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Statement of Significance

The Global Warming Solutions Act of 2006 (AB 32)llsafor California’s greenhouse gas (GHG)
emissions to return to 1990 levels by 2020. Thedportation sector produces 38% of greenhouse gas
emissions in California and passenger vehicleshaesource of 74% of the emissions within the secto
Emissions reductions can be achieved through aicatitn of approaches, including: improved vehicle
technology, shifts to alternative fuels, and redurcin vehicle miles traveled. The Air ResourcamBi
(ARB) is charged with the responsibility of evalngt and implementing regulatory policies to bring
about these changes. California has passed legmrsl@Paviey AB 1493) requiring improved vehicle
technology to reduce GHGs. California applieddoraiver as required under the Clean Air Act bet th
application was denied by the EPA. California arlder states are challenging a U.S. EPA decision
preventing implementation of the Pavley standarmi$ expect to prevail. Yet AB 32 requires that if
Pavley does not remain in effect, ARB shall implemalternative regulatory options to achieve
equivalent or greater GHG reductions. (HSC 83859RB plans to pursue a feebate program to
backstop the Pavely regulations if they cannotiy@émented or to complement them if additional -cost
effective emissions reductions are available. &hthe Pavley waiver be granted during the coufse o
this research, it would not affect the assessmétessons learned or the development of the feebate
analysis model. However, it would shift the emghasf the focus groups, survey and stakeholder
interviews to give greater emphasis to feebatesasnplement to the Pavley regulations.

Feebates are a market-based policy for encoura@idG emission reductions from new passenger

vehicles by levying fees on relatively high-emittinehicles and refunding the revenue generated to
purchasers of lower-emitting vehicles. Feebatey s&ve as a complement to California’s Pavley

standards by providing a continuing economic ineenfor manufacturers to adopt technologies that

reduce GHG emissions as well as a continuing ecanamentive to consumers to purchase cleaner

vehicles. Feebates could also serve as a replatdaneghe Pavley standards in the event that Gali&

is unable to obtain a waiver for the Pavley stadslamder the Clean Air Act because feebates can be
designed to achieve cumulative GHG mitigation eaj@nrt to or greater than the Pavley standards.

The purpose of this research project is to proadeomprehensive study of feebates that meets the
decision-making needs of ARB by addressing issasergial to the practical design and implementation
of a feebate program for California. Specific ops for possible California feebate systems will be
developed based on previous work and studies inlitdyr@ture, insights from investigating currently
functioning feebate programs, and through congoiavith ARB staff. A rigorous, quantitative model

of vehicle market behavior will be developed toyde a tool for evaluating alternative feebate paogs
under various market scenarios. The model willeepnt manufacturers’ decision making with regard t
in-use vehicle GHG emissions, estimate the impactsonsumers’ decisions about new and used vehicle
choices, vehicle ownership and use, and provideltiie necessary for calculating the impacts on GHG
emissions over time. In addition, implications f@venue flows and management of the feebate
programs, administrative costs, potential unintendensequences, equity concerns, and interactions
between feebates and other possible AB 32 progwithalso be investigated. Federal fuel economy
standards as specified by the Energy IndependendeSeacurity Act of 2007 and implemented by
rulemakings of the National Highway Traffic Safefgministration (NHTSA) will be assumed to be in
force. The NHTSA is expected to issue a final mepassenger car and light truck standards through
2015 by the end of calendar year 2008. Specifgigths of feebate systems and specific implememtatio
strategies to be analyzed will be determined afteisultation with ARB staff. Market research viié
conducted to better understand how consumers, da#lers, manufacturers and other stakeholders are
likely to respond to alternative feebate programigles. Based on these activities, and in conguitat
with ARB staff, the project will synthesize thesesearch results into an overall evaluation and
characterization of candidate feebate program pgtior ARB’s consideration.
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Abstract

The objective of the California feebate researdjqut is to provide a California specific assessnoén

two options: (i) a feebate program implementedlate of the Pavley standard to achieve equivalent o
greater GHG reductions and (ii) a feebate prograncambination with Pavley to achieve additional
reductions beyond those expected by the Pavleyamg The study will assess options for elements of
the design of the feebate program including fee aebate levels, structure of benchmarks,
implementation strategies, point of regulation, toner and manufacturers responses, and interactions
with other AB 32 programs. The information prowddeill be structured to guide ARB in a potential
rulemaking on a feebate system for the State.

Task 1 will infer lessons learned from past andentrreal world experience with feebate and feelilete
systems. The cases evaluated will include Franegfserience with its current feebate system, the
Canadian government’s experience with its briefhyplemented feebate system, and the Province of
Ontario’s experience. Other countries reportetaee tried feebate (e.g., Denmark and Austria) éll
investigate. The U.S. gas guzzler tax (the fekdia feebate system) will also be examined.

Consumers’ perceptions of alternative feebateesystare likely to strongly influence their effeetiness.
Task 2 will conduct two sets of focus groups torflebow consumers are likely to react to different
feebate programs. The first set will explore consts attitudes toward vehicle GHG mitigation pE&
and feebates in general. The second set will ptesgsumers with specific alternatives.

Feebates can be formulated in many different wayask 3 will develop specific formulations to be
evaluated by this research project and define dtiméegt in which they will be evaluated. The prjai
investigators will conduct a half-day workshop fARB staff to explain the key options and their
implications, and discuss the pros and cons ofralteves with ARB staff. The outcome will be a sét
alternative structures (feebate rates, pivot paami$ points of regulation) and implementation stysds
to be analyzed.

In task 4, a comprehensive feebate analysis madehé present to 2020 will be developed and tested
The model will integrate manufacturer decision mgkabout vehicle design and technology adoptian at
national and regional scale with California constghdecisions about vehicle choice, ownership as&l u

A detailed, disaggregated model of California hbwat#s’ vehicle choice, ownership and use behavior
will be developed to predict the impacts of thebfte systems, given manufacturers’ design and ptodu
introduction decisions. The model will estimatepants on new passenger vehicle GHG emissions,
changes in the mix of vehicles sold, consumers’plsar by demographic and income group,
manufacturers sales and revenues, and feebateauseflews.

In task 5, the comprehensive feebate model wilubed to analyze the impacts of the feebate policies
formulated in task 3. The impacts of feebates bellassessed both as a replacement and as a sepplem
for Pavley. Should the Pavley waiver be grantetihduhe course of the research, greater emphakis w
be placed on feebates as a complement to the Pagalations. Preliminary results will be preseéni®
ARB staff in a formal briefing by the principal iestigators. Final adjustments to the policy stiiate

will be made, if necessary, and a final assesso@npleted.

Task 6 will assess policy implications, administ@t costs, impacts on state revenues, potential
unintended consequences, interactions with otheB2Bneasures, and implications for the incidence on
different demographic and income groups of progirapacts.

Task 7 will carry out a state-wide survey of constsnto determine the perceptions, preferences and
concerns of California households with respectaibous state feebate programs.
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Proj ect objectives

The main objective of this project is to provide hRB with a California-specific assessment of &geb
programs for new vehicles as a replacement foPthely standards or as a complement to the Pavley
standards.

This study of feebates is needed to insure thatdseémum feasible and cost-effective reduction bf@&
emissions from new passenger vehicles is achieled004, the ARB approved regulations to reduee th
GHG emissions from new passenger vehicles beginningpdel year 2009 and phasing in through the
2016 model year. The regulations apply to four GHerbon dioxide, methane, nitrous oxide and
hydroflourocarbons. As required by the Clean Adt,ACalifornia applied for a waiver before
implementing vehicle tailpipe emissions standangsive U.S. EPA denied the waiver. Although
California and other states are challenging theadl@mcourt and expect to prevail, AB 32 Secti@b30
requires that the State implement alternative meadio achieve equivalent or greater reductiorGHie
emissions should Pavley not remain in effect. ébtte program has been identified by ARB as a key
alternative measure that could achieve equal @atgreeductions in GHG emissions. A feebate progra
would combine rebates for low-emitting vehicleshafites for high-emitting vehicles. Fees and rebate
would be determined based on the difference betaaashicle’s emissions rate and a reference rate, o
benchmark. The objective of the feebate programlavbe to cost-effectively achieve GHG reductions
equivalent to the Pavley reductions of 31.7 MMTEOARB is also considering a feebate program as a
complement to the Pavley standards to achieve mawifeasible and cost-effective GHG reductions.
Should the Pavley waiver be granted, it would b#élluseful to ARB to understand how a feebate gyste
would function in the absence of the Pavley reguteatbut with other federal programs in place. The
emphasis of the research, however would shift tdsvanderstanding the potential role of feebates as
complement to Pavley and determining whether amdrach additional reduction in GHG emissions
might be cost-effectively achieved by the additibra feebate program.

Because of the differing contexts, it is very likéhat feebate programs to replace Pavley and to
complement Pavley would be designed differentlihisBtudy will assess options for program design
including fee and rebate rates and structuregnalige designs for benchmarks, alternative pats
regulation (manufacturer versus consumer/dealed) aiternative implementation strategies. It will
extract lessons to be learned from real world égpee with feebate and feebate-like programs.
Consumers’ perception and likely response to atere feebate systems will be studied. Views of
manufacturers, car dealers and other stakeholdifsensolicited and considered. Alternative desig
strategies will be meticulously defined in condtittia with ARB. Rigorous analytical tools will be
developed to estimate the impacts of alternatiwigds on new passenger vehicle GHG emissions,
consumer welfare, manufacturer sales and revefegste revenue streams (especially achieving
revenue neutrality), administrative costs, Statarices and economic impacts.

The resulting information will be organized andg@eted so as to successfully guide ARB in a patenti
rulemaking on feebate systems for the State.
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Technical plan
1. Research methods

This research project will comprehensively desigd assess two general options for a California GHG
feebate program. The first will be a feebate-gmggram to replace the Pavley standards. The decon
will be a feebate program implemented in combimatigth the Pavley standards. In both cases the
federal CAFE standards as mandated in the Energgpbndence and Security Act of 2007 will be

assumed to be in effect. The study will address diesign of the feebate system, strategies for
implementing it over time, its effects on consumemsg automobile manufacturers and their respormses t
it, and interactions with other AB 32 programs.

The complexity of this research calls for an arshyesearch methods. Determining the lessons to be
learned from previous experience with feebate ebd¢e-like policies will require interviewing theyk
personnel responsible for designing, implementing aanaging the programs, collecting data on
program impacts, revenue flows and related infoionats well as drawing on evaluation studies.

Developing an understanding of consumers’ percegtinf feebate systems will be based primarily on
facilitated focus group interviews and a sample 92000 (completed) statewide survey using standard
methods of market research. Focus group protaddibe carefully designed, pre-tested, and cledred
the University of California Institutional ReviewoBrd (IRB)/Office for the Protection of Human
Subjects, as will be the statewide survey “instmirieThe focus groups will take place in two rounds
early and later in the project — and will be cortddan both English and Spanish.

Modeling manufacturers’ and consumers’ responsdsetoate systems is undoubtedly the most complex
research task. Manufacturers seek to maximizetprafiven the cost and potential of technology for
mitigating vehicle GHG emissions, their own prodliees and future product plans, fuel economy and
GHG emissions standards, and the financial incestoreated by the feebate program. We will employ
rigorous methods of mathematical programming, togretvith detailed data on manufacturers’ product
offerings and the costs and potentials of mitigati@chnologies to create a model simulating
manufacturers’ decisions, over time, in responsa feebate program and related policies. Technology
and cost data are available from a number of seuioeluding the ARB, NESCAFF, EPA, NAS and
Energy and Environmental Analysis, ICFI, Inc., & lsebcontractor to this project. EEA, ICFI wilkal
supply a detailed database of vehicles offeredstde in the U.S. in the base year, their prices and
technical attributes, their expected date of magalesign, and their base-year use of GHG mitigation
technologies. Detailed data on vehicle sales falif@nia and GHG emissions rates will be obtained
from the ARB, while sales data for the Northeastt€d and Rest of US will be purchased from R.LkPol
& Co or other reliable source. Manufacturers wélassumed to optimize an objective function salbgec
technology and regulatory constraints.

Importantly, there will be considerable interactiamong key project tasks, particularly including th
lessons learned, consumer research, and policyufation tasks (Tasks 1, 2, 3, and 7). Informatiamf

the lessons learned assessment and an early rédadus groups will help to shape both the types of
policies that will be examined in the policy forratibn task and the design of the statewide survbg.
statewide survey results will further inform thedi selection of feebate policy structures forahalysis,
and then a final round of focus groups will help team to understand how the “downselected” set of
potential feebate policy structures may be percebyethe general public, also based on insightangld
from the statewide survey results.

With regard to the key market simulation modeliagki past studies have specified objective funstion
representing cost minimization and consumer, orsgorer and producer, surplus maximization. The
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manufacturer decision model will require a représtion of manufacturers’ perception of how
consumers will respond to changes in vehicle prifgEbates and induced changes in fuel costs.ideiev
studies have successfully employed representatimsurner nested multinomial logit (NMNL) models to
represent consumers’ demands in regions with atttbuti feebate systems. Based on what has already
been documented in the scholarly literature, we ewmefident that a multi-period, multi-region
manufacturer decision model can be successfullgldged that will make credible changes to existing
vehicle designs to incorporate proven and near-etadady GHG mitigation technologies. These
changes can be handed off to a model of vehicleeeho California to estimate the impacts of altgive
feebate programs in California.

A detailed, disaggregated model of consumers’ @s#@mong vehicle types, ownership and use levels is
required for assessing the impacts of feebate gnogjin California. Professors Bunch and Brownstone
have extensive experience in specifying and estigatuch models in general and for California in
particular. The models are rigorously groundedansumer utility theory and make use of state-ef-th
art random utility modeling and econometric estioratmethods. Disaggregating households by
demographic and income attributes not only enalbl@® precise predictions but also permits impants o
different population groups to be assessed. Bggnating vehicle choice with ownership and use,
impacts of feebate programs on used vehicle maikedsoverall vehicle travel can be quantitatively
estimated. The representative consumer model &ifothia used in the manufacturer decision model
will be calibrated to serve as a reduced form wersof the full California vehicle choice model.
Representative consumer models for the Northeatstssand Rest of US will either be calibrated based
the existing literature on vehicle choice or, ifspible, to regional models estimated using the same
methods used to develop the California vehicle @hanodel. The will chiefly depend on the availipil

of appropriate data for all three regions.

Beyond the sequential decision making approachribest above, it may be possible to create an
integrated model that simultaneously determines uf@urer design, and production decisions,
consumers’ choices and market equilibrium pricésowever, such a model has not been developed
before at the level of detail and complexity reqdiffor this study. Several difficult issues remtaiat
may or may not be solvable. For example, proféesand production costs for individual makes, nwde
and configurations of vehicles are deemed highlgppetary by manufacturers and are therefore
generally unavailable. Furthermore, in reality ofacturers do make design decisions two or moresyea
in advance of production, suggesting that a setplenbdeling approach may be more realistic. Thus,
whether or not it is possible or even desirabledastruct a full equilibrium model remains an open
research question. The question will be decidetthéncourse of the research based on the adeqfiacy o
historical data for calibrating a simultaneous mearkodel for three U.S. regions and the degreehiolw
valid simulations can be made in the absence ofrimdition on the cost and profit functions for indual
makes, models and configurations.
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2. Task Descriptions

The research will be carried out in seven taskfies€ are: Task 1: Lessons Learned; Task 2: Focus
Groups and Interviews; Task 3: Policy Formulatidask 4: Feebate Analysis Model; Task 5: Policy
Analysis; Task 6: Policy Implications; Task 7: &taide Survey.

Figure 1, below, shows how tasks will interrelatehie context of the overall project.

~ Task1 Task 2
Lessons Learned Focus Groups and
Interviews
\ / [y
Task 3 |
Policy Formulation Task 4
Analysis Model

|

Task 5
Policy Analysis

Task 6
Policy Implications

Final Project Report

Figure 1: Task Influence Diagram
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Task 1: Lessons L ear ned

This task includes eight to twelve interviews wattperts involved in current feebate and “gas guzzle
tax” programs around the globe (e.g., in Ontarian&tia; France; Denmark; Norway/Northern EU;
etc.), as well as those involved in feebate diadsgn the past in the United States and California
(e.g., automobile manufacturers, advocacy groupgemmental agencies, legislature, academics,
etc.). Representatives of major auto companidsalgib be interviewed to get their impressions of
how feebate programs and other vehicle pricingesias have worked in the past, and how they
might respond to a new feebate program in Calitoamd other states. Published studies and publicly
available reports will also be drawn upon. Of mautr interest are experts familiar with AB 493g(th
California Clean Car Discount bill), which expiredthout passing in February 2008 and the Drive+
program (ca. 1990) that also failed to pass, despgreat deal of support. A key goal is to undeust
barriers to feebate deployment and successful mmghation, particularly in terms of how the public
has reacted to the programs. Additional key aréasv/estigation will include assessment of the
policy and administrative issues and consideratibashave come up as the programs have been
proposed and implemented, and any lessons thdieckarned from past use of differential vehicle
registration fees, for example to encourage pueshascleaner or more efficient vehicles.

The expert and automaker interviews will be conedgrimarily by telephone, except where in-
person meetings can be arranged within the prajeel budget. No international travel is included

in this task. This task will be co-led with UC Dawiy Dr. Susan Shaheen and Dr. Tim Lipman of UC
Berkeley's Transportation Sustainability Researeht€r (TSRC). Human subject’s approval must be
granted by both the UC Berkeley and Davis camppsesto proceeding with the interviews.

Results of this task will help to inform the efforh Task 3 - “Policy Formulation,” Task 4 - “Fed¢ba
Analysis Model,” Task 6 - “Policy Implications of®yram,” and Task 7 — “Statewide Survey.”

Deliverables
-- Summary report on lessons learned, to be indini¢he final report.

Task 2: Focus Groups and Dealer/Salesper son | nterviews

This task is focused on assessing the potentiawnar perceptions and response to the feebate eshem
developed in earlier tasks, as well as dealer ptmres. Responses will be studied on potential ipubl
support for feebate schemes, if enacted. This waklbe led by Dr. Susan Shaheen of UC Berkeley's
TSRC. It consists of two key steps: 1) focus groapd 2) interviews with new vehicle dealers and
salespersons. Human subject’'s approval must beegrdnry both the UC Berkeley and Davis campuses
prior to proceeding with these steps.

Focus Groups:
Consumer response to feebates will be explored wdial of twelve (12) focus groups (including fd4y

urban, four (4) suburban, and four (4) rural grguéx exploratory focus groups will be held at gtart

of the study, and another six will be conductedamirvhe end of the study to evaluate policy options
developed as part of earlier study tasks. Of thege(2) of the twelve will be conducted in Spangsid

ten (10) will be conducted in English.

The six (6) initial study focus groups (includinga (2) urban, two (2) suburban, and two (2) rural
groups) will be conducted with consumers that idtém purchase a car within the next year or two or
have purchased a new car in the past two yearstuiReent for the focus groups will be performedaby
well-regarded market research firm, using web-basectlitment tools and other recruitment techniques
available to the firm (e.g. existing databases ofeptial study participants to draw from). Study
participants will be offered an incentive of $1@Qkarticipate in a focus group.
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The focus groups will begin with an overview of GH&ission standards and feebates to provide
participants with background information for thealission. The exploratory discussion will include:

* Vehicle GHG emission standards (Pavley programjeebates;

» Vehicle GHG emission standards (Pavley progranepinrjunction with feebates;

» Are feebates viewed as a “tax” or as an opportutdtypurchase a cleaner or more
desirable (to the buyer) vehicle?

» Manufacturer-level applied feebate vs. consumezlliaebate;

» Discussion of additional feebate structures/issireduding feebate per manufacturer
fleet or per vehicle class;

» Discussion of clean fuels/advanced technology Ves$iin relation to feebates;

» Potential social stigma and “halo” effects resgjtirom the feebate program; and

* Hypothetical responses to different consumer feelsatuctures based on input from
study tasks (described above).

Initial focus group results, along with lessongtea from expert interviews, will then be used ¢velop
a statewide survey (described below), and to infitrendesign of feebate policies in task 3.

A second set of six focus groups (including twou@)an, two (2) suburban, and two (2) rural groups)
will be conducted midway to two-thirds of the wéydugh the project, with exact timing to be
determined depending on when the researcherdi@glnould be of most use (i.e., just before orréafie
statewide survey). This second set of focus gratifpslso be conducted with consumers that might be
about to purchase or have recently purchased aaet evaluate participant response to feebaieypol
options.

Interviews with New Vehicle Dealers and Salespesson

If consumer feebates are implemented, the rolexplaging the fee or rebate associated with difiere
vehicle choices will fall primarily to new vehicldealers/salespersons. Eight to ten interviews hall
conducted with new car dealers/salespersons to gainstronger understanding of their
perceptions/opinions regarding feebates, how thegkttheir customers might respond, and what
message/language regarding feebates would be dsefidnsumers. Interviews will be approximately 30
minutes and will likely be conducted via telephorie-person interviews could be conducted, if
appropriate. Note that the success of this resesteghis dependent on the willingness of car dedter
participate in the interviews. To this end, theesgshers will seek the cooperation of the Califrni
Automobile Dealers Association in recruiting antdestuling interviews. Interview topics include:

* Awareness of AB 493?

» Overall opinion of feebates (once explained);

» Potential impact on consumer choice of vehicle GHfission standards (Pavley
program) vs. feebates;

» Are feebates likely to be viewed as a tax or asopportunity to purchase a more
desirable vehicle by their customers?

* Anticipated impact on individual sales represewmestiand the business; and

* Hypothetical responses to different consumer feelsatuctures based on input from
economic analysis.

Deliverables
-- Summary of focus group results, which will beluded in the final report.
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-- Summary of interviews with new vehicle dealensl @alespersons, which will be included in thelfina
report.

Task 3. Policy Formulation

While design details can vary greatly, all feebsystems share certain structural elements. One key
element of any feebate program is the pivot or baragk point: vehicles with emission rates abowe th
benchmark are subject to fees, whereas vehiclésemiission rates below the benchmark obtain rebates
There may be one or many benchmarks (e.g., foeréifit vehicle classes) or benchmarks may defined as
a function of vehicle attributes (e.g., weight ootprint). A second critical design element is how
fees/rebates vary as a function of distance awam fthe pivot point. The most commonly analyzed
functional form is linear: the fee (or rebate) qaial to a constant multiplied by the differencenssn the
vehicle’s emissions rate and the benchmark ratbe féebate rate determines the marginal value of
reducing a vehicle’s GHG emissions and is therefioeeprincipal driver of manufacturers’ responsea t
feebate system. A third essential design questothe point at which feebates will be transacted.
Feebates may be enforced at the level of the \ehnelnufacturer, in which case there will be a small
number of parties involved and most “transactiowdl be internal to the firm. Under such a system
feebates may be reported to car buyers via a @ab#ie vehicle or other means, but the State wdedd
directly with manufacturers for the payment of relsaor collection of fees. Alternatively, feebatas

be made a part of the transaction between deatefswstomers. This would greatly increase both the
number of transactions and the volume of revenowslbut might possibly have a greater impact on
consumer decision making.

There will very likely be differences in the desigha feebate program intended to replace and geovi
equal or greater GHG reductions than the Pavleydstal and a feebate program designed to supplement
the Pavley standard. A feebate program replaciagley would almost certainly have to be
comprehensive and might call for a greater feetmtethan a complementary feebate program. Feebate
can be interpreted as a charge on future GHG emisscapitalized at the time of vehicle purchaByg.
shifting the incidence of these costs from theritio the present feebates, like emissions stasdzma
remedy failures in the marketplace (e.g., Greenal.et2009). Employing this insight, feebates as a
complement to Pavley could be designed to refleetprice of carbon (equivalent) emissions and could
be harmonized with other GHG policies, such asaradap-and-trade systems. Other potential design
differences between replacement and complemeniebates might also be desirable and will be
investigated.

Other practical questions for policy makers includ®v to manage revenue flows generated by the
program and how to adjust the program to cope thighuncertain future energy prices, or changeken t
preferences of consumers and use of technology dyufacturers, as well as economic conditions in
general.

Design and implementation issues will be examimedepth in a workshop conducted by the University
of California research team for ARB staff. The t#Search team will present options, pros and coins f
each of the following feebate program design issues

» Specification of benchmark(s)

* Magnitude and functional form of the feebate rate
» Domain of vehicles included in the program

* Point of regulation

* Implementation and management
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The policy formulation task will also decide on tpeneral context in which future feebate systerag@r
be evaluated. This will likely require selectingeoor more projections of future population, ecortom
growth, energy prices and other key factors. It also require deciding on external “surprisesatth
could alter the effectiveness of the feebate progrine revenue flows it generates or its economic
impacts. Surprises could include large changebeénprice of oil, severe economic downturns, dcasti
reorganization of the automobile industry, or ma@pid than expected development of key technologies
such as batteries or fuel cells.

Following a thorough discussion of the alternativeRB staff and the UC research team will select a
feasible number of feebate structures and implesmtient strategies to evaluate under each of the two
policy options (without and with Pavley standard#).memorandum will be prepared by the UC Davis
principal investigators documenting the conclusiofishe workshop. This task will be led by Dr.
Greene.

Deliverables:
-- Workshop and memorandum detailing the policydtires to be analyzed.

Task 4. Feebate AnalysisModel

The UC research team will construct a rigorous rhotleonsumers’ vehicle choices and manufacturers’
decisions concerning the use of technology to rededicular GHG emissions. This task will be lgd b
Dr. Greene and Professor Bunch. The model willded to analyze feebate alternatives and provige th
information needed to guide ARB in a potential nodking on a feebate system for California. The
model will be capable of representing the constsaimposed on manufacturers by the federal CAFE
standards and the California Pavley standards,efisaw the incremental impacts of a California fgeb
system. The model will focus in detail on the estaft California but will include separate represgions

of the Northeast states likely to opt in to Califia’s standards and the rest of the U.S. (3 regyiolmbe
model will represent annual decision making by glghinanufacturers and consumers from the present to
2020. It will be capable of analyzing a wide rarmgfefeebate system designs and implementation
strategies.

Previous studies provide a variety of insights ihtow feebates systems and their impacts can be
successfully modeled. On the manufacturer deciside, models have been constructed making use of
the full detail of EPA’s test car list (approximigté, 000 makes, models and drivetrain combinatiams)
representing every major car manufacturer indivigtua Vehicle class-specific technology/cost cost
models for GHG mitigation as well as fuel econommpiovement have been developed. Models have
been constructed simultaneously representing difteregions with different policies and different
preferences. Models have been constructed repitregemultiperiod decision making, taking into
account the normal redesign cycles for individualkes and models. On the consumer side, detailed,
disaggregate models of vehicle choice, use and hipe have been developed capable of predicting
impacts in new and used car markets and the bahafvamd economic impacts on different demographic
and income groups. Yet to date, no model has aoeaball the features necessary to comprehensively
evaluate alternative feebate programs and adeguatdtress the requirements for implementing a feeba
program in California. However, existing reseambes demonstrate that such a model can be
constructed and can be supported by existing irdtion resources.

Lessons learned from previous research
Existing models of feebate systems have utilizdtering but related designs to address a variety of

issues (e.g., Greene, 2008; McManus, 2007; Dumas.,e2007; Johnson, 2006; Greene et al., 2005;
Davis et al., 1995). The best model formulationdnalyzing a California feebate program will net b
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clear until the policies to be analyzed have bemtiied. However, a great deal has been leanued f
the models developed by previous studies about hwmmufacturer decisions can be realistically
represented at a high level of detail and how coess’ responses and economic impacts can be
estimated.

Nearly all previous studies have considered fesbate a fuel economy rather than greenhouse gas
mitigation policy (DRI, 1991 is an exception). Daet al. (1995) examined a wide variety of defimis

and forms of feebates. Their model combined aardhgnic representation of manufacturers’ decisions
to adopt fuel economy technologies based on trast-effectiveness with a random utility model of
consumers’ vehicle choices. The manufacturer gdetimodel ranked technologies by cost-effectiveness
and then adopted them sequentially (taking intosictaration engineering constraints) until the fetai
price equivalent of the last technology exceededstim of its feebate and fuel savings benefitsrkbta
solutions were found by maximizing the sum of cansts’ and producers’ surplus. This formulation
allowed Davis et al. to simulate market responsefe¢bates over time, from initial implementation t
full impact. The manufacturer decision model usgdDavis et al. (1995) assumed that consumers would
undervalue fuel savings relative to expected ftdtime discounted present value. In the vehitleice
model, on the other hand, consumers were represast@lacing a much higher value on fuel savings.
As a consequence, the study found that feebateraggienerally increased social surplus.

Greene et al. (2005) developed a model that reptedenanufacturers’ decisions and consumers choices
at the level of make, model and drivetrain (apprately 1,000 vehicles) for a single year in theifet
Manufacturers were assumed to have the opporttmitgdesign all their product lines to respondhie t
feebate system. Vehicle choice was modeled usirgpi@esentative consumer nested multinomial logit
model. Technology was represented by quadraticatoses fitted to fuel economy cost data developed
by the NRC (2002). Solutions were found by maxingzconsumers’ surplus. With the high level of
vehicle detail, Greene et al. (2005) were ablestormate sales and revenue impacts by manufactiites.
impacts on vehicle manufacturers of a single udifeeebate schedule with one pivot point for alliekts
versus feebate systems with pivot points for 2tovéhicle classes were studied. The results itetica
that class based systems would produce more ebpitaipacts on manufacturers. Assuming that
consumers undervalued fuel savings, Greene e2@05) found that feebate programs would produce a
small decline in vehicle sales but a small incrdasevenues received by manufacturers. The velati
increase in vehicle price exceeded the relativdirde sales because the value of fuel savingsebf
portion of the vehicle price increase. If the fiifiktime value of fuel savings were taken into @aat,
feebate systems were found to produce net econbamefits even without considering the value of
reduced external costs.

Using a methodology similar to Greene et al. (20DBmas et al. (2007) considered the impacts of
feebates implemented in Canada but not the entimdhNAmerican car market. The results of the
modeling indicated that if only Canada implemerdaddebate system the impacts on fuel economy would
be smaller than if the same system were implemehtedighout North America and a greater proportion
of the fuel economy gain (on the order of 50%) wlazdme from sales mix shifts. This appears tdbe t
first study explicitly representing manufacturerssponses when a feebate program is implemented in
only a portion of the North American market. HLBY09) carried out a feebates analysis for Canatla bu
incorrectly changed the technology cost functiontfee Canada-only program, rather than the demand
function faced by manufacturers.

McManus (2007) analyzed the impacts of a feebatgrpm applied to California for the year of 2016,
separately and in combination with the Pavley Giadards. Similar to Greene et al. (2005) McManus’
manufacturer decision model assumed manufacturenddwnake adjustments to a base year (2002) set
of product offerings in response to the feebatecpol Consumer demand was modeled using a
representative consumer nested multinomial modslititluded a vehicle class market structure. Make
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and models with similar features were assigned dbicle classes (e.g., Small Cars, Luxury Cars,
Minivans, Midsize SUVs) based on the notion thaythare “substitutes,” i.e., makes and models within
the same vehicle class are more likely to compdite eme another than they are with makes and models
from other vehicle classes.

McManus’ demand model was implemented as a “reptasee consumer model,” i.e., consumers are
considered to be part of a population that can lharacterized by a common utility function that
represents the population’s “average” utility faaick vehicle, plus a random error term to capture
individual differences across consumers. Vehibl@iaes were assumed to be a function of: vehigtep
(%), performance (horsepower per ton), size (weighgounds), and fuel economy (fuel cost per mile).
Fuel economy is assumed to be valued on the bbsides driven over the lifetime of the vehicle, iain

in turn relies on specific behavioral assumptioh4 year lifetime, with a decline in miles driven as
function of age, and an assumed discount ratepstutability within vehicle classes was captulsd
assuming that vehiclesgithin the same class have random errors representirigsened (to the analyst)
similarities in preference or excluded attributddodel parameters were estimated using hedonie pric
regression on aggregated sales data from 2002. aigkrelasticities for the vehicle attributes were
assumed to vary by vehicle class, and are a funofithe correlation parameters.

The supply side was modeled using seven vehicleufaaturers (the six largest, plus a seventh
“‘composite”), and the vehicle choice set includdldnaakes and models offered for that model year.
Using the level of detail offered by the EPA FualoBomy Guide (which represents technological
choices affecting fuel economy for vehicle serigst does not include details like trim level), vel
approximately 1,000 vehicle choices in any givendatoyear. To perform the simulation, the
manufacturers were assumed to offer the same naaldsnodels as in the base year. In response to a
regulation scenario, they have two decision vaegslkinder their control: the amount of improveni{ént
any) in emissions for each model, and the pricEhe(decision of how many vehicles to produce is
interdependent with price, as discussed below prdwements in emissions control increase the wst ¢
of a model according to a specified cost curve.chEmanufacturer was assumed to minimize costs,
subject to any constraints that might be in foreeg.( Pavely). Prices and vehicle emissions
characteristics are varied in an iterative pro¢eseach market equilibrium, which in turn deterasrthe
guantity manufactured.

Like Davis et al. (1995), McManus’ model assumest timanufacturers believe that consumers
undervalue fuel economy improvements but that coess actually fully value the expected, discounted
lifetime fuel savings. As a consequence, McMamusdel estimates net economic benefits for a feebate
program, even excluding the value of reduced eatemwsts.

Greene (2008) studied the effect of manufacturedesign schedules for individual makes and mddels
estimating the application of fuel economy techg@e over time in response to a feebate system.
Manufacturers were assumed to optimize one yeartiate, an acceptable method provided that feebate
rates are constant. The results indicated thattpacts of a feebate system change significaméy the

first five years, indicating a possible need fophase-in strategy to address the fact that manuast
cannot change the design and technological coofeait the vehicles they manufacture in a singlarye

Other studies have shown that feebate benchmanksbeareadily defined as functions of vehicle
attributes. Johnson (2006) compared weight-basedates with single pivot point systems and found
strongly differing impacts on manufacturers. Ge¢R008) analyzed the feasibility and impacts of a
footprint (wheelbase time track width) based feelmtstem (similar to NHTSA's reformed Corporate
Average Fuel Economy {CAFE} system) and found itgpacts on manufacturers to be similar to a
multiple-class system.
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Manufacturer Decision Model

Manufacturers will respond to a feebate progranefghiby incorporating additional GHG mitigation
technologies in the vehicles they produce. A s#ialrepresentation of manufacturers’ responsasnes)

a detailed knowledge of each manufacturers cupesduct lines, future product plans, and technology
status, as well as comprehensive information oncit&ts and potentials of mitigation technologies.
Vehicles must therefore be represented at a find & detail equivalent to the Environmental Potiten
Agency'’s test car list (approximately 1,000 makesdels and drivetrain configurations). The tecahic
potential to reduce GHG emissions will be represgrity technology/cost relationships that take into
account base year implementation of mitigation tetbgies as well as future potential applicabilityhe
representation of manufacturer decision making bélldynamic, considering normal redesign cycles and
their interaction with the feebate implementatidnategy. Manufacturers will be assumed to be
designing vehicles for sale in three regions (©Gatifa, Northeast States and Rest of US) that mag ha
differing GHG policies.

There is considerable experience and success irlmgdhe uptake of proven technologies to reduce
vehicle emissions or improve fuel economy. Thditglib predict the introduction of novel technoles,
especially at the level of detail required for thiady, is lacking. Instead, we propose to useaes to
specify alternative assumptions about the timing amake/model details of introductions of new
technologies such as plug-in hybrid vehicles (PHEWattery electric vehicles (BPEVs) and hydrogen
fuel cell vehicles (FCVs) over the 2009-2020 tirageie.

For a competitive manufacturer, profit maximizatignequivalent to cost minimization, assuming the
quality of the product remains constant. Whenebd¢e system is introduced, the manufacturer faces
new market demand that alters the previous relstiipnbetween a vehicle’s GHG emissions and the cost
of manufacturing it. All else equal, reducing ahiede’s GHG emission rate will add to the cost of
manufacture, improve its feebate, and very likelguce it's energy costs. Reducing energy codter ot
things equal, increases the value of the produisuming a manufacturer can estimate the value of
reduced energy costs to its customers, cost miatiniz is equivalent to minimizing the change in net
cost to the consumer. Let f(g) e the change in feebate associated with a cHamgeemissions rate,e

to emission rate e, let V(e,)ée the change in energy costs as perceived bgustemer, and let c(es)e

be the change in the full cost of the vehicle,udahg returns to capital (i.e., the retail pricaiieglent or
RPE). As a convention, it is assumed that rebatek fuel savings are negative, fees and prices are
positive. For any given vehicle, the manufactuvdirmaximize its profits by minimizing the followg.

Equation 1

Min NetCost=c(e,e,)) + f(e,e) +V(ee)
dc  df  dVv

—+—+—=0

de de de

The first order conditions for optimization showneaquation 1 require that the marginal cost of cedy
emissions equal the negative of the sum of the imarghanges in feebates and energy costs. That is
marginal increase in manufacturing cost to redumisgons is just offset by the marginal increasthin
benefits of an improved feebate and lower energjscolt is important to note that equation 1 agpli
independently to each vehicle, assuming a competiiarket. That is, a competitive manufacturer’'s
optimal strategy is to minimize the net cost (mdxamthe net value) of each and every vehicle. This
principle applies even though a manufacturer's pcbdines compete with one another, to some degree.
As long as the manufacturer faces other competgreelucers, it has no choice but to minimize thie ne
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cost of each and every one of its product lings.a less than perfectly competitive market thispdém
rule must be modified. We will address the questd whether or not such deviations from perfect
competition could have important implications feebate policies in real world automotive markets.

Acceleration performance and weight can also baéettaoff for fuel economy improvement and GHG
emissions reductions. In general, weight reduciianmaterials substitution (while maintaining tiee

of a vehicle) is included as a technology in tedbgg/cost curves. Thus, the only opportunity fortfier
weight reduction would be downsizing, which woulthdamentally change vehicle design, in effect
creating a new make and model. Since a wide rahge&es of makes and models are already available
for consumers to choose from, we propose to hameight reduction by downsizing via sales mix shifts
as predicted by the NMNL vehicle choice model. pvepose to experiment with including the option to
trade-off performance (measured by the ratio os&power to weight) for fuel economy. This may or
may not be successful due to a lack of consenstiseiditerature on the value of horsepower and its
impact on fuel economy.

Manufacturers have other options they may use sm@h their product offerings in California. One
option is to modify a design currently sold in atl@®untries to meet U.S. and California regulatory
requirements. Another is to acquire or merge wifloreign manufacturer to acquire new product lines
With the assistance of EEA, ICFI, Inc. we will eaq# such options and incorporate them in the arsalys
as appropriate.

For the manufacturer decision model, we proposeéewelop an aggregate, representative consumer,
vehicle market simulation model, implemented asm@lmear, multi-period optimization model. Market
equilibrium solutions will be determined by maxiinig social (consumers’ plus producers’) surplus,
thereby simulating a competitive market equilibriurehicle choices will be represented by a nested
multinomial logit function of vehicle and consunagtributes. Choice alternatives will be represerite
detail, by make, model, engine and transmission,tgpa level of detail equivalent to EPA’s testI.

This will result in on the order of 1,000 choicdeahatives per year. Consumer demand will be
represented in three distinct regions: Califorthe, Northeast States and “Rest of U.S.” To theimarm
extent possible, the aggregate choice model wilt@érated to mimic the behavior of the California
Vehicle Market Model described below.

Each regional NMNL vehicle choice model can belratied to exactly fit the base year make, model and
drivetrain market shares by calculating intercepts in two steps. First, make and model intescept

(Ajj) are calculated using the following equation, imah § is the base year share of make and model i,
in class j, pis the number of makes and models in class jNaisdthe number of vehicle classes. These
intercepts represent the net utility of each vehiclthe base year, before design changes areimade
response to the feebate program. Vebhicle classebe defined in many different ways. The vehicle
classes used will depend on the feebate strudioifes analyzed, among other factors.

Equation 2

A =In(s) - >

i
N
=1 i=1
>N

=1

In(s;)

Second, vehicle class intercept$ e calculated, given values for the class pramdficients (B) and
overall price coefficient (b). Since the classrsBa$, must sum to one, an arbitrary constraint is
required to produce a unique set of coefficie{ssuming that the sum of the class interceptsris, zke
intercept for class 1,ais the following.
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Equation 3

L)

J

In equations 3 and 4 e represents the base offherian logarithms. Intercepts for the remainilagses
are obtained from the following equation.

Equation 4

a =a - In(%] +B£1In(iz::e”“ J—Bﬂjln(ée’*" ]

J

The above calibration insures that before any GHt@ation technology can be implemented and before
any feebate system is imposed, the model will pteakactly the base year market shares for evasscl
and every make and model, in each of the threemediCalifornia, Northeast States, Rest of US).

Manufacturers’ decisions concerning the use ofrieldygies to reduce greenhouse gas emissions will be
represented by technology cost curves that estithatehange retail price equivalent (RPE) per vehic
as a function of the relative reduction in GHG eqges. At a minimum, vehicle class-specific cost
functions will be used. If possible, we will despl manufacturers and class-specific or even vehicle
specific costs curves to more accurately reflee thurrent status of technology implementation.
Manufacturers’ planned redesign schedules and aweouproduct introductions will be used through
2016, at least. Curves describing the total cb$tagtional improvements in fuel economy from &séa
level have been constructed by numerous researolersthe past three decades (see, e.g., Greene and
DeCicco, 2000, for a review of this the topic). tddeveloped by EEA, ICFI, Inc. for Transport Caamad
showed that the same methods can be used with ediesitiveness for GHG mitigation. When
technologies are ranked by decreasing cost effaatiss (change in GHG emission rate divided by cost,
taking into consideration a logical engineering lienpentation sequence) total cumulative cost (RRE) a
function of cumulative fractional change in GHG ssmons A) can be very closely fitted by a quadratic
curve with zero intercept (figure 1).

Equation 5
p="5%
%

RPEA) = bA + ¢\
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Greenhouse Gas Mitigation Cost Curve:
Canadian Large Domestic Car (EEA, 2005)
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Figure 1. Greenhouse Gas Mitigation Cost Curveafbarge Canadian Domestic Car Derived from Data
Presented in table 1-4 in EEA, 2005.

In figure 1 cost is measured in terms of retait@requivalent, an estimate of the incremental fhiee
purchaser of a car would pay based on fully burdenanufacturing costs plus manufacturer’s profit an
retailing cost and profit.

Many technologies that reduce GHG emissions algpodue energy efficiency and fuel economy. Thus,
a fuel economy improvement function correspondmthe GHG mitigation cost function must also be
created. How consumers are assumed to valuedaebeny improvements is key to both the impacts on
GHG emissions and economic welfare. Economicaliypnal consumers would measure the value of
fuel savings by the expected discounted presenewa fuel saved over the full life of the vehicl€here

is evidence that very few consumers actually malké gjuantitative assessments (Turrentine and Kurani
2007). Greene et al. (2008) show that typical oores loss aversion combined with the uncertainty of
future fuel savings could lead to a significant emvéluing of future fuel savings relative to thexpected
present value. On the other hand, some econonséiidees indicate that car buyers appear to valek f
savings in accord with rational economic princigles)., Espey and Nair, 2005). The subject remains
controversial and has very significant implicatidosthe costs and benefits to consumers of fuel
economy policies (e.g., Fischer, 2007). Reflecthig controversy, the NRC (2002) fuel economy gtud
considered two alternative methods of valuing &aslings, full lifetime discounted fuel savings (atjoin

6) and a 3-year simple payback (equation 7). Gretmal. (2008) showed that the 3-year simple payba
produces approximately the same effect as lossiaveplus uncertainty.

Equation 6 Lifetime Discounted Present Value

V, = j POM e (1 ;je‘”dt [1 e @t lpM, (1 ;j
G, G,(+¢) G, Gy(l+¢)
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Equation 7 Simple 3-year Payback

V, SPM(l ;j
G, G,@+te

P(t) = price of fuel, for simplicity of expositiaanly assumed to be,for all t
M, = annual miles traveled for a new vehicle

e = base of naperian logarithms

-6 = rate of decline in vehicle use per year (-0.04)

G = base year fuel economy

€ = fractional increase in fuel economy

r = consumer discount rate

L = vehicle lifetime, in years

Solving the Manufacturer Decision Model

The manufacturer decision model is solved by mazimgi consumers’ surplus subject to federal CAFE
standards and with and without California Pavlegstmints, with the decision variables being the
change in GHG emissions for each vehicle eligibterédesign in the year in question. Consumers’
surplus in the NMNL model is a function of the badited constant terms, the price slopes, and the
changes in vehicle price, P, present value ofdaeings, V, and the feebate, f. The utility of ie&hi in
class j, y, is the sum of its constant And the class j price slope times the changesaimdP/, and f.

Equation 8
U = A +B; (ARJ AV, + fii)

The change in consumers surplus per vehitld) (s calculated using the expected utilities affealass
(u) with (u) and without () the feebate system, and the price slope for ehemisong vehicle classes, b
(equation 8).

Equation 9 )
_i i Ujj
u, = 3 In_iZ:l:e
a +bu
AU :lln Z
b Z a +bu

Note that, all else constant, in the absence ofetleate program there would be no motivation enge
vehicle designs and so 1 A; .

The manufacturers’ optimization problem is to clet®e change in GHG emissions (implying changes
in the price, fuel savings and feebate) for eadticke that maximizes the change in consumers’ ssrpl
Because feebate structures (e.g., rates, benchnmaalyschange over time, multi-period optimization
will, in general, be required. This will requiteetresearchers to address questions of myopiasversu
perfect foresight versus various representatiorexpéctations, uncertainty, and discounting ofrieitu
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costs and benefits. The modeling framework, howesavell suited to multi-period optimization
methods.

CAFE standards are represented as equations doimgjrdy year, the sales-weighted harmonic mean
fuel economy (G) of a manufacturers vehicles tgieater than or equal to the required leveld.(G
equation 10 @ is the number of vehicles of type j sold by mawctfeer i in year t. NHTSA’s new
CAFEE standards are based on a footprint metrigiwtesults in a unique standard for each
manufacturer.

Equation 10
Q

-1
L 9
=1 it

The greenhouse gas constraints in California (BastiEndards) require that the sales-weighted mean
emissions rate is less than or equal to the stdndaince manufacturers have alternative compliance
methods, the actual constraints may be more contpsxshown in equation 11. In particular, banking
and trading of credits is permitted. Note tha¢duation 11, e represents an emissions rate.

Equation 11
Nit Q
2.6 <8

=1 it

The federal gas-guzzler tax also remains in eHadtwill be represented in the manufacturer detisio
model.

California Vehicle Market Simulation Model

A major task in this project is the developmentaoYehicle Market Simulation Model to support the
evaluation and assessment of alternative feebdieypscenarios. The entire premise of a feebate
approach is that desired policy outcomes (e.guatiah in greenhouse gas emissions) can be brought
about through the effect of economic incentivestmn general market behavior of both consumers and
vehicle manufacturers, rather than by, e.g., diggnternmental regulation of specific vehicle choice
offering performance standards. [Note: Some gdienarios to be considered in this project ine@v
combination of both types of regulations. Howetke emphasis in this discussion is on the modeling
requirements imposed by the goal of addressingatestj Evaluating alternative policies therefore
requires a means of analyzing the effect of thedieips on market behavior. In the case of feehdte
distribution of demand across vehicle types, a$ agetheir emissions characteristics, directly deiees

the bottom-line effect not only on the desired pploutcome (emissions) but also on the total progra
budget (total costs from rebates and administratiinus revenues from fees).

As discussed in Bunch and Chen (2008), the choicepecific methods and techniques for vehicle
demand modeling are determined by the purpose fohwihe results will be applied. For example,
methods used for short-run decision making by aatwla manufacturers will generally be differentrfro
those used for medium-to-long run policy analysyspublic agencies (although there will be many
similarities). Manufacturers will typically be coerned with preferences by consumers for highly
detailed vehicle characteristics within any oneafumber of segments. In contrast, policy analgsts
more concerned with large, general impacts on fa&lconsumption and emissions from the entiretfle
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over a medium- to long-term time horizon. Automebhanufacturers are typically focused salesin

the new vehicle market, whereas policy analystscaneerned with the full life cycle and distributiof

the entire fleet, as well as how the vehicles ataaly driven, since these are the direct deteamis of
fuel use and emissions. Policy makers may alsodmeerned with the impact of their decisions (both
economic and environmental) on specific demograplgoups (e.g., low income households). To
provide context, we briefly review two differentpgs of modeling approaches to illustrate previous
discussion, and then discuss in more detail theirements for this project.

The first type of approach relies on aggregatelideenand models of the type described in the presvio
section. McManus (2007) is such an example. Thbdahincludes a high level of detail in product
offerings (i.e., down to the make-model level), gthiwould seem to be a requirement because under
feebate programs consumers would face tradeoffgpdiochase price versus emissions characteristics
when choosing among vehicles in the same vehiaksde.g., subcompact cars). However, this approac
focuses exclusively on the new vehicle market, andlyzes manufacturer decisions based on a one-
period simulation and optimization. This ignoresot potentially important effects, namely, the
interaction between the new and used vehicle makad how these affects affect both sales and
manufacturer decision making over time (as disaigsenore detail below).

By way of contrast, many policy analyses use modls a different set of features. Two examples ar
the CalCars model of the California Energy Commissiand CARBITS of the Air Resources Board.
These models are different than the McManus (280pyoach in the following respects:

1. The models simulate market behavior over a manytiiyer time horizon, and attempt to
incorporate dynamic effects (to the degree possible

2. Consumer choice models are formulated at the iddali household level, and are estimated
using actual household choices and behavioral aatacted using large-scale surveys. Utility
functions are based on behavioral theory that pasimore detailed set of preference effects,
including those due to demographic differences ssctmuseholds (e.g., income, age, household
size).

3. As part of the market simulation, temporal changabe demographic makeup of the market can
also be incorporated if necessary. These typicedly on demographic forecasts from a
sanctioned source.

4. Models simulate household-level choices for theirenvehicle fleet, including how many
vehicles to own, which types, and how much to dthem. The models include choice of both
new and used vehicles. In some cases, vehiclpsamga effects are also modeled.

5. Vehicle choices are characterized at the vehulelsslevel of detail (e.g., subcompact cars, large
SUVs), i.e., choices are not simulated at the iddial make and model level. New vehicle
offerings (and their characteristics) are treatede&ogenous and are part of the evaluation
scenario to be determined by the analyst.

The above two examples illustrate various poteméglirements for a vehicle market simulation model
to evaluate feebate policies. For example, in otdedequately model consumer response to fegbates
choice of new vehicles may require a level of degmnilar to McManus (2007), so the level of detail
typically included in vehicle-class-based modelshsas CalCars and CARBITS may be inadequate. As
further illustration, the following histogram showie distribution of EPA combined fuel economy
(combined MPG, or cmb on the x-axis below) for CawtpCars in 2003:
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There are 86 data points representing available&bheetechnologies at the level of make-series-esgin
transmission-drive train. Specifically, for a giveke-series (e.g., Toyota Corolla), details tiff@cafuel
economy and performance for a series are inclubdeddetails related to trim package are not. Fuel
economy for this vehicle class covers a relativelyde range (from 16 to 29 MPG), roughly
corresponding to a range of 550 grams-per-mile @ §rams-per-mile COequivalent. This is
comparable to the ranges used as examples by MaM@007, section 2.4), where lower bound could
incur a fee of, e.g., $2,500, and the upper bourgdate of, e.g., $1,300. In other words, a tydeebate
program would seek to influence vehicle demand oarges that currently fall entirelyithin a typical
vehicle class. In this instance, the McManus (2@WBproach includes the required level of detathia
consumer model, whereas a vehicle class-based modgInot.

At the same time, features of CalCars/CARBITS medek also potentially important. The McManus
(2007) focuses only on new car purchases, andnpesfa myopic one-period market simulation. Such an
approach cannot capture the total effect of a pdiic an evolving vehicle market in which last ysar
new vehicles become this year’s used vehicles. effeet of the policy on the entire market is extedy
important, and ignoring the dynamic effects for émire market system could lead to erroneous tesul
The vehicle market simulation model for this projewist adequately address all of these issues.

With this as background, we now formulate a mathemalaframework for vehicle market simulation that
will form the basis for developing a model for thsoject. Note that the framework is intended ¢ b
rather general: For any specific model implemeonatertain elements may be simplified or elimiate
depending on the nature of the assumptions. Thi ligsues are: Modeling consumer demand given
available vehicles, and modeling the decisions ntgdautomobile manufacturers. In what follows, we
make use of the following notation:
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m is an index of manufacturers from 1Mo

S is an index of household/consumer segments froo51

Zs is a vector of consumer characteristics for segment

Z ={Z,, s=1, ...,S = the collection of characteristics for all segite
] is an index of vehiclenodels(for a given make) from 1 td,

y is a time-related index used to denote a velnnddel year

t is a time-related index used to denotakendar year

iy denotes a vehicle type of mogleind model yeay

Ony  denotes the set of vehicle models offered by mantwferm for model yeay
Wy is the size of consumer segmeratt timet

W, ={Wg, s=1, ...,§ = the collection of segment weights for tirhe
Xy denotes vehicle attributes for vehiple

ey is the emission rate for vehigie(and is therefore one of thg's)

Cy is the marginal cost for producifg(generally not observable)

c(e, ®) is an incremental cost function.
= the cost of improving a vehicle model’s emisgiate frome; to e.

Piy.t is the market price for vehicjg in calendar year
(sopy,y is the new vehicle price)
Qy: Is thequantityof vehiclejy in the market during year(a.k.a., vehicle stock)

(soQy.yis the number of new modelehicles manufactured in year y)
Using the above notation, we denote a vehicle ehwiodel by
H(y |P, X, Z) = the expected demand for vehicle typdy a household belonging to segment a
market defined by the matrix of vehicle charactassX and price vectoP (where we
have suppressed the subsctjpt

The aggregate demand for vehicle typby the consumers in segmens given is therefore given by
WH(y |P, X, Z)

This general form can support a range of modelgyda the simplest case, there would be one seigmen
(S=1) corresponding to a representative consumer moikla vector of preference parameters and no
actual consumer characteristic variables (e.g.,odgaphics). If the market definition were limitexdthe
new vehicle market, this would correspond to anreggte level demand model of the type used in
McManus (2007), where the weightV( would be the market size. Alternatively, in dipp analysis
model such as CalCars, there might be a limitedbeunof segments that are specifically defined by
demographic variables such as income, househadd siz. Each segment would be defined by its own
set of variablesZ;). The definition of each segment would not chadgeng the course of a market
simulation; however, weights could be changed basedemographic forecasts to represent changes in
the population. In the most extreme case the lemtarket could be modeled using pure micro
simulation, so thatS is large and theZ would represent a random draw from a distributiofihe
distribution could involve demographic variablesd@m unobserved heterogeneity in consumer
preferences. In this case (depending on the deththe model) the weights might all be equal, i
sum would equal the market size.

Adding in the time dimension the total market demand fgrduring calendar yearis given by

S
Djy,t(Ptl )([l Zt! \M) = ZWstH (Jy | Pt’ XI’ZS)

s=1
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From the perspective of a manufacturer, total poafiing calendar yearis given by
S

Ttoy = z(pjy - Ciy)Djy,y(Py’xy’Wy) = z (pjy B ij)sttH(iy |Py’xy’Wy)

jOn, Oy, s=1

The standard behavioral assumption is that manufarst make decisions based on profit maximization,
subject to any relevant constraints. However,ghae many issues that can affect the details wf ho
models are estimated and used in practice. Fongleain many cases it is difficult to obtain acer
data on proprietary items such as costs (g,., This issue has been addressed in a varietyagéwas
discussed elsewhere. Other cost-related issukglnsuch affects as economies of scale, and sgserg
across product lines within the same company.

The timeframe raises additional issues. In thetdeam, manufacturers are constrained to makifmgepr
changes only, whereas over a longer time frame ¢haychange their vehicle designs. In considesing
longer time frame, market dynamics and the rolthefused vehicle market can be important issues.

For a dynamic market simulation, define the vehattck of vehicle typg jv during calendar year by
Qv forrv =y -wy, ..., ywherev denotes vehicle vintage.. For this exampley lgtdenote a parameter
used to define the window of allowable vehicle ages, so tha®Q,,, = 0 forr v <y -— vw i.e., all
vehicles w+1 years old or older are assumed disappempletely from the market. (Depending on the
details of the model, vehicles may be scrapped poidhis, but the window is included to create ellw
defined lower bound.) . If we assume that the mark in equilibrium in yeat so that supply equals
demand, then the following must hold:

Qu: =Dy (R XW,), forv=y-w,.y.

For new vehicle purchases, vehicle stock is theesasithe demand defined above. For used vehibkes,
evolution of vehicle stock can be modeled in a neimbf ways. However, in a closed system the
following must be true: The vehicle stock for &egi model year must decline over time (e.g., incén
go down, and then go back up). It is generallyuams that the used vehicle stock for yeds
determined by the vehicle stock from y&dr minus some scrappage quantity.

This framework provides a basis for discussing fthiilowing research issues to be addressed by this
project. The following were identified in the ppesposal:

1. Representation of Market Structure
a. Role of California within a national market
b. Role of States that “opt in” to the California fed¢d program
c. Framework for manufacturer decision-making as &tion of market structure
d. Importance of differentiation of consumer market

2. Consumer Demand
a. How consumers value vehicle attributes
b. Nature of demand for fuel economy
c. Role of heterogeneity
d. Functional requirements for vehicle choice modeling
e. Data requirements

3. Manufacturer Decision Making
a. Role of timing in designing and offering new vebil
b. Strategic choices on offering products to a totatkat system
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c. Vehicle technology adoption decisions
d. Manufacturer assumptions regarding consumer regpons

One challenge in discussing these issues is thgtaie not independent from one another, as wilbire
apparent.

To begin, consider a “simplified” case where a grofi manufacturers is serving a single market,\aad
seek to evaluate alternative regulation scenappsiea to this market. To support additional dssion
about methods and data, assume that the markedlifer@ia. Also for purposes of discussion, assume
that we are modeling household vehicle holdingssitats, that these holding “choices” are made on an
annual basis, that every household holds at lgastvehicle, but may hold no more than three. ia th
case, the household-level demand model depicteeeabo

H(y [P, X, 2)

gives the “expected number” of vehicles of typéeld by a household with characteristfcs Note that
these are not choice probabilities that sum to c@ee research task will be to formulate more tedai
“submodels” that are subsumed untier For a holdings model, the vehicle choices ingdhve choice of

(i) how many vehicles to own, and (ii) which veleglto own, which can be depicted by a tree stractur
As noted above, a household’s expected choicesheilb function of the attributes (X’SX’s) of all
vehicles available in the market, their prices YP'and the household’'s characteristics (already
mentioned).

The market consists of available used vehicles filoencollected market activities of earlier yeanisis
the new vehicles that are introduced in the curyeat by the manufacturers. For every model yesah
manufacturer must decide:

Which vehicles to offer

What characteristics (X’s) they should have
What price to charge

How many to manufacturer

pPwpPE

For an operational model using the above framewbekbehavior of both consumers and manufacturers
must be specified in some manner. Generally spgakhe methods for developing and estimating
guantitative behavioral models are much more higldyeloped for consumer demand than they are for
manufacturers. With regard to consumer modelstgam will apply its expertise in choice modeling t
develop an appropriate model to meet the needhefptoject. Using California as an example,
developing and estimating choice models makes fisauttiple types of data. The following is a list
categories, and our preliminary assessment of fapdaita sets that can be used.

1. Detailed historical database on Vehicle Technolpgy).
a. Chrome data on vehicle characteristics.
b. National Automobile Dealers Association historidata on used and new vehicle prices
(broken down by region).
c. Wards Automotive data on vehicle characteristics
d. EPA and NHTSA data.
e. Historical vehicle technology data from KG Duleep.
2. Projections of Vehicle Technology scenarios foufatvehicle markets.
a. Data tables and consulting with KG Duleep.
3. Household-level survey data on vehicle holdings.
a. 2001 Caltrans Travel Survey
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b. NHTS Travel Surveys
c. Consumer Expenditure Survey (CES) data
d. California Vehicle Survey (CVS) data from Califaarienergy Commission
4. Aggregate level sales data for estimation and iGlidn purposes.
a. Sales estimates from processing historical data fealifornia DMV
b. Data from RL Polk (for non-California sales)
c. Smog Check data?
5. Stated preference data from households on hypotthétiture vehicles.
a. 2001-2002, 2006, and 2008-2009 California VehialevBy (CVS) data from California
Energy Commission

These data represent the required collection afrin&tion on consumer choicds)( characteristicsZ),
market demand), vehicle characteristicX), and pricesK) to support estimation of choice models.

With regard to the decisions of manufacturers, titeive approaches based on maximizing the profit
function, subject to constraints, have already apgin the literature. For example, one suchtcains
would be that the sales -weighted mix of vehiclesta CAFE CAFE requirements. See, e.g., Goldberg
(1998), Bento, et al. (2006), and Jacobsen (2006gse approaches require structural assumptiang ab
market equilibrium between supply and demand ireotd simultaneously estimate the parameters of
both the consumer demand model and the manufactaeceion model.

However, as mentioned previously, quantitative ntindeof manufacturer decisions is much less
developed and faces a number of challenges. Fangbe, one problem is the availability of accurate
data. Attempting to model manufacturers as profitximizers nominally requires knowledge of each
manufacturer’s variable cost of production, butwiate cost data are proprietary and difficult toagh
This problem has been addressed by the literatumenumber of ways, but remains a concern.

A bigger challenge is that the needs of this ptogr well beyond price and quantity decisions, as
evidenced by the list provided above. Issues delihe timing and nature of design decisions, dle of
multiple markets, etc. For purposes of this priojee overall approach to specifying the manufaagir
decision processes was presented in the previottorseand reflects the most current experience
available. Our initial approach will be to develaghigh-level model of the entire new vehicle marke
(defined to include the entire United States, cosagl of up to three region-based segments) thaiesp
manufacturers’ design and pricing decisions oveeti Aggregate-level market models will be used for
this purpose. The solution of the high-level moail define the market environment scenario tauked

as an input to a more detailed model of the Califovehicle market. The more detailed model allaws
sharper focus on policy-related outcomes such ks s# specific vehicle types in the new vehicle
market, the impact on the used vehicle market,clehisage, and the affect on emissions. Economic
impacts on demographic segments of the consumeéetean also be assessed.

The approach is practical, and will support thedseaf the project. At the same time, the develagmé
consumer choice models and the implementation leiclee market simulation for this project provide an
opportunity to test and pursue potential new apgres. We Specifically, we plan to explore the
possibility of using the above framework to extehd simulation model by including a quantitative,
integrated model of manufacturer decision making.

Model outputs
The feebate analysis model will produce estimafedfeabate impacts on a wide array of variables at a

fine level of detail. Impacts on vehicle GHG eross rates for both new vehicles and the vehidetfl
as well as total, on-road light-duty vehicle GHG igsions will be estimated. ARB estimates of
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emissions rates per vehicle as defined for thedyastandards will be used. In general, impacts on
vehicles will be estimated at the level of make,delpengine and transmission. In addition to GHG
emissions, these impacts will include estimatedgha in the retail prices of vehicles, their fusdrgomy
and the feebates they will incur. Estimates of mfiacturers’ changes to vehicle design will be prmil

for each of the three regions (California, Northeatates, and Rest of U.S.). This will permit mstiion

of impacts on national and California total lighttd vehicle sales, sales distributions by makerandel,
changes in manufacturer revenues, and revenue impaamotional automobile dealerships characterized
by brand and sales volume. Estimates of impactsCalifornia consumers will be produced by
demographic and income group. All the output \@es listed below will be generated for each cadend
year.

* New passenger vehicle GHG emissions rates by ywarnndividual make and model, by
manufacturer, by vehicle class and for the newalelfieet as a whole

* Vehicle price and fuel economy changes for all atdgories

* Passenger vehicle sales by manufacturer, vehigss @y model year

* Manufacturer sales revenues by vehicle class amtthyear

* Sales revenue impacts on notional automobile ddafes

e Changes in consumers’ surplus by model year amdadnufacturer

» Impacts on used vehicle prices and transactiongbicle class

* Fees and rebate flows, and net revenue to the State

» Total GHG emissions by passenger vehicles in Gald&oby calendar year, and cumulative
emissions impact

e Passenger vehicle travel, energy use and petratensumption by calendar year.

These outputs will provide a comprehensive andilddthasis for policy analysis.

Deliverables:

-- Working, tested model of manufacturer decisi@sponses to feebate systems in an appropriate
computer language, with documentation.

-- Working, tested model of vehicle choice, usd awnership for California with documentation.

-- Databases used in model development and cdibras permitted by data acquisition agreements.

Task 5. Policy Analysis

The design of a feebate system affects its effiGaagducing GHG emissions, its economic efficiency
its distributional impacts, its administrative cdepty, and its revenue risks. Moreover, the numife
possible feebate designs is infinite. Feebate systman be discrete, assigning the same fee orerédat
classes of vehicles, or continuous, basing theofeebate on a metric such as grams of EQuivalent
emissions per mile. There can be a single bendhnaiiferent benchmarks for different classes of
vehicles, or benchmarks defined by a continuouscletattribute, such as footprint or weight. The
feebate rate parameter can be a constant or canybeumber of different functions of distance frtma
pivot point. Feebates can apply to all light-dughicles or only certain vehicles, for example mdydhe
most and least efficient. Based on the resultsasik 2, Policy Formulation, several alterative tgeb
strategies will be analyzed using the Feebate AimlModel. These will embody different assumptions
about the key elements of feebate design:

* Functional form: discrete or continuous

* Benchmark definition: single, vehicle class, oribtite-based benchmarks
* Value of emissions: constant or varying $/gm-peferbate rate, and level
» Coverage: universal or segments of vehicle market
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» Implementation strategy: changes in rates, bendtsvarcoverage over time

Continuous feebate systems avoid boundary effeetsdould reduce the impact of the system on GHG
emissions and also increase uncertainty about vevetreams. Nonetheless, France implemented a
discrete feebate system and some argue that sstdmnsy may have a greater psychological impact on
consumers’ purchase decisions by identifying cent@hicles as “the right choice” (Peters et alQ&0

For a given feebate rate, a single benchmark sysdikely to have the greatest impact on the nfix o
vehicles sold, but multiple and attribute-basedb&te systems can mitigate inequitable impacts on
vehicle manufacturers (Greene et al., 2005). |Ivahicles were driven the same number of miles per
year, a constant feebate rate ($/gm-per-mi) wauddre that every gram of G@quivalent GHG emitted
was valued the same, satisfying a key conditionefmynomic efficiency. On the other hand, varying
feebate rates can be used to mitigate potentiadiseme payments for unusual vehicles or to create
special incentives or disincentives. Includingwvahicles in the feebate system insures maximunaainp
on GHG emissions but exempting some vehicles, @dpeauring a phase-in period, can reduce
economic costs and revenue flows and may affediqpérception of the policy.

The implementation and management of feebate sgdtasireceived too little attention from researsher
This is important because feebate systems arg ltkehave different immediate and long-term impacts
Past analyses indicate that for nationwide feebgdééems, 90% or more of the impact on energy use or
GHG emissions is likely to come from technology aedign decisions made by manufacturers and 10%
or less from changes in the mix of vehicles sold.(davis, et al., 1995; Greene et al., 2005).ekivihe
system applies to only a portion of the market, éasv, salesmix effects can account for half or nafre
the total impacts (Dumas, Bourbeau and Greene,)20®l, manufacturers’ engineering decisions @ire
major importance. In the first year of a feebatetam, manufacturers will be able to redesign dfi%6

to 20% of their product lines. Thus, early onreager proportion of the feebate impacts will cdnoen
salesmix shifts (Greene, 2008).

Once a feebate system has been implemented, maeagesiii be required not only to handle revenue
flows but also to adapt to changing market cond#io Sudden, large changes in the price of oil, for
example, can significantly change the economictheffeebate program. The scenarios and surprises
identified in task 3 will be used to estimate tingpacts of important external events on the feebate
program. Once impacts have been estimated, siatéa adjusting to changed revenue flows or GHG
impacts will be proposed and tested to determinielwfeebate formulations are most robust to externa
challenges.

Utilizing the feebate analysis model, the policyalgsis task will estimate the impacts of the feebat
strategies defined in task 3 on vehicle emissiatssrand total GHG emissions from passenger vehicle
in California annually and cumulatively from theepent to 2020. It will assess the impacts on tixeofn
vehicles sold in California, on vehicle prices,fael savings, and the impacts on consumers’ sutpus
income and demographic group. Effects on vehialessin total and by manufacturer, and impacts on
manufacturers’ average vehicle prices and totassedvenues will be estimated, as will gross and ne
revenue flows.

Dr. Greene and Professor Bunch will lead this task.

Deliverables:

-- Workshop presenting intermediate results of gylanalysis with opportunity for stakeholder
comments.

-- Draft report on policy analysis of a feebategram for California.
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Task 6: Palicy Implications of Program

This task is focused on assessing the policy irapbos and social responses to the feebate program
structures and features developed in earlier tagkis.task will be led by Dr. Tim Lipman and PrBfan
Kammen of UC Berkeley’'s TSRC, with the assistanc®mn0 Walter McManus and other UC Berkeley
and Davis team members. The task consists of ddsmraspects, including assessment of:

* Program social incidence/consumer welfare shiftyaieg

» Potential program VMT interaction effects and efffean trip-making behavior;
» Program administration costs and secondary effects;

» Possible unintended program consequences to baleoss; and

» Potential interaction with other AB 32 measures.

This task would be informed by the results of Task “Lessons Learned,” in terms of drawing in
considerations from previous feebate program egpees. The results of this task will help to infdire
efforts in Task 3 — “Policy Formulation” and Task-5Policy Analysis.”

Social Incidence/Consumer Welfare Shift Analysis

This task will consist of examining the potentiifss in consumer welfare from the feebate program
(i.e., Who ‘wins’ and who ‘loses’?), based on tlesults from the feebate analysis model (Task 4)
activity. This task would be led by Walter McManasd Tim Lipman at UC Berkeley’'s TSRC, with
assistance from other team members including D@vekne and Dan Kammen.

A key question for any feebate program is the ¢ffleat the program will have on vehicle purchasgrs
different income groups, including potential inttfans through the used vehicle market. Discussions
among the project team with regard to the typesskeasment that will be possible of feebate program
social incidence/welfare issue, have concludeditiwatrporating demographic data into the main fézba
program analysis / market equilibrium assessmenitas, so that social welfare shifts can be ineldd
However, the complexity of that analysis limits thember of socio-economic or other demographic
strata that can be considered.

In this investigation, the project team proposesttude three to four divisions by household inegm
and to assess consumer welfare changes that dcough the implementation of the feebate program.
The research team will also consider social weléai# effects within California, including: 1) rexgpal
effects on more rural and more urban areas; 2nhfiatedverse effects on elderly populations; and 3
potential social welfare shifts associated withithplementation of feebate program structures.

As the model output data from Task 4: “Feebate NModél be highly resolved with regard to vehicle
make, model, engine/transmission, etc., and wiehan annualized representation in the vehiclekstoc
model, detailed analysis of the consumer welfaréssbetween income groups as a result of the piaien
introduction of a feebate program will be possibléis analysis will also make possible careful
assessment of the local and state sales tax ardue\shifts associated with potential feebate pragr
designs, resulting from changes in vehicle saléees.
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Figure 3: Consumer and Producer Surplusin Microeconomic Theory
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The consumer surplus effects of the feebate progrithin and between income groups can then be
assessed by then assessing the inter-group gshiftscial welfare when the vehicle purchase data are
disaggregated. The team will also include assumgptabout whether or not the government derives any
government surplus from the feebate program, whichld be minimized if the program were designed
to be “revenue neutral” but which may be desireddime extent, for example to cover the administeati
costs of the program.

There are various methods for aggregating the sutallal welfare gains and losses associated wish th
potential economic intervention in the vehicle neaskin CA and other states that may adopt Cali#orni
regulations, and the merits of these will assegsety in the project and a more detailed methodolog
will be developed. Options include a traditionalosed form” representation of consumer welfare, as
well as more innovative approaches based on the g®miled understanding that is expected to emerge
from this specific market equilibrium modeling esigse. The team also will include the impacts of
changes in prices of vehicles in the used car nahe/or availability of certain models in the uszat
market that also would entail gains or losses insamer welfare by certain groups. This could be
particularly important with regard to impacts omvéy household income groups, as they purchase new
vehicles relatively less frequently and more oftarthe used vehicle market.

In evaluating the incidence of the feebates progremvill distinguish between the effects of chamgin
the marginal “price” of clean vehicles to consumand the income effects of the feebates themselves.
This will tell us how much of the change is duehanging the slope of the feebate curve and hovhmuc
is due to changing the total spending by the haaldehThis is accomplished with a simulation by
“returning” the fee or “taking back” the rebate} lbuthe form of an income change.

The research team also proposes to engage Cathéoifiam, PhD, from the UC Berkeley Haas School
and UC Energy Institute, to help advise this tastively. The team will involve Dr. Wolfram, who has
expressed interest in the project, initially oniaformal basis but also will work on a side prodadsa
generate funding for a more formal collaboratiom, €0 the UC Transportation Center or UC Energy
Institute. This would allow for additional asped&the consumer welfare implications of the feebate



Page 30 of 85

program, and potentially other economic impactghaf program, to be investigated somewhat more
extensively.

VMT Interaction and Trip-Making Behavior

The assessment of potential shifts in vehicle nidageled (VMT) and trip-making behavior will examai
the potential “rebound effects” that may occur @&hiele consumers were shifting to lower GHG-
emission and more fuel-efficient vehicles. Thiodffvould be led by Tim Lipman and Walter McManus,
with assistance from Caroline Rodier, Susan Shalaehother project team members.

With regard to potential VMT shifts in responseatdower GHG-emission (and higher fuel economy)
vehicle stock, a recent study by Small and van Bef2005; 2007) found that price elasticities foelf
consumption with regard to fuel price have declineeer time due to rising incomes, and the
progressively smaller contribution of fuel costsawerall purchasing power. In a study of 1966-2004
data, Small and van Dender found a short-termieiigstor changes in fuel consumption relative telf
prices of -0.074 in the full period from 1966-2004t only a -0.041 elasticity from the most rec2of0-
2004 period. Provided that the trend of increasirgalth continues, this trend might be expected to
continue, but with the impact of fluctuating fueliges (in real terms, relative to real incomes and
purchasing power) complicating the story.

Furthermore, shifts to some types of lower GHG srois vehicles, such as electric and natural gas
vehicles, may involve shifts to vehicles that hdiféerent attributes that could affect how they ased.

For example, battery electric or plug-in hybrid iodds may be attractive choices for some consumers,
especially if they can link them with the suppletaen use of transit.

This task would assess these two potential imjdinatof the feebate program, by using elasticityes
derived from previous studies and examining theat$f of VMT increases as a function of decreasing
effective fuel prices for consumers, developinggemof potential VMT rebound effects and potential
transit system interactions, and then assessingirtipacts of those effects on feebate program
effectiveness, public perception/response, and ativekB 32 program goals. The results of the
investigation will help to inform the broader assaent of potential program effectiveness, as well a
potential side benefits or detriments from the paog

Tax Revenue Impacts and Effects on Auto Dealers

In addition to potential impacts on consumers, thgk would consist of assessing the impacts difdfiee
programs on tax revenues as well as potential impat automotive dealers. Based on output from the
market equilibrium model, shifts in vehicle sala8l e assessed with regard to the number of salemn
annual basis and the values of the vehicle solds@&ldata will then be used to assess sales tanueve
changes and potential effects on the revenues ateeby auto dealers. The auto dealer effectsbaill
assessed for several “generic” auto dealers oerdifit sizes and with different offerings of vehicle
models, to get a sense of the types of impactsciratbe anticipated. Assessing the impacts on fgpeci
auto dealerships (there are approximately 2,00Qdlifornia alone) would be outside the scope of the
project.

Program Administration Costs and Secondary Effects

This aspect of Task 6 would consist of estimatimg administration costs of the feebate program, as
implemented in different ways, as well as potentalditional secondary effects or “unintended
consequences.” For example, the administrativesagstild be significantly different if the feebatene
applied at the manufacturer or dealership leved, this could also affect a key secondary effeche- t
level of positive or negative public reaction t@ throgram. This effort will be led by Tim Lipmandan
Walter McManus, with assistance from Rachel FinS&usan Shaheen, David Greene, and other members
of the project team.
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In assessing the potential program administratmsts; information would be drawn from the Task 1 —
“Lessons Learned” activity, as well as additiomdbrmation specific to a California policy settinbhis
would include examination of estimates of the pti&éradministrative costs of the proposA& 493
legislation, as well as consultations with the foafiia Legislative Analysts Office (LAO). Factors
considered will be the structure of the feebatgm, options for administering it through differstate
agencies, costs of public education campaigns tereare the program is understood by the public, et

In addition to the potential VMT rebound effect atmensit system interaction assessments discussed
above, additional secondary impacts of the feepaigram would also be examined and assessed. These
include:

* How to predict and potentially calibrate incentigeels to ensure revenue neutrality?
» Fluctuating gas prices and the resulting uncegtamprogram effectiveness and impacts;
* Interactions with the used vehicle market and #seilting impacts on society;
* Impacts on different automakers, foreign and doimesind the resulting economic
implications for California and the U.S.; and
* Interaction with otheAB 32measures:
- Low carbon fuel standard (LCFS)
Cap and trade program
SB 375 - land use and planning restrictions
Electricity sector interactions with BEV/PHEV
Potential double counting issues
How to assess feebate program effectiveness relatiother programs
* Manufacturer gaming/vehicle shuffling, emissiorekizge

These issues will be investigated with discussioith feebate stakeholder groups and ARB staff,

discussions among the project team, and consuitatithh other knowledgeable individuals. UC Berkeley

and UC Davis have several complementary assessmmamgleted or underway around various aspects
of AB 32program implementation that will help to infornethfforts of this task.

Deliverables
-- Several report sections that document the fgsliof each element of the assessment of the policy
implications of potential feebate programs

Task 7: Statewide Survey

Based on the focus group results and expert irteriessons learned), researchers will develop a
telephone survey that addresses the following gures{at a minimum):

» Are feebates viewed as a tax or as an opportumipyitchase a more desirable vehicle?

» Do respondents prefer a manufacturer feebate wsuceer feebate?

* Equity concerns regarding feebate approach;

* Interestin clean fuels/advanced technology vekitigelation to feebates; and

» Hypothetical responses to different consumer fees@tctures based on input from
economic analysis.

The objective is to obtain 3,000 residential inieyws completed by a telephone survey of 15 miniates
length throughout the state of California (e.gefkey regions including Sacramento, Bay Area, San
Diego, Central Valley, and Los Angeles). A randagitdlialing sample will be used. The large sample
size will enable the results to be disaggregatelbtation and by demographic groups with a 95%
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confidence interval. The sample will be stratiftedeflect the population characteristics of the fikey
regions of the state, allowing the sample to badiisorepresentative of the state as a whole. Asideit
organization will administer the survey. Researshetl collaborate on the content and implementatio
of the survey to ensure that the project objectaresmet. Researchers will analyze survey resntls a
report findings.

Deliverables
-- Report section with synopsis of statewide sumesyllts and interpretation/analysis of results
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I1. Project Schedule

A kick-off meeting at ARB will be held prior to thaitiation of the project. The scheduling of Task7

is shown in figure N below in terms of months fraime start of the contract. The major product g th
research project will be a final report describihg research methods and data, and presentingshktsr

of the feebate analyses described above. The demmodel developed by this research project aad th
data used (to the extent that the data are notiptapy) will be documented in detail in an appenidi
the final report, and the model and data will bevjated to the ARB for use by their staff. A drfiftal
report will be delivered not more than 10 montherathe start of the project. The project printipa
investigators from Davis and Berkeley will presaritll reporting on the project at a Chairman’s 8am

at the conclusion of the project.

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

MONTH |1 2 3 4 5 6 7 8 9 10

TASK

N oW N -

m c p m p,f m D p F

m = Meeting with ARB staff

¢ = Public consultation meeting to discuss policy formulation
p

f

Quarterly progress report
= Presentation of interim study findings
D = Deliver draft final report
F = Deliver draft final report and Chairman’s Senina

The project leaders (and senior researchers agdpedl meet with ARB staff to report on the pregs

of the research on three occasions during the eairshe research, at specific times and placdseto
jointly agreed. Progress reports will be submiitethe third, seventh, and tenth month of thegubj A
public consultation will be held in the second ntoof the project to present a preliminary plan and
options for structuring the policy analysis andbaain input. Interim study findings will be presed at
the end of the seventh month in an appropriate e¢énbe determined by the ARB staff. The drafalfin
report will be submitted for formal review. A fihproject briefing will also be made no later thah
months after the start of the project as a Chailsndaminar.
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I11. Project management plan

The UC Research Team has extensive experiencelyzarg policies for transportation greenhouse gas

mitigation at state, national and internationaklsy and in conducting surveys of consumer attiuatel

perceptions. Personnel are professors, researemerggraduate students in the UC system with the
exception of K.G. Duleep, an internationally renedrexpert on automotive technology, cost and energy
efficiency potential. Members of the research tdwmwe constructed feebate analysis models similar to

the one that will be built for this study, havergadt out numerous consumer research efforts, and ha

published extensively on these subjects in the-pagewed literature. The team possesses strong

expertise in modeling and policy analysis of matehicle and environmental policy issues in Califarn
and the United States.

U.C. Davis

Dr. David L. Greene, Visiting Researcher, U.C. BaMS and Corporate Fellow, Oak Ridge National
Laboratory

Professor David Bunch, Graduate School of Managémk@. Davis

Professor Yueyue Fan, Dept. of Civil Engineering; LDavis

Professor Christopher Knittel, Department of EcoiwsiJ.C. Davis

U.C. Berkeley

Tim Lipman, PhD, Co-Director, Transportation Susadility Research Center

Susan Shaheen, PhD, Co-Director, TransportatiotafBability Research Center

Professor Dan Kammen, Energy and Resources Graupp@RC Director

Walter McManus, PhD, Visiting Scholar from Univaysof Michigan Transportation Research Institute
Caroline Rodier, PhD, Transportation Sustainabigsearch Center

Rachel Finson, Transportation Sustainability Rede&enter

Denise Allen, Transportation Sustainability Reskaenter

Kim Strasburg, Transportation Sustainability Reskaenter

Ewald & Wasserman Research Consultants, LLC, Prejgacontractor

U.C. Irvine
Professor David Brownstone, Department of Economics

EEA, ICFI, Inc.

Mr. K.G. Duleep, Managing Director, Energy and Eowmental Analysis
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Application areas for his research and teachindude marketing research, e-commerce and Internet
marketing, product management, and transportatystesis (through his affiliation with the UC Davis
Institute of Transportation Studies since its irwep. Professor Bunch was a principle in concegvand
directing a large multi-year program to develop poshensive forecasting models and systems for hehic
purchase and usage behavior in California, desigméaclude future alternative-fuel vehicles (egjectric
cars). More recently, Professor Bunch developed GARBITS model for use by the California Air
Resources Board in its work to establish regulatiom greenhouse gas emissions in California.

Education Ph. D., Rice University, 1985 (Mathematical Scies); Master in Applied Mathematical
Sciences, Rice University, 1981; M. S., Northwestdniversity, 1979 (Chemistry); B. A. (cum laude),
Rice University, 1978 (Chemistry)

Selected Publications

“Behavioral Frontiers in Choice Modeling,” (with Vlkdamowicz, T. A. Cameron, B. G. B. C. Dellaert,
M. Hanneman, M. Keane, J. Louviere, R. Meyer, BeBburgh and J. Swait), Marketing Letters
In Press (2008).

California_Air Resources Board —Institute of Tramdption Studies (CARBITS) Vehicle Market
Microsimulation Model for CaliforniaJune 8, 2004. Prepared for California Air Resesr
Board under contract 02-310.

"Automobile Demand and Type Choice," (with B. CheHandbook of Transport Modelingecond
Edition, David A. Hensher and Kenneth J. Buttoritaed, Pergamon (2008), pp. 541-556.

“Hybrid Choice Models: Progress and Challengesjtiwloshe Ben-Akiva, Daniel McFadden, Kenneth
Train, Joan Walker, Chandra Bhat, Michel Bierlaibenis Bolduc, Axel Borsch-Supan, David
Brownstone, Andrew Daly, Andre de Palma, Dinesh iGaih, Anders Karlstrom, Marcela A.
Munizaga), Marketing Lettey43(3): pp. 163-175 (August 2002).

"Joint Mixed Logit Models of Stated and Reveale@fBrences for Alternative-fuel Vehicles" (with
David Brownstone and Kenneth Train). TransportafResearch BVolume 34, Issue 5 (June
2000), pp. 315-449.

"Combining Sources of Preference Data for Model@gmplex Decision Processes" (with Jordan J.
Louviere, Robert J. Meyer, Richard Carson, BeneDielieart, W. Michael Hanemann, David
Hensher, and Julie Irwin). Marketing Lettev®lume 10, Issue 3 (August 1999), pp. 205-217.
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“Determinants of Alternative Fuel Vehicle Choiae the Continental United States” (with Melanie
Tompkins, Danilo Santini, Mark Bradley, Anant Vyaand David Poyer), Transportation
Research RecordNumber 1641, Energy and Environment: EnergyQuility, and Fuels 1998,
Transportation Research Board, National Researcim¢lio

“Commercial Fleet Demand for Alternative-fuel Vdbi,” (with Thomas F. Golob, Jane Torous, David
Brownstone, Soheila Crane, and Mark Bradley), Tpartstion Research A/ol. 31A (1997):
219-233.

“A Vehicle Usage Forecasting Model Based on Revkated Stated Vehicle Type Choice and Utilization
Data,” (with Thomas F. Golob and David Brownstor@urnal of Transport Economics and Policy
Vol. 31 (1997): 69-92.

“A Dynamic Forecasting System for Vehicle MarketsthwClean-Fuel Vehicles,” (with David
Brownstone and Thomas F. Golob). In D. A. HensBerKing, and T. H Oum eds., World
Transport ResearcWolume 1 (1996): 189-203.

"A Vehicle Transactions Choice Model for Use in égasting Demand for Alternative-Fuel Vehicles,"
(with David Brownstone, Thomas F. Golob, and WaeagpiRen), Research in Transportation
EconomicsVol. 4 (1996): 87-129.

"Demand for Clean-Fuel Vehicles in California: AsbBrete-Choice Stated Preference Survey" (with
Mark Bradley, Thomas F. Golob, Ryuichi Kitamura, r&h P. Occhiuzzo). _ Transportation
Research AVol. 27A, No. 3, pp. 237-253, 1993.

"Predicting the Market Penetration of Electric &idan-fuel Vehicles" (with Thomas F. Golob, Ryuich
Kitamura, and Mark Bradley), The Science of theal &nvironment134 (1993) pp. 371-381.

"Estimability in the Multinomial Probit Model," Tresportation Research B991, Vol 25B(1), pp. 1-12.

"Heterogeneity and State Dependence in Househal®@@aership: A Panel Analysis Using Ordered-
Response Probit Models with Error Components,” Iidtdrnational Symposium on Transportation
and Traffic TheoryFElsevier, July 1990 (with Ryuichi Kitamura).
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Curriculum Vitae

Name:  Yueyue Fan Phone: 530-754-6408
Address. Department of Civil and Environmental Ergmail: yyfan@ucdavis.edu
University of California, Davis, CA 95616

RESEARCH INTERESTS:

Applied mathematics and computation focusing onsjpartation and energy systems modeling and
optimization: large-scale network optimization agmel-time adaptive network routing, stochastic
transportation and energy infrastructure systerimopation, and risk management of transportation
networks subject to seismic or other natural hazard

EDUCATION:

May 2003 Doctor of Philosophy in Civil and Enviroantal Engineering, University of Southern
California.

EMPLOYMENT:

July 2003 - present Assistant Professor, Departn@ntCivil and Environmental Engineering,
University of California, Davis

JOURNAL PUBLICATIONS:

[Dynamic Programming Applied to Linear, Quadratic, and Optimal Control Problems]
1. Y. Fan and R. Kalaba, Dynamic Programming and Rse#ugersesApplied Mathematics and
ComputationVolume 139, Pages 323-342, 2003.

2. Y. Fan and R. Kalaba, A General Linear Quadratabim,Journal of Optimization Theory and
Applications,Volume 127, Page 485-496, 2005.

3. Y. Fan, H. Bhargava, H. Natsuyama, Dynamic PrigitagDynamic Programminglournal of
Optimization Theory and Applicationgplume 127, Page 565-577, 2005.

[Adaptive Networ k Routing]
4. Y. Fan, R. Kalaba, and J. Moore, Optimal Routingtigh Networks with Correlated Link Travel
Times,Computers and Mathematics with Applicatioiislume 49, Pages 1549-1564, 2005.

5. Y. Fan, R. Kalaba, and J. Moore, Arriving on Tirdeurnal of Optimization Theory and
Applications Volume 127, Page 497-513, 2005.

6. Y. Nie, and Y. Fan, The Arriving-On-Time Problem:DAscrete Algorithm that Ensures
Convergencelransportation Research Recoidp. 1964, pp. 193-200, 2006.

7. Y.Fanand Y. Nie, Optimal Routing for Maximiziniget Travel Time ReliabilityJournal of
Networks and Spatial Economjasol. 6, pp. 333-344, 2006.

[Transportation and Energy | nfrastructure System Planning]

8. A. Kiremidjian, J. Moore, Y. Fan, O. Yazlali, N. Baz, M. Williams, Seismic Risk Assessment of
Transportation Network Systemkurnal of Earthquake Engineeringolume 11, Issue 3, pages 371
— 382, 2007.
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9. Y.X.Huang, Y. Fan, and R.L. Cheu, Optimal Allocatiof Multiple Emergency Service Resources
for Critical Transportation Infrastructure Protectj Transportation Research Recomdo. 2022, ppl-
8, 2007.

10. R.P. Naga and Y. Fan, Quick Estimation of Netwogkf®rmance Measures Using Associative
Memory Technigues, to appearTimansportation Research Recafidetwork Modeling Committee).

11. C.Z. Liu, Y. Fan, and F. Ordonez, A two-stage séstic programming model for transportation
network protection, to appear @omputers and Operations Research

12. Y. Fan and C.Z. Liu, Solving Stochastic TranspastalNetwork Protection Problem using the
Progressive Hedging-Based Method, to apped&leitworks and Spatial Economics

13. Z. Lin, J. Ogden, Y. Fan, C.W. Chen, The Fuel-Tk8ack Approach to Hydrogen Station Siting, to
appear indJournal of Hydrogen Energy

14. Z. Lin, C.W. Chen, J. Ogden, Y. Fan, The Least-etgrogen for Southern California, to appear in
Journal of Hydrogen Energy

15. N. Parker, J. Ogden, Y. Fan, The role of biomag3dlifornia's hydrogen economy, to appear in
Journal of Energy Policy

[Dynamic M echanical Systems]
16. Y. Fan, R. Kalaba, H. Natsuyama, and F. UdwadifieBi#ons on the Gauss’s Principle of Least
ConstraintJournal of Optimization Theory and Applicationv®l. 127, pp. 475-484, 2005.

17. F. Udwadia, R. Kalaba, and Y. Fds Analytical Dynamics a Theoretical or An Experimed
ScienceJournal of Nonlinear Analysi&/ol. 63, pp. 692-698, 2005.
SELECTED CONFERENCE PRESENTATIONS AND SEMINARS

“Adaptive network routing for maximum reliabilityf on-time-arrival”, UC Berkeley ITS Seminar,
Berkeley, CA, 2004.

“Finding the best routing strategies for on-timeal in stochastic networks” "2International
Symposium on Transportation Network Reliability,riStchurch, New Zealand, 2004.

“Solving the constrained motion problem using tHer@®thod”, the 10th International Symposium on
Artificial Life and Robotics, Oita, Japan, 2005.

“Revisiting arriving on time problem”, INFORMS AnauMeeting, San Francisco, CA, 2005.

“Optimal allocation of emergency service resourfoegritical transportation Infrastructure protectf,
Transportation Research Broad Annual Meeting, Wegbn D.C., 2006.

“Stochastic network retrofit with recourse”, INFORM\nnual Meeting, Pittsburgh, PA, 2006.

“Optimal network routing under emergency”, WorkshtmpNetwork Analysis Applications to Homeland
Security, Naval Postgraduate School, Monterey, ZD6.

“A two-stage stochastic programming model for tporgation network protection”, UC Berkeley ITS
Seminar, Berkeley, CA, 2007.

“Reinforcement learning in post-disaster manageraadtresponse”, INFORMS Annual Meeting,
Seattle, WA, 2007.

“Converting HOV to HOT: Efficiency, Profit, and Edy’, INFORMS Annual Meeting, Seattle, WA,
2007.

“From Waste to Hydrogen: An Optimal Design of EneRyoduction and Distribution Network”,
National Urban Freight Conference, Long Beach, 2#Q7.
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“Highway network retrofit under seismic hazard”tiitnternational Conference on Application of
Advanced Technologies in Transportation, AthengeGe, 2008.
RESEARCH GRANTS

Transportation Network Design under Earthquake Hizaupported by Pacific Earthquake Engineering
Research Center, $214,800, 2004-2007 (single Pl).

An Integrated Multi-pathway Biofuel System Desigrder Uncertainties, supported by Chevron
Technology Ventures, LLC, $299,082, 2007-2009, YRleyue Fan; Co-Pl: Joan Ogden).

Optimal Design for A Self-sustainable HOT Netwaslkpported by Sustainable Transportation Center at
UC Davis, $ 59912.33, 2007-2008 (single PI).

National Biorefinery Siting Model, supported by Reyment of Energy Office of Biomass Program,
$145,000, 2008-2009 (PI: Bryan Jenkins; Co-PI: Yugelfan and Joan Ogden).



Page 61 of 85

Christopher Roland Knittel
University of California, Davis
Department of Economics
One Shields Ave
Davis, CA 95616

Office: 530.302.1032

FAX: 530.752.9382
crknittel@ucdavis.edu
http://www.econ.ucdavis.edu/faculty/knittel

CURRENT APPOINTMENTS:

2006-present, Associate Professor of Economicsydssity of California, Davis
2008-present, Chancellor’s Fellow, University ofifdania, Davis

2007-present, Research Associate, National BurdadEconomic Research. Groups:
Environmental Economics and Energy, Industrial @rg@tion, and Productivity

2003-present, Visiting Research Fellow, UniversitLalifornia Energy Institute

2005-present, Faculty Affiliate, Institute of Trastation Studies, UC Davis
2006-present, Strategy and Policy Thread Leade8T&PS

2006-present, Associate Editdihe Journal of Industrial Economics

2007-present, Associate Editdmnerican Economic Journal — Economic Policy

2007-present, Associate Editdihe Journal of Energy Markets

PREVIOUS APPOINTMENTS:

2002-2006, Assistant Professor of Economics, Usityeof California, Davis

2004-2007, Faculty Research Fellow, National Bureadconomic Research. Groups:
Environmental Economics and Energy, Industrial @rg@tion, and Productivity

1999-2002, Assistant Professor of Finance and Hom®) School of Management, Boston
University

1996-1999, Research Assistant, University of Calito Energy Institute

1994-1996, Teaching Assistant, University of Catifa, Davis

EDUCATION:

Ph.D., University of California, Berkeley, 1999 Emmics)
M.A., University of California, Davis, 1996 (Econds)

B.A., California State University, Stanislagsimma cum laugd.994 (Economics and
Political Science)
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PUBLICATIONS:

Holland, Stephen P., Jonathan E. Hughes and CphistdR. Knittel. “Greenhouse Gas
Reductions under Low Carbon Fuel Standards?,” ¢ortting inThe American Economic
Journal — Economic Policy

Knittel, Christopher R. and Victor Stango. “How 3dacompatibility Affect Prices?:
Evidence from ATMs,” forthcoming iithe Journal of Industrial Economics
Borenstein, Severin, James Bushnell, Christophérirtel and Catherine Wolfram.
“Trading Inefficiencies in California’'s Electricitylarkets,”The Journal of Industrial
Economics LVI(2), June 2008, pp. 347-378.

Feenstra, Robert and Christopher R. Knittel. “Re&ssing the Quality Adjustment to
Computer Prices: Do U.S. Procedures Overstate #ies@,” forthcomindPrice Index
Concepts and MeasurememMIiBER and the Chicago Press.

Knittel, Christopher R. and Konstantinos Metaxogl@iagnosing Unilateral Market
Power in Electricity Reserves Market,he Journal of Energy Markets1(1), Spring 2008.
Knittel, Christopher R. and Victor Stango. “Incoripdity, Product Attributes and
Consumer Welfare: Evidence from ATM§he BE Journal of Economic Analysis &
Policy, Advances 8(1), January 2008. Available at:
http://www.bepress.com/bejeap/vol8/issl/artl

Hughes, Jonathan E., Christopher R. Knittel andi®&perling. “Evidence of a Shift in
the Short-Run Price Elasticity of Gasolin&lie Energy Journa) 29(1), January 2008.
Heisler, Jeffrey, Christopher R. Knittel, John &uxhann and Scott Stewart. “Why Do
Institutional Plan Sponsors Hire and Fire theirdstient Managers?” Best Paper Award
for the 31st NBEA Conferenc&he Journal of Business and Economics Studid$(1),
Spring 2007, pp. 88-116

Kim, Dae-Wook and Christopher R. Knittel “BiasesStatic Oligopoly Models? Evidence
from the California Electricity Market,The Journal of Industrial EconomicsLIV(4),
December 2006, pp. 451-470.

Knittel, Christopher R. “The Adoption of State Biecity Regulation: The Role of Interest
Groups,”The Journal of Industrial EconomicsLIV(2), June 2006.

Knittel, Christopher R. and Michael R. Roberts.f&ncial Models of Deregulated
Electricity Prices: An Application to the CalifomMarket,”"Energy Economics27(5),
September 2005, pp. 791-817.

Knittel, Christopher R. “Regulatory Restructuringdancumbent Price Dynamics: The
Case of Local Telephone Market&e&view of Economics and Statistic®5(2), May 2004,
pp. 614-625.

Knittel, Christopher R. and Victor Stango. “Priceilihgs as Focal Points for Tacit
Collusion: Evidence from the Credit Card Marké&ttie American Economic Review
93(5), December 2003, pp. 1703-1729.

Knittel, Christopher R. “Market Structure and th#ckg of Electricity and Natural Gas,”
The Journal of Industrial EconomicsLI(2), June 2003, pp. 167-191.

Knittel, Christopher R. “Alternative Regulatory Mweids and Firm Efficiency: Stochastic
Frontier Evidence the US Electricity Industrigéview of Economics and Statistic®4(3),
August 2002, pp. 530-540.
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Borenstein, Severin, James Bushnell, and ChristoRh&nittel. “Market Power in
Electricity Markets: Beyond Concentration Measurd$ie Energy Journa) 20(4),
October 1999, pp. 65-88.

Knittel, Christopher R. “Long Distance Rates: Sbatosts, Switching Costs, and Market
Power,”Review of Industrial Organization12(4), August 1997, pp. 519-536.

WORKING PAPERS:

Knittel, Christopher R. and Jason J. Lepore. “T@aliusion in the Presence of Cyclical
Demand and Endogenous Capacity Levels.” Revisedesubmitted td’he International
Journal of Industrial Organization

Knittel, Christopher R. and Victor Stango. “Stratelpcompatibility in ATMs.” Revisions
requested fronThe International Journal of Industrial Organizatio.

Knittel, Christopher R. and Konstantinos Metaxogltistimation of Random Coefficient
Demand Models: Challenges, Difficulties and Warsing

Fowlie, Meredith, Christopher R. Knittel and CatherWolfram “ Sacred Cars: Optimal
Regulation of Stationary and Non-stationary PatintSources.”

Knittel, Christopher R. and Victor Stango. “The @uotivity Benefits of IT Outsourcing”

Heisler, Jeffrey, Christopher R. Knittel, John &uxhann and Scott Stewart. “An Analysis
of Re-Allocation Decision by Institutional Plan Ssors” mimeo, UC Dauvis.
Distinguished Paper for the 2006 Academy of Finance

WORK IN PROGRESS:

Consumer Expectations, Gasoline Prices and Ve®ictdace (with Meghan Busse and
Florian Zettelmeyer)

IT Outsourcing, Mergers and Industry Exit (with Y4t Stango)

Pharmaceuticals, Patents and Health Outcomes Reittr Huckfeldt)

Traffic and Infant Health (with Douglas Miller amtick Sanders)

Price Ceilings in Electricity Markets (with Vict@tango)

Industry Dynamics in ATM Network Markets (with Vaot Stango)

Electricity Regulatory Restructuring: Efficiency i@a and Executive Pay (with Dae-Wook
Kim)

Durables and Changes in Software: Implicationdioce Indexes and Software Firm
Incentives (with Robert Feenstra)

AWARDS, HONORS, AND GRANTS:

Barry D. McNutt Award for Excellence in AutomotiRolicy Analysis (with Jonathan
Hughes and Dan Sperling), 2008

National Science Foundation Grant (with Victor $fa)yy 2008-2010, $240,000
Chevron Bio-Fuel Research Grant, 2007-2008, $127,00

Chevron Bio-Fuel Research Grant, 2007-2008, $77,000

Chevron Bio-Fuel Research Grant (Co-Pl), 2007-28390,000

Woods Institute for the Environment Leadership $&hdraining, 2007
Distinguished Paper, 2006 Academy of Finance

University of California Energy Institute Reseaf@rant, 2005-2006, $50,000
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Best Paper Award for the 31st NBEA Conference

ASUCD Excellence in Teaching Award, 2004

University of California Energy Institute Reseaf@hant, 2003

Faculty Research Grant, UC Davis, 2002, 2003, 20P0d5, 2006

Institute of Governmental Affairs Junior Facultya@t, 2002, 2003, 2004, 2005
Junior Faculty Research Grant, Boston Universid12

Graduate Fellowship, University of California, Belky, 1997—-1999

Graduate Fellowship, University of California, Dayi994-1996

Institute of Transportation Fellow, University o&l@ornia, Davis, 1995-1996
Student Commencement Speaker, California Stateddsity, Stanislaus, 1994

REFEREE SERVICES:

Agricultural Economics, American Economic Reviewléin of Economic Researc@ensus
Bureau,Econometrica, Economic Inquiry, The Economic JoyrBaonomics Letters, Energy
Economics, The Energy Journal, Energy Studies Re@earopean Economic Review,
International Journal of Industrial Organizatiomternational Journal of Power and Energy
Systems, Journal of Banking and Finance, The JdwihBusiness, Journal of Business and
Economic Statistics, Journal of Economic Behaviwdl ®rganization, Journal of Economic
Education, Journal of Economics and Managementt&gsa Journal of Futures Markets,
Journal of Industrial Economics, Journal Institute and Theoretical Economics, Journal of
Law and Economics, Politics and Economics, Quaytddurnal of Economics, Rand Journal
of Economics, Resource and Energy Economics, RefiBsonomic Studies, Review of
Economics and Statistics, Review of Industrial @rgation, Review of Network Economics,
Southern Economic Journal, Socio-Economic PlaniSoignces, Utilities Policy/Jniversity of
California Energy Institute Grant Program, NSF GiRarogram

INVITED PRESENTATIONS:

“Climate Change and Economics”
* University Retirement Community, February 2008

“Carbon Taxes versus Cap and Trade”
* New American Foundation, February 2008
* Tainjin Chinese Delegation at UC Davis

“Carbon Policies for Transport”
» UCEI Policy Conference, December 2007

“Greenhouse Gas Reductions under Low Carbon Faeldgtds?”
» University of California Energy Institute, July 200

“ Sacred Cars: Optimal Regulation of Stationary and-Btationary Pollution Sources.”
» University of California at Davis, Institute of Trgportation Studies, October 2007
* NBER Environmental Economics and Energy Summeitiriet July 2007
« 9" Occasional Workshop on Environmental and ResoEcomomics, Santa Barbara,
November 2006
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“Estimation of Random Coefficient Demand Modelsallénges, Difficulties and Warnings™
» University of California at Berkeley, DepartmentiEtonomics, November 2007

» University of Alberta and Calgary University Induat Organization Conference,
October 2007

“Strategic Incompatibility in ATM Markets”
* Federal Trade Commission, November 2006
» University of California at Los Angeles, DepartmehEconomics, October 2006

“Evidence of a Shift in the Short-Run Price Elasfiof Gasoline.”
* CSEM Gasoline Conference, December 2006

« 9" Occasional Workshop on Environmental and ResoEcomomics, Santa Barbara,
November 2006

» University of California Energy Institute, Octoli2006

“Incompatibility and Consumer Demand: Evidence frAirivis”
* Washington University, Olin School of Business, Bmber 2007
* The Net Institute Conference, New York Universiyyril 2005.
* University of California at Santa Cruz, DepartmehEconomics, December 2004
» University of California at San Diego, DepartmehEconomics, November 2004
* Penn State, Department of Economics, October 2004.
* NBER Summer Institute, Productivity/IO MeetingslyJ2004.
» University of California, Berkeley, Haas SchoolM&nagement, January 2004.
* American Economic Association Meetings, Januaryd200

“Compatibility and Pricing with Indirect Networkftects: Evidence from ATMs,”
* NBER Summer Institute, Productivity/ CRIW Meetings)y 2004.

“Re-Assessing the Quality Adjustment to Computecd®: Do U.S. Procedures Overstate the
Gains?”
* NBER/CRIW Conference, Vancouver, June 2004

“Biases in Static Oligopoly Models?”
* University of California Energy Institute, Novem#903.

“Price Ceilings as Focal Points for Tacit Collusi&@vidence from the Credit Card Market”
* Boston University, Department of Finance and EcoieenApril 2002.
* University of California, Irvine, Department of Boamics, January 2002.
» University of California, Davis, Department of E@onics, January 2002.
* University Arizona, Department of Economics, Jaguz002.
* Northwestern University, Kellogg School of Manageté&lovember 2001.
* University of Maryland, Department of Economics,Mdmber 2001.
*  NBER Summer Institute, Industrial Organization Meeg$, August 2001.

“Trading Inefficiencies in California’'s Electricitylarkets”
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*  NBER Summer Institute, Industrial Organization Meg$, July 2003.

» University of California, Davis, Department of E@onics, October 2002.

* Boston University, Finance Seminar Series, Nover2Beo.

» Harvard University, Industrial Organization Semigaries, November 2000.
« POWER %' Annual Electricity Conference, UC Berkeley, Mag®00.

“Regulatory Restructuring and Incumbent Price DyitanilThe Case of Local Telephone
Restructuring”
* NBER Summer Institute, Industrial Organization Meg$, August 2000.
* NBER Productivity Lunch, October 1999.
* INSEAD, Economics Seminar Series, May 1999.
* Boston University, Finance and Economics SeminaeSeMay 1999.
* University of Western Ontario, Microeconomics SeaniSeries, May 1999.
» University of California, Berkeley, Industrial Ongiaation Seminar Series, August
1999.
» Georgetown University, Strategy Seminar SeriesjlA®99.
» University of California, Davis, Applied Microeconocs Seminar Series, April
1999.
* SMU, Applied Microeconomics Seminar Series, Ap@b9.
* Federal Reserve Board of Governors, Economics Serieries, April 1999.

“Does Incentive Regulation Provide the Correct mnees?: Stochastic Frontier Evidence the
US Electricity Industry”

* University of California, Berkeley, October 1998 dhometrics Seminar Series.

* INFORMS - Seattle, September 1999, Summer Conferenc

“The Origins of State Electricity Regulation: Ratiisg an Unsettled Topic”
» University of California Energy Institute, Decemld®&97, UCEI Seminar Series.

Discussant, 2005 TPUG/ASSA Meetings, Philadelphia
Discussant, 2004 UCEI Annual Energy Conferencek@&ey
Discussant, 2003 UCEI Annual Energy Conferencek&ey
Discussant, 2003 TPUG/ASSA Meetings, Washington.D.C
Discussant, 2000 Stanford University Strategy Mgt
Discussant, 2000 NBER Winter 10 Meetings, Stanfdrilversity

REGULATORY FILINGS:

= Arons, S.M., A.R. Brandt, M.A. Delucchi, A. Eggef.E. Farrell, B.K. Haya, J. Hughes,
B.M. Jenkins, A.D. Jones, D.M. Kammen, S.R. KaffkaR. Knittel, D.M. Lemoine, E.W.
Martin, M.W. Melaina, J.M. Ogden, R.J. Plevin, [pefling, B.T. Turner, R.B. Williams,
C. Yang, 2007. “A Low-Carbon Fuel Standard for @ahia, Part 1: Technical Analysis.”
Available Online:http://www.Icfs.ucdavis.edu

= Brandt, A.R., A.E. Farrell, B.K. Haya, J. HugheslvBJenkins, A.D. Jones, D.M.
Kammen, C.R. Knittel, M.W. Melaina, M. O’Hare, RRlevin, D. Sperling, 2007. “A
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Low-Carbon Fuel Standard for California, Part 2tid®3oAnalysis.” Available Online:
http://www.Icfs.ucdavis.edu

= Peer Review Comments on AB 1493, California Enwinental Protection Agency Air
Resource Board, September 2004.

= “Comments on the Use of Computer Models for Mer@ralysis in the Electricity Industry,”
(Joint with Severin Borenstein and James Bushne#leral Energy Regulatory Commission.
Docket No. PL98-6-000, June 1998.

= “A Cournot-Nash Equilibrium Analysis of the Newrsey Electricity Market,” December
1997. (Joint with Severin Borenstein and James Beibh Filed with the New Jersey
Public Utility Commission as testimony on the pdignfor market power in a deregulated
Pennsylvania-Jersey-Maryland Power Pool.

CONSULTING:

Customers First! Coalition, Energy Information AggnKorean Electric Power Company,
California Air Resource Board, City of West Sacraitoe

PH.D. CoMMITTEES (FIRST JOB):

UC Dauvis:

Jonathan Hughes (chair, on-going)

Peter Huckfeldt (on-going)

Nick Sanders (on-going)

Adib Bagh (University of Kentucky, Math and Econas)i
Seungjoon Lee (Korean Insurance Research Institute)
Jason Lepore (chair, Cal Poly)

Wei-Min Hu (Peking University)

Byeongil Ahn (Gyeongsang University)

Konstantinos Metaxoglou (chair, Bates and White DLC
Lan Li (University of Melbourne)

Neil Norman (Cornerstone Research)

Dae-Wook Kim (chair, Korean Institute for Industriiaconomics and Trade)

Boston University:
Gustavo Genoni (2002, Finance, IAE, School of Bes# Universidad Austral)
John Neumann (2003, Finance, St. John’s University)

TEACHING:

» UC Davis
o0 Graduate Empirical Industrial Organization (5 tines
» Ratings: Mean 4.9 (out of 5)
0 Transportation Economics (3 times)
» Ratings: Mean 4.6
0 Intermediate Microeconomics (1 time),
» Ratings: Mean 4.8
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0 Undergraduate Industrial Organization (9 times)

» Ratings: Mean 4.8
* Boston University

0 Modeling Business Decision Making,
= Spring 2000, Spring 2001 and Spring 2002
= Ratings: 4.53 (out of 5), 4.77, 4.70

0 Modeling Business Decision Making (honors),
= Spring 2001 and Spring 2002
» Ratings: 4.88, 4.70

UNIVERSITY SERVICE:

UC Dauvis:

2007-2008, Co-writer (with Jean Vandergehst) ofa@psal for a Graduate Program in
"Energy Science and Technology" and "Energy Paiity Management”

2006-Present, Member, Energy Institute Steering I@ittae

2008, Founding Faculty Member, UC Davis Energyitat

2005-2006, Hiring Committee and Interviewing Contget

2004-2005, Hiring Committee and Interviewing Contget

2002-2003, Hiring Committee and Interviewing Contget

2002-2007, Graduate Advisor

Oral committees: Dae-Wook Kim, Konstantinos MetdragNeil Norman (chair), Seungjoon
Lee, Wei-Min Hu, Lan Li, Sunhwa Lee, Byeongil AlMichele Amaral, David Ong, Adib
Bagh, Jason Lepore, Bei Li, Chenguang Li, Tinaddait Carlo Russo, Sandhya Patlolla, Peter
Huckfeldt. Kyungwon Rho

Boston University:
2000-2001, Finance Hiring Committee and Interviggv@ommittee
1999-2000, Finance Hiring Committee

RECENT MEDIA CITATIONS:

Print: Alameda Times-Star, Arizona Daily Star, Argus, Aldrketplace.com, Austin-
American Statesman, Boston Globe, Buffalo Newsif@aia Aggie, Contra Costa Times,
PE.com, bankrate.com, marketwatch.com, Crain’sritass Report (New York), Credit Card
Magazine, Kiosk Marketplace News, LA Observed, Liln&s, International Herald Tribune,
Northwestern Herald, Oakland Tribune, OregonianlaBglphia Inquirer, Providence Journal,
New York Times, Sacramento Bee, St. Petersburg g,i8alon.com, San Diego Union
Tribune, Salt Lake Tribune, San Diego Union TribuBE Chronicle, San Mateo County
Times, Santa Rosa Press Democrat, Sarasota Haibld&, Scripps News (DC), Tuscaloosa
News Sun Herald, Quad City News (lowa), WinstoneSalournal, Worcester Telegram
Radio: KQED'’s “Forum”, KXJZ, KFBK, KUOP, KCBS, KNX, WHY Ywith Marty Moss-
Coane, WPR with Kathleen Dunn, Bloomberg Radio, hasted by Rush Limbaugh
Television: KCRA-3, CBS-13 Sacramento, NBC Nightly News, ABONd News, CBS
Evening News, ABC Good Morning America
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TIMOTHY E.LIPMAN, PHD

Co-Director

Transportation Sustainability Research Center

Institute of Transportation Studies

2614 Dwight Way, 2na Floor, MC 1728

Univerdsity of California, Berkeley, CA 94720-3830
Phone: 510-642-4501 Email: telipman@tsrc.berkeley.edu
http:/www.its.berkeley.edu/sustainabilitycenter/

PROFESSIONAL PREPARATION

Stanford University Anthropology B.A., 1990

University of California — Davis Transp. Technologiyd Policy M.S., 1998

University of California — Davis Ecology (Envt'| Roy Analysis AOE) Ph.D., 1999
University of California — Davis Inst. of Transpation Studies Postdoc, 2000
University of California — Berkeley Energy and Resmes Group Postdoc, 2000-2003

APPOINTMENTS

May 2008 — presen€o-Director, Transp. Sustainability Research Center, UC Belkel

July 2006 — April 2008Resear ch Director, Transp. Sustainability Research Center, UC Beykel
February 2004 — presem{ssistant Resear ch Engineer, Inst. of Transportation Studies, UC Berk.
2005 — presentM ember, Transportation Research Board Committee on Tatesjion Energy
ADC70

November 2003 — June 2004ssistant Resear ch Scientist, Energy and Resources Group, UC Berk.
June 2003 — October 2003taff Resear ch Associate, Energy and Resources Group, UC Berkeley
January 2003 — May 200Bost-Doctoral Resear cher, Inst. of Transportation Studies, UC Davis
September 2000 — August 20@2ust-Doctor al Resear cher, Energy and Resources Group, UC Berk.
January 2000 — August 200Rost-Doctoral Researcher, Inst. of Transportation Studies, UC Davis

SELECTED PEER-REVIEWED JOURNAL PUBLICATIONS
Lipman, Timothy E. and Mark A. Delucchi (2006), “Amalysis of the Retail and Lifecycle Costs of
Hybrid Electric Vehicles, Transportation Research —I1(2): 115-132.

Lipman, Timothy E., Jennifer L. Edwards, and DaiMelKammen (2004), “Fuel Cell System
Economics: Comparing the Costs of Generating PaviterStationary and Motor Vehicle PEM Fuel Cell
Systems,'Energy Policy32(1): 101-125.

Lipman, Timothy E. and Mark A. Delucchi (2002), “iEssions of Nitrous Oxide and Methane from
Conventional and Alternative Motor Vehicle§limatic Changeb3: 477-516.

Brodrick, Christine-Joy, Timothy E. Lipman, Mohamangarschi, Nicholas Lutsey, Harry A. Dwyer,
Daniel Sperling, S. William Gouse, D. Bruce Haraad Foy G. King (2002), “Evaluation of Fuel Cell
Auxiliary Power Units for Heavy-Duty Diesel Truckslransportation Research —T§4): 303-315.

Herzog, Antonia V., Timothy E. Lipman, JenniferEdwards, and Daniel M. Kammen (2001),
“Renewable Energy: A Viable ChoiceEhvironmen#3 (10): 8-20.

Delucchi, Mark A. and Timothy E. Lipman (2001), “Amalysis of the Retail and Lifecycle Cost of
Battery-Powered Electric VehiclesTtansportation Research —® 371-404.

Lipman, Timothy E. and Daniel Sperling (1997), "€casting the Cost Path of an Electric Vehicle Drive
System: A Monte Carlo Experience Curve Simulatidmgnsportation Research Recatf87: 19-26.
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ADDITIONAL SELECTED PUBLICATIONS
Lipman, Timothy E. (2004), “Integration of Motor Wiele and Distributed Energy Systems,”
Encyclopediaf Energy,Academic Press/Elsevier Inc., ISBN 0-12-176480,dar

Lipman, Timothy E. and Daniel Sperling (2003), “FGell Commercialization Perspectives: Market
concepts, competing technologies and cost chaltefuggeautomotive and stationary applications,”
Handbook of Fuel Cells — Fundamentals, Technolagg, Applications, Vol. 4: Fuel Cell Technology
and Applications Part 2Edited by W. Vielstich, H. Gasteiger, and A. Lamlahn Wiley and Sons, Ltd.,
Chichester, pp. 1318-1329.

Shaheen, Susan, Timothy Lipman, and Elliot Ma2i@0g), “F-Cell” Fuel Cell Vehicle Fleet Driver
Response Study,” Prepared for DaimlerChrysler Rebesnd Technology North America, December.

Weinert, Jonathan X. and Timothy E. Lipman (20@6) Assessment of the Near-Term Costs of
Hydrogen Refueling Stations and Station Componérss,of Transportation Studies, Davis, UCD-
ITSRR-06-03, January.

Delucchi, Mark A. and Timothy E. Lipman (2003) Lifecycle Emissions Model (LEM): Lifecycle
Emissions from Transportation Fuels, Motor Vehiclesnsportation Modes, Electricity Use, Heating
and Cooking Fuels, and Materials, APPENDIX A: Enetise and Emissions from the Lifecycle of
Diesel-Like Fuels Derived From Biomassst. of Transportation Studies, Davis, UCD-ITR-R3-17A,
December 1.

Lipman, Timothy E. and Mark A. Delucchi (2008etail and Lifecycle Cost Analysis of Hybrid e
Vehicle Designsinst. of Transportation Studies, Davis, UCD-ITB-R3-01, April.

Lipman, Timothy E., Jennifer L. Edwards, and DaMelKammen (2002), “Economic Analysis of
Hydrogen Energy Station Concepts: Are “H2E-Stati@nKey Link to a Hydrogen Fuel Cell Vehicle
Infrastructure?’Energy Development and Technology Working PapeeS&DT-003, University of
California Energy Institute (UCEI), November.

SYNERGISTIC ACTIVITIES
2007-present: Co-Principle Investigator “Califor@bean Mobility Partnership” funded by AB
1811to test and investigate plug-in hybrid elecand fuel cell powered vehicles

= 2005-present: Co-Director of Pacific Region ComHikkeat and Power Application Center

= 2005-present: Co-Principal Investigator for NatidBeience Foundation MUSES Project:
Automotive Material Flows and Greenhouse Gas EmissPolicies

= 2001-2006: Research Track Director for UC Davis tdgen Pathways Program

= 2001-present: Ongoing development and use of th& IM¥8/Simulink Clean Energy Technologies
Economics and Emissions Model (CETEEM)
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Daniel M. Kammen

Research Focus: renewable energy science, technology and policy. Energy and ctihaige. Risk analysis.

a.Professional Preparation
Cornell University Physics (Cum Laude) B.A. 1984
Harvard University Physics M.A.1986
Harvard University Physics Ph.D. 1988

b. Appointments
Faculty PositionsClass of 1935 Distinguished Chair in Energy (2004P+@ifessor, Goldman School
of Public Policy, University of California, Berkeley (20@tesent); Professor, Energy and Resources
Group, University of California, Berkeley (2001-preseRtpfessor, Department of Nuclear
Engineering, University of California, Berkeley (2001-présehssociate Professor, Energy and
Resources Group (1998-2001); Assistant Professor ofcRaral International Affairs, Woodrow
Wilson School of Public and International Affairs, Prireetiniversity (1993-98).

Administration and Researcko-Director, Berkeley Institute of the Environment (2008sgnt);
Founding Director, Renewable and Appropriate Energy Labordtmiyersity of California,

Berkeley (1998-present); Director, Transportation SustaitaBiesearch Center (2008-present);
Postdoctoral Fellow, Department of Physics and Kennedy Soh@uvernment, Harvard University,
(1991 - 1993); Weizmann Postdoctoral Fellow, Divisionfjineering, and Division of Biology,
California Institute of Technology (1998 — 1991). Permaiketiow, African Academy of Sciences
(2000 — present). Fellow, American Physical Society (199@sent); Chair, Science, Technology
and Environmental Policy Program, Princeton Universit@41.9 1998).

National Advisory Board, Union of Concerned Scientist9&0 present); Board of Directors, The
Utility Reform Network (2002 — present), Associate Edifarnual Review of Environment and
Resource$2002-2006). Editor-in-Chietznvironmental Research Lettgf2006 - )

c. Publications (182 journal articles; 5 books; 20+ research reports; 1HbtlSe and Senate Committee
Testimonies)
(i) Selected Publications:

Farrell A. E., Plevin, R. J. Turner, B. T., Jones, AC(CHare, M. and Kammen, D. M. (2006)
“Ethanol can contribute to energy and environmental go8tsgnce311, 506 — 508.

Bailis, R., Ezzati, M. and Kammen, D. M. (2005) “Mortaktyd greenhouse gas impacts of biomass
and petroleum energy futures in Afric&Q8, Science98 — 103.

Jacobson, A. and Kammen, D. M. (2005) “ Science and engigeesearch that values the planet”,
The Bridge: Journal of the National Academy of Engineebiiqyter, 11 — 17.

Herzog, A. V., Lipman, T., Edwards, J. and Kammen, D(2001) “Renewable Energy: A Viable
Choice”,Environment43 (10), 8 — 20.

Ezzati, M. and Kammen, D. (2001) “Indoor air pollution frolomass combustion and acute
respiratory infections in Kenya: An Exposure-response §tlde Lancet358, 619 — 624.

(i) 5 other selected publications:

Kammen, D., M. and Pacca, S. (2004) “Assessing the costeadificity”, Annual Review of
Environment and Resourge9, 1 — 44,

Bailis, R., Ezzati, M., and Kammen, D. M. (2003) “Greerd®Gas Emissions from Cooking
Technologies in Kenya'Environmental Science & Technolo@y (10), 2051 - 2059.

Margolis, R. and Kammen, D. M. (1999) “Underinvestmetie €nergy technology and R&D policy
challenge”,Science285, 690 - 692.

Duke, R. D., and Kammen, D. M. (1999) “The economicsrargy market transformation
initiatives”, The Energy JournaP0 (4), 15 — 64.

Kammen, D. M. and Hassenzahl, D. $hould We Risk I1t? Exploring Environmental, Health and
Technological Problem Solvin@ press, Princeton University Press. ISBN 0-169-66812
406 pages, 77 tables, 82 illustrations.. Book Club Sefedtibrary of ScienceReviewed in
ScienceRisk AnalysisScientific American, WholeEarth.
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d. Synergistic Activities.

(i) Research and Project Management
Member, Science and Technology Review Committee for the Glovadement Facility (GEF) for
which he has reviewed, and participated in project and budgettwaland oversight for over $1.4
billion in international energy and environmental projectsgiraqin size from $5 - $400 million.

(i) Curriculum and Program Development
Professor Kammen was the Chair of the Science, Technology airdritnental Policy Program at
Princeton University, and played a significant role in devatpghe program. At Berkeley he is the
founding director of the Renewable and Appropriate Energpiadbry. Kammen has been a visiting
lecturer in the Department of Physics, the University of N&iro

(i) Public and Professional Lectures
Professor Kammen lectures internationally on a regular bagisinvihe last six months he has been
invited and spoke at the Erice Summer School in Physicsy Staily; Harvard, Princeton, Yale,
Stanford, and Duke Universities. He has testified in fobfioth U. S. House and Senate committees
on a range of energy, environment, and technology issuegllda Wwont of State of California
energy and environmental committees. He has appearé@ dfinutes; CNN,, the ABC nightly
news, NPR (and is a regular guestSmence Friday)and local news on a regular basis.

(iv) Consultancies
Professor Kammen provides technical and policy input, reyiamg consultancies for, the U.S.
Department of Energy, and the U.S. Environmental Protectyaméy, the World Bank, the World
Health Organization, the President’s Council on Science atithbéogy, the Government of Sweden,
and the United Nations Development Program.

(v) Service to the Scientific Community
Professor Kammen is a regular reviewerSorence, Nature, Environmental Science & Technology,
Energy PolicyandThe Energy JournaHe has served on US EPA and US DoE review committees,
as well as on committees of the National Academy of Science. Kaimesdmeen on the review
committee for the Link Energy Fellowships, and a consultarihie e7 Energy Fellowships (for
students from developing nations).

(vi) Student Mentoring
Professor Kammen currently supervises 13 doctoral and stersasudents, teaches courses on
career development in energy science and policy, teaches the gatewaytti@dRerkeley on
‘energy and society’, and has mentored undergraduates at UC BeRétegton University, and
Harvard University, as well as through minority science antheegng programs. His doctoral
advisees are now on the faculty at: Harvard (School of Publitl), Yale (School of Forestry), U.
of Wisconsin (Environmental Sciences), Georgetown (ScHdebreign Service),

(vii) Research Support
US Dept. of Energy, The Energy Foundation, the Califormiergly Commission, ITRI (current
annual total ~ $1,500,000/year).

e.Collaborators& Other Affiliations

(i) Collaborators: Dr. Evans Kituyi (University of Nabi); Professor Majid Ezzati (School of Public

Health, Harvard University); Professor John Holdren (Harémiversity); Professor José Goldemberg

(University of Sao Paulo, Brazil).

(i) Graduate and Postdoctoral Advisors
Post-doctoral Advisor: Harvard: Professor Richard Wilgemyéics)
Post-doctoral Advisor: Caltech: Professor Christof Kodhijsibn of Biology and Computational
Neural Systems Program
Ph.D. Advisor: Professor Robert Westervelt, Harvard UnityegSolid State Physics)

(iii) Graduate Students and Post-graduate Scholars Sponpastd (years)
Post-doctoral advisees at the University of California, Berk@gyDr. Tim Lipman, Dr. Magda
Moner e Girona; Dr. Antonia Herzog; Dr. Lloyd Connely, Frank Ling
Post-doctoral advisees at Princeton University (2): Dr. D#tagister, Dr. Lisa Naughton
Doctoral advisees at the University of California, Berkelegampleted, 9 current)

Doctoral advisees at the Princeton University (5)
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SUSAN A. SHAHEEN, PH.D.
CoO-DIRECTOR & RESEARCH SCIENTIST

Transportation Sustainability Research Center (TSRG@iversity of California (UC),
Berkeley;
1301 S. 46 Street; Richmond Field Station, Building 190; Riamd, CA 94804-4648
510-665-3483 (O) and 510-665-2183 (F)
& Institute of Transportation Studies-Davis, Unisigy of California, Davis (UC Davis)
sashaheen@tsrc.berkeley.edu and sashaheen@uatlavis.e
www.imr.berkeley.edu and www.its.berkeley.edu/sastailitycenter/

Susan Shaheen holds a joint research appointmére aransportation Sustainability Research
Center (TSRC) and at the Institute of Transpornta8tudies-Davis. She is codirector of the
transportation track of the Energy Efficiency CeraeUC Davis and was honored as the first
Honda Distinguished Scholar in Transportation i0@0n October 2007, Susan became a
Research Director at TSRC. She served as the RolRghavioral Research Program Leader at
California Partners for Advanced Transit and Higiigvcom 2003 to 2007, and as a special
assistant to the Director’s Office of the Calif@mepartment of Transportation from 2001 to
2004. She has a Ph.D. in ecology, focusing on m@olgy management and the environmental
aspects of transportation, from the University afifdrnia, Davis (1999) and a MS in public
policy analysis from the University of Rocheste®90). She completed her post-doctoral studies
on advanced public transportation systems at URdbey in July 2001. She has earned a variety
of honors, including two national research awaaddher contributions to a carsharing pilot
program (2001) and a smart parking field test (200bMay 2007, she received the Berkeley
Staff Assembly’s “Excellence in Management” awaraecognition of her leadership and
mentorship. She has co-edited one book and autlddrgulirnal articles and over 45 reports and
proceedings articles. She is the chair of the Emgrgnd Innovative Public Transport and
Technologies (AP020) Committee of the TransporteRe@search Board and served as the
founding chair of the Carsharing/Station Car TRB&mmittee from 1999 to 2004.

EDUCATION

Ph.D., University of California, Davis, Ecology Witnajor emphasis on Technology
Management and Environmental Aspects of Transpont&8.8 GPA), September 1999.
Dissertation Dynamics in Behavioral Adaptation to a Transpoxatinnovation: A Case
Study of CarLink—A Smart Carsharing System.
Thesis CommitteeDaniel Sperling (chair), Ryuichi Kitamura, andcRard Walters.

MS, University of Rochester, Public Policy Analysi®90

BA, Nazareth College, Political Science and Engli988 (Magna Cum Laude)
SELECTED BOOKS, PAPERS, AND REPORTS

Shaheen, Susan, Elliot Martin, and Timothy Lipm2008). “Dynamics in Behavioral

Response to A Fuel Cell Vehicle Fleet and Hydrogeeling Infrastructure,”
Transportation Research Recoiublication Forthcoming.
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Shaheen, Susan and Timothy Lipman (2007). “ReduGirggenhouse Gas Emissions and
Fuel Consumption: Sustainable Approaches for Serfaeansportation,Journal of
International Association of Traffic and Safetyedaes (IATSS) Researdfol. 31, No.

1! pp' 6'20.

Lipman, Timothy and Susan Shaheen (200%ggrated Hydrogen and Intelligent
Transportation SystesiEvaluation for the California Department of Transgation.
UCB-ITS-PRR-2005-34. Berkeley, California. Novem&3 pp.

Shaheen, Susan, Andrew Schwartz, and Kamill Wipke(@004). “Policy
Considerations for Carsharing and Station Cars:itddong Growth, Trends, and Overall
Impacts,”Transportation Research Recdxib. 1887, pp. 128-136.

Shaheen, Susan and Rachel Finson (2004). “Intetlifiansportation System£nhergy
Encyclopedia, Volume, pp. 487-496

Shaheen, Susan, Caroline Rodier, and Rachel F(28@3).Smart Mobility Model: A
Case Study of the University of California & DaRegion.UCB-ITS-PRR-2003-28.
Berkeley, California. September, 184 pp.

Rodier, Caroline and Susan Shaheen (2003). “Canghand Carfree Housing: Predicted
Travel, Emission, and Economic Benefits. A Casalgnf the Sacramento, California
Region,” Transportation Research Board88nnual MeetingWashington, D.C.

Shaheen, Susan A. (2002). Introducti@ool Careers for Girls as EnvironmentalisBy
Ceel Pasternak. Manassas Park, VA: Impact Pulbitsitil29 pp.

Shaheen, Susan (1998ynamics in Behavioral Adaptation to a Transpouati
Innovation: A Case Study of CarLink—A Smart CarsltaSystemUCD-ITS-RR-99-16.
Davis, California. October, 232 pp.

Sperling, Daniel and Susan A. Shaheen, editor@5)L&nergy Strategies for a
Sustainable Transportation Systeashington, D.C.: American Council for an Energy
Efficient Economy. 305 pp.

Shaheen, Susan A., Randall Guensler, and Frandiaca1995). “Concurrent Air
Quality Analysis Under the National EnvironmentaliBy Act and Transportation/Air
Quality Conformity,” Transportation QuarterlyFall, pp. 55-72.
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CAROLINE J. RODIER, Ph.D.

CURRENT POSITION
Senior Researcher, Transportation SustainabiliseBeh Center, Institute of Transportation Studies,
University of California, Berkeley

EDUCATION
Ph.D., University of California, Davis, Ecology Wwimajor emphasis on Environmental
Policy Analysis and Transportation Planning, 2000
Dissertation: Uncertainty in Travel and Emissionsddls: A Case Study in the Sacramento
Region. Dissertation Committee: Robert JohnstotrjdkaMokhtarian, James Cramer & David
Layton
M.S., University of California, Davis, Community &opment, 1994
B. A., Barnard College, Columbia University, U.Sstary, 1989

EVALUATION RESEARCH

» Apply research evaluation methods (observatiomaii$ groups, and surveys) and conduct
analyses to evaluate the travel, economic, andemviental effects of transportation and
environmental policies (e.g., transit access tetdgies, social marketing, automated speed
enforcement, and changeable message signs).

» Conduct analysis of institutional barriers and stepovercome those barriers (including
literature reviews and expert and stakeholderitgers) related to implementation and
enforcement of transportation and air quality ragahs.

* Investigate the transportation needs and prefeseofodiverse population groups, such as elderly,
immigrants, and Native Americans, and explore irtive transportation programs to address
those needs.

URBAN MODELING RESEARCH

* Research support to the California Air Resourcesr@m their development of the scoping plan
for Assembly Bill 32, th&slobal Warming Solutions Adncluding an international review of the
modeling evidence on the effectiveness of tratasit] use, and auto pricing strategies.

* Modeled and evaluated the travel, economic, anduaility effects of intelligent transportation
systems technologies, high occupancy vehicle larassit improvements, and road pricing and
land use control measures using the SacramentaBmdravel, and emissions models.

» Apply methods of uncertainty analysis to assesg®in land use, travel, and emissions models
due to model structure, population projections, iaddced travel in the Sacramento region.

SELECTED EXPERT SERVICE/PROFESSIONAL ACTIVITIES

» Research Associate, the Mineta Transportationtiisti

» Transportation Research Board, Integrated Trarsiantand Land-Use Modeling
Subcommittee, Member, 2001 to present

» Transportation Research Board, New Public Tranapiort Technologies Committee, Friend,
2004 to present

SELECTED PUBLICATIONS

Rodier, C. (2008). An International Review of thedi¢ling Evidence on the Effectiveness of Transit,
Land Use, and Auto Pricing Strategies. Submittetthéol ransportation Research Record. August 1.
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Rodier, C., Benjamin-Chung, J. and S. Shaheen8j2@mprehension and Effectiveness of Safety
Campaign Messages on Changeable Message Signsittedimthe Transportation Research Record.
August 1.

Rodier, C., Benjamin-Chung, J. and Shaheen, S8j2@hangeable Message Signs: Understanding
Public Preferences for Message Types. Submittéuetd ransportation Research Record. August 1.

Rodier, C. J. (2007). Verifying the Accuracy ofridaUse Models Used in Transportation and Air
Quality Planning: A Case Study in the Sacramen#if@nia Region. WCTR Annual Meeting, June.

Shaheen, S.A. and C.J. Rodier. (2007) Video Ttdmaining for Older Travelers: A Case Study of the
Rossmoor Senior Adult Community, Californi@iransportation Research Recadxb. 2034, pp. 11-
1889-194

Rodier, C. J., S. A., Shaheen, and A. Eaken. (ROUEansit-based smart parking in the San Francisc
Bay Area: an assessment of user demand and bedleeffarcts. Transportation Research Record (in
press).

Rodier, C. J. (2004). Verifying the Accuracy cégonal Models Used in Transportation and Air
Quality Planning. Transportation Research Recd@8145-51.

Rodier, C. J., R. A. Johnston, and D. R. Shabaza003). Evaluation of advanced
transit alternatives using consumer welfare. Im§pmrtation and Information Systems.
Cheltenham, England: Edward Elgar Publishing, 139-1

Rodier, C. J. and R. A. Johnston. (2002). Unaedacioeconomic projections used in
travel and emissions models: could plausible emesalt in air quality nonconformity?
Transportation Research A, 36:613-631.

Hunt, J. D., R. A. Johnston, J. E. Abraham, C.qHi&, G. Garry, S. H. Putham, and T.
de la Barra. (2001). Comparisons from the Sacrémmdodel Testbed. Transportation
Research Record, 1780, 53-63.
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Walter McM anus, PhD

Automotive Analysis Division
University of Michigan Transportation Research ibase¢
2901 Baxter Road, Room 402
Ann Arbor, MI 48109-2150
734.936.2723
watsmecm@umich.edu

Summary

Dr. Walter McManus is the Director of the Automainalysis division of the
University of Michigan Transportation Researchilus¢. He earned a BA in economics
from Louisiana State University in 1977 and a Ph[@e¢onomics from UCLA (where he
was a Stern Fellow) in 1983.

He is an economist with 20 years of automotive gtiduexperience. His research applies
tools of econometrics, competitive analysis, consudemand theory, and forecasting to
understand trends in the automotive industry. Bls®arch currently focuses on the
interaction of the industry, society, and the eowment.

His business career included nine years at GeMotdrs (1989-1998) where he held
various positions in market analysis and produgetimment; and spent a year in a
components factory as a production supervisor. étaime executive director of
forecasting and analytics for J.D. Power and Asgesiin 1999. In addition to leading
the firm’s global forecasting activities, he contketresearch on the market diffusion of
new technologies including powertrain (electricbhg, clean diesel, fuel cell, alternative
fuels), safety, and telematics.

He recently received the National Association fasiBess Economics’ Abramson

Award for an article (the link between gasolinecps and vehicle sales: economic theory
trumps conventional Detroit wisdom, Business Ecoiesrhi.42(2007): pp. 54-60) that
criticized automotive industry economists for fagjito recognize and warn the industry
of the growing value of fuel economy to consuménses2001. The result was that
Detroit’s false conventional wisdom was not overtd before billions of dollars of
losses accumulated and thousands of American jebs last.

Areas of Expertise

* Applied economics

* Statistics and forecasting

* Applied demographic analysis

» Development of tools that enable better decismaking
* Visualizing information

* Leadership in multi-disciplinary project teams

» Knowledge of markets for light-duty vehicles

» Knowledge of technology diffusion in light-dutghicles
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Education
* PhD in Economics, UCLA, 1983
* Sidney Stern Fellow
* Fields: Labor, Industrial Organization, and Ecaomirics
» Dissertation: “Effects of Language Characterssta Earnings”
* Dissertation Advisor: Finis Welch
* U.S. DOL Dissertation Fellowship in Employmentlafraining
* BA in Economics, Louisiana State University, 1977

Selected Publications

The Link Between Gasoline Prices and Vehicle S8lesiness Economics, p. 53,
January 2007.

Economic Analysis of Feebates to Reduce Greent®asé&missions from Light
Vehicles for CaliforniaAutomotive Analysis Division (AAD), University dflichigan
Transportation Research Institute (UMTRI), May 2007

Can Proactive Fuel Economy Strategies Help AutomsalMitigate Fuel-Price Risks?
Automotive Analysis Division, (AAD), University dflichigan Transportation Research
Institute (UMTRI), September 2006.

In The Tank — How Oil Prices Threaten Automakersfis and Jobgwith Alan Baum,
Roland Hwang and Daniel D. Luria) Office for thes®y of Automotive Transportation,
July 2005.

The Effects of Higher Gasoline Prices on U.S. Ligélicle Sales, Prices, and Variable
Profit by Segment and Manufacturer Group, 2001 2004 Office for the Study of
Automotive Transportation (OSAT), University of Miigan Transportation Research
Institute (UMTRI), June 2005.

Future Potential of Hybrid and Diesel Powertraimsthe US Light-Duty Vehicle Market,
(with David L. Greene and K.G. Duleep), Report epartment of Energy, July 2004.
Consumer Acceptance of Alternative Powertralg, Industry ReviewTroy, MI:

Original Equipment Suppliers Association, 2004.

Analysis of Tax Credits to Stimulate Consumer DaehfanAdvanced-Technology Fuel-
Efficient Vehicles: Final Report to Energy Futuredlition Transportation Working
Group.Westlake Village, CA: J.D. Power and Associate€320
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RESUME
NAME: K.G. Duleep
EDUCATION:
1989 M.B.A.
Wharton School
University of Pennsylvania
Philadelphia, Pennsylvania
1976 Doctoral Candidate (Aerospace Engineering)
University of Michigan
Ann Arbor, Michigan
1975 MS (Aerospace Engineering/Computer Information
and Control Engineering)
University of Michigan
Ann Arbor, Michigan
1972 Bachelor of Technology (Aerospace Engineering)
Indian Institute of Technology
Madras, India
EXPERIENCE:
1988 - Energy and Environmental Analysis, Inc.
Present Managing Dir ector
Responsible for directing all studies in the asEmobile source emission control,
alternative fuels and fuel economy. Major projaatsler his direction include:
* Analysis of new technologies to improve vehiclel ie@nomy
» Development of techno-economic models to forecaktole attributes in
the future
» Analysis of new polices and regulations to imprbght vehicle fuel
economy
» Support to auto manufacturers on compliance isslasng to fuel
economy and emissions
1979 - Energy and Environmental Analysis, Inc.
1988 Senior Professional

Lead engineering analyst on all mobile source domnssand fuel economy issues. Projects included:

* Development of emission factors for EPA’'s MOBILE3Mdels.
» Estimates of 1990/95 fuel economy potential for dstit auto-manufacturers.



1976 -
1978

1973 -

1976

1972 -
1973
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Analysis of post-1990 heavy duty truck emissiomdgads, and implications
for Canada.

Analysis of alternative fuel vehicle technology d®pment.

Review of inspection/maintenance data from sestedes to estimate program
quality.

Bendix
Electronics and Engine Control Systems Group
Senior Engineer

Involved in a variety of design and developmefguts. Participated in the
development of digital microprocessor control ofjiele parameters and
contributed to control law analysis. Helped desgriosed loop fuel control for
3-way catalyst systems, focusing on oxygen sengeradion.

Studied the design and development of a low-dwosttte body injection (TBI)
system and marketed TBI systems to Chrysler, FoddRiat. Also helped design
dynamometer testing and vehicle calibration to nfeestatutory emission
standards of 0.4 HC/3.4 CO/0.4 N@mile.

University of Michigan
Department of Aerospace Engineering
Resear ch Assistant

Involved in gas dynamics/combustion/control prtged\NQ; formation during
methane combustion (AGA Project), control theorgleation to anticoagulant
therapy, and light aircraft engine emissions baseli

Aeronautical Development Establishment
Junior Scientific Officer

Scientific officer in the aerodynamics divisiorspensible for aerodynamic
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U.S. Department of Energy, approximately $75,00@m@leted.
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and complexity, but shares a similar structuréhasohe proposed for manufacturer’s decision moge),

a nonlinear optimization model subject to logitrusehavior constraints.

Several previous studies of the manufacturing dadyicle costs of advanced technology vehicles,
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Assessment of Material Flows in the US Auto IndustrResponse to Greenhouse Gas Emission
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Stakeholder Assessment of Potential AB 32 PolidMddsResources Board, 2007-2008 (Shaheen and
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