) and the Low Carbon Fuel Standard (LCFS). The total of these targets is 51.2
MMTCO:E; however, only a portion of the vehicle efficiency measures and the LCSF would apply to
passenger vehicles. At the same time, there are undetermined savings due to the effects of the Cap
and Trade program that would presumably have an impact on fuel prices and vehicle miles
traveled.

17 These figures come from the original version of the Scoping Plan. Because ARB issues periodic revisions of
the Scoping Plan, these figures may not agree with the most recent version.
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Table 3.1 Summary of Passenger Vehicle Related Reduction Measures

. Potential 2020 Reductions
Reduction Measure MMTCO,E
Pavley (AB 1493) 27.7
LEV III-GHG Standards 4
Vehicle Efficiency Measures 4.5
Low Carbon Fuel Standard 15
(Discrete Early Action)

The total reduction assigned to the GHG standards (both Pavley and LEV III) is 31.7 MMTCO:E.
Appendix C of the Scoping Plan (pages C-61 to C-63) describes ARB’s plans with regard to feebates,
which include the following:

* A general description of feebates similar to those in this report
* A statement that ARB has commissioned this research project
* A31.7 MMTCO:E emission reduction target for feebates in lieu of Pavley regulations

* A statement that ARB will evaluate feebates as a complementary measure if EPA grants a
waiver

On June 30, 2009 the EPA granted a waiver for Pavley, rendering moot the subject of using feebates
as a replacement for Pavley (with its target of 27.7 MMTCO:E). This is discussed in more detail in
the next section.

3.2. The role of emissions standards

The likely impact of feebate programs on greenhouse gas emissions for the study’s planning
horizon (2011-2025) depends critically on a wide range of factors that will affect the future new
vehicle market. In particular, future emissions performance standards play a major role; however,
the form and stringency of these standards through 2025 are far from certain at this time. In fact,
current and expected near-term policy conditions have already changed multiple times during the
course of this project. As noted previously, in June 2009 the EPA granted a waiver for the Pavley
regulation. Moreover, in May 2009 the Obama administration had announced it would develop a
new national emissions standard to be harmonized with Pavley. We provide additional background
on these here. Other factors and assumptions expected to impact feebate program evaluation are
addressed in later sections.

Emissions standards can be summarized in terms of the average emissions rate of new vehicles sold
for a given model year. The timing and amount of actual emissions reductions depend on how the
vehicles are driven over their lifetimes. Evaluating feebate programs on the basis of these same
measures requires a baseline (or reference) policy for comparison. The following facts on
emissions standards are relevant for establishing a reference policy scenario:

* The Pavley standard uses two benchmarks. It requires that new passenger cars and trucks
up to 3750 lbs on average emit less than 205 gCO2E per mile by MY2016. For light-duty
trucks 3750-8500 1b the limit for the average is 332 gCO2E/mi. ARB anticipates the fleet-
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wide average under this regulation to be 243 gCO2E/mi. The emissions reductions from
this policy are estimated to be 27.7 MMTCO2E.

* The proposed new national standard starts in MY2012 and also goes through MY2016. Itis
based on two footprint curves (one for passenger cars, and one for light-duty trucks), and is
expected to yield a new vehicle fleet-wide average of 250 gCO2E/mi in MY2016. Details on
these footprint curves can be found in section 7.2.

» California will enforce the Pavley standard for MY2009-2011, and then accept compliance
with the national standard for MY2012-2016. Although the national standard is less
stringent (250 versus 243 gCO2E/mi in 2016), it is expected to yield greater GHG
reductions because it applies nationwide.

» There is nothing in currently proposed policy to indicate what national emissions standards
would be after 2016. However, the Obama administration recently signaled its intention to
develop a policy that pursues more stringent standards beginning in 2017 (EPA/NHTSA,
2010b).

* A LEV III-GHG standard in California (called Pavley II in the Plan), if implemented, would
start in MY2017 and go through MY2025. Although there is a rough projection of emission
reductions in the Scoping Plan for this standard (4 MMTCOZ2E in 2020, growing to 27
MMTCOZ2E by 2030) these figures are highly speculative and there is currently little
information on what the form and new vehicle emissions averages might be.

To address the need for a reference policy scenario over the entire period (through 2025), our
research makes the following assumptions:

* The current policy is used through MY2011, and the currently proposed national standards
are used for MY2012-2016. Because the national standards were designed to harmonize
with the California program, we consider them to be a reasonable substitute for Pavley.

* The period MY2017-2025 requires an assumption for national emissions standards. In
consultation with ARB staff, our study adopts a Reference Policy that assumes a 2%
reduction per year starting in 2017.

This reference policy scenario, denoted the 2% National Standard scenario, is used to make
baseline projections. Projections for the 2% National Standard plus a feebate program are then
compared to the baseline to evaluate how the feebate program might complement emissions
standards. There is also an interest in the feasibility of using feebates as a substitute for future
emissions standards. To examine this, we examine alternative scenarios that assume national
standards stay at 2016 levels for 2017-2025. Because this corresponds to a 0% reduction starting
in 2017, this is denoted the 0% National Standard scenario. Additional details on the reference
policy scenario are provided in section 7.2 on policy formulation.

3.3. Past efforts in California to implement feebates

The idea of using feebates in California is not new. A number of attempts to implement feebate
programs have been made by legislators. Two such cases are: DRIVE+(SB 1905), and the Clean
Vehicle Incentive Program (AB 493). The following descriptions of these two programs provide
useful illustration of the range of issues that must be addressed when implementing a feebate
program.
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3.3.1. DRIVE+ (SB 1905)

State Senator Gary Hart initially introduced this legislation in 1990 as SB 1905: “Demand-Based
Reductions in Vehicle Emissions Plus Reductions in Carbon Dioxide” or the “DRIVE+” bill. It was re-
introduced in similar forms in 1991 (SB 431), 1992 (SB 1843) and 1993 (SB 378). The initial SB
1905 passed easily in the legislature in but was then vetoed by then-Governor George Deukmejian
on his last day in office. Each of the subsequent versions failed to garner enough support to pass the
legislature (NCSL, 1996).

Under the DRIVE+ plan, automobile dealers would have sent fees collected from the purchase of
higher emitting vehicles to the California Department of Motor Vehicles (DMV). Consumers were to
receive rebates directly from the DMV, for lower emitting vehicles. Fees and rebates were
calculated based on a combination of smog-forming emissions and carbon dioxide emissions. For
example, in SB 378 the initial values were $1,925 per g/mi for hydrocarbons, $2,200 per g/mi for
oxides of nitrogen, $220 per g/mi for carbon monoxide, $586 per g/mi for particulates (PM10), and
$2.50 per g/mi for carbon dioxide. The DRIVE+ proposal was designed to be revenue neutral,
including accounting for DMV administrative costs. In order to accomplish this, a “DRIVE+ fund”
was to be established to collect fees and distribute rebates, with a reserve account to ensure
revenue-neutrality even in cases of sales fluctuations (NCSL, 1996).

The initial DRIVE+ program included a feebates plan based on six separate vehicle classes. In the
1992 version of the bill, this was simplified to a single vehicle class, but again that bill also failed to
pass in the legislature (Schuster et al., 2004). The bill also at one point included a provision that a
special vehicle license plate be issued and the funds used to help pay for the initial startup of the
program.

3.3.2. Clean Vehicle Incentive Program (AB 493)

Introduced in 2006 by State Assemblyman Ira Ruskin and narrowly defeated in the legislature in its
third reading in 2007, AB 493—the Clean Vehicle Incentive Program (CVIP)—was designed to
encourage manufacturers to offer more low-emitting vehicles to CA car-buyers, and to encourage
consumers to purchase the cleaner vehicles. Like DRIVE+, the program consisted of one-time
rebates and surcharges of up to $2,500 (surcharges also could not exceed the vehicle sales tax),
with some “average” emission vehicles excluded (i.e., the program included a significant “zero-
band”), on the purchase of new vehicles. Unlike DRIVE+, the CVIP focused entirely on GHGs and not
smog-forming pollutants as well. The “zero-band” or “doughnut hole” consisted of approximately
25% of vehicles that were assessed as average or close to average in terms of their GHG emissions.
Also like DRIVE+, the program was designed to be “self-financing" (i.e., revenue neutral) and
market-based. The program applied to light- and medium-duty passenger vehicles with a gross
vehicle weight rating of 10,000 pounds or less.

The CVIP plan as proposed divided up responsibilities for developing, administering, and enforcing
the program between the ARB, the DMV, and the Board of Equalization (BOE). BOE was to bear the
largest ongoing costs for managing the program fund (estimated at $1 million per year in the bill’s
legislative analysis) but both ARB and BOE would require significant startup funds to get the
program going, on the order of $850,000 (ARB) to $1.5 million (BOE) for the period leading up to
the start of the program.

3.4. Elements of Feebate Policies

To provide additional background on feebates, we review the structural elements that, when
combined, comprise a feebate policy. The first requirement is an efficiency criterion for defining a
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feebate. Our study uses the CO2-equivalent emission rate of a vehicle, measured as grams of CO2
per mile (or simply g/mi). Generally, a feebate policy requires the following:

* Abenchmark that defines which vehicles receive fees and which receive rebates.

* A functional form and a rate parameter (or parameters) that determine payment amounts.

* Alocus of monetary transactions to determine how and when rebates and fees are actually
transferred at the time a new vehicle is purchased.

In addition, practical details of how a program is introduced and implemented are important. The
following discussion provides a review of these design elements in more detail.

3.4.1. Structure of benchmarks

Perhaps the simplest possible feebate policy is to use a single benchmark for all vehicles, combined
with a single rate parameter, so that a feebate amount is given by the simple equation:

Feebate = rate*(emissions_rate - benchmark),

where rate is in units of dollars per gram per mile ($/g/mi), and the emissions_rate and benchmark
are measured in grams per mile (g/mi). For example, consider a policy with a rate of $20/g/mi and
a benchmark of 300 g/mi (~ 30 mpg). A new vehicle emitting at a rate of 350 g/mi (~25 mpg)
emits more than the benchmark, and would be assessed a fee of 20*%(350-300) = $1,000. A vehicle
emitting 250 g/mi (~36 mpg) would be assessed a fee of -$1,000, i.e., it would receive a $1,000
rebate (a negative fee is the same as a rebate).

Simple movement of the benchmark changes the net flow of fees and rebates, and in many cases it
would be politically attractive to set the benchmark so that revenue neutrality is attained. Options
for benchmarks considered during the course of this study include:

« Single benchmark

* Two benchmarks (one for passenger cars, one for light duty trucks)

¢ Class-based benchmarks (e.g., subcompact car, minivan, small pickup, midsize SUV)
 Footprint-based benchmark(s)

For a footprint-based benchmark, the benchmark is assigned on the basis of a vehicle’s size as
measured by its footprint, defined to be: wheelbase x track-width. The MY2012-2016 national GHG
emissions standard is based on two footprint curves (one for passenger cars, and one for light-duty
trucks) that assign a benchmark for each footprint value (yielding literally hundreds of
benchmarks). As discussed in Chapter 7, the emphasis of our research shifted during the course of
the project to footprint-based benchmarks due to their emergence to prominence in the new
national emissions standard.

There are arguments for/against the benchmark options. A single benchmark is “fair” in that it
represents an absolute standard that is the same for all vehicles. In addition, theory suggests that
this approach could yield larger improvements than the others. However, some consider it “unfair”
because some consumers (e.g., large families, self-employed service providers) are forced to pay a
fee because they “need” a larger vehicle. Moreover, there is a concern that a single benchmark
could impact manufacturers in different ways, depending on the types of vehicles they sell. The
footprint approach (or possibly an approach using size-based classes) addresses both of these
issues by establishing benchmarks as a function of size, although it increases the complexity of the
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program. The two-benchmark system can be viewed as lying between these two approaches. An
objective of this study is to examining the tradeoffs among these systems in more detail.

3.4.2. Functional form and rate

A second design element is how fees/rebates vary as a function of distance away from the
benchmark. In the previous simple example, the functional form is a straight line and the rate
represents the marginal value of reducing a vehicle’s GHG emissions by one unit. A straight-line
functional form values every gram of CO2 equally. Options for functional forms include:

* Straightline (linear)
* Piecewise linear (segments that change rate)
* Step function

These are illustrated in Figure 3.1 below. These forms can be combined to include specified
maximum and/or minimum values, and also a “donut hole” where there are no feebates over a
specified range. Some consider step functions to be easier for consumers to understand, and this
has been a matter of some discussion. However, a drawback is that the feebate changes abruptly at
certain specific values of the emissions rate, so that two vehicles that are almost identical could
have very different feebate levels. The Chapter 6 on Lessons Learned gives examples of all three of
these functional forms, and discusses tradeoffs among alternative functional forms.
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Figure 3. 1 Three Feebate Functional Forms

When considering the effect of the feebate rate, the simplest case is the earlier example of a linear
function with a single benchmark. The rate represents the change in vehicle purchase price per
unit of improvement in the emissions rate (in g/mi). Vehicles emitting more emissions than the
benchmark will be assessed a fee that will cause sales to decline, and vehicles emitting fewer
emissions than the benchmark will receive a rebate that will cause sales to increase. All other
things equal, increasing the rate will magnify the effect on sales shifts.

3.4.3. Point of regulation/locus of transaction

Another essential design question is the manner in which feebates will be transacted. Feebates may
be enforced at the level of the vehicle manufacturer, in which case there will be a small number of
parties involved and most “transactions” will be internal to the firm. However, this does not mean
that the feebate is being applied to the manufacturer rather than the consumer. Any feebate could
appear as an additional line item on the vehicle label, and would effectively represent a change to
the vehicle’s purchase price.
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Alternatively, feebates could be made a part of the transaction between dealers and customers.
This would greatly increase both the number of transactions and the volume of revenue flows but
could possibly have a greater impact on consumer decision-making. Finally, there could be systems
where consumers are required to process their feebate transactions directly with a government
agency.

3.4.4. Implementation strategies

Another element potentially affecting the success of a feebate policy is the way that it is introduced.
A feebate policy could be implemented either abruptly, or with prior notice given to manufacturers
and consumers. A delay between the announcement and implementation of the policy gives
manufacturers time to adapt, but could also have the initial perverse effect (in the short term) of
causing consumers to buy higher emission vehicles that would soon be charged a fee. Similarly,
they could delay the purchase of lower emission vehicles until the rebates become available.

Other considerations include whether to phase in different elements of the system at different
times, e.g., beginning with rebates and adding fees later (or vice-versa), gradually increasing the
number of vehicles subject to the program, etc. Finally, there are practical issues on how to manage
revenue flows, especially if conditions in the market change dramatically due to, e.g., volatility of
energy prices, technology breakthroughs, etc.
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4. RESEARCH STUDY TASKS

The main objective of this project is to provide the ARB with a California-specific assessment of
feebate programs for new vehicles as a replacement for the Pavley standards or as a complement to
the Pavley standards. A research plan was developed to address this objective from multiple
perspectives, applying a variety of methodologies. The research was carried out in seven tasks.
These are: Task 1: Lessons Learned; Task 2: Focus Groups and Interviews; Task 3: Policy
Formulation; Task 4: Feebate Analysis Model; Task 5: Policy Analysis; Task 6: Policy Implications;
Task 7: Statewide Survey. Figure 4.1, below, shows how tasks are interrelated in the context of the
overall project.
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Figure 4.1 Research Task Influence Diagram
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The following is a brief overview of the research tasks performed in this project. An overview of
the methodologies employed appears in the next section.

Task 1. Compile case studies on real-world policies to identify any lessons learned. The team
compiled ten case studies on a range of feebate-related policies (i.e.,, economic incentive-based
policies related to vehicle purchase and use).

Tasks 2 and 7. Determine possible responses of key stakeholders to feebate programs.
Focus groups and a statewide survey of consumers were conducted. Personal interviews were
conducted with new vehicle dealers, vehicle manufacturers, and feebate program experts, and
additional stakeholder feedback was obtained through public workshops early in the project.

Task 3. Develop specific feebate policy options to be evaluated. Feebate policy design
elements are combined in different ways to generate specific policy options. There are virtually an
infinite numbers of combinations that could be considered. The team developed and prioritized
options based on input from a public forum, and consultation with ARB staff.

Task 4. Develop a model for producing quantitative projections of future outcomes under
alternative policy scenarios. A Feebate Analysis Model was developed specifically for this
project. Vehicle redesign and pricing choices by manufacturers as well as consumer response in the
new vehicle market are simulated under alternative policy options, yielding estimates of relative
impact on average emissions rates of new vehicles, total emission reductions, and social costs and
benefits.

Tasks 5 and 6. Analyze alternative policy options and assess findings with regard to policy
implications. Using methodologies and results from other tasks, policy options are analyzed from
multiple perspectives and implications are developed. Other specific tasks include the estimation
of administrative costs, economic and fiscal impacts, an exploration of equity implications, and
potential interactions between feebates and other AB 32-related policy initiatives.

5. METHODOLOGY OVERVIEW

The tasks described in the previous section draw on a number of research methodologies. This
section provides an overview of these, divided under the general headings of “modeling” and
“Stakeholder Attitude and Opinion Research.”

5.1. Modeling

A Feebate Analysis Model was developed to provide quantitative projections of market behavior
and emissions reductions in response to possible feebate policies in California. An important aspect
of feebate (and other) policies is their potential to affect future vehicle technology adoption
decisions by manufacturers. We assume that when manufacturers make these decisions they take
into consideration the overall response of the entire domestic (United States) new vehicle market,
and the national policy environment. For these reasons, the Feebate Analysis Model has a two-tier
structure. The top tier is a Manufacturer Decision Model (MDM) that simulates design decisions for
new vehicle offerings for the period 2007 to 2025. The bottom tier of the Feebate Analysis Model is
a California-specific model that supports more detailed examination of policy impacts on the
California vehicle fleet (both new and used) for multiple consumer groups. It takes as given the
vehicle configuration projections produced by the MDM. The following sections give overviews of
three main features of the Feebate Analysis Model: Vehicle configurations, the MDM, and the
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California vehicle market simulation model. More details on the MDM and California models appear
in sections 8.1 and 8.2, respectively.

5.1.1. Vehicle configurations in the Feebate Analysis Model

The Feebate Analysis Model employs vehicle configurations that are defined at a relatively high
level of detail compared with most previous studies. Vehicle configurations are defined at roughly
the same level of detail as the vehicle data reported by manufacturers to the EPA and NHTSA.
Generally speaking, this level of detail would include the following:

Model Year
Manufacturer
Division (Make)
Model Name
Engine Characteristics (e.g., type, size)
Transmission
Drivetrain
Body type and size
Curbweight

At this level of detail, changes in the physical configuration of a vehicle could yield changes in both
fuel economy and performance in ways that would affect, e.g., a manufacturer’s compliance with
emissions standards. Combined with vehicle prices, such changes would also affect vehicle
demand, which must be estimated using consumer response models. The MDM and the California
models each have their own consumer response models, as will be described.

The vehicle attribute database used in the study is for the base model year 2007. For an interim
period (2008-2013) a dynamic database that incorporates near-term forecasts of vehicle
configuration changes for the industry is used. These include aspects of the recent dramatic
restructuring of the vehicle manufacturing industry. Once changes from the dynamic database have
been incorporated, the basic structure of the vehicle market is assumed to remain the same for the
rest of the scenario analysis period (through 2025). Additional details on vehicle configurations,
including a discussion of body type and size classes, are discussed in section 8.

5.1.2. Manufacturer Decision Model (MDM)

The MDM is a dynamic multi-period optimization model that simulates automobile manufacturers’
behavior in response to feebates and regulatory standards. Manufacturers are assumed to have
two options: 1) adopting emission reduction (fuel economy improvement) technologies; and 2)
implementing pricing strategies that adjust vehicle prices in order to shift sales toward lower
emission vehicles and thus reduce fleet average emissions. Vehicle emissions rate (or fuel
economy) is assumed to be the only design factor and other characteristics (e.g. vehicle weight, size
and horsepower) are assumed to be constant over the planning horizon. Vehicle emissions
improvements and manufacturers’ pricing strategies will induce changes (relative to the base year)
in vehicle price, operating cost, and feebate value. The impact of these changes on consumer
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demand and surplus is estimated using a representative consumer choice model. The objective of
manufacturers is to maximize consumer surplus (equivalent to maximizing profit under the
assumption of a competitive automobile market) while simultaneously considering consumer
response and meeting fuel economy and emissions standards. The primary output of the MDM is a
prediction about the amount of vehicle technology adoption at the level of vehicle configuration,
which in turn is input to the California Vehicle Market Simulation model for conducting detailed
analysis on consumer markets. The MDM can also output projections on consumer choices (e.g.
new vehicle sales and market shares of each vehicle configuration) and consumer surplus under
various feebate programs.

The MDM incorporates a high degree of technological detail on manufacturers’ current product
lines, future product plans, redesign schedules, and the costs and potential effectiveness of
mitigation technologies. The technological potential to reduce emissions is represented by
technology cost curves that estimate retail price equivalent (RPE) per vehicle as a function of the
relative increase in fuel economy or reductions in GHG emission rates. Separate technology cost
curves are provided by vehicle class (20 vehicle classes as discussed later), engine technology
(gasoline, diesel, and hybrid vehicles), and time period (short, medium and long term). The
technology cost curves are adjusted for each manufacturer based on a statistical analysis of each
manufacturer’s realized fuel efficiency technologies. The MDM also recognizes the inherent time
constraints of product redesign in automotive manufacturing. Each vehicle has its own redesign
schedule and the redesign cycle is typically five years, at which point new technologies to reduce
greenhouse gas emissions and improve fuel economy may be adopted.

The automobile market is highly heterogeneous, reflecting the different tastes of the car-buying
public. This fact is recognized by including twenty different vehicle class segments in the MDM.
Within each segment, consumers’ responses to price and operating cost changes are different. To
reflect the impact of regional GHG policies (e.g. a California-only feebate program), the national
automobile market is divided into two regions (either California and Rest of US, or, Opt-in States
and Rest of US). Consumer choices in these two regions are modeled separately. Different regions
may have different sales mixes due to the existence of regional feebate programs or emissions-
related policies. However, manufacturers are assumed to offer for sale the same vehicle designs in
all regions. The vehicles designed will therefore be a compromise between the demands of the two
different markets.

The planning horizon is from MY2007 to MY2025 and it is divided into two periods: 2007-2010
without feebate policies and 2011-2025 with feebate policies. The MDM is solved first for the
period of 2007-2010. The fuel economy ratings of vehicles in 2010 are updated and saved as
output. Then starting with the new fuel economy ratings of 2010, it is solved for the period 2011 to
2025. The 2007-2010 fuel economy standards are very different from 2011-2025 standards in
terms of stringency and definition of compliance categories (passenger cars/light trucks).
Formulating and solving the MDM in two time stages eases the modeling effort. Moreover, the
limited scope of the period 2007-2010 is compatible to the limited foresight of manufacturers who
could not foresee the tough 2012-2016 national standards when they were designing vehicles for
the years of 2007 or 2008. Solving the model in one single period from 2007 to 2025 assumes that
manufacturers have the ability to predict future standards with perfect foresight and would
potentially overestimate fuel economy improvement. The first stage problem only needs to be
solved once and the second stage problem is solved for various policy cases. Thus the division of
the planning horizon into two periods also reduces computational time.

52



5.1.3. California Vehicle Market Simulation Model (aka, CARBITS)

The vehicle market simulation model developed for this project is an extension of an earlier model
developed for ARB known as “CARBITS.” CARBITS is a response model for the light-duty vehicle
(LDV) market in the State of California. The original version was developed to support policy
analysis related to California’s AB 1493 legislation on motor vehicle greenhouse gas emissions.
Since then it has been extensively revised; the current version developed for this project is denoted
CARBITS 3.0. The primary revision was to expand its capability to use the highly detailed vehicle
configurations described above.

CARBITS integrates market response and demographic sub-models to simulate the behavior of the
California light-duty vehicle market over a multi-year period. Yearly results are based on
simulation of household-level behavior in the personal vehicle market, which comprises the vast
majority of the light-duty vehicle market in California. The basic high-level structure of the
CARBITS platform requires that the analyst provide a forecast scenario. There are two major inputs
that define a forecast scenario: a Vehicle Technology Forecast, and a Fuel Forecast.

Results are obtained by aggregating estimates of expected household-level vehicle holdings to
represent the California market. CARBITS incorporates a database of households with weights that
are constructed to “scale up” the database so that it represents all households in California.
CARBITS includes a module that simulates demographic changes over time. The consumer
response model was developed in accordance with discrete choice theory, in which households
(with varying characteristics, e.g., household size and income) are assumed to make choices so as to
maximize the utility they derive from various types of vehicles based on their features
(“attributes”). This requires that all vehicles (for both the new and used vehicle markets) be
characterized by an appropriate set of variables associated with consumer preferences for
competing vehicle types (e.g., a 1994 gasoline-powered subcompact car). For example, consumers
base their vehicle holding decisions on attributes such as market value/purchase price, fuel
economy, and performance that will vary both within and across the different vehicle types.
CARBITS is initialized with a historical database for used vehicles; the Vehicle Technology Forecast
used by this version of CARBITS is the output of the MDM, i.e., the forecasted vehicle configurations.

CARBITS has two main features that address issues of interest for analyzing feebate policies. First,
as noted, CARBITS addresses both the used and new vehicle markets. CARBITS can therefore be
used to assess the impact of feebates on the future evolution of the used vehicle fleet. Second,
because CARBITS models the response of various household types, it is possible to examine issues
related to equity. For example, it is possible to examine the impact of feebates on different income
categories. CARBITS is used to perform this type of analysis in section 9.2.

5.2. Stakeholder Attitude and Opinion Research

Several methodologies were employed for the “Stakeholder Attitude and Opinion Research” aspects
of the project, revolving around the use of expert and stakeholder interviews, focus groups with the
general public, and a statewide telephone survey. The key stakeholder groups that were contacted
included “original equipment manufacturer” (OEM) automakers, automobile dealers in California
and the California New Car Dealers Association, environmental groups, and the general public. The
general methods used for these aspects of the project are discussed below, with a particular
emphasis on the statewide survey that involved a relatively intricate methodology to develop and
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implement. Summaries of results are included later in the report, and key project instruments such
as the focus group protocols are included in the attached appendices.

Interviews with Experts and Stakeholders

The interviews with experts and stakeholders consisted of in person or telephone interviews that
referred to a set of questions developed prior to the interview, to help guide the process and to
make sure that key questions are asked. Several interviews were conducted with past feebate
program experts in the U.S. and abroad, with major automobile company representatives, and with
managers of automobile dealerships in various regions of California.

Each interview lasted for 25 to 60 minutes and was recorded for purposes of the later development
of a complete summary of each interview. The interviews were conducted according to procedures
required by the UC Berkeley Office for the Protection of Human Subjects where consent to record
the interview was obtained prior to recording, and the participants were informed that their
interviews were only to be reported on an anonymous basis where they would not be personally
identified.

Focus Groups

In order to assess potential public perceptions and opinions about a potential feebate program in
California, a series of focus groups was conducted in different regions of the state. A total of twelve
focus groups were conducted, in two rounds of six focus groups each, with a total of 110-120
participants. In each round, two focus groups were held in the Bay/Sacramento area, two or three
were held in the Los Angeles/San Diego area, and one or two were held in the Central Valley area of
the state. In each round, one focus group was conducted in Spanish and the remaining five were
conducted in English. The consulting firm of Ewald & Wasserman Research Consultants, LLC in
Sacramento, California, was engaged to recruit participants for the focus groups, based on their low
bid for the service.

The focus groups took place over two hours in the early evening, at a public library or other
convenient location for participants. The focus groups were moderated by research staff with UC
Berkeley’s TSRC. A carefully developed “focus group protocol” was used in each group to guide the
discussion. However, care was made to allow the focus group participants freedom to discuss issues
of importance to them, so the nature of each focus group was somewhat variable. Each of the twelve
focus groups had eight to ten participants.

Statewide Survey

Also to help assess potential public response to a vehicle feebates program, a statewide telephone-
based survey was conduced in Fall 2009. The survey instrument was designed and initially pre-
tested by the UC Berkeley project team. The telephone data collection was then conducted by Ewald
& Wasserman Research Consultants, LLC (hereafter E&W) in their office in San Francisco, C4, in
combination with a second laboratory located in San Diego, CA. The target sample size for the
survey was 3,000 completed surveys (i.e.,, “n=3000") and the survey was conducted by telephone
using random-digit dialing and that therefore included cell phones as well as land lines. Efforts
were taken to make the survey sample representative by ensuring that key ethnic and other
demographic groups were adequately sampled, rather than simply accepting the first 3,000
completed surveys based on who would complete them (see below).

The telephone survey length was designed to average about 15 minutes to complete, and
respondents did not receive any monetary incentive for partaking in the survey. The final survey
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length was between 13 and 16 minutes, depending on the language, with Spanish interviews taking
about 2 minutes longer than the English surveys. Multiple revisions of the survey were produced
collectively by the research team prior to administering the survey, based on prioritization of key
issues to probe given the survey length constraint, and final versions of the survey were informally
pre-tested to help improve question wording and respondent comprehension of the questions.

The goal of the telephone survey was to collect survey data from a representative sample of
California residents, who fulfilled the Feebate survey criteria (living in California for nine months or
more out of the year and planning on leasing or purchasing a vehicle within the next 10 or 15 years)
and spoke either English or Spanish. These criteria were designed to: 1) ensure that the respondent
was living in California for most of the year and not temporarily residing in state and 2) ensure that
the respondent would answer questions as someone who potentially could be directly affected by
the proposed policy. In establishing these two screening criteria, the survey sought respondents
representative of Californians who would likely be impacted by the policy and thus have a vested
interest in its implementation.

The first draft of the survey instrument was programmed by E&W and the data collection was
started with a goal of n=50 completed surveys for a “pilot” of the survey instrument. For the pilot
E&W delivered n=58 completed surveys. After the pilot, the survey instrument was modified to
include the pilot findings and interviewer observations and the final version was programmed for
CATI.

Survey Analysis Methods

The survey collected a total of 3,072 completed surveys from the population of California. While a
concerted effort was made during the data collection process to produce a demographic
distribution that closely matched that of the state, there was some departure within the sample
from the general population along certain demographic attributes. That is, the distribution of age,
income and education are somewhat different from that of the general population within the state.
Such departures can often occur in CATI surveys, due to the fact that populations with certain
demographics have a higher propensity to respond to telephone surveys than others. Typically,
people with higher age, education, and income have a greater propensity to respond to telephone
surveys and this propensity will skew the sample towards a wealthier, more educated cohort.

However, the impact of this departure on the overall results can be corrected through a “re-
weighting” of the sample. For this analysis, the sample is re-weighted using post-stratification
weights, which adjust the demographics of the sample to closely match that of the state population.
This adjustment scales the opinions of respondents of under-represented demographics to have a
greater weight (>1) on the distribution of opinion. Similarly, respondents of over-represented
demographics are adjusted to have a reduced weight (<1) on the distribution of opinion.

As discussed in more detail in the later section on Survey Analysis and Results, the post-
stratification weights applied to this analysis were developed to rebalance the sample along the
demographics of income, education, age, and race. The post-stratification weights were developed
using the Public Use Microdata Sample (PUMS) databased from the annual American Community
Survey (ACS) (US Census, 2009). For each state in the nation, the PUMS dataset offers the complete
de-identified data of a 1% sub-sample of the ACS for each year. The sample itself is provided with
weights such that the representation of each observation within the PUMS sub-sample scales
appropriately such that the sum of all weights matches the California population. For the analysis in
this study, the sample was re-weighted using post-stratification weights built off of a 3-dimensional
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joint-distribution of income, education and age using the 2006-2008 PUMS dataset for California.
Some re-weighting along the distribution of the “race” variable also resulted as discussed in the
detailed survey results section later in the report.

Ultimately, the weighting of the sample along the selected demographics produce distributions of
opinions to key questions pertaining to the feebates policy. That is, the weighting does not alter any
general conclusions that would be drawn from the raw sample. But to maintain analytical
transparency, both the weighted and un-weighted distributions are presented for key results to
show the relative impact of the sample re-weighting on the overall results. To begin, Table 5.1
shows the distribution of key demographics of the original sample, the population, and the re-
weighted sample for comparative purposes.

Table 5.1 Distribution of Key Demographic Attributes

(a) Household Income Raw Sample F(ia;z:tri‘; RE;V:ring;::Ed (b) Age Raw Sample ::;::{i‘lan Re;v:;g;;:ed
Less than $10,000 4% 5% 6% 18-24 4% 14% 12%
$10,000 to $25,000 9% 14% 12% 25-34 1% 19% 20%
$25,000 to $35,000 8% 9% 8% 35-44 17% 20% 21%
$35,000 to $50,000 1% 13% 13% 45-54 25% 19% 20%
$50,000 to $75,000 17% 18% 18% 55-64 24% 13% 14%
$75,000 to $100,000 16% 13% 14% 65-74 14% 8% 8%
$100,000 to $150,000 18% 15% 16% 75 or over 6% 7% 6%
More than $150,000 16% 13% 12%

(c) Education Raw Sample F":lﬁ:g; RE;v:r:]g;::Ed (d) Race Raw Sample F?:;:::i‘lan Re;v:;g;::ed
Did not complete high school 6% 20% 17% Caucasian or White 55.8% 42 6% 44 5%
High school graduate 10% 24% 23% Hispanic 24 5% 36.1% 36.9%
Some college 18% 23% 25% African American 5.2% 6.0% 5.5%
2-year college degree 12% T% 7% Asian 8.2% 12.1% 6.1%
4-year college degree 28% 17% 18% Native American or Alaskan Native 2.4% 0.5% 2. 7%
Graduate degree 25% 9% 10% Hawaiian or Pacific Islander 1.0% 0.3% 1.3%

Other 2.7% 2.4% 3.0%

Table 5.1 illustrates the general demographic attributes of the sample, population and the re-
weighted sample for income, age, education and race. Table 5.1(a) presents the distributions for
household income, which show that the raw sample is skewed slightly towards higher incomes in
comparison to the population. The weighted sample is adjusted to match ACS income more
accurately. The raw sample distributions in Table 5.1 (b), (c) and (d) are skewed a bit more
significantly away from the population distribution. The raw sample was older, more educated and
more Caucasian than the California population. The re-weighting of the sample adjusted the
demographic distribution to more closely match the demographic distribution of the population
within California. The same weight that adjusts the relative influence of sample respondents to
produce the new demographic distribution is applied to the respondent opinions to produce
weighted response distributions. The gender split of the raw sample was 47% male, 53% female,
the weighted sample shifted the share to 48/52, while the population is estimated to be 50/50.

Please see Section 9.3, later in this report, for a discussion of key findings related to the stakeholder
opinion research. Also see the report appendices for further details of the methods and results for
the interviews, focus groups, and California statewide survey.
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6. LESSONS LEARNED

Although there is an academic literature on feebates, for purposes of this research project it was
considered important to collect information about any real-world experiences with actual policies
that have been implemented, and to identify “lessons learned.” In recent years several
governments have put in place either complete feebate systems or vehicle incentive systems with
some of the characteristics of feebates. A detailed set of ten case studies has been compiled that
cover a range of systems: These appear in Appendix D. Two of the ten cases are from North
America (Canada and U.S.), but the remaining eight are from Europe (Denmark, France, Germany,
the Netherlands, Norway, Spain, Sweden, and the United Kingdom). Because the complex policy
landscape in Europe can make a direct comparison to California a bit difficult, we spend some time
reviewing the European context for GHG emissions policies.

During the course of this study, four of the countries (Denmark, France, the Netherlands, and
Norway) had in place a completely “pure” feebate system that exactly fits the basic definition.
Canada had a short-lived feebate system that started in March 2007, with the rebate portion
dropped in 2009. The other countries provide examples of COz-related vehicle incentives that are
formulated as part of more traditional tax policy. Two specific types are the registration tax, and
the circulation tax, which will be defined and discussed. Although the circumstances and policy
environments in the various cases can be quite complex, the goal here is to summarize to the
degree possible some “lessons learned” that can be applied when considering policy options for
California.

6.1. European Context

Eight of the ten cases in our study involve European countries. Seven of the eight countries (all but
Norway) belong to the European Union (EU), which has its own independent policy-making
activities related to greenhouse gas emissions. Policymakers must contend with conditions in their
own countries as well as the implications of belonging to the EU. More generally, both the EU and
European countries acting individually have been much more aggressive in this arena than the
United States with regard to GHG-related policies.

In April 2009, the European Commission enacted mandatory CO; emissions standards for passenger
vehicles of 130 g/km [209 g/mi, or 42.5 mpg] by 2012 after automakers failed to achieve their
voluntary reduction targets earlier in the decade. These standards apply to 65% of each
manufacturer’s new passenger cars in 2012 and will increase to 100% of passenger cars in 2015.
From 2020 onward, the emissions target is 95 g/km [153 g/mi, or 58.1 mpg], though the details of
the path to this target have not yet been defined. As a point of comparison, the Pavley standard is
233 g/mi [38.1 mpg] in 2012 for passenger cars and 361 g/mi [24.6 mpg] for light-duty trucks
(3751-8500 Ibs).18

18 Because emissions measurements in Europe use different test cycles than those in the U.S., these
comparisons are only approximate.
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Vehicles and fuels are both heavily taxed in most European countries. In the case of vehicles, they
are typically taxed very heavily when purchased new in the form of ad valorem taxes such as a sales
tax or value added tax (VAT). Used vehicle transactions can also be heavily taxed. However, for our
purposes there are two additional kinds of taxes that are based at least in part on a vehicle’s
attributes. They are:

Registration Tax. A one-time only tax specifically applied to vehicle purchases.
Circulation Tax. A recurring tax on vehicle ownership that is typically paid annually.

Because our feebate definition specifies that the transaction is a one-time only event at the time a
vehicle is purchased new, a registration tax (assuming that it is limited to new vehicles) can be
considered “half of a feebate system”. Given these definitions, one obvious pathway to a feebate
system is to extend or modify an existing registration tax so that the tax amount varies as a function
of GHG or CO; emissions levels. For example, in the cases of Denmark and Norway, registration
taxes that were based in part on engine size were modified to use emissions rather than engine size
to determine the tax amount, and then the system was subsequently turned into a feebate. As noted
previously, Canada had a feebate system but canceled the rebate portion, effectively leaving a
registration tax based on emissions levels. Spain has a registration tax that applies to both new and
used vehicle sales, where emission levels are used to determine the sales tax rates (the higher the
emissions, the higher the tax rate).

Circulation taxes can also be based on emissions levels. Four of the countries (Denmark, Germany,
Sweden, and the UK) have circulation taxes that are based at least in part on emissions levels.
These illustrate the complexity of comparing policies and their impact on vehicle sales: Denmark
has both a feebate system (see above) and a circulation tax. In the case of the UK the tax (called
vehicle excise duty or “VED”) has a different rate function for new versus used vehicles so that it
behaves at least in part like a registration tax. Rates are typically different for gasoline and diesel
vehicles. Finally, most countries have additional vehicle incentive programs for high-efficiency
vehicles (e.g., hybrids) or alternative fuels (e.g., flex-fuel vehicles) that would apply in addition to
the registration/circulation tax systems, further complicating policy comparisons.

6.2. Comparison of Policy Features

Individual cases are documented in Appendix D, as noted previously. The purpose of this section is
to provide a high-level comparison of policy features in ways that contribute to the research project
goal of increased understanding relevant to feebates. For a summary of basic policy features see
Table 6.1, which identifies policies based on the categories feebate, registration, and circulation.
The date indicates when the policy was put into place (if known). In the case of registration and
circulation taxes, the date typically indicates when the policy was modified to include CO, or GHG
emissions. For countries with two entries, the second policy represents a replacement of the first
policy. Note that for historical reasons Denmark expresses its policies in terms of fuel economy and
not emissions levels, as does Canada and the US.

First note that, although just a few years ago examples of feebates and feebate-like policies were
rare, the policy frameworks based on emissions/fuel consumption are now quite common in the
EU. This is interesting because these countries have had high fuel prices (due to fuel taxes) for
quite some time, yet recently these European governments apparently came to believe that feebate-
like policies fill a gap that others did not. The timing of this would seem to coincide with the move
to mandatory emissions standards.
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Table 6.1 Comparison of Feebate and Feebate-like Policies

Country Start Date | Policy Type Benchmark | Benchmark Functional Form
Type Value(s)
Canada March 20, | Feebate Rebate: Rebates Step function
2007 [ecoAuto Two (PC 245 g/mi cars
rebate + and LDT) 314 g/mi LDT
Green Levy] Fee: Single | Fee
491 g/mi
Canada March 30, | Registration | Single See above See above
2009 [Green Levy]
Denmark 1997 Circulation Single 189 g/mi Step
Denmark June 2007 | Feebate Single 241 g/mi Linear
[2 segments]
France Feebate Single Rebate Nine Steps
209 g/mi
Fee
257 g/mi
Germany July 1, Circulation Single 193 g/mi Linear
2009
Netherlands July 2006; | Feebate Footprint/ | Based on Class value + %
Revised Class Class average | from benchmark
Feb 2008
Netherlands January 1, | Registration | Single 177 g/mi Linear
2010 [3 segments]
Norway Jan 2007 Registration | Single 193 g/mi Linear
Norway 2009 Feebate Single 193 g/mi Linear
[4 segments]
Spain -- Registration | Single 193 g/mi Four Steps
Sweden 2006 Circulation Single 161 g/mi Linear
United States 1980 Registration | Single Large number of
(Gas Guzzler Updated steps (approx.
Tax) 1991 linear)
United Kingdon March 1, Circulation Single 193 g/minew | Step
2001 161 g/mi used
Benchmarks

In most cases policies are framed in terms of a single benchmark system. All eight of the
registration and circulation taxes use a single benchmark. Three of the four existing feebate
systems use a single benchmark. Canada’s short-lived system had two benchmarks (one for
passenger cars, and one for minivans and SUVs) but these applied only to rebates and not fees. The
Netherlands started out with a footprint-based system, but has since abandoned it for a registration
It is interesting to note that this was done due to consumer

system with single benchmark.
Their research indicated that consumers thought the footprint system was too

sentiment.
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confusing and complicated. In addition, they did not like the fact that a larger, higher emitting
vehicle could receive a rebate, while a smaller, lower emitting vehicle would be charged a fee. In
contrast, France’s single benchmark system created concerns about fairness to large families that
“need a larger vehicle,” and the system has since been modified to include subsidies to address this
issue.

With regard to the benchmarks themselves, one frequently seen value is 193 g/mi (120 g/km),
which corresponds to the EU’s original voluntary 2012 target. In the case of Norway’s feebate
system, this value was chosen for precisely this reason. The circulation tax benchmarks for
Denmark, Sweden, and used vehicles in the UK are more aggressive. Recall that these values apply
to all vehicles in the fleet, and set an expectation for any vehicles purchased (or produced) in the
future. The value 161 g/mi (for Sweden and the UK) corresponds to a figure of 100 g/km, which is
close to the 95 g/km EU target in 2020. Benchmark figures for feebates tend to be higher (with the
exception of Norway, as noted).

Functional Forms

There is a mixture of functional forms involving straight lines, lines with multiple segments of
different slopes (piecewise linear), and step functions. Three of the four circulation taxes are based
on straight lines (the exception being the UK). For registration taxes and feebates there is a mixture
of step functions and straight lines. Canada used a step function for its feebate system, as does
France. This choice was based on the belief that step functions are “easier for consumers to
understand.” In addition, both countries included “donut holes” over a range of emissions values
where vehicles receive neither fees nor rebates. France has a donut hole for the range 209-257
g/mi (130-160 g/km; note that 130 g/km is the EU’s mandatory target for 2012). One argument in
the literature is that consumers might be more accepting of a feebate system if there is a range of
vehicles that is unaffected by the feebate policy. A donut hole fits naturally within a step-function-
based system (although it is not precluded by other functional forms). Spain and the US Gas
Guzzler Tax both use step functions, although the large number of steps in the Gas Guzzler Tax
makes it appear nearly linear. In contrast, Denmark and Norway use straight lines for their feebate
systems. However, rather than use a single slope (feebate rate) both have opted for more
complicated systems with multiple line segments with varying slopes.

Feebate Rates

One parameter of interest in designing feebate systems is the feebate rate, measured in, e.g., $/g/mi
or $/g/km. In the simplest case of a straight-line functional form, this rate is just the slope of the
line. However, as described in the previous section there is also the possibility of step functions and
piecewise linear functions. So, comparing feebate rates across systems can be difficult. Table 6.2
summarizes rates (in the case of step functions these are approximate) for some feebate policies!®.
The base case feebate rate used in the policy options developed in Chapter 7 is $20/g/mi. For a
graphical comparison of feebate functions that use these rates, see Figure 6.1.

19 The Netherlands was excluded because its design precludes representation of this type. The $20/g/mi rate
corresponds to the Canadian rate, as well as the base case rate in our quantitative analysis.
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Table 6.2 Approximate Rates for Feebate Systems

Country Feebate Rate
$20/g/mi
Canada [Slope for segment on each side of a large donut hole.]
Rebate rate = $50/g/mi
Denmark Fee rate = $13/g/mi
France Approximate rate of $16.5/g/mi
Netherlands Complexity precludes estimation
Rebate rate = $52/g/mi
Norway Initial fee rate = $55/g/mi
Fee rate increases to $259/g/mi
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Figure 6.1 Comparison of Feebate Functions




6.3. Summary of Findings from Feebate Case Studies

In the remainder of this section we focus on what can be learned from the feebate case studies. In
the cases of Denmark, France, and Norway, the policies were introduced in such a way as to provide
an opportunity for a “before and after” comparison in terms of new vehicle average emissions rates.
More generally, the studies provide some insights on issues such as public reaction, revenue
neutrality, and methods of administration and management of programs.

Assessment of Effectiveness

Given the availability of appropriate data, the most practical approach to assessing feebate program
effectiveness uses average new vehicle emission rates. For the time frames considered here, a
successful feebate program would yield a decrease in average new vehicle emissions by causing a
shift in consumer purchases. The following figures show average new vehicle emissions before and
after the introduction of feebate programs in Denmark, France, and Norway, respectively. One
complication is that there were also sizeable changes in fuel prices during this period. Even so, the
basic shapes of the curves suggest clear shifts associated with the introduction of feebate programs.

Emissions averages for Denmark are provided in Figure 6.2 for gasoline and diesel separately, and
also combined. The shift is smaller for diesel than for gasoline, with the latter taking on a value of
roughly 18 g/km (26 g/mi). Figures 6.3 and 6.4 for France and Norways suggest shifts of 7 g/km
(~11 g/mi) and 10 gm/km (~16 g/mi) respectively. Note: The data for Norway correspond to the
the conversion of the vehicle registration tax in January 2007 to include CO,, followed by the offer
of rebates beginning in January 2009. The case of the Netherlands is a bit more complicated, and
we refer the reader to Appendix D. However, those results also suggest that their feebate policy
helped to reduce greenhouse gas emissions by inducing sales-mix shifts to lower-emitting vehicles.
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Figure 6.2 Effect of Bonus/Malus in Denmark on New Vehicle Average Emissions Rates
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Figure 6.3 Effect of Bonus/Malus in France on New Vehicle Average Emissions Rates (grams

CO2 per km)
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Figure 6.4 Effect of Conversion to CO2 Registration Tax and Feebate Program on Average
New Vehicle Emissions in Norway through January 2010 (Bensin = Gasoline)

Revenue Neutrality

One of the ideas behind a feebate system is that, because the policy collects fees and distributes
rebates, it can be designed to be revenue neutral. Three of the feebate policies (Canada, France, the
Netherlands) had revenue neutrality as a stated or intended goal. In all three cases the policies
failed in this regard, i.e., the rebates exceeded the fees, sometimes by a wide margin. This illustrates
the inherent difficulty in achieving the goal of revenue neutrality.

The responses of the governments were all different. In the case of Canada, the rebate part of the
program was discontinued. Although this decision may not have been exclusively due to the
revenue neutrality issue, it undoubtedly played a role. The Netherlands compensated by simply
raising the general car registration tax rate. Moreover, as noted previously, the program has now
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been changed so that it is effectively a registration tax system. France made a strong commitment
to a consistent policy when the bonus/malus was introduced, announcing that it would be in place
for at least five years. During this period, the threshold values were to be moved 5 g/km every two
years. It remains to be seen what the impact of these adjustments will be on revenue neutrality.

In contrast to the above three cases, Denmark and Norway represent a different set of policy
circumstances. In both cases, although they have technically implemented feebate systems, the
feebates are embedded within a more comprehensive taxation system with a primary purpose of
generating general revenue. The policies are not stand-alone policies and revenues feed into their
general fund, so the issue of revenue neutrality is less relevant.

In any case, taken together, the evidence suggests that managing a feebate system to be revenue
neutral could be challenging without a clear way to make frequent adjustments. At the same time, a
feebate system that is subject to frequent adjustments could be less effective as a policy because it
would not send a clear, certain signal of what to expect in the future. For this reason, a government
wishing to use a feebate system may need to be prepared to take a longer-term view on this issue,
similar to France.

Public Reaction

Generally speaking, the reaction of the public to the introduction of feebate systems has generally
been positive in these cases. In Canada, there was an indication based on survey research that the
public generally supports gas-guzzler taxes and rebates, and there were no complaints registered in
response to their program. France claims a high level of public support for their feebate system. In
the Netherlands, the public found the system based on classes and footprints to be too complex, as
discussed earlier. The decision to move to a registration tax based on an absolute CO2 emissions
rate was due in part to the public’s reaction. In the case of Norway, the public (including the auto
sector) generally supported both the initial and revised CO2 emissions-based taxes. There were
public hearings at the time, with minimal fanfare. In the case of Denmark, the number and
complexity of auto-related taxes ensures that the average consumer is generally unaware of the
various details of all the taxes (or rebates) being applied to a vehicle. The price displayed on a new
vehicle is given as a single number. At the same time, the EU requires energy labeling on all
vehicles.

Administration of Transactions

With the exception of Canada, the feebate transactions were generally consolidated into an existing
tax system so that they occurred at the time of purchase. As already noted, in Denmark everything
is taken into account in the sales price of the new vehicle. The auto dealers handle all transactions.
This is also the case in France. In the Netherlands the car importers handle all transactions, and
pass taxes (or rebates) directly on to the consumers. In Norway the Ministry of Finance handles all
taxes, which are included in the price of the vehicle. Similar to Denmark, the taxes are not broken
out separately.

As noted, Canada is the exception. Canada had two different agencies handling fees and rebates.
Consumers were required to apply for rebates on line, and a check was received some time later.
Dealers handled the fees. It is entirely possible that this approach to handling transactions
contributed to the fate of Canada’s feebate program, where rebates were dropped. Having said this,
a similar outcome occurred in the Netherlands, even though a unified approach was used to handle
the transactions.
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7. POLICY FORMULATION

One simple description of the project’s main research objective is: (i) formulate alternative feebate
policy options, and (ii) evaluate and compare the options. Section 3.4 describes the basic design
elements of feebate programs that, when combined, yield specific policies. Based on that
framework, this section gives an overview of the process by which policy alternatives were
developed. An important part of the processes was a public consultation meeting held in February
2009. The outcome of this meeting, and subsequent and ongoing consultation with ARB staff,
comprised an evolving process that culminated in the final set of policies analyzed for this project.
Given the informative nature of the discussions in this meeting, these will be reviewed in some
detail. As discussed in section 3.2, key events that occurred during this process were the granting
of the Pavley waiver and proposed new near-term national emissions standards by the Obama
administration. These standards played a critical role in our selection of a reference policy for this
project. In addition, the emergence of a dual footprint-based system of national standards led us to
adopt a footprint-based feebate system as the base case for policy analysis and evaluation. This
section reviews the development process, the reference and base cases, and the final set of policy
scenarios.

7.1. Overview of development process

7.1.1. Public Consultation Meeting of February 26, 2009

As part of the development of the research proposal, the research team developed a preliminary set
of policy scenarios using the framework described previously in section 3.4. The ARB sponsored a
public consultation meeting on February 26, 2009 at the Cal/EPA Headquarters Building in
Sacramento to review and discuss the policy scenarios initially proposed for analysis by the
University of California research team. The presentation included a discussion of how policy
scenarios would be analyzed using the Feebate Analysis Model being developed by UC Davis, and
through information obtained via interviews, focus groups, a statewide survey and additional
analyses to be carried out by UC Berkeley (see Figure 4.1). A review of feebate policy design
elements was provided, and the team discussed the goal of developing policy scenarios intended to
address a wide range of alternative feebate design issues, including fee and rebate levels, point of
regulation, implementation strategy, consumer response, and interaction with other AB32
programs. Participants were apprised that the main purpose of the research is to provide the ARB
with sufficient information to support decision making about whether to implement a feebate
system for California and how best to design and implement such a system. The feebate policy
options presented at this meeting are shown in Table 7.1.

At this time, the team had already anticipated that the base case benchmark for the study would be
based on a two-footprint system (passenger cars versus light-duty trucks). Other benchmark types
include a single benchmark, two benchmarks (cars versus light-duty trucks), and a system involving
benchmarks for N different vehicle classes (to be determined). The base case feebate rate was
proposed to be $15 per gram per mile, and examination of five different rates was anticipated. The
agenda for the meeting ensured that there was ample discussion on issues related to transaction
locus and phase-in strategies, as these were anticipated to be potentially important issues based on
the literature and the initial development of information for case studies discussed in section 6
(particularly Canada and France). All of these discussions are reviewed in more detail here.
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Table 7.1 Feebate Policies Discussed in February 2009 Public Meeting

Functional Rate
No. Form $/g/mi Benchmarks Transaction Locus Phase-in Strategy
1 Linear $5 Pcarv. Lt Trk FP State-Manufacturer 2-Year Delay
2 Linear $10 Pcarv.Lt. Trk FP State-Manufacturer 2-Year Delay
3 Linear $15 Pcarv.Lt. Trk FP State-Manufacturer 2-Year Delay
4 Linear $20 Pcarv.Lt. Trk FP State-Manufacturer 2-Year Delay
5 Linear $25 Pcarv.Lt. Trk FP State-Manufacturer 2-Year Delay
6 Linear $15 Single Benchmk. State-Manufacturer 2-Year Delay
7 Linear $15 N Vehicle Classes State-Manufacturer 2-Year Delay
8 Linear $15 Pcarv. Lt. Trk. State-Manufacturer 2-Year Delay
9 Linear $15  Single State-Manufacturer Immediate
10 Linear $15  Pcarv. Lt. Trk State-Manufacturer Immediate
11 Linear $15 N Vehicle Classes State-Manufacturer Immediate
12 Linear $15  Footprint State-Manufacturer Immediate
13  Step Function $15  Single Benchmark State-Manufacturer 2-Year Delay
14 Step Function $15 Pcarv. Lt. Trk State-Manufacturer 2-Year Delay
15 Step Function $15 N Vehicle Classes State-Manufacturer 2-Year Delay
16 Step Function $15  Single State-Manufacturer Immediate
17  Step Function $15  Pcarv. Lt. Trk State-Manufacturer Immediate
18 Step Function $15 N Vehicle Classes State-Manufacturer Immediate
19 Linear $15  Pcarv. Lt. Trk State-Customer 2-Year Delay
20 Linear $15  Pcarv. Lt. Trk Dealer-Customer 2-Year Delay
21  Linear $15  Pcarv. Lt. Trk Dealer-Customer 2-Year Delay
22 Linear $15  Single Dealer-Customer Immediate
23 Step Function $15  Single Dealer-Customer Immediate
24 Linear $15 Pcarv. Lt Trk State-Manufacturer Phase in Rate
25 Linear $15 Pcarv.Lt. Trk State-Manufacturer Initial Subsidy to Neutrality

Italicized scenarios are later eliminated - see text for discussion.

Dr. Greene explained how the feebate rate could be related to carbon prices, and the size of other
externalities and market imperfections. For example, a feebate charge can be linked to the
discounted present value of future carbon permit prices or carbon taxes. Let C be the price of
carbon, E be the emissions rate of a vehicle and E, the benchmark emissions rate, My be the miles
the vehicle will be driven when new, § be the rate of decline in vehicle use with age, and p be the
discount rate for future carbon prices, and L the expected vehicle lifetime. PV in equation 1 is the
present value of future carbon charges.

(7.1)

PV = ] C(E, - E)M e dt
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If Mo = 14,000 miles/year, 6 = -0.04 (4% decrease per year), p = -0.07 (7%/year), then PV equals
approximately 100,000C(E, - E). For a carbon price of $100/tCO; the feebate rate would be
$10/gC0O2/mile. The U.S. gas-guzzler tax is a step function but on average is equivalent to a rate of
$1800/0.01gallon per mile or $20/gC02/mile. The French Bonus/Malus feebate system equates to
approximately $16.50/gC0Oz/mile.

The equivalencies of various feebate rates are shown in Table 7.2 in terms of present value per
lifetime gallon, per gram of CO; per mile, and dollars per ton of carbon.2® The calculations assume
that the full value of the feebate is assigned to either fuel consumption or carbon emissions.
However, the feebate rate can be viewed as accomplishing several purposes. There is strong
evidence that consumers undervalue future fuel savings relative to their expected value (e.g, see
Greene, German and Delucchi, 2009). One view is that consumers, on average, require a simple 3-
year payback for improvements in fuel economy that increase the purchase price of a vehicle. A
charge of $1,285/0.01gal./mi ($1.20/gal.) would be needed just to correct for that undervaluation.
If, in addition, $50/tCO ($470/0.01gal./mi) is added to represent the external costs of greenhouse
gas emissions, plus an oil import premium of $14/bbl ($0.33/gallon or $350/0.01gal./mi.), a total
feebate rate of $2100/0.01gal./mi. or $23.90 per gCO2/mi. would be justified. To reflect this range
of potential justifications for alternative feebate rates, the research team proposed to investigate
the impacts of rates ranging from $5 to $25 per gCO; per mile.

Table 7.2 Alternative Feebate Rates and Their Equivalencies in Terms of Externality Costs,
0il Consumption Premiums and Correcting the Uncertainty Loss-Aversion Problem

Equivalent $ per Equivalent Gasoline Tax
Feebate Rate Lifetime PV Gal. Feebate Rate Carbon Price of Equal Impact
$/0.01gal/mi $/gal $/gCO,/mi $1tCO, $/gallon
$500 $0.47 $5.69 $53 $1.18
$1,000 $0.93 $11.38 $106 $2.36
$1,500 $1.40 $17.07 $159 $3.54
$2,000 $1.87 $22.76 $212 $4.72
$2,500 $2.33 $28.45 $266 $5.90

Assumes vehicle is driven 15,000 miles per year when new, declining at 4% per year, over a lifetime of 14
years. Future dollars are discounted at 7% /year. Source: Greene, 2009.

The final column of Table 7.2 is intended to illustrate the leverage of feebates relative to a gasoline
tax as a policy for incentivizing improvement in new vehicle fuel economy. If consumers require a
simple three-year payback for an upfront investment to achieve higher fuel economy, then they are
undervaluing fuel savings relative to full lifetime expected present value by a factor of 2.5. Thus, a

20 The discounting in this case is not discounting of carbon emissions or climate damage. It is discounting of
future payments of carbon taxes or carbon permit prices.
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gasoline tax of $3.50 would be required to achieve the same impact on new car fuel economy as a
feebate rate of $1,500.

The feebate rate determines the marginal value of increasing fuel economy or reducing greenhouse
gas emissions. The benchmark determines which vehicles pay a fee and which receive a rebate. It
is the research team’s understanding that a California feebate system would need to be revenue
neutral. Nevertheless, benchmarks can be defined in many ways. The research team originally
proposed to test the four types shown in Table 7.1.

Feebate functions relating GHG emissions to fees and rebates per vehicle can take many different
forms. The research team proposed considering a simple linear function with a constant feebate
rate per gram of CO; equivalent per mile, as well as step functions similar to the French
Bonus/Malus function or the U.S gas-guzzler tax (see Section 6).

The research team discussed its belief that it would be easier to predict and manage revenues with
a linear feebate function. In contrast, a step function has the undesirable features of allowing a
large increase in the rebate value for a small change in emissions, and may be more difficult to
adjust over time as vehicle emissions are reduced. However, French authorities had expressed a
belief that consumers find step functions easier to understand. Because the choice of linear versus
step function has many potential implications for policy outcomes, one goal of the research project
is to better understand and quantify their differences. Issues of consumer perception will be
explored via focus groups and surveys.

The locus of the feebate transaction and how the system is communicated to consumers are
interrelated issues. Key options for the locus of the transaction are:

1. Between state and manufacturer
2. Between dealer and customer
3. Between state and customer

Hybrid systems are also possible in which fees and rebates are transacted between different
parties. Option 1 would greatly reduce the number of transactions and could permit more frequent
adjustment of benchmarks to achieve revenue neutrality.

How consumers are made aware of the feebate system is yet another issue. Public service
announcements are one option, as are requirements to label vehicles, or for dealers to show fees
and rebates on the bill of sale. The research team felt that these issues would be best explored via
focus groups and the statewide survey, with additional analysis of the administrative impacts and
compliance costs of different strategies.

Feebate systems can also be phased-in in a variety of ways. The French and Canadian systems were
implemented immediately, with no delay. Indeed, in the Bonus/Malus system rebates were made
retroactive for approximately one month. This, however, gives manufacturers no time to adjust
product designs to the new system. A lead time of two years would be required to allow even a
fraction of the new vehicles sold in the year the feebate system began to be redesigned by
manufacturers in response to the policy. On the other hand, delaying the onset of the system would
likely encourage consumers intending to purchase low emission vehicles to delay their purchases
until they could be rewarded by rebates, and consumers intending to purchase higher emission
vehicles to accelerate their purchases to avoid fees.
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Other implementation options include gradually increasing the feebate rate over time, or creating a
zero-zone of moderate-emission vehicles that would initially have neither fees nor rebates (a
“donut hole”) and gradually closing the hole in the feebate system over time. A feebate system
could be designed to be net subsidizing initially, transitioning to revenue neutrality over time, but
such a system would violate the requirement of revenue neutrality in its early years. This approach
would be more likely for a national-level feebate, where there is greater flexibility for subsidizing
policy initiatives.

A complete feebate system requires decisions on all of the design elements discussed here, as
shown in Table 7.1.

Comments and Discussion

A key issue not explicitly addressed in the presentation was the testing of feebates as a replacement
for or complement to Pavley standards. There would be 48 cases to run if all 24 cases were tested
both as a replacement and a complement. Given that the Feebate Analysis Model had not yet been
built and therefore its run time was not known, it was unclear whether or not this would be too
ambitious. One participant noted that, when the feebate system is intended as a replacement for
Pavley, the feebate rate would be determined by the requirement to achieve the same GHG
reductions as the Pavley law. Estimates made by the Union of Concerned Scientists (UCS) suggest
this would be approximately $36/gC0./mile, higher than the rates suggested in Table 7.1. Also, it
would be unlikely that the locus of the transaction or the phase-in strategy would have a significant
effect on the replacement/complement issue. This suggested testing the replacement/complement
issue using a linear feebate function, at the necessary feebate rate, using single-point, passenger-
car/light truck, and footprint-based benchmark systems. (However, as discussed previously, this
issue has become largely moot.)

The research team was asked whether it would consider the impacts on the used vehicle market.
Our model is able to do this within the state of California but not for the remainder of the U.S. The
potential for leakage in other states was also raised: that is, increases in GHG emissions in other
states when manufacturers find it easier to meet federal CAFE standards due to the more stringent
Pavley standards in California and opt-in states. At the time, the team viewed this as outside the
scope of our study as we understood it. The subsequent announcement harmonizing California and
federal standards also makes this question moot with respect to emissions standards through
MY2016, at least. It remains a possible issue for feebates, however, unless a national system is
implemented. In a study issued subsequent to the consultation meeting, Goulder et al. (2009)
indicate that leakage could be a problem if manufacturers market different vehicles in California
and other opt-in states than in the rest of the U.S. However, the same study indicates that if the
same vehicle designs were sold throughout the country, more stringent GHG emissions standards in
California and other opt-in states would generate significant spillover benefits to the rest of the U.S.
in the form of additional reductions in GHG emissions. Investigation of how manufacturers would
implement design changes (nationwide or in subsets of states) therefore becomes an important
issue to resolve for a feebate analysis.

How the fees would be collected and rebates disbursed received considerable attention. Some were
concerned that if the feebates were transacted at the dealership, the consumer might not see or
receive full rebates. Others were concerned that fees might come out of salespersons’ commissions.
If the feebate were transacted at the point of sale, it would presumably become a part of the overall
process of price negotiation. There was concern that it might become submerged in the complexity
of the multi-attribute vehicle purchase process. While economic theory provides some useful
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guidance in this area, the answers ultimately depend on the nature of supply and demand for each
vehicle and on the actual versus theoretical operation of the car market. Some also expressed
concern that transacting feebates at the point of sale would be much harder to administer. A
variety of different formulations were discussed, including hybrid systems in which fees and
rebates are transacted between different parties—see Table 7.1.

Others raised questions about the determination and announcement of benchmarks. How would
they be announced and when? How would revenue neutrality be achieved? If feebates were
transacted at the point of sale (as in the French Bonus/Malus system), for consumers to understand
what feebates will apply, benchmarks would have to be determined prior to the model year and
could not be changed. If feebates were transacted between the state and the manufacturer there
might be greater flexibility.

Some concern was expressed about insuring that new vehicles not subject to feebates could be
purchased in other states and brought into California. However, the state has considerable
experience with such enforcement issues and confidence that they can be addressed satisfactorily.

Questions were raised about the size of administrative costs, how they would be paid, and what the
source of the working capital would be. Would they be paid out of fees (making the system slightly
revenue enhancing) or out of general revenues? Some suggested that administrative costs were
likely to be in the range of $1.5 million per year, or less than $2 per new vehicle sold.

Several participants were interested in the potential impacts of “surprises” on the effectiveness and
costs of a feebate system. Surprises mentioned included the following:

Changes in consumers’ attitudes and preferences (esp. for fuel economy)
Oil price shocks

Changes in the structure of the automobile industry

Increase in federal gas tax or creation of federal feebate system

W e

Interest was expressed in what elasticities would be used in the model to reflect consumers’
responses to fuel prices and to feebates. Some believed that these responses had shifted
fundamentally in recent years and that there was a falling willingness to pay for fuel economy
improvement. There was a request to vet the elasticities that would be used in the modeling.

A question was raised about how the California feebates model would represent manufacturers’
ability to charge customers for the costs they would incur in reducing the emissions rates of
vehicles. The questioner claimed that there was a fundamental flaw in the analysis done by Walter
McManus for UCS, and that McManus’ analysis did not appear to allow manufacturers to fully pass
through costs to customers.

Other questions concerned how other policies like the ZEV mandates and low carbon fuel standards
would be represented. The modeling team explained that they intended to represent the ZEV
standards using a fixed scenario developed by ARB for the market penetration of ZEVs rather than
attempting to predict such. The question of the impact of the LCFS and whether and how it should
be represented was later taken up with the ARB. The LCFS was not directly represented in our
quantitative modeling because it has no direct impact on market behavior of manufacturers or
consumers. Interaction between feebates and the LCFS was considered separately in a qualitative
analysis—see section 10.5.
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Finally, the research team was asked how purchases by public entities (e.g., police, fire, emergency
services, etc.) would be handled. It seems likely these vehicles will receive special treatment, such
as exemption. Be that as it may, these vehicles were considered to be beyond the scope of our
analysis, which focused on the personal vehicle market.

Summary and Conclusions

Subsequent to the consultation meeting, the federal and California state governments reached an
agreement that, to a reasonable approximation, establishes the Pavley standards as the national
standard through 2016. This made the question of feebates as a replacement for the Pavley
standards moot but left open the question of complementing LEV-III GHG (Pavley II) standards. As
a result, the major emphasis of the study shifted towards understanding the role of feebates as a
complement to GHG emission standards, though this important development does not completely
eliminate the need to test feebates as a possible replacement for LEV-III standards,.

The question of whether vehicle manufacturers would implement engineering design changes in
California and other opt-in states versus the rest of the U.S. emerged as a potentially significant
issue. After some deliberation, the team adopted the assumption that manufacturers would not
design “California-only” vehicles, but, rather, would taken into account the behavior of the market
as a whole when deciding what vehicles to design and offer, and that all vehicles would be offered
to the entire market.

Too review, significant policy design issues raised by participants were:

Timing and method of announcing benchmarks

Size of administrative costs and source of revenue to finance them

Effects of “surprises” on feebate system impacts

Vetting of feebate model elasticities

Treatment of ZEV mandates and LCFS standards (tested in which policy cases?)
Exclusion of public vehicles

QU W e

7.1.2. Moving Forward

Subsequent to the February 2009 meeting the team pursued its research agenda in a mode that was
heavily influenced by the discussion described above. The UC Davis modeling team continued its
development of the Feebate Analysis Model to maximize its ability to address the issues raised by
this discussion. The background and documentation on the model are provided in the next section,
with more details related to programming and implementation included in the appendices. In the
succeeding months, an ongoing process of policy formulation and scenario development took place
in consultation with ARB staff.

As has been noted repeatedly, the main changes that occurred after the February meeting were in
response to the granting of the waiver and the harmonizing of the California and national emissions
standards. The exploration of feebates as a replacement for Pavley was deemed lower priority, and
the emphasis shifted to how feebate policies would complement emissions standards. How this has
influenced our final reference and base cases is described in more detail in the next section. With
reference to Table 7.1, the policy option of using N vehicle classes has been dropped. It is
considered unlikely, and in any case would exhibit properties similar to footprint-based systems.
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Another change from Table 7.1 was to move the analysis of the locus of feebate transactions and the
timing of implementation out of the quantitative modeling analysis. In the judgment of the research
team these issues would be best handled by qualitative analysis informed by interviews, focus
groups, survey research, and the literature. Specifically, potential consumer response to the timing
and method of benchmark announcements, as well as any other changes to the feebate system, are
analyzed by UC Berkeley in section 9.3, drawing on its focus group and survey research. Levels of
administrative costs and sources of revenue to finance a feebate program are also analyzed by UC
Berkeley in section 10.5.

The impact of surprises was addressed by developing specific scenarios to be analyzed by the
Feebate Analysis Model. In general, public vehicles, such as police, fire and emergency vehicles,
were excluded from the analysis on the assumption that they would be exempt from the feebate
program. ZEV mandates and the California LCFS will be represented by scenario assumptions and
included in every analysis case. The UC research team has consulted with ARB staff and obtained
guidance from them on how best to represent these programs.

7.2. Reference and Base Cases for Quantitative Modeling

Quantitative modeling methodology described in Section 5.1 is used to simulate vehicle market
behavior over the period 2007-2025. Before discussing specific policy scenarios for feebates, we
must first establish reference and base cases to provide a framework for evaluation and
comparison.

Our methodology uses two reference scenarios, as will be described. The first reference scenario
for the period 2009-2030 adopts fundamental quantities from the EIA Annual Energy Outlook
Projections. These projections reflect a detailed methodology that takes into account general
macroeconomic forecasts including income per capita, penetration of vehicle technology, fuel prices
(costs) as well as a set of reference assumptions on relevant energy policies and regulations. The
main projections used in calibrating our models are baseline vehicle sales forecasts and fuel price
forecasts. The ElA-reference policy scenario assumes the values from the projections described
below.

EIA sales projections are calculated based on the light-duty vehicle Manufacturers Technology
Choice Model (MTCM). “The MTCM includes 63 fuel saving technologies with data specific to cars
and light trucks including incremental fuel efficiency improvement, incremental cost, first year of
introduction, and fractional horsepower change” (EIA Annual Energy Outlook 2009a). In the
vehicle sales share module, EPA size class sales shares are projected as a function of income per
capita, fuel prices, and average predicted vehicle prices.

In order to determine the technology penetration, the discounted stream of fuel savings is
compared to the marginal cost of each technology. The EIA model assumes that all fuel-saving
technologies have a 3-year payback period and the real discount rate is 15 percent. Expected future
fuel prices are calculated based on an average of fuel prices 3 and 4 years prior to the present year.
Degradation factors are used to adjust new vehicle tested fuel economy values to "on-road" fuel
economy values to reflect normal driving conditions. The model assumes current fuel economy
standards through 2011, NHTSA's proposed standards for 2012 through 2016, an annual increase
from 2017 to 2020 to reach the 35 MPG level, and a constant standard after 2020.

Finally, the Consumer Vehicle Choice Module (CVCM) utilizes a nested multinomial logit (NMNL)
model that predicts sales shares based on relevant vehicle and fuel attributes such as price,
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maintenance cost, range, multi-fuel capability, fuel economy, acceleration and luggage space. Most

vehicle attributes are determined endogenously in the EIA model.

The fuel attributes used in

market share estimation include availability and price. Figure 7.1 shows the resulting EIA total
light-duty vehicle sales projections (nationally) from 2007 through 2030.
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Figure 7.1 EIA sales projections (EIA Annual Energy Outlook 2009b)

End-use petroleum product prices are also derived from EIA’s energy outlook projections. EIA fuel
prices are estimated based on the summation of marginal costs of production, production-related
fixed costs and distribution costs and taxes (EIA Annual Energy Outlook 2009c). Figure 7.2 shows

the estimated fuel prices from 2007 to 2030 (in 2007 dollars).
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Figure 7.2 EIA fuel price projections (EIA Annual Energy Outlook 2009d)
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Because we used EIA assumptions and projections about fuel prices, fuel economy standards, and
total vehicle sales, it represents a reference case for an initial calibration of the MDM.
Implementing the EIA fuel price projections and assumed fuel economy standards, we matched
total light-duty vehicle sales in our model with the EIA total sales projections. We did that by
calibrating alternative specific coefficients of our nested logit vehicle choice model so that the MDM
output replicates the EIA’s total sales projections.

Reference Scenario for Policy Analysis

Assumptions for the reference scenario to be used for policy analysis were discussed in Section 3.2.
Implementing this required three sets of emissions standards over three different time periods.
During the first time period (2007-2010), current CAFE standards were applied. For 2011-2016,
NHTSA’s reformed standard was used in 2011, and the newly established EPA/NHTSA CO:
emission targets were used for 2012-2016. As described in Section 3.2, there is no current policy
beyond 2016, and we adopted an assumption that emissions targets decrease by 2% per year until
2025 for our Reference Case. This section provides technical details on the CAFE and GHG
emissions standards.

The CAFE fuel economy standards are listed in Table 7.3. Two distinct sets of standards have been
implemented for passenger cars and for light trucks. For each year, a single fuel economy standard
(in MPG) has been established for each of the two fleets. In our model, we convert these to their
equivalent in terms of CO; emissions, and implement them for model years 2007 through 2010.

Table 7.3 CAFE fuel economy standard MY2007-2010 (miles per gallon)

Model Year Cars Light trucks

2007 27.5 22.2
2008 27.5 22.5
2009 27.5 23.1
2010 27.5 23.5

Effective in 2011, a reformed CAFE program was adopted. Under the reformed CAFE, each vehicle’s
required mpg is based on target levels set according to a vehicle’s “footprint”—the product of its
width and its wheelbase. For model year 2011, the target values are determined from the following
equation:

Jpi—c
d

1 I 1
1}(?‘)2[—+(———)€—ﬁ,,_c]
a b a =L
l+e 9

where:

T = fuel economy target, mpg

a = maximum fuel economy target, mpg

b = minimum fuel economy target, mpg

¢ = footprint value at which the fuel economy target is midway between a and b, ft2

d = parameter defining the rate at which the value of targets decline from the largest to smallest
values, ft?
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e=2.718
fp = footprint of the vehicle model, ft?

Table 7.4 Footprint function parameters (MY2011)

Parameters
Model year a b c d
2011 passenger car 31.20 | 24.00 | 51.41 | 191
2011 light truck 27.10 | 21.10 | 56.41 | 4.28

For model years 2012 to 2016, we adopted the new EPA/ NHTSA CO; emissions standard. The
targets are described mathematically by a family of piecewise linear functions as follows:

a, ifx <=1
cx + d, ifl<x<=nh
TARGET CO; = b, ifx = h

Where,

TARGET COz = the CO; target value applicable to vehicles of a given footprint (in g CO2/mi)
a = the minimum CO; target value (in g/mi)

b = the maximum CO; target value (in g/mi)

c = the slope of the linear function (in g/mi per sq ft)

d = is the zero-offset for the line (in g/mi CO2)

x = footprint of the vehicle model (in square feet)

[ & h are the lower and higher footprint limits,

Table 7.5 Footprint function parameters (2012-2016)

a) Passenger cars

Model Year a b C d 1 (lower limit) h (upper limit)
2012 242 313 4.72 48.8 41 56
2013 234 305 4.72 40.8 41 56
2014 227 297 4.72 33.2 41 56
2015 215 286 4.72 22 41 56
2016 and later 204 275 4.72 10.9 41 56
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b) Light trucks

Year a b C d 1 (lower limit) h (upper limit)
2012 298 399 4.04 132.6 41 66
2013 287 388 4.04 121.6 41 66
2014 276 377 4.04 110.3 41 66
2015 261 362 4.04 95.2 41 66
2016 and later 246 347 4.04 80.4 41 66

Figure 7.3 shows the standards graphically for both passenger cars and light trucks. It should be
noted for year 2011, the emission target is calculated based on the reformed CAFE standard (in
mpg) and the conversion coefficient (8788 g CO2/gal) for gasoline-fueled vehicles.
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Figure 7.3 Footprint based emission targets adopted in all scenarios (MY2011-2016)

For modeling, we used the above standards from MY2007 through MY2016. But after 2016, there
is no general agreement on what the national standards would be. So, we assumed different
constant percentage decreases in allowable emission levels in our scenarios. As noted previously,
the Reference scenario for policy analysis assumes a 2% reduction per year. We also considered
the case of a 0% reduction per year, i.e., a flat standard after 2016, as well as more aggressive
reductions up to 4% per year.

The Base Case feebate policy in our study assumes the Reference scenario, and then applies a
footprint-based feebate benchmark using the same equations as those used for the 2011-2016
national emissions standard. Other feebate policy outcomes can be compared either to the
Reference case, or to the Base Case. Additional policy scenarios can be developed using the fact that
our model divides the market into two regions (according to where the feebate system applies). So,
in addition to studying scenarios for a California-only feebate policy, the market can be divided
according by Opt-in versus Non-opt-in states. In addition, the model allows the application of a
separate emission standard within California (or within all Opt-in states). For example, this means
that we can have 2% annual decrease in emission standards for California only (as a representation
of LEV III-GHG) while the remaining states’ emission targets remain the same after 2016. Similarly,
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an Opt-in-state-specific emission standard could be applied. A detailed description of the various
policy scenarios adopted for the study appears in the next section.

7.3. Final Policy Scenarios

Based upon the comments and suggestions received in the consultation meeting, as well as
subsequent discussions with ARB staff and among the members of the UC research team, we
revised and shortened the list of scenarios to be analyzed. To develop scenarios, we first
enumerated the options available for each design component of a system, and then formed policies
using combinations of these options (for more background information on the elements of a feebate
system and their potential impacts on a feebate system see Section 3.4).

As discussed in Section 7.1.2, we remov