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EXECUTIVE SUMMARY

This document reports the results of an analysis of the Jack Faucett
Associates Automobile Sector Forecasting Model. The analysis, performed
by the Policy Analysis Division of the Highway Safety Research Institute
(HSRI) of The University of Michigan, was sponsored by the Motor Vehicle
Manufacturers Association and is part of a larger HSRI study entitled
"Analytical Study of Mathematical Models of the Motor Vehicle System."

The Faucett model is an econometric stock-adjustment long-term
automobile sector forecasting model. The model is relatively small, and
is designed to forecast the effects of such policies as fuel economy
standards, gasoline taxes, and excise taxes and rebates on: gasoline
consumption, vehicle miles traveled (VMT), new-car prices and sales, the
number of cars in use (by size and age), and fuel economy. These
forecasts are generated by the model given a proposed policy, in the
context of projected technological cost relationships, demographic trends,
and economic conditions.

The HSRI analysis is based primarily on documentation for the original
version of the model and a computer-programmed version received in
August 1977. Three additional versions were received in February 1979,
but have essentially the same model structure, and this report's findings
generally apply to the revised versions as well. The computer program
contains a number of typographical and programming errors (some
corrected in later versions) so that the program generates the output of a
slightly distorted version of the Faucett model.

The HSRI analysis of the model consisted of four tasks dealing with:
model structure, algorithm and equation structure, forecasting behavior,
and model sensitivity.

In the model structure task the theory and logic underlying the model
were investigated. The Faucett model was a pioneering attempt to model
manufacturers' responses to government policy alternatives given
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technological fuel-economy cost trade-offs by simulating the changing size
and composition of the U.S. automobile stock. The model consists of a
supply side, called the Industry/Policy Block, and a demand side containing
all of the econometric equations, called the Demand Block. The HSRI
staff found a major weakness of the model structure to be limitations
imposed by basic assumptions in the Industry/Policy Block, particularly the
assumptions that manufacturers minimize vehicle ownership costs to the
consumer and that the proportion of each size class produced by each
manufacturer is constant. As a result of the latter assumption the model
cannot be relied upon to produce a reasonable measure of corporate
average fuel economy (CAFE).

Equation structure was studied by reestimating the model's econometric
equations and checking the reestimated coefficients against those reported
by the authors. The regression statistics were also evaluated. The HSRI
staff successfully reproduced all but one of the six econometric equations,
the automobiles per household by income bracket equation. Unfortunately,
this equation is the cornerstone of the stock-adjustment process. The
major findings concerning equation structure are:

e The automobile target stock equation, which drives the
model, is incomplete and as a result is thought to be
unreliable. The model generates target stock as a funection
of only income and population, omitting other relevant
variables, and limiting the long-run responsiveness of the
model to policy variables. The model also ignores all
nonhousehold (government, corporate, and institutional)
ownership and purchase. Nonhousehold response to policy
is likely to differ substantially from household response.
Statistical evidence provided by the model does not support
the inclusion of the stock adjustment variable in the
new-car sales equation, casting serious doubts upon the
model's stock adjustment process. The result: the model

seems likely to incorrectly predict policy impaets on
new-car sales.

e The size composition of new-car sales (market shares) is
modeled on the basis of restrictive assumptions that are at
best partially correct. In addition, the modeling approach
employs a questionable normalization procedure that has
anomalous implications. The result: policy impacts on the
size composition of new-car sales (hence, ultimately on the
composition of the stock of cars in use) are unreliably
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predicted. Since these predictions are critical in
predicting corporate average fuel economy, poor
performance here imposes a serious limitation on the
model's usefulness.

Forecasting behavior was examined by exercising the Demand Block
over the sample period (1963-1973), and the full model over three
postsample years (1976-1978). Over the sample period the Demand Block's
forecasts had percentage root mean square errors (%RMSE) of 9.14 for
new-car sales, 8.89 for scrappage, 3.33 for vehicle miles traveled (VMT),
and 6.35 for gasoline consumption. Size-class market shares are least
accurately forecast with %RMSEs of 11.03 to 28.89. A naive linear time
trend yielded lower mean square errors (MSE) for all forecast variables
except small-car market share. A statistical test indicates that a naive
time trend outperforms the Faucett model in forecasting VMT, gasoline
consumption, and large-car market share. The model's forecasts for the
remaining variables are indistinguishable at the 0.05 significance level
from those of a time trend.

Over the postsample years, the Faucett model's forecasts of new-car
sales and gasoline consumption have lower MSEs than the time trend's
forecasts. The model's forecast of VMT has a higher MSE. A statistical
test indicates that for these three variables, the postsample forecasting
performance of the model and a time trend are indistinguishable at the
0.05 level of significance. However, the real inaccuracy of the sales
forecasts generated by the model is suppressed by an adjustment factor,
which affects nothing else in the model. Without the adjustment factor
the time trend's forecast for new-car sales is indicated at the 0.10
significance level to outperform the model.

Comparison of sample period and postsample period forecasting
performance provides some evidence, though not overwhelming, that a
time trend performs less well in the postsample period than in the sample
period. The model's performance seems to be generally the same for
both periods, except for the gasoline consumption forecast, which has a
significantly lower MSE over the postsample period. The reasons for this
result indicate that users of the model should be aware of the set of
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subfleet fuel economies present in the version of the model they are
using. Furthermore, they should cautiously use the results of this
postsample forecasting experiment as an indication of the model's future
year forecasting performance.

Sensitivity analysis of the Demand Block indicates that changes in
automobile prices and operating (fuel) costs substantially affect the annual
new-car sales forecast in the short run, but have no important effects on
sales in the long run (after 9 years). No matter what the policy impacts
on price and operating cost are, the model predicts only a temporary
impact on annual new-car sales. The effects of changes in prices and
costs on the forecasts of other variables generally tend to increase over
time, which is reasonable. The responses of size composition of sales
forecasts are sometimes implausible, often because of the normalization
procedure used to ensure that the market shares sum to one. Some of
the impact price elasticities implied by the model have positive signs.
These incorrectly signed elasticities are contrary to economic theory, and
may be attributed to the model structure. |

Sensitivity analysis of the Policy Block reveals that large percentage
changes in the policy variables produce relatively smaller changes in
automobile price and fuel economy forecasts. Fuel economy is
particularly insensitive to gasoline price. A point in the model's favor is
that the Policy Block is quite insensitive to its most questionable
assumptions, although large changes in the assumed technological costs of
fuel economy improvements can substantially alter the price and fuel
economy forecasts.

General Conclusion. The Jack Faucett Associates Automobile Sector

Forecasting Model is a weak forecasting tool, inadequate and unreliable
for analysis of government policy alternatives. If policy analysts use the
Faucett model, they should correct the model in the ways suggested by
the HSRI staff and explicitly account for the numerous problems noted by
the HSRI staff prior to any policy recommendation.
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1.0 INTRODUCTION

This report presents an analysis of the Jack Faucett Associates' (JFA)
Automobile Sector Forecasting Model (Jack Faucett Associates 1976a, b, &
e¢; Difiglio and Kulash 1976, 1977), performed between September 1978 and
August 1980 by staff of the Highway Safety Research Institute (HSRI) of
The University of Michigan. The analysis was sponsored by the Motor
Vehicle Manufacturers Association (MVMA) and was part of a larger study
entitled "Analytical Study of Mathematical Models of the Motor Vehicle

System," which has been underway since early 1977.

1.1 Backgound

The use of mathematical models to estimate and evaluate the impacts
of existing or proposed public policies has become common in recent
years. Mathematical models attempt to distill a legion of complex
interrelationships into a systematie and explicit reflection of the most
significant aspects of reality and to reduce large masses of data to key
numbers and statisties. The attraction these models hold for those
formulating policies concerning complex social problems is obvious. The
last decade has seen the extensive development of mathematical models
relating to various aspects of the motor vehicle transportation system.
These models are used to study the problems of the national highway
system, highway safety, environmental pollution, energy consumption, and
related areas.

Increasingly, the federal government has used these models, many of
which it has sponsored, as tools in research leading to the formulation of
policies, regulations, and legislative decisions related to the motor vehicle
industry. Notable examples include the use of models in the 1974 Project
Independence Study by the Federal Energy Administration (Jack Faucett
Associates and Interagency Task Force on Energy Conservation 1974) and
by the 1976 Federal Task Force on Motor Vehicle Goals Beyond 1980 (U.S.



Department of Transportation 1976).

The Department of Energy, Energy Information Administration has
extensively used these models in annual reports to Congress (U.S.
Department of Energy 1978a, 1978b, 1979a, and 1979b). Other federal
agencies using motor vehicle transportation models include the National
Highway Traffic Safety Administration, Office of Intermodal
Transportation, Transportation Systems Center, Federal Railway
Administration, Senate Finance Committee, International Trade
Commission, Environmental Protection Agency, Department of the
Treasury, Council of Economic Advisors, and the Office of Technology
Assessment (Saalberg, Richardson, and Joscelyn 1979). The applications
generally involve the estimation of the impact of a policy or
economic/technological scenario on future automobile demand, vehicle
miles of travel, fuel consumption and fuel economies.

Recognition of the increasing role of models in federal efforts to solve
critical economie, resource, and social problems led the Highway Safety
Research Institute in early 1976 to initiate a preliminary inquiry into the
use of models in policy formulation related to the motor vehicle
transportation system. ("Policy" includes rules, regulations, legislation,
and executive directives.) Within the time frame of that study,
approximately thirty models were identified that deal with vehicle
production and resource accounting, vehicle miles of travel, automobile
sales and pricing, vehicle fleet attributes, and energy factors. It was
evident at the end of the preliminary study that the universe of relevant
models was large and growing larger. Furthermore, it was concluded that
while evaluation of suech models is desirable, any in-depth analysis would
require computer implementation and exercise of models to assess their
capabilities and limitations.

On the basis of the preliminary study, the MVMA agreed to sponsor an
effort to expand the inventory of relevant models and to begin detailed
analysis and evaluation of selected models. Summaries of some 142
models and 116 abstracts of associated literature have been reported by
Richardson, Segel, Barnett, and Joscelyn (1979) and by Richardson, Segel,
and Joscelyn (1980). Models selected for analysis were thought to be



particularly important to policy formulation processes at the federal level,
based on information obtained in the inventory effort. This phase of the
"Analytical Study of Mathematical Models of the Motor Vehicle System"
began in early 1977.

The study has four broad objectives: (1) to identify and analyze
mathematical models relating to the motor vehicle transportation system,
(2) to provide the capability to exercise selected models on a computer,
(3) to exercise models under alternative assumptions about future
conditions, and (4) to develop an understanding of the contexts in which
models are used in the policy decision-making process.

Two models were identified as being widely used or whose use may
have made significant contributions to policy analysis on the national
level. Studies have been completed on the analysis and applications of
the Wharton Econometric Forecasting Associates' Automobile Demand
Model (Golomb et al. 1979; Saalberg, Richardson, and Joscelyn 1979). The
second model chosen for study was the Faucett Automobile Sector
Forecasting Model.

This report presents an analysis of the Faucett model's adequacy in
meeting the model's stated purpose. This purpose is to forecast the
impacts of various federal fuel economy policies on new-car sales, stock
of cars in use, vehicle miles of travel, new-car prices, and fuel
economies. Readers of this report should be familiar with the Faucett
Automobile Sector Forecasting Model. This report will be most useful to

those who are familiar with the model.

1.2 Background on the Faucett Automobile Sector Forecasting Model

The econometric equations comprising what is called the Automobile
Demand Block of the model were first developed in 1975 by Jack Faucett
Associates under the supervision of the Marketing and Mobility Panel of
the Interagency Task Force on Motor Vehicle Goals Beyond 1980 (Difiglio
and Kulash 1976). The "policy" part of the model, referred to here as the
Automobile Industry/Policy Block, was added later under the sponsorship
of the Federal Energy Administration (FEA). The model continues to be
developed under the sponsorship of the U.S. Department of Energy (DOE).



The model has been used primarily by DOE to forecast the effects of
various proposed federal fuel economy policies on gasoline consumption
and the behavior of the automobile industry. Model forecasts were used
in the 1977 Annual Report to Congress from the U.S. Department of
Energy. These forecasts indicated that the automobile manufacturers
would not meet the federally mandated fuel economy standards in the
1980s (U.S. Department of Energy 1978b, p. 15; Kelderman 1978), a
conclusion that was later revised. The model has also been used by the
National Highway Traffic Safety Administration to predict the effects of
safety regulations, by the Office of Intermodal Transportation of the U.S.
Department of Transportation (Saalberg, Richardson, and Joscelyn 1979, p.
18, p. 21), in DOE's 1978 annual report to Congress (U.S. Department of
Energy 1979a,b) and in the 1979 final report of the National Transportation
Policy Study Commission (National Transportation Policy Study Commission
1979).

The model's documentation (Difiglio and Kulash 1976, 1977; Jack
Faucett Associates 1976a, b, & c; Hittman Associates 1976) describes the
original or 1976 version of the model. In August 1977, HSRI acquired a
punch card deck containing an updated version of the program. This is
the version (referred to as "8/77") that is evaluated in this report. A
program listing of the "8/77" revision as received by the HSRI staff
appears in Appendix G. The basic structures of the two versions of the
model, including all of the estimated coefficients, are the same.

The HSRI staff has received three later versions of the model on tape,
called DL], DL2-76, and DL2-77. These versions are almost identical to
the earlier ones, as far as structure and coefficients are concerned, but
values for some of the exogenous variables are different. Some of the
other differences will be pointed out in later sections. In October 1979,
Energy and Environmental Analysis, Inc. (1979) published the results of a
study that revised the technological cost relations of the Faucett model.
It is not known if those substantial revisions will be incorporated into the
model. They are not considered in this model assessment.

Because the model was designed to forecast the impact of federal
policies on the automotive industry, it would be appropriate to consider
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evaluations of the model by governmental agencies, industry itself, and
outside parties. At this time the HSRI staff knows of no other
evaluations of the Faucett model by independent or governmental
organizations. The Motor Vehicle Manufacturers Association prepared two
general reports concerning the Federal Task Force on Motor Vehicle Goals
Beyond 1980, of which a version of the Faucett model is a part (Motor
Vehicle Manufacturers Association 1975, 1976). Another industry
perspective of the basis of the model can be obtained from Dr. Henry
Duncombe, Sr., who was chief economist for General Motors at the time
(Duncombe 1977). It is beyond the scope of this report to evaluate these
evaluations. They are cited here so. that a potential user of the model or
developers of alternative models can fully evaluate the difficulties
involved in this approach to modeling the interaction between public
policy and automobile industry action,

1.3 Assessing An Econometric Model: Approach of This Report

The Faucett model is primarily a recursive multiple-equation
econometric model but also includes a computational block for testing the
effects of federal fuel economy policies on the fuel economy ratings and
prices of automobiles. An econometric model is composed of equations
that summarize relationships among economic and demographic variables.
These equations are statistically estimated from historical data, and are
used to forecast the results of changes in the exogenous or input
variables of the model.

Two important limitations of econometric forecasting should be
recognized. First, the validity of a model as a forecasting tool requires
that the historical structural relationships among variables continue to
hold at least approximately in the future. This is true of any scientific
attempt to explain reality. Second, in order to have any confidence in
the model's forecasts, the user must have confidence in the projected
future values of the exogenous variables that are input to the model. .

Four steps were followed in the analysis of the Faucett model: model

structure analysis, algorithm and equation analysis, forecasting behavior

analysis, and sensitivity analysis. The method used in this analysis is




based, in part, on the work by Dhrymes et al. (1972).

(1) In model structure analysis, the logic and theory of the model were
examined. Interrelationships among variables and equations of the model
were explored with the aid of flow diagrams.

(2) Algorithm analysis is the detailed study of the logic and
assumptions of the sections of the model that simulate the automobile
industry's responses to federal fuel economy policies. Equation analysis
requires reestimation of the model's key equations. Reestimation served
to (a) check the data, the specification of the equation and the
estimation technique, (b) check the accuracy of the estimated coefficients
as indicated in the original model reports, and (ec) provide statistical
information about the equations.

(3) The forecasting behavior of the model was studied by comparing
the results of the model run over the sample and postsample periods with
the actual values of the dependent variables. A test was also made to
see if the model tends to accumulate errors. The model's forecasting
ability was statistically compared with that of naive time trend models.

(4) In model sensitivity analysis, the dynamic properties of the model
were analyzed by examining the response of the model to specified

changes in the values of independent variables or model assumptions.

1.4 Organization of this Report

Section 2.0 is a brief overview of the entire model. Section 3.0
discusses the algorithms in the Industry/Policy Block that minimize costs
while simulating the effects of specified fuel economy policies. Section
4.0 discusses the econometric equations in the Automobile Demand Block
that forecast the size and composition of the stock of automobiles, given
the input from the Industry/Policy Block. Section 5.0 discusses the
implementation of the model as such and its computer program. Section
6.0 deals with the forecasting behavior of the Demand Block, while
Sections 7.0 and 8.0 discuss the sensitivity analysis of the Demand and
Policy Blocks, respectively. Section 9.0 summarizes the findings of this
analysis and presents its conclusions.



2.0 OVERVIEW OF THE LOGIC AND STRUCTURE OF THE MODEL

2.1 Introduction

The Faucett model is a forecasting model designed to estimate the
effects of alternative fuel economy and fuel price policies on gasoline
consumption, vehiele miles traveled (VMT), new-car sales and prices,
market shares, automobile stock (also called fleet size) by size class and
vintage (model year), and fuel economy ratings. By manipulating the
parameters and variables that deseribe policies, alternative policies may
be studied to determine which produce the most desirable effects. The
model may also be used to simulate the effects of specific legislative
proposals.

The model is designed for the study of two types of policies. The
Standard/Penalty policy option simulates the effects of corporate average

fleet fuel economy standards and civil penalty payments like those
provided for in Public Law 94-163, the Energy Policy and Conservation
Act of 1975 (EPCA). The Excise Tax/Rebate policy option simulates the
effects of levying taxes on the purchase of autos with poor fuel economy,

and of offering rebate payments for autos with good fuel economy.

The model divides the automobile stock into small, medium, and large
size-classes. The choice of policies should, over time, alter the
distribution of autos among the classes. Since fuel economy differs
among the classes, it follows that total gasoline consumption varies with
policy choices.

The model is composed of two major submodels, the Automobile
Industry/Policy Block and the Automobile Demand (and Travel) Forecasting
Block. The output of the Industry/Policy Block is used as input to the
Demand Block. The general structure of the model is illustrated in

Figure 2-1.




FIGURE 2-1
GENERAL STRUCTURE OF THE MODEL
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2.2 The Automobile Industry/Policy Block

The Industry/Policy Block embodies the supply side of the market.
The authors of the Faucett model tacitly assumed that the automobile

industry has constant marginal costs. That is, it is as if they assumed a
horizontal supply curve for the technological cost and poliey cost
additions to purchase price. Under this assumption, any change in unit
production cost will change the price of an auto by the same amount.

The model user may choose any of five different policy simulation
options. The Standard/Penalty or Excise Tax/Rebate options may each be
simulated independently, or the two may be simulated together, utilizing
the Both option. For the No-policy option the Industry/Policy Block

generates fuel economy ratings and prices in the absence of standards or
taxes. The Exogenous option allows the user to eliminate the

Industry/Policy Block by entering the user's own specification of prices
and fuel economy ratings directly to the Demand Block. In addition,
policies that raise gasoline prices--for example, gasoline taxes--can be
represented by specifying gasoline prices exogenously for all options,
including the No-policy option. The model is not designed for use in
analyzing policies that restrict or allocate the quantity of gasoline
supplied, since the model assumes that the quantity of gasoline supplied is
always adequate to meet quantity demanded.

The inputs to the Industry/Policy Block are the poliey variables, the
technological costs of manufacturing automobiles with different fuel
economy ratings, and gasoline prices. Variables used to describe the
federal government's fuel economy policies are: the fleet fuel economy
standard each automobile manufacturer is required to meet; the penalty
levied against the manufacturer per automobile for each unit of miles per
gallon (MPG) that manufacturers' corporate average fleet fuel economy
(CAFE) falls below the standard; the fuel-economy-dependent excise taxes
levied on each auto; and gasoline prices.

The outputs of the Industry/Policy Block are the purchase (retail)
prices and fuel economy ratings for each new-car size class. These
depend on each other, and are calculated so as to minimize the sum of

purchase price and gasoline operating cost of a car. This sum is called



the generalized price. Operating cost is a function of fuel economy

rating, gasoline price, and miles traveled. Purchase price, also called net
price, is the sum of automobile manufacturing cost, technological costs of
fuel economy improvements, and taxes or penalties levied because of fuel
economy policies.

The Faucett model's attempt to represent the auto industry's reaction
to various federal policies is based on the presumption that firms set
market prices autonomously. Firms neither take into account the actions
or reactions of other firms nor do they adjust their prices in accordance
with market conditions. It is assumed that firms minimize generalized
price and this assumption is not consistent with conventional economie
analysis of industrial organization. Since the assumption is not explained
or justified, it is unclear whether a model formulated in this mannner
would produce results consistent with a more conventional analysis. In
fact, no mention is made of the various competitive forces in the
markets for the firms' factors of production or products. All automobile
manufacturers, including all the imports, are assumed to have identical
production and technological cost functions. Base prices for cars are
determined outside the model and within size classes are equal for all
manufacturers. Furthermore, the costs of achieving a particular fuel
economy for a given car are the same across manufacturers. Also, these
regulatory-induced costs are assumed to be totally passed on to the
consumer in the current period.

One of the objectives of the Industry/Policy block is to model the
firms' reaction to governmental regulation. The reaction is apparently
viewed as purely an engineering matter in the sense that only technical
calculations need be made. Reaction is not a dynamic process with firms
seeking to maximize their profits or market share, or to reach a target
rate of return, via alternative strategic courses of action. Because of
this, the policymaker cannot simulate policy-relevant impacts of plausible
strategic responses by individual firms in the context of the automobile

market.
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2.3 The Automobile Demand Bloeck

The Automobile Demand Bloek uses the new-car net prices and fuel
economy ratings from the Industry/Policy Block, together with gasoline

prices and other economic and demographic variables, to forecast the
effects of government policies. The Demand Block tracks the total
number of cars in use, and the composition by size class and vintage of
this automobile stock, updating these figures each year. National vehicle

miles traveled and gasoline consumption are also calculated. The forecast
is generated by six econometric equations that estimate scrappage, market

shares, household automobile ownership by income bracket, new-car sales,
vehicle miles traveled, and annual miles traveled per car by age.

Detailed analysis of these equations is presented in Section 4.0. This
subsection discusses the interactions of the equations in producing

forecasts, and is divided into two parts.

2.3.1 The Demand Block—Part One. Figure 2-2 illustrates the flow of
the first half of the Automobile Demand Bloeck, up to the point within

the model where the size and composition of the existing automobile fleet
are determined.

New-car sales are predicted using a variant of the stock-adjustment
process that is commonly used in forecasting automobile demand. The
major principle behind this process is that there is a "gap" between the
target (or desired) stock and the existing stock of automobiles. The gap
is determined by calculating the desired stock of cars, subtracting the
existing stock of cars, and adding the number of cars scrapped during the
year. In this model the existing stock is that stock of cars on hand as
of January 1 of the year. New-car sales represents the current period
adjustment towards closing the "gap," and it is a function of both the gap
and the price of new cars. The inclusion of the price variable allows the
relationship between price and quantity demanded to enter into the model.

The first step in calculating new-car sales is to update the number of
cars in existence by subtracting scrappage from the previous year's stock.
The model accomplishes this by tracking the number of cars in each of

three size-classes for fourteen age groups (that is, forty-two subfleets).
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FIGURE 2-2
AUTOMOBILE DEMAND BLOCK - PART ONE
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The size of each surviving subfleet equals last year's subfleet, minus the
number of cars scrapped. The scrappage rates vary by age. The older a
car becomes, the more likely it is to be scrapped. For younger cars (one
to eight years old), the model employs rates that are invariant over time.
However, scrappage rates for cars nine years and older are made to
depend on the unemployment rate and new-car prices. The disaggregated
scrappage calculations allow for the derivation of current subfleet sizes.
As subfleets differ in fuel economy ratings, gasoline consumption is
determined on a disaggregate basis by using the subfleet sizes and fuel
economy ratings.

The second step in calculating new-car sales is to forecast the level
of the target stock of automobiles. Target stock is the number of cars
that the national economy desires, based on income and population
characteristics. The process used by the model authors to compute target
stock is illustrated in Figure 2-3. The relationship between income and
automobile ownership is represented by an econometric equation which,
when combined with forecasts of real income per household and the
fraction of all households in each income bracket, predicts average
household target ownership. This average is then combined with
population forecasts to predict target automobile stock.

The third step in computing new-car sales is to estimate generalized
price, defined as the sum of a new car's purchase price and lifetime
operating costs. Generalized price is the appropriate price variable under
the assumption that the decision to buy a new-car depends not only on
the purchase price but the operating cost of that car. Generalized prices
are estimated for each size class. Predictions of market shares for the
size classes are then used to compute the average generalized price used
to forecast new-car sales.

The new-car market shares forecasts are based on current relative
prices among the classes and the prior-year market shares. The purpose
of market share forecasts is to permit analysis of consumer reaction to
excise taxes and fuel economies that vary with size class. Thus, the
model is designed to allow the user to examine consumer decisions to

shift purchases among vehicle size-classes in response to government
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FIGURE 2-3
CALCULATION OF TARGET STOCK
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policy. Market shares predictions also aid in the analysis of policy
effects on gasoline consumption and of the automobile manufacturers'
responses to the corporate fuel economy standards.

2.3.2 The Automobile Demand Block—Part Two

Figure 2-4 illustrates the flow of the model from the point where the
size and composition of the fleet are determined. The objective of this

part of the model is to forecast vehicle miles traveled and total gasoline
consumption.

Aggregate vehicle miles traveled (VMT) is foreecast by using an
econometric equation that relates VMT to income per household, average
operating cost per mile, and total automobile stock per household.

A crude estimate of aggregate gasoline consumption could be derived
from the predictions of aggregate vehicle miles traveled and average fuel
economy. However, the model provides a better estimate derived from
less aggregated data. The model keeps track of the subfleet sizes and
the fuel economy ratings for fourteen vintages of cars (this year's new
cars, cars one to twelve years old, and cars thirteen years old or older),
and calculates the miles traveled by each vintage. These values are
obtained by multiplying the size of the subfleet for each vintage by the
estimate of the average-miles-traveled-by-age equation. The sum of miles
traveled by cars of each vintage will probably not equal the aggregate
VMT estimate. The model authors consider the aggregate VMT estimate
to be more accurate than the summed VMT by vintage prediection.
Therefore, the miles traveled by each vintage are adjusted so that their
sum equals the aggregate VMT estimate. Aggregate gasoline consumption
is then calculated as the sum across vintages of the product of fuel
economy by vintage, in gallons per mile, and the adjusted miles traveled
by vintage. The model makes no allowance for fuel economy to decline

with vehicle age (1). For instance, a 1977 automobile is assigned the
same fuel economy rating in 1985 as in 1978.
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FIGURE 2-4

AUTOMOBILE DEMAND AND TRAVEL FORECASTING BLOCK - PART TWO
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2.4 The Generalized Price Concept

Generalized prices are used in the model in an attempt to take into
account the influence of lifetime operating costs as well as purchase
price on the demand for automobiles. A single variable, generalized
price, is constructed to overcome the multicollinearity problems caused by
the high correlation between vehicle prices and operating cost variables.
The model authors simplified the model by assuming that gasoline costs
are the only operating costs. However, other important operating costs
include maintenance, insurance, parking, and tolls. The Federal Highway
Administration (FHWA) has shown that gasoline costs are historically
about twenty percent of total operating costs (Cope and Liston 1968; Cope
and Gauthier 1970; Liston and Gauthier 1972; Liston and Sherrer 1974; and
Liston and Aiken 1976). A more accurate estimate of operating costs
requires the inclusion of other important costs. However, this inaccuracy
does not imply that variations in gasoline costs are not indicative of
variations in total operating costs. Gasoline costs and the sum of all
operating costs other than gasoline are highly correlated (2). Thus,
gasoline costs may be thought of as a proxy for total operating costs in
the model. The use of gasoline cost as the only operating cost in the
generalized price variable by Faucett, therefore, agrees with the FHWA
data through 1975.

As the model stands, operating costs by size class are a function of
the fuel economy rating of the class,Athe price of gasoline in constant
dollars, and a scalar (52,853) representing the discounted, perceived
lifetime mileage of new cars.

The fuel economy ratings used in the calculation of operating cost (a
part of the generalized price) during estimation of the new-car sales,
market share, and VMT equations, are based on U.S. Environmental
Protection Agency (EPA) estimates. The fuel economy ratings produced
by the Automobile Industry/Policy Block are also based on EPA estimates.

The miles per year of automobile life implicit in the 52,853 figure

were drawn from a Nationwide Personal Transportation Study (U.S.
Department of Transportation 1972), based on 100,000 miles distributed

over a car's lifespan, discounted at an annual rate of ten percent. (Note
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that it is actually the cost of driving these miles that is discounted, not
the miles traveled.) It is then multiplied by a perception factor of 0.8,
which in effeet reduces the importance of operating costs. The
perception factor of 0.8 is said to be used to reflect incomplete consumer
awareness of lifetime mileage costs. The rationale for this eighty
percent perception factor has not been explained by the model authors,
and is not evaluated in this report.

Estimated lifetime gasoline operating costs are sensitive to the
discount rate, as would be expected for a decision that has a horizon of
this magnitude. Since this factor is so important, more discussion by the
model authors about the value selected for the discount rate would have
been appropriate. If, for example, real realized (ex post) rates of return
had been used, a much lower rate, and thus higher discounted operational
cost, would have resulted. If expected or ex ante rates were used, lower
cost factors would have resulted. Since these issues are currently under
professional debate and are central to the structure of the model, the
choice of any particular discount rate needs justification if it is to be
accepted in the context of the model.

Another important consideration is that many new-car buyers do not
intend to drive their cars until they are scrapped, but sell them after a
few years. These buyers may only consider the direct operating costs for
those years that they own their cars. If a substantial number of
consumers behave in this way, an important part of the model is based on
an incorrect assumption. However, if the operating costs of used cars
are reflected in used-car prices, then new-car buyers planning to resell
will indirectly take into account lifetime operating costs when they
consider resale price. These used car resale prices are not included in
the model.

A final concern with generalized price is that it is calculated based on
a fixed lifetime mileage. One problem is that lifetime mileage is not
necessarily fixed. For instance, the durability of automobiles may change.
However, simply changing the fixed mileage number will not adequately
incorporate durability changes into the model, for two reasons. First, the

new-car sales and other equations do not account for durability changes.
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Second, in the Faucett model, lifetime operating costs would increase
because of increased lifetime fuel consumption if more durable (higher
lifetime mileage) cars were built. The model accounts for the costs but
not the benefits of changes in durability. Another difficulty with the
fixed lifetime mileage is that it assumes that the distribution of mileage
over time is constant. If factors influencing VMT change, then even if
total lifetime mileage remains unchanged, the distribution of mileage over
time would change. This, in turn, means that discounted lifetime

operating costs should change.

2.5 Time Coordination of Data: Model Years and Calendar Years

A fundamental conceptual problem with the model structure is its
handling of model year and calendar year variables. In the demand block
of the Faucett model, the size and composition of the subfleets change in
each year of a simulation because of scrappage and new-car sales. The
scrappage and new-car sales forecasts are derived on the basis of data
desecribing all of the cars that are scrapped or sold within a one-year
period, January 1 to December 31. The Automobile Industry block of the
model, however, produces fuel economy ratings and prices for particular
model years of cars. Model years are not calendar years: 1977
model-year cars are first sold in the fall of 1976, they are sold
throughout 1977, and some are sold in 1978. Mixing fuel economy ratings
based on model years with subfleet sizes based on calendar years is
inconsistent. The resulting forecast of gasoline consumption is an
inherently erroneous blend of model-year and calendar-year forecasts.

This is a common problem in building automobile sector models, since
industry data are reported for different periods for different purposes.
For instance, corporate average fuel economy ratings, as required by law,
are based on model years. New-car registrations, on the other hand, are
reported on a calendar year basis. To further complicate matters, model
year definitions vary over time. This is exemplified by the introduction
of General Motors 1980 X-cars in the spring of 1979 rather than at the
traditional fall time. The Faucett model deals with this basic problem by

assuming that model years and calendar years are equivalent, and that
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any resulting errors are minor.

The HSRI staff performed several experiments designed to provide a
very rough estimate of the size of the error that results when it is
assumed that model years are equivalent to calendar years. Using values
for fuel economies, vehicle miles traveled by age of vehicle, and new-car
sales, the HSRI staff estimated the error of the prediction of aggregate
fuel consumption to be less than two percent. The level of the error in
a particular experiment depended on the assumed fluctuations in new-car

sales and average new-car fuel economy. The problems associated with

the use of model year and calendar year data remain a topic of future
research.

2.6 Summary and General Conclusions About the Model Structure

The Faucett model was the first attempt to model the behavior of the
automobile sector relating to fuel economy by simulating the changing

size and composition of the U.S. automobile stock.
Among the strengths of the model structure:

e Five alternative policy options may be simulated.

e The model disaggregates the total stock of automobiles
into forty-two subfleets (three size classes times fourteen
vintages).

e Industry response to fuel economy policy alternatives is
modeled and allows trade-offs among production costs, fuel

economy (operating cost), and policy costs.
Among the weaknesses of the model structure are:

e The representation of the auto industry's behavioral
characteristics is oversimplified, omitting some details of
interest to policy analysts. In addition, the generalized
price-minimizing algorithm may yield different "optimal"
prices and fuel economies than would a profit-maximizing
model using conventional economic analysis.

e Estimated lifetime operating costs are sensitive to the
discount factor. The rate was set at ten percent without
explanation and without the capability to simulate
alternatives.
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e Some parts of the model depend on calendar-year data,
while other parts depend on model-year data.

21






3.0 DETAILED ANALYSIS OF THE INDUSTRY/POLICY BLOCK

3.1 Introduction

The objective of the Industry/Policy bloek is to simulate the
automobile industry's response to various federal policies. Fundamental to
the structure of the Block are several assumptions. It is assumed that
governmental policies impact equally upon all automobile manufacturers.
In addition, it is assumed that the direct economic costs of these
regulations and policies are known and that their impacts influence only
the auto prices that are set by the automobile manufacturers. The model
assumes that the objective of the auto producers is to minimize auto
prices inclusive of costs generated in satisfying the regulations, any
penalty costs imposed, plus the gasoline operating costs of the cars. In
this context, it is presumed that the industry's behavior is a technical
engineering matter. The industry acts as if it has known costs, that it
has defined engineering methods to be used to achieve the standards, and
that it makes an engineering trade-off of higher product price for lower
vehicle operating costs. Further, it is assumed that the industry can pass
all of these regulatory costs on to the consumer.

It should be noted that these assumptions are questionable. A user of
the model does not know what the model presumes about the industrial
organization of the automobile industry. Do firms attempt to maximize
expected profits, or achieve a target rate of return, or maximize market
share? Or are the firms "satisficers"? The user is not provided with an
explanation, justification, or empirical verification of the price
minimization hypothesis on which the whole industry simulation is founded.
One would assume that prices of input factors, the technical production
design and engineering conditions, and market structure would all
determine the firm and industry supply responses. Simultaneously, the
firm would be concerned with the demand for its product. It is not only

the industry's technical ability to produce the machines that is important
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but also the publie's (or industry's perception of the publie's) willingness
and ability to purchase the auto in the market that is important in

modeling the industry response. The user of the Faucett model does not
know how firms behave. It is tacitly assumed that regulatory constraints
do not influence demand per se. Also it is presupposed that market
prices are set by the firms, and are set independently of the market's
acceptance of the vehicles. Finally, foreign competition is not
specifically mentioned. The foreign sector is modeled as if all imports
were produced by a single domestic manufacturer. That is, there is no
distinction between foreign and domestically produced autos.

For these reasons one should be cautioned when interpreting results
and assessing the validity of the model. It may be possible to generate
the proposed industry behavior from principles of optimizing firm
behavior, consumer demand, and regulatory restraint. However, no such
structural model or explanation was available to the HSRI staff.

Two examples of the caution that needs to be taken when dealing with
the model concern a related study of the Energy Policy and Conservation
Act of 1975, using the Faucett model (Jack Faucett Associates 1976d).
The objective of that report was to identify the future effects on the
automobile manufacturing industry, automobile sales, the number of cars
in operation, vehicle miles traveled, and petroleum product consumption
which were created by the Aect signed into law on December 22, 1975
(pp.94-163). The projections were run from 1976 to 2000, This is exactly
the kind of application for which the model was developed. Two
conclusions are interesting. One concerned the General Motors
Corporation, and the other small-car sales. As will be discussed in later
sections, the model assumes that each manufacturer's market share within
the size classes (small, medium, large) will remain constant. Because of
this and other factors the report was somewhat cautious in pointing to
the fact that "General Motors was the most active [firm of the Big Four]
in the large car market, and some degree of additional penetration into
the small car market by General Motors would appear to be likely, but
the consequences of such a move on each of the Big Four is impossible
to predict with much certainty” (Jack Faucett Associates 1976d, p.36).
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This uncertainty about forecasting is reinforced by the major changes that
have occurred in the industry since 1976. If the industry can be as
dramatically altered in the future as in the past, and these changes
cannot be forecasted, it might be advisable to employ a muech more
restrictive planning/forecasting horizon for the model.

The second example is in the same report's conclusion. Here it is said
that "the high price of gasoline assumed under the Act would have an
especially detrimental effect on this [small car] segment of the
automobile market" (Jack Faucett Associates 1976d, p.34). In Section 6.0
of the HSRI report the forecasting behavior of the model is analyzed in
detail; Sections 7.2.7 and 7.2.8 discuss the sensitivity of the Demand
Block to changes in gasoline price; and Section 8.2 contains an analysis of
the effect of gasoline price increases on new-car prices and fuel
economies. However, the experience of the 1980 model year would
certainly disabuse anyone from believing that higher gasoline prices
stimulate large-car sales and retard small-car sales.

One might consider these issues to be relevant only to the Demand
Block. However, there is no reason to assume that the Faucett model
structure is correet and that the Industry/Policy Block is independent of
market reactions, as is assumed in the Faucett model. A better
presumption is that market reaction to regulation, general economiec
conditions, and fuel economy are at the heart of automobile firm or
industry reaction to public policy. For these reasons the fundamental
structure and underlying assumptions of the Faucett model deserve
criticism. Certainly the use of intervals, ranges, or optimistic vs.
pessimistic cost and technology estimates rather than point estimates
might have conveyed the tenuous nature of these estimates.

With the foregoing criticisms in mind, the HSRI staff proceeded to
analyze the industry policy block. The presumption was that even though
the policy block and consequently the model was compromised it would be
beneficial to examine the Industry/Policy Block in detail. It was hoped
that this approach would help to achieve a better understanding and
interpretation of the performance of the model as a whole.
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3.1.1 Overview of Policy Block. The Industry/Policy Block is intended

to simulate the automobile industry responses to various policy
alternatives through the user's choice of variables defining the policy
options. The responses are prices set by the firms and the fuel economy
engineered for each class of auto. Under the Standard/Penalty option,
the user is required to specify a corporate average fleet fuel economy
standard that the automobile manufacturers must meet, and a penalty.
The penalty is the amount that must be paid by the manufacturer to the
federal government, for each mile-per-gallon that the corporate average
fleet fuel economy rating (CAFE) falls below the standard. Under the
Excise Tax/Rebate option the user must input a table of excise taxes (and
rebates if desired) that are to be added to (or subtracted from) the cost
of a car to yield its net price. These "gas guzzler" taxes are specified
according to fuel economy rating. Both options can be applied
simultaneously if desired. The model also has a no-policy option to
simulate the absence of both the Standard/Penalty and Excise Tax/Rebate
options.

The outputs from the Industry/Policy Block are new-car fuel economy
ratings and net prices, one pair for each of the three size classes. These
outputs are calculated to minimize generalized price (net price plus
gasoline operating cost) for each size class. The assumption is that the
auto industry responds to consumers and government policy by trading off
higher production costs for higher fuel economy. Assuming that the
entire burden of poliey-imposed costs can be passed on to the consumer is
equivalent to assuming a horizontal supply curve for both individual
manufacturers and the industry as a whole. Under the Execise Tax/Rebate
option the generalized price including the tax (or rebate) is minimized.
Under the Standard/Penalty option, generalized price is minimized subject
to the constraint that the CAFEs of each of the five auto makers are
increased to the standard or to the maximum attainable under the model's
policy cost constraint, whichever is less. In short, the Industry/Policy
Block forecasts fuel economy ratings and prices for each class of
automobile, based on the estimated costs to manufacturers of increasing

fuel economy, buyer perceptions of gasoline costs, and regulatory
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penalties. Manufacturers are assumed to have identical production and
cost conditions and they are assumed to minimize their CAFEs up to the
standard.

The algorithms deseribed in this section are not fully documented by
the model authors. The basic principles of this block of the model, as
presented here, were deduced from a detailed analysis of the computer
program.

3.2 Constraints Under Which Prices and Fuel Economies are Determined

This subsection details the process of caleculating new-car prices and
fuel economies in the Industry/Policy Block. Generalized price is defined
and the generalized-price-minimizing algorithm is explained. Then the
two major policy options (Standard/Penalty and Excise Tax/Rebate) are
detailed and related to the price-minimizing algorithm.

Figures 3-1, 3-2, and 3-3 show diagrams of the processes. In those
figures, the rectangular boxes represent values of constants or variables.
The names of the values are capitalized; lower-case phrases indicate the
units in which the value is measured, such as miles per gallon, or the
index by which the values are disaggregated, such as by class. The
six-sided boxes indicate decision points where various actions might be
taken, depending on the values of certain variables. The solid lines
indicate the flow of values between calculations of equations. The broken
lines indicate logical flow; that is, if a value meets a criterion, then

calculations begin again with the box pointed to.

3.2.1 Minimization of Generalized Price. The operation of the

generalized-price-minimizing algorithm is illustrated in Figure 3-1. Total
generalized price may be broken down into five components.

(1) Starting price. This is the 1975 cost of producing a car with the
starting fuel economy rating for 1975.

(2) Teehnological or manufacturing cost. These are the costs of

achieving the fuel economy rating that is projected as the base fuel
economy for the year (beyond 1975) being simulated. The base fuel

economy ratings for a year are a set of minimum ratings for each class
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FIGURE 3-1
FUEL ECONOMY/COST - GENERALIZED-PRICE-MINIMIZING ALGORITHM
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FIGURE 3-2
EXCISE TAX/REBATE POLICY OPTION
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of car that the manufacturers are assumed to achieve. The base ratings,
and thus the costs of achieving these ratings, are assumed to increase
from year to year.

(3) Technological add-on costs. These are the costs of increasing the

fuel economy rating beyond the base ratings. As fuel economy is
increased, the technological add-on costs of achieving that rating increase.
The generalized-price-minimizing algorithm is iterative; each iteration

increases the tested fuel economy rating by another one-tenth of one mile

per gallon.

(4) Perceived lifetime operating cost of the car. This is a function of

the price of gasoline, the perceived miles that the car will be driven in
its lifetime, and the tested fuel economy. As fuel economy rises,
gasoline operating cost falls.

(5) Potential policy add-on costs. This represents either a proxy for

the excise taxes (rebates) that may potentially be added to (subtracted
from) the price in the Excise Tax/Rebate option, or it is some portion of
the penalty that may potentially be levied against the manufacturer in
the Standard/Penalty option. The policy add-on cost falls as fuel
economy rises.

The three components of generalized price affected by the tested fuel
economy—technological add-on cost, gasoline operating cost, and policy

add-on cost--are summed. The sum is called additional costs because

these costs are added to the costs of a car with the base fuel economy
rating.

For each year of the simulation, the algorithm determines an optimum
price/fuel economy combination. This procedure is based on the
assumption that additional costs initially decline as tested fuel economy
inereases. The rise in technological add-on cost is more than
compensated for by the decline in operating cost and policy add-on cost.
Eventually, however, increasing tested fuel economy increases
technological cost more than it decreases gasoline operating and policy

costs, The optimum fuel economy is the tested fuel economy that

minimizes additional costs, and has associated with it an optimum base

price, which is the sum of the cost of achieving the base fuel economy
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and the technological add-on cost of surpassing the base fuel economy.

The technological projections are based on estimates of costs of
achieving fuel economies, given estimates of technological advances for
1975, 1980, 1985, and 1990. An interpolation procedure is used to
determine the technological relationships in the intermediate years for
each of the three size classes. Projections beyond 1990 are
extrapolations. Thus, the calendar year in a forecast (after 1975) and the
size class of a car determine a car's base fuel economy rating and the
cost of achieving that rating.

The manufacturing and technological add-on cost projections used in
the Faucett model were adapted from a study of projected future
relationships between fuel economy and the costs of increasing fuel
economy (3). Those engineering design, feasibility, and cost estimates
were performed under subcontract to Jack Faucett Associates by Hittman
Associates, Inc. (Hittman Associates 1976). In the Hittman report three
major policy areas are addressed: environment, safety and damageability,
and technological options for fuel economy—with a synthesis of the most
probable engine-related technologies to improve fuel economy. The final
section was the basis for the Faucett model. Even though the final
section may have been the Hittman "best estimate,” it was not presented
in this way in the Faucett report. In faect, little if any mention of
safety issues was made. This is especially interesting in light of the fact
that in one of the three possible safety scenarios the Hittman report says
". . . cost increments [due to safety regulation] are significant and in
some cases (Scenario III 1985, 1990) dwarf cost increments in corresponding
years due to efforts to improve emissions performance or fuel economy"
(Hittman Associates 1976, p.61).

That study also states, "it is recommended that . . . this work be
viewed more as a tool for subsequent policy/demand analyses than as a
definitive prediction of actual fuel economy/cost relationships" (Hittman
Associates 1976, p.3). Nevertheless, these fuel economy/cost estimates
were used in the Faucett model as if they were definitive for all policy
cost estimates. That is, while the Hittman report mentions technological
and financial uncertainties, point estimates rather than intervals are used

32



in the Faucett model. More useful information might have been provided
if ranges of estimates or confidence intervals were presented instead of
the point estimates, which have a semblance of exactness.

Due to resource constraints, the HSRI staff did not analyze the
methodology, data, results, or conclusions in the Hittman Associates
report. However, since the Hittman study was the empirical basis for the
cost estimates used in the Faucett model, a user of the model would be
advised to consult that report for details and specifications concerning
technological and cost forecasts.

The fuel economy/cost relationships are assumed to be the same for
all manufacturers. This assumption ignores the unit cost differences
known to exist among auto manufacturers, both within and across
domestic and foreign producers. An example of these regulatory cost
differences between Chrysler, Ford, and General Motors was recently
estimated by Clarkson, Kadlee, and Laffer (1979a). They estimate the
fixed unit cost per car to be $345 for General Motors, $340 for Ford, and
$550 for Chrysler. The costs were 65% for fuel economy standards, 30%
for emissions, and 5% for safety-related regulations. These authors view
the costs as a regulatory tax on the firms and this explains the title of
their paper "Regulating Chrysler out of Business?", since their burden is
roughly 60% greater than that for either Ford or GM. The point here is
not about the magnitude of the numbers or the differential effect that
regulations may have produced. The point is that issues that are under
considerable debate in the literature are not addressed in the Faucett
study. For a more detailed explanation of these issues see another study
"The impaet of Governmental Regulation on competition in the U.S.
Automobile Industry" (Clarkson, Kadlee, and Laffer 1979b).

It should be noted that Energy and Environmental Analysis, Inc. (EEA)
(1979) has developed new technological cost functions for the Faucett
model. Instead of the continuous fuel economy/cost relations estimated
by Hittman, the revised model contains discrete segments relating cost
and fuel economy improvements. In determining the cost of higher fuel
economies, the proposed revisions identify the specific technologies used
by each manufacturer for each size-class automobile. Technological
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market penetrations by manufacturer and size-class are also projected.
Thus, the revised relations use an approach that is substantially different
from the one used by Hittman Associates. While the EEA report title,
Technological/Cost Relations to Update DOE/Faucett model, indicates that
the revised fuel economy/cost relations are to update the Faucett model,
this would require substantial modifications to the model and its ecomputer
program. The revised relations developed by EEA are not considered in

this model assessment.

3.2.2 The Excise Tax/Rebate Policy Option. Fuel economy ratings

and associated prices are determined under the constraint that the effects
of the policy option specified by the model user be applied while
minimizing generalized price. In the case of the Excise Tax/Rebate
option, taxes (positive or negative) are added to the generalized price.
Minimization of this sum determines the market net price and fuel
economy combination for a size class. Net price in this case is equal to
the optimum base price plus tax, or policy add-on cost.

The taxes that may be specified by the user are for forty fuel
economy ratings groups, ranging from one mpg to forty mpg in one-mpg
increments, and can be different in each year. Since the user-specified
table of taxes is likely to be discontinous, i.e., taxes may rise at uneven
rates or in jumps, the model's authors chose to find the cost-minimizing
combination of tax payments and fuel economy improvements by testing
all possibilities, although a more efficient search algorithm could have

been devised. To test all possibilities, the model uses potential policy

add-on_costs, ranging from $0 to $600 in increments of $20, as a proxy

for the user-inputted taxes in the generalized-price-minimizing algorithm
described in section 3.2.1 (4). See Figure 3-2.

The use of the potential policy add-on cost as a proxy to determine
the impact of user-chosen taxes on generalized prices was designed to
serve two purposes. First, the algorithm reduces the computing time
necessary to exercise the model under the Excise Tax/Rebate option by
computing the effect of taxes over its internally set range rather than
over the entire tax table as specified by the model user. Second and
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more importantly, the proxy is required for simulating the situation that
includes both the Excise Tax/Rebate and the Standard/Penalty options.
The proxy accounts for the combined impact of both policies.

Figure 3-2 also illustrates how the model computer program isolates
the technological add-on cost component of generalized price. It was
noted earlier that base price is the sum of the cost of achieving base
fuel economy, or the basic price, plus technological add-on cost. The
basiec price of a car is determined in the absence of policy add-on cost
(and therefore technological add-on costs are also zero). Since net price
is the sum of base price and policy add-on cost, subtracting the basie
price and policy add-on cost from net price yields technological add-on
cost.

The problems with the Excise Tax/Rebate option—the use of the proxy
for potential policy add-on costs and the limited range and increment of
the proxy--are not unacceptable in themselves (5). Together, and in
combination with the confusing and undocumented design of the policy
option computer code, they comprise an algorithm whose accuracy cannot

easily be verified.

3.2.3 The Standard/Penalty Policy Option. Under the

Standard/Penalty option, the assumed objective is to minimize the

generalized prices of each of the three classes under the condition that
each automobile manufacturer is "encouraged" to make its CAFE meet
the standard. The standards are established by the EPCA and by the
National Highway Traffic Safety Administration (NHTSA), under the
authority of EPCA. To encourage manufacturers to meet the standards, a
penalty is levied against them if their CAFE does not meet the standard.
Currently, this penalty is set by law at five dollars per car produced, for
each one tenth of a mile-per-gallon (mpg) that the CAFE is below the
standard.

The law also provides for credits that may be earned by manufacturers
when their CAFE exceeds the standard. Credits earned in some years
may be applied to reducing penalty payments in years when the standard
is not met. The Faucett model does not, however, attempt to model this
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provision. Five manufacturers are modeled, but not identified.
Examination of manufacturers' market shares by size-class would lead one
to presume they are the Big Four plus a single manufacturer representing
all the foreign producers.

The EPCA legislation provides that the CAFE for each manufacturer
be calculated each year according to the following formula (U.S. Congress
1975, p.36):

CAFEM= corporate average fleet fuel economy for
manufacturer M

FI\(IJI = number of automobiles of class C produced by
manufacturer M
FEI(*:/I = fuel economy rating of automobiles of class C

produced by manufacturer M

To use this formula in the Faucett model program, it would be
necessary to calculate the number of automobiles of each class produced
by each manufacturer, Fl(\jd
automobiles while differentiating among the five manufacturers. The

This would require modeling the demand for

model authors did not attempt this ambitious project. Instead, a
short-cut method was used to produce an estimate of the CAFE. The
HSRI staff found it to be unreliable in producing a reasonable estimate.
To assign the shares among the five manufacturers, the Faucett model
uses predetermined constants specifying the proportion of each class
produced by each manufacturer. In other words, to consider a
hypothetical example, it is assumed that General Motors will always
produce twenty-five percent of the medium-sized cars, Chrysler will
produce two percent of the small cars, and so on (see Figure 3-3).

The Faucett model does predict total new-car sales and market shares
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by size class. These current-period market-shares-by-class predictions
could have been used in the Standard/Penalty option part of the model.
However, this would require feedback from the Demand Block to the
Industry/Policy Block, necessitating the use of a simultaneous equation
system. The model authors chose not to use this method, and instead
used lagged (last year's) values of the market shares by classes.

It is unrealistic to assume that the proportion of each class produced
by each manufacturer is constant, since the relative positions of the
manufacturers in the automobile market change over time. The model
could have been designed to predict the impact of changes within the
automobile industry on sales, shares, and gasoline consumption. The
assumption, however, greatly simplifies the model, since it allows the
CAFEs to be calculated without requiring any information about the
numbers of cars produced. The constant proportion of each class
produced by a manufacturer may be combined with the lagged market
shares by class (SHt-l)’ to find the portion of each manufacturer's total
output in each class, Q. The CAFE equation can then be simplified as
follows:

1
% FC r EC
c M M
CAFE. =
FEy C R |
z(—%) zpf4
C FEy C
_ 1
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F
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and where
CAFEM = corporate average fleet fuel economy for
manufacturer M
F; = number of automobiles of class C produced by
manufacturer M
FE;\:4 = fuel economy rating for cars of class C produced
by manufacturer M
qu = portion of total output of manufacturer M in class

C

This formula for CAFE is used in the program to find the total
penalty to be levied against the manufacturer per car:

TPen = Pen x (STD - CAFEy)

where
TPeny = average penalty to be levied against manufacturer
M per car
Pen = penalty amount per unit of mpg
STD = standard fleet fuel economy rating

Penalties, unlike other costs, are not deductible from gross income
when taxable income is computed. To be comparable, penalties and costs
must be expressed on an after-tax basis. Thus, for firms in the 50% tax
bracket, a $50 legislated penalty is the equivalent of $100 in
manufacturing costs. The model user is free to choose any tax bracket
assumption in specifying the "penalties" to the model's computer program.
This allows users to simulate the effects of various marginal tax rates.
Unfortunately, the program assumes a 50% bracket when printing the
output and divides the "penalties" paid by all manufacturers by two to
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derive the total penalties actually paid. The user who assumes different
tax brackets for manufacturers must correct for this. (The corporate
income tax rate was forty-eight percent in 1976 and forty-six percent in
1980.)

For the Standard/Penalty policy option, the penalty amount becomes
the potential policy add-on cost input to the generalized-price-minimizing
algorithm that generates a fuel economy rating and base price for each
class of car for each manufacturer. Since it is possible that the CAFE
may meet the standard when less than the full potential penalty cost is
tested, an iterative procedure is used that tests successively increasing
portions of the full penalty. First, one tenth of the full amount is
tested, then two tenths, and so on, until the CAFE meets or exceeds the
standard, or the full penalty amount is applied.

The iterative potential-penalty-amount-testing algorithm is repeated for
each manufacturer. Then net prices and fuel economy ratings for the
size classes are obtained by averaging across manufacturers. These
averages are found by using the constant proportions of each class
produced by the manufacturers described above. Once again the
assumption of constant proportions may not be realistic, but it simplifies
the problem of disaggregating by manufacturer and aggregating again for
the three classes.

At each level of potential penalty costs, regardless of manufacturer,
the generalized-price-minimizing algorithm produces the same fuel
economy ratings and base prices for cars in the same class. However,
since manufacturers produce different proportions of each class, their
CAFEs will be different. Different manufacturers may also meet the
standard at different levels of tested potential penalty costs. As a
result, fuel economy ratings and prices may differ among manufacturers.

Since the fuel economy ratings differ by class, so do the poliecy add-on
costs that represent the penalty costs the manufacturer attempts to pass
on to the consumer via higher prices. The total penalty can be
considered to be a lump sum tax. The object of the algorithm is to
derive policy add-on costs (in economic terms--internal prices) that will

generate the minimum or optimum prices previously discussed. One result

39



of this algorithm is that policy add-ons are negative for relatively

fuel-efficient car classes and positive for the relatively fuel-inefficient
classes. In effect, these values represent a cross subsidy within the firm.
Higher mpg cars subsidize lower mpg cars in terms of meeting the
standard, but this is at a cost. The cost differentials are modeled by
having reduced (negative) policy add-ons for fuel-efficient and increased
(positive) add-ons for fuel-inefficient cars. It is as if it cost more to
produce the "gas guzzler" and less to produce the fuel efficient cars.
From the producer's point of view, the prices of small cars should be
relatively lower in order to sell more, thus making the standard easier to
reach., The sum of positive and negative policy add-ons for a
manufacturer should equal his total penalty payments. The Faucett model
simulates the process by finding the policy add-on costs for each class
and manufacturer as a function of the difference between the fuel
economy rating for the car and the standard.

The authors of the Faucett model chose to find the policy costs
(positive or negative) for each individual class independently of the other
two, without knowing in advance the total penalty for the manufacturer
or the CAFE. This procedure requires an approximation value, called
VALGPM, which may be interpreted as a calibration of the dollar value
of the penalty in units of gallons per mile when the fuel economy rating
in miles per gallon is close to the standard. In the computer program of

the model:

C _ 1 1
PenM = Pen x (—C- - ﬁﬁ) X VALPGM
FE
M
where
1
VALGPM = ( i 1 )
STD - 0.5 ~ STD + 0.5
Penﬁ = penalty (positive or negative) applied to cars of
class C produced by manufacturer M
FESl = fuel economy rating of cars of class C produced

by manufacturer M
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Pen penalty amount per unit of mpg

STD

standard average fleet fuel economy

It is unclear how the expression for VALGPM was derived. The only
explanation given in the model documentation (Difiglio and Kulash 1977, p.
94) states: "While [the formula for VALGPM] does not correspond to the
EPCA legislation, calculations have shown that within the range of model
results provided, very little difference in automobile prices, fuel
economies or units produced results." No examples are given to
demonstrate this assertion. The validity of the formula as an
approximation seems to rest on the assumption that the CAFE is going to
be close to the standard.

The HSRI staff has found, however, that it is not necessary to
approximate the penalties. Exact penalties can be determined for each
class, from the information about the CAFE calculated by the program.
The equations which follow show how the exact penalties would be

computed. From the equation for average penalties per car:

STD x CAFE

M
TPenM = Pen x (STD - CAFEM) X W
= Pen x (——1——— - ——1——) x (STD x CAFE,)
CAFEM STD M
=Penx(1 -~—l—)x(STDxCAF)
1 STD EM
C
QM
¢
C FEM
[ ¢
- p S -2y x (STD x CAFE,)
= Pen x (I cl- s X X M
CIFE
L M
TPe =ZQCxPenx(——1—-—1—)x(STDxCAFE)
M ClM wC ST M
L M d
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Thus

C 1 1
PenM = Pen x (;E—C_ - —Sﬁ) X (STD X CAFEM)

M
This is the desired equation. This result helps to understand the influence
of the Faucett approximation using VALGPM. From the equation used in

the computer program for Penl(e4 one derives:

1
STD x CAFEM = 1 - 1
STD - 0.5 STD + 0.5
= STD2 - 0.25
0.25
CAFEM = STD - <

This last equation shows that the approximation assumption constrains the
CAFE to be a funetion of the standard. This, in turn, constrains the
range of penalty that may be applied to each class.

When the CAFE is below the standard, the manufacturer will pay a
penalty to the government. The policy costs on larger cars will be
positive, but generally overestimated because of the approximation
method. The policy cost on smaller cars will be negative ("rebates," or
reductions in price) and also overestimated generally. In effect, the
prices computed by the algorithm are too high for large cars and too low
for small cars. The result of this is to alter the size-class market
shares. Also, the sum of all of the approximated policy costs are found
to be greater than the penalty the manufacturer pays. Because the
Industry/Policy Block does not incorporate competitive market reactions,
it is not possible to separate the individual effects of incorrect size-class
proportions from the incorrect absolute level of policy add-on costs.

The lack of equality between the sum of the penalties on the three
individual classes and the total penalty amount calculated by the program

using the exact formulation is obscured by the program. It reports
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penalties by class in 1967 dollars, while the total penalty is reported in
1976 dollars and is divided by two to correct for the previously mentioned
tax effect.

To conclude, even accepting the model's simplifying assumption about
the constant manufacturer's shares of size-classes, and the use of lagged
instead of current year market shares by class, the Faucett model
program still incorrectly finds the poliecy add-on costs to be applied to
each class for the Standard/Penalty policy option. An exact formulation
would have been possible by judicious use of the program code.

3.3 Summary and Conclusions

The fundamental basis of the Industry/Policy Block is the assumption
that individual firms will minimize the combined base price, technological
costs of meeting government regulation, and estimated gasoline operating
costs. No economic justification for this behavioral objective was
presented. All firms were assumed to have identical engineering costs
and thus the impacts of government regulation would be equal for all
manufacturers. This proposition is at variance with available evidence.
It was assumed that the firms' responses to regulation were essentially
engineering responses and would be done independently of the economic
market for automobiles. Again, no justification for this approach could
be found and it is inconsistent with economie theory and statements by
industry experts. For these reasons the entire Policy section of the
model is suspect. The following points are made in the interest of
understanding the Faucett model in its entirety.

The Industry/Policy Block estimates fuel economy ratings and
automobile prices for each size class, based on the costs to manufacturers
of improving fuel economy, consumer perceptions of lifetime operating
costs, and policy-imposed costs. The bloek is capable of simulating two
major policies. Under the Excise Tax/Rebate policy option, new
automobiles are assessed taxes or subsidies based on fuel economies.
Under the Standard/Penalty policy option, each automaker's corporate
average fuel economy (CAFE) is compared to a government determined
standard and failure to attain the standard results in the assessment of a
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penalty. Concurrent use of the two policies as well as the occurrence of
neither policy can also be simulated. For the Standard/Penalty policy
option, the actions of the five automobile manufacturers are modeled.
The manufacturers have an incentive to reach the CAFE standard but not
to exceed it.

It may be argued that for some policy analyses, accurate estimation of
the levels of predicted variables is not as important as the accurate
estimation of relative changes in values caused by different policy
variable assumptions. Unfortunately, the primary policy that the model
was designed to simulate involves determining whether or not a
manufacturer's CAFE will equal or surpass a specific level. The Faucett
model has been used to address this very question in a report to Congress
(U.S. Department of Energy 1978b, p.l5).

Several shortcomings of the Industry/Policy Block have been identified.
The model assumes that the entire incidence of the burden of
policy-imposed costs is on auto purchasers. This assumption follows from
the simplifying assumptions about industry structure. The projected costs
to manufacturers of improving fuel economy are not definitive in the
Hittman report (on which the model is partially based), yet they are used
in the model as if they were definitive. Constants specifying the
proportion of each size-class produced by each manufacturer, together
with lagged market shares, are assumed to be adequate for determining
the relative outputs of the manufacturers. An approximation is used to
determine the penalty costs each manufacturer adds to the price of each
size class when an exact method is available.

In conclusion, the model is not precise enough to accurately predict
the levels of corporate average fuel economy, and should not be

considered an adequate tool for an analysis of the impacts of the

Standard/Penalty policy.




4.0 ANALYSIS OF THE AUTOMOBILE DEMAND BLOCK

4,1 Introduction

This section presents an analysis of the demand side of the Faucett
model. Central to the analysis is the attempt by the HSRI staff to
reestimate and verify the econometric equations of the model. The
equations discussed in this section are those presented in several reports
dealing with the Faucett Automobile Sector Forecasting Model (Jack
Faucett Associates 1976a, b, & c¢; Difiglio and Kulash 1976, 1977). The
equations were reestimated using an ordinary least squares technique (as
did JFA) available on the The University of Michigan computer system.

Equation reestimation serves three basic purposes:
e To check the specifications, data, and estimation techniques.

e To check the accuracy of the estimated coefficients
reported by the model authors.

e To determine the validity of the equations by evaluating
statistical information generated in the course of
reestimation.

After an equation is reestimated the specification of the equation is
analyzed. This analysis involves examining the justification for the
inclusion in the equation of each of the independent variables, the
omission of possibly important independent variables, and the
mathematical form of the equation. The values of the coefficients as
estimated by JFA and by the HSRI staff are compared to determine if
the size and sign of the estimates are correctly reported and consistent
with economic theory. If reestimation fails to duplicate the JFA reported
results, the data used to estimate the equation, the sample period of the
equation, and the estimation technique are examined to determine possible
causes of the discrepancies. However, it is not always possible to
completely account for these diserepancies. Finally, the statisties
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generated in the course of estimating the equations are examined to test

the statistical significance of the coefficient estimates and to measure
the overall goodness of fit of each equation.

Each subsection of this section deals with one of the major equations
and discusses the specification of the equation, the data used in the
regression, and the meaning of the statistics generated in reestimating the
equation. The estimated coefficients and summary statistics derived by
the HSRI staff are presented and compared with the JFA estimates in
tabular form. The statistics presented are: the adjusted R-squared (RZ),
the standard error of regression (SER), the Durbin-Watson statistic (DW),
the degrees of freedom (DF) and the F-statistic (F). These statisties are
briefly described in Appendix A.

4.2 The Scrappage Equation

Historically, the rate at which vehicles are scrapped increases with the
age of the vehicle up to eleven years, when the rate seems to level off
at roughly thirty percent of the remaining fleet per year. Table 4-1
shows the historic serappage rates of the automobile fleet by age of
vehicle for the model years 1957 to 1973. The rates are based on data in
Table 4-2, which shows the auto stock of each year, 1959-1974, by vintage.

In the Faucett model, scrappage rates are determined by one of two
methods, depending upon the vintage of the automobile. JFA split the
age groups into two categories, depending on whether the scrappage rate
was greater or less than twenty percent. The resulting vintage
distinctions are less than nine years old and those nine years and older.
For cars less than nine years old, the scrappage rates used are those
from Table 4-1 and are assumed to remain constant over the forecasting
period. For cars nine years or older, a scrappage rate equation is used
to modify the rates in Table 4-1. This equation is intended to produce
serappage rates based on economic conditions and replacement costs during
the current year. This information implies that the scrappage rates of
older cars are significantly affected by the economie environment, but the

rates of newer cars are not.
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TABLE 4-1

HISTORIC SCRAPPAGE OF THE AUTOMOBILE FLEET, BY AGE OF VEHICLE

PERCENT OF CARS PERCENT OF VEHICLES
MODEL YEAR M SCRAPPED DURING YEAR IN USE AT END OF YEAR

M 100.00

M+ 1 0.2 99.80

M+ 2 0.55 99.25

M+ 3 1.05 98.21

M+ 4 2.01 96.23

M+ 5 3.47 92.90

M+ 6 6.02 87.03

M+ 7 10.16 78.43

M+ 8 15.70 66.12

M+ 9 21.46 51.93

M+ 10 26.00 38.43

M+ 11 28.89 - 27.33

M+ 12 30.15 19.09

M+ 13 30.00 13.36

M+ 14 29.17 9.46

M+ 15 29.29 6.69

M + 16 and older 29.70

Source: Difiglio and Kulash 1976, pp. 2-169
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4.2.1 Specification of the Equation. The scrappage rate equation

developed by JFA estimates a single average scrappage rate for all older
cars. This scrappage rate is specified as a funetion of new-car prices
(measure of replacement costs), and the unemployment rate, which the
model authors use to measure temporary fluctuations in general economic
conditions (Difiglio and Kulash 1976, p. 2-171). The model authors expect
higher prices for new cars and higher unemployment rates to cause people
to hold on to their old cars longer, resulting in lower scrappage rates.

JFA assumed a linear function for the equation and estimated the
relationship to be:

SPGt = 0.40675 - 0.078433 (NP:) - 0.015519 (Ut) (4.1)

where

SPGt = the rate of scrappage in year t of vehicles nine
years old and older

*
NPt = an index of the average net price of cars in year
t, 1967 = 1.00

U t = the unemployment rate in year t

4,2.2 Data Used in the Regression. Table 4-3 contains data used for
the regression and was supplied to the HSRI staff by JFA. The SPG,
data points can be calculated from the data in Table 4-2. The SPG, for

year t is equal to the sum of registrations of cars nine years and older in
year t minus the sum of registrations of cars ten years and older in year
t+l, divided by the first sum. For example, using 1960 and 1961 data from
Table 4-2, the 1960 scrappage rate (for cars 9 years and older) is
determined as follows: [(3598 + 3559 + . . . + 804) - (2884 + 2790
+ ...+ 690)] + (3598 + 3559 + ... + 804) % .224, which equals
SPG1ggp in Table 4-3. Thus, the 1960 scrappage rate is for the period
July 1, 1960 to June 30, 1961.

Since the exact method of calculation of the average net price data,
NP,, used by JFA is unknown, the net prices were not verified by the
HSRI staff. However, the HSRI staff attempted to derive the net prices
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TABLE 4-2

PASSENGER CAR REGISTRATIONS - CARS STILL IN USE BY MODEL YEAR
ON JULY 1 OF EACH YEAR IN THOUSANDS OF UNITS*

Model Year

of Car's Origin Time in Calendar Year

1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
1973 e e e e e e voiee v v oot evnne o nnnes o 7,988 6.433
ET:7 72 e 7,169 10,158 11,269
L7 A T oo R S 5927 8,915 8,71510,147
1970 o e e e e oo e evniine e e s 6,286 8,888 8,851 8,612 8,622
1969 e e e e e rmeene e s e 6,465 9,299 9,280 9,122 8,881 8493
1968 ceis e e e e s e e ... 6,182 8927 8816 8802 8595 8291 8615
1967 et e e e e e s e 5822 8122 8,055 7,878 7,772 7,499 7,120 7,931
1966 ... e e e svanneevivee e 6,239 8859 8,836 8,798 8,538 8313 7,930 7,333 6,624
1965 e e e e vt evmsenns 6,408 9,013 8948 8,939 8,855 8506 8,171 7,583 6,715 6,531
1964 mvieee e evverees enine s 5847 70855 7,826 7,738 7,667 7532 7,116 6651 5920 4,963 5,710
1963 e e 5208 7,348 7,315 7,309 7,182 7,058 6,829 6268 5624 4,713 3,698 3,976
1962 s et e 4556 6,605 6,609 6626 6573 6401 6,183 5804 5058 4274 3,343 2,470 2,824
1961 ... ... 3809 5507 5451 5455 5385 5281 5026 4,657 4,087 3267 2,525 1,824 1,268 1,813
1960 ... 4132 6,167 6,195 6,190 6,134 6002 5758 5274 4,615 3,726 2776 2,034 1,413 967 901

1959 3806 5765 5817 5781 5719 5586 5405 4943 4,229 3,347 2,452 1,692 1,183 805 548 682
1958 4292 4288 4313 4,277 4,166 3,972 3,640 3,045 2,359 1,709 1,188 799 563 389 274 391

1957 5999 5966 5932 5840 5578 5124 4527 3623 2,739 1990 1422 996 730 527 *1,781°1.621
1956 5928 5841 5766 5614 5258 4683 3979 3076 2255 1,612 1,139 794 580 "1.813 ... ..
1955 6,673 6,530 6,368 6,055 5501 4,715 3,853 2,890 2089 1,495 1,063 752 *1,804 ... .
1954 3502 4,352 4,110 3,744 3215 2,634 2,031 1,480 1,049 743 525 "1,583 . s e
1953 5444 5103 4,585 3,036 3,205 2471 1,823 1,280 889 623 1,578 . e i e
1952 3282 2,925 2,464 2,005 1,568 1,077 856 593 421 *1517 i i e e
1951 4275 3598 2,884 2,043 1,716 1,289 932 654 1628 .o i e s e e
1950 4327 3,559 2,790 2,050 1,661 1,251 931 "1,563 i o e s e e e oo
1949 2627 2042 1,537 1,049 865 631 1,368 ... o o o o o
1948 1259 958 720 537 415 *1,053 cr o e oo e .
1947 900 661 482 351  "BB7 . o o o e oo e T
1946 452 826 237 TI9 s o o e e ree oo i
1942 97 75 U690 .. o o e e e s S
1941 333 PB04 o o o o e e v e e U
1940 T34 . o OSSOSO
1980 o o e e
1938 o e
1937 o o i oS O
1936 o o o e e o e

Notknown 155 168 180 201 21§ 52 4 112 60 63 50 22 16 27 23 2

TOTAL 55,087 57,103 58,854 60,860 63,493 66,051 68,940 71,264 72,968 75,358 78,435 80,448 83,137 86,429 89,805‘9_2,608
* Includes all earlier year models. SOURCE: R. L. Polk and Comgany.

Source: Automotive News, Almanac Issue 1975, p. 70

*The placement of the data in the 1974 column is in error. For that year,
the model year data should be moved up one year. For example, the number
of 1973 model year cars registered on July 1, 1974 should be 11,269 not
§,433. This error did not result in any errors by the model authors,
insofar as the HSRI staff has been able to determine.
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TABLE 4-3
DATA USED IN SCRAPPAGE RATE EQUATION

Year SPGt, NP% Ut
1960 .224 1.178 5.5
1961 .225 1.166 6.7
1962 .214 1.149 5.5
1963 .223 1.129 5.7
1964 .226 1.111 5.2
1965 .269 1.068 4.5
1966 .270 1.019 3.8
1967 .279 1.000 3.9
1968 .282 .987 3.6
1969 .283 .951 3.5
1970 .256 .925 4.9
1971 .262 .923 5.9
1972 .258 .886 5.6
1973 .236 .835 4.9

Source: Jack Faucett Associates, Inc.
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from a table of generalized prices provided by JFA, using the procedure
shown in Appendix B. The price index data calculated from the net
prices in Appendix B differs from the price index data JFA used in the
estimation of the scrappage equation. The source of this diserepancy is
not known, but it seems to indicate an inconsistency in the values of net
prices used by JFA in different parts of the model. The unemployment
data were verified to be those reported by the Bureau of the Census.

4,2.3 Statistics and Interpretation. Table 4-4 contains the results of

the HSRI staff and JFA estimates of the regression coefficients. The -
differences between them are less than one percent. The signs of the
price and unemployment coefficients are, as expected, negative.

JFA obtained their estimates of the coefficients by using a sample
period of 1960 to 1973 excluding 1968. The HSRI staff estimated the
scrappage equation over two alternative sample periods, 1960-1973 and
1960-1972. These coefficients and related statistics are in Table 4-5. The
reasons for dropping 1968 from the sample were not obvious to the HSRI
staff and not explained by JFA. The appropriate statistical test failed to
indicate that 1968 was from a different population than the other
observations. JFA's exclusion of 1968 from the sample period does not
significantly alter the estimated coefficients. A more important finding
is that 1973 is indicated to be from a different population than the
1960-1972 observations. If 1973 is deleted from the sample period, the
values of the estimated coefficients are significantly changed (6). This
extreme sensitivity of the scrappage equation to a single observation is
disturbing, and may suggest that the equation inadequately represents the
scrappage process because of omitted variables. Among the potentially
important omitted independent variables are employment, income, and
measures of activity in the steel scrap market. Employment rose slightly
over the 1973-1974 period. The steel scrap market experienced sharply
rising prices, but consumption and production fell over the same period.
Thus, these two influences do not appear to be responsible for the lower
scrappage rate in 1973. A possible cause for it, however, may be found
in income, for GNP fell beginning in the second quarter of 1973, through
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TABLE 4-4

SCRAPPAGE EQUATION
ESTIMATED COEFFICIENTS AND STATISTICAL RESULTS

(Standard errors in parentheses)

. . _ %
Estimated equation: SPGt = a + bo[NPt] + bl[Ut]
Sample . . . .
Period Coefficient |Coefficient
1960-19671  constant of of 2 SER DW DF F
1969-1973 N
1968 NPt Ut
dropped
0.40675 -0.078433 -0.015519
JFA (0.04127) (0.04104) (0.005085) .5904 0.01544 1.9087 10 9.65
HSRI 0.40730 -0.07847 -0.01560 .5849 0.0155 1.89 10 9.46
(0.04162) (0.04136) (0.00518)
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1974 and into the first quarter of 1975. In addition to this omitted
variable, an event unique to the 1973 data point is the oil embargo of
October 1973-March 1974 and the OPEC price increases.

In order to account for fuel consumption by the various subfleets of
the automobile stoek, the Faucett model tracks the current size of each
subfleet. This requires estimates of the number of cars scrapped in each
subfleet. For the cars less than nine years old, the scrappage rates are
assumed constant across classes and constant over time. Those rates are
indicated in Table 4-1. For cars nine years and older, the rates are
determined in a two step process. First, for each year in the forecast,
the unemployment rate and the three indexes of new-car net price by
class are substituted into the scrappage equation to produce scrappage
rates for older cars in each class. (Recall that this equation was
estimated with average net price indexes, not the individual class-price
indexes.) Second, these rates by class are combined with scrappage rates
by vintage to develop scrappage rates by class and vintage. For further
discussion of the determination of the scrappage rates by class and
vintage, see Section 5.4.

JFA used the scrappage equation to produce these subfleet scrappage
rates because historical data on the subfleets are unavailable. The
substitution of the net price indexes into the scrappage equation in an
attempt to estimate unknown scrappage rates for each class is entirely
unexplained. There is no apriori reason to believe that the resulting rates
will accurately predict subfleet sizes for the purpose of estimating

gasoline consumption.

4,2.4 Conclusions. The HSRI staff was able to closely reproduce the
JFA estimated scrappage equation. However, the sample period used by
JFA excludes the 1968 observation for no apparent reason. More
importantly, the estimated coefficients were found to be sensitive to
small changes in the data, in particular the 1973 sample point, and the
HSRI staff regards the JFA estimated coefficients as unreliable.

The calculation of subfleet scrappage rates by replacing the average

net price index in the scrappage equation with the net price index of
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each class is not justified.

4.3 New-Car Sales Equation

The new-car sales equation involves a stock adjustment process. Such
processes are widely used in forecasting automobile demand. In the
Faucett model, the forecast of new-car sales is critically based on both
the new-car sales equation and forecasts of desired (target) automobile

stock.

4,3.1 Computation of Target Automobile Stock. To calculate the

target automobile stock, JFA used the following equation:

Oz = (ZIT HI X PIt) HI—ILD,c (4.2)
where

0% = target automobile stock in year t

Hy = automobile ownership per household in income
bracket I

Pr¢ = fraction of total households in income bracket I
in year t

HHLD, = total number of households in year t

Average automobile ownership per household is ecomputed as a weighted
average of the estimates of ownership per household estimates by income
bracket, with the weights being the fractions of households within income
brackets. Target stock is the product of average target automobile
ownership per household and the number of households. Before
considering the problems with target stock, a short digression is required.

The critical variable in equation 4.2 is Hy, the automobile ownership

per household in income bracket I. JFA developed data for this variable
with an econometric equation that estimates automobile ownership per

household as a log linear function of real income. This functional form
reflects the observation that the number of automobiles owned per
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household increases at a decreasing rate as income rises. Using four
different data sources spanning thirteen years, the model authors
estimated alternate versions of the equation. Comparison showed that
estimated coefficients were relatively stable over 1960-1974 (Difiglio and

Kulash 1976). JFA chose to use the following equation estimated from
1970 data:

- 0.4743
Hy = 0.01786 (1) (4.3)

where

ue
—
1

automobile ownership per household in income
bracket I

ot
1

total real income by bracket

Table 4-6 contains the census data JFA used to calculate the
household auto ownership by income data points used to estimate equation
4.3. Since the HSRI staff had only this census data, calculations were
required to reconstruet the data points used to estimate equation 4.3.
Using 1970 data, the HSRI staff computed the following: for each income
bracket, automobiles per household equals one times the percentage of
households having one car, plus two times the percentage of households
having two cars, plus 3.1 times the percentage of households having three
or more cars (3.1 is used since some households in the final category have
more than three cars). This computation produces an average number of
automobiles per household figure for each income bracket shown in Table
4-7,

To use these data in a regression, an income point for each income
bracket had to be selected. The HSRI staff used the midpoints of the
income brackets and $22,000 for the highest income bracket. These
points are also shown in Table 4-7.

Two final statements about the calculation of the data points need to
be made. First, the HSRI staff used the same income midpoints as JFA
in estimating the coefficients. Second, the HSRI staff ignored the

not-reported income group in its computation of Table 4-7; it is not
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TABLE 4-6

PERCENT OF HOUSEHOLDS OWNING ONE, TWO, OR THREE OR MORE CARS
BY INCOME BRACKET IN JULY 1970

THREE OR
ONE CAR TWO CARS MORE CARS
All
Households 50.3 24.6 4.7
Income* 38.0 3.8 0.7
Under $3000
3000 55.9 11.8 1.5
to 4,999
5000 64.3 19.5 2.6
to 7,499
7500 56.9 29.9 4.8
to 9,999
10,000 47.5 40.2 8.2
to 14,999
15,000 33.1 50.4 12.7
and over
Not Reported 52.9 22.0 4.8

Source: U.S. Bureau of the Census. 1970. Current Population ‘Reports.
Series P-65. Table 1.

* Total money income of primary family in 12 months immediately
preceding interview.
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TABLE 4-7
AUTOMOBILE OWNERSHIP PER HOUSEHOLD BY INCOME BRACKET

Total Income Cars Owned Income Bracket
in 1970 Dollars Per Household Midpoints

< 3000 L4777 1500
3000-4999 .8415 4000
5000-7499 1.1136 6250
7500-9999 1.3158 8750
10,000-14,999 1.5332 12500

> 15,000 1.7327 22000

Source: Calculated from data in Table 4-6.
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known how JFA treated that group.

Table 4-8 presents the JFA and HSRI estimates of the auto ownership
equation coefficients. A comparison of the results shows that the
differences between the estimates are large, almost five percent for the
exponential coefficient. Discussion with the model authors did not resolve
these differences. The effect of these differences on target stoek is at
least five percent, which is large in absolute terms since the fleetsize is
roughly 100 million.

Keeping in mind the above digression on household ownership, consider
again equation 4.2. The cross-section estimation of target stock is
seriously flawed. First, the model authors assume that actual stock
equaled desired stock in 1970. Had the model authors used a conventional
stock adjustment model (Chow 1957; 1960), which they did not, this would
have been unnecessary. Insofar as desired stock differed from actual in
1970, estimated target stock for other years will be biased. Second, the
model authors assume that the cross-sectional relationship between income
and household auto ownership is the same as the time-series relationship,
with an adjustment for an income saturation effect (7).

Another fundamental problem with the specification of the target
stock in the Faucett model is that fleet sales of automobiles to car
rental agencies, government, corporations, and others, are omitted. This
omission from target stock further weakens the model's stock-adjustment
procedure, especially since fleet sales are a growing proportion of the
market. Vehicles in fleets tend to be driven more miles and resold
relatively sooner than other new cars; consequently, fleet purchases may
not parallel household purchases. Fleet sales generally increased as a
percentage of total sales over the last decade, with fleets of ten or more
cars accounting for over 13% of sales in 1977 (Shonka 1979). The problem
of fleet sales is not peculiar to the Faucett model; no auto demand
model that the HSRI staff is aware of deals directly with this issue.
Nevertheless, failure to account for fleet ownership is a serious flaw in
the specification of the model.

Another problem with the specification of target stock is that it
depends only on income and population. Purchase price, operating costs,
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and characteristies of the driving population are among the explanatory
variables notably absent (although price and operating cost do enter the
new-car sales equation directly).

4.3.2 Specification of the New-Car Sales Equation. The first step in

predicting new-car sales using the JFA stock adjustment process is to find
the "gap" between existing and desired stock. The gap is computed as
the difference between the target stock and the beginning-of-year total
stock minus the number of vehicles scrapped during the year:

= 0* - -
Ot 0t (Autost Dt) (4.4)
where
0, = gap between target and existing stocks
Of = target automobile stock in year t
Autos = stock of automobiles on hand at the beginning
of year t
Dy = total serappage of vehicles in year t

JFA estimated the new-car sales equation to be in the following form:

10g(Nt) = 5.45746 + 0.21779 [log(0)] - 1.7039 [log(A})]  (4.5)

where
Nt = total annual new-car sales in year t
O¢ = gap between target and existing stocks
A: = index of the average generalized price in year t,

1967 = 1.00

As stated earlier, the derivation of target stock for use in the
new-car sales equation would have been unnecessary if the model authors
had used a conventional stock adjustment model. They need only have
included in the new-car sales equation those variables determining target
stock. Price, one determinant of target stock, does enter through the
sales rather than the "target stock" equation. Thus, "target stock" and
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the "gap" as calculated by the model authors do not have the usual, clear

economic interpretations.

4.3.3 Data Used in the Regression. The data used by the HSRI staff
to estimate the coefficients were supplied by JFA and are listed in Table

4-9. The data for N were verified to be new-car registrations. The A:
data are contained in Table 4-12 and are an index of average generalized
costs with 1967 equal to 1.00. The HSRI staff was unable to reproduce
the O data, since some inputs for the target stock equations were not
available. Hence the gap between the desired and existing stocks could
not be verified.

An important observation about the data presented in Table 4-9 is that
Ot, which is supposed to be the gap between the desired and existing
stocks, is always considerably smaller than new-car sales. One hypothesis
is that the difference between sales and the gap is due to the
computation of desired stock from household data, omitting fleet autos.
Examination of fleet sales and the stock of fleet autos in relation to this
difference indicates that the failure to account for fleet autos is not the
sole source of this difference. Another potentially contributing factor is
JFA's use of a cross-section relation to estimate the desired stock time

series.

4.3.4 Statisties and Interpretation. Table 4-10 presents the values of

the coefficients of the new-car sales equation as estimated by JFA and
the HSRI staff. A comparison shows that the estimates match very well.
The signs of the constant and gap coefficients are, as expected, positive,
so that a larger gap between target and existing stock will increase
new-car sales. The negative price coefficient is also expected; an
increase in price should decrease new-car sales.

The t-statisties show that the constant and price coefficients are
significantly different from zero at the 1% level. The gap coefficient is
not significant until approximately the 15% level. The Durbin-Watson
statistic is 1.18. Using linear interpolation and the standard tables (Durbin
and Watson 1951), it was found that the test for one period autoregression
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TABLE 4-9
DATA USED IN NEW CAR SALES EQUATION

Year log (Nt) log (Ot) log (A;)
1960 6.8180 6.7406 .0515
1961 6.7675 6.6628 .0441
1962 6.8413 6.6797 .0350
1963 6.8783 6.7039 .0398
1964 6.9066 6.7265 .0249
1965 6.9691 6.7340 .0191
1966 6.9547 6.8048 .0043
1967 6.9221 6.7918 .0000
1968 6.9733 6.8728 -.0035
1969 6.9790 6.9067 -.0150
1970 6.9273 6.7986 -.0329
1971 6.9984 6.8666 -.0348
1972 7.0256 6.8312 -.0477
1973 7.0598 6.7638 -.0565

Data Source: Automotive News, Almanac Issue 1970.
Consumer Buying Indicators

Table Source: Jack Faucett Associates
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is inconclusive.

If the market adjustment process were complete in one period and no
other explanatory variables were present, then one would expect a
one-unit increase in the gap to generate a one-unit increase in sales.
However, when the adjustment process involves more than one period and
additional explanatory variables are introduced, a one-unit change in the
gap would be expected to generate a less than one-unit change in sales.
Under these conditions, previous period gaps and other explanatory
variables would account for current period sales.

The new-car sales equation is estimated in log form and the
coefficients can be interpreted as elasticities. However, note that a 1%
change in the gap variable is not a 1% change in the stock of cars.
Rather a 1% change in the gap variable is a 1% change in the number of
autos needed to equate the desired and actual vehicle stocks. In this
case, the elasticity of new-car sales with respect to the gap is 0.22.
Thus, a 10% increase in the gap will lead to about a 2% sales increase.
While the coefficient on the price variable can also be considered an
elastieity, it should be cautiously interpreted. The price variable is an
index that includes operating costs as well as purchase price, so that the
elasticity is not comparable to those commonly estimated for retail
prices. In addition, new-car prices also enter the new-car sales equation
through the impact of scrappage on the gap (8).

The new-car sales equation can be considered a test of the model's
maintained hypothesis that equilibrium is attained through JFA's
one-period stock adjustment formulation. At the customary levels of
significance, the null hypothesis that b, equals zero can not be rejected.
Thus, statistical evidence does not support the inclusion of Ot as a
statistically significant independent variable in the sales equation. Since
the only information provided in the model on the importance of the
stock adjustment variable is contained in this equation, and since that
evidence does not support the maintained hypothesis, serious doubts are
cast upon the particular stock adjustment process which is a cornerstone
of the model (9).
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4.3.5 Conclusions. The auto ownership per household equation could
not be precisely reproduced by the HSRI staff, while the new-car sales
equation was reproduced almost exactly. The new-car sales equation is
flawed by the use of an unconventional stock adjustment process that
results in the inappropriate estimation of target stock from ecross-section

data and an inadequate specification of the determinants of target stock.

4.4 The Market Shares Equation
JFA initially attempted to divide cars into classes by a classification

scheme based on "roominess" or interior dimensions. However, data for
this scheme were not readily available for the entire sample period. A
search by JFA for another classification scheme that would divide classes
in roughly the same manner as the roominess index yielded a weight

index, defined as:

Class Weight Index
S:  Small Under 3,050 1lbs.
M: Medium 3,050 to 3,500 Ibs.
L: Large Over 3,500 lbs

While the division by this index did not perfectly matech that of the
roominess index, it was a close approximation as there were only six
misclassifications out of the fifty-two models classifiable by both systems
(Difiglio and Kulash 1976). JFA notes that the weight classification
scheme is used only as a proxy for roominess in the future forecasts of
the model. The weights associated with each class will change due to
the use of lighter materials in the construction of cars, but the relative
roominess of each class will remain approximately the same.

This classification scheme necessarily obscures differences among the
cars of a class and neglects the consumers' preferences related to those
differences. Luxury and economy cars of the same class have similar
weights but differ in price and operating cost. In response to a price
increase, a new-car buyer might switech from a luxury medium car to an
economy large car, but the possibility of this type of shift is not taken
into account in the model and lies outside of its fundamental logic.
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4.4.1 Specification of the Equation. The market share of each class

was modeled by JFA as a function of the prices of the three classes of
cars and the prior-year market share of that size class. The price
variables are indexes for each class of car, with 1967 equal to one. Each
index is the generalized price of a class in year t relative to the average
generalized price in year t, divided by a similar ratio for 1967.

For regression purposes, the Faucett model employs a logit
formulation. The logit form ensures that each of the individual predicted
shares will always be between zero and one, but not that the shares will

sum to one. The logit form used is:
a

sut = —© (4.6)
t a
1 +e
where
SHE = market share of class C at time t
a = a linear combination of explanatory variables for
class C
e = the base of natural logarithms (e ~, 2.718)

The above equation can be rewritten as

C

SHy a (4.7)
_———E- = e
1 - SHt
and taking the natural logorithm, as
s’
1n(—————-—C) = a (4.8)
1 - SHt

The explanatory variables are current-year prices and prior-year shares.
Including the prior-year share dampens the impacet of current-year prices
on current market share of a class. A possible reason for including
prior-year share is that market shares are also affected by prior-year
automobile prices of the various size classes. Rather than using these

prices, their joint effect is approximated by the instrument of lagged
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market shares. Since each year's market shares are assumed to be a
function of current-year prices, the inclusion of prior-year market share
in the market share equation brings in the effect of prior-year prices.

The model authors could have estimated separate equations for each of
the three size classes. However, because of the small number of
observations, they employed a system of dummy variables interacting with
the price variables to develop a single equation format for estimation.
The specific form of the equation including the dummy variables is:

C
1(__iH_t__)=a+b(D)YS+b(D)YM+b (D)YL (4.9)
n C o 1) T TP Wl Ty T P2 Vg0 Tt
1 - SHt
S S M
+ b3 (DZ) Yt + b4 (DS) Yt + bS (Dl) Yt
M L L
+ b6 (D3) Yt + b7 (Dl) Yt + b8 (DZ) Yt
S L
+ By (D)) SH_y + byo (D)) SHY_ ) + by (D) SHy; + v
where
YS = the price indexes of cars of class C in year t
with 1967 = L0
SHE = market share of class C in year t
SHE_1 = market share of class C in year t-1
D, = dummy variable with a value of one for small-car
observations; zero otherwise
D, = dummy variable with a value of one for
medium-car observations; zero otherwise
Dy = dummy variable with a value of one for large-car
observations; zero otherwise
a, b; = coefficients to be estimated
u = stochastic error term

In order to conserve degrees of freedom and to constrain some of the

relationships between the classes, JFA made four assumptions. First, the
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cross-price coefficient between nonadjacent classes is assumed to be equal
to zero. This means that the by and b; coefficients are set equal to
zero. The second assumption is that the coefficient of the prior-year
share of a class is constant across all three classes (bg = bjg = bjj). In
other words, the relationship between the prior-year share and the
current-year share is assumed to be the same for all classes. The
estimated coefficient depends on all three classes. An alternative is to
let the coefficient differ across classes. This alternate specification
would let each class's prior year share affect only its own current-year
share. The model authors state that this alternate specification was not
used because the constrained version performed better than the
unconstrained version (Difiglio and Kulash 1976). The third assumption is
that the constant term is the same for all three classes. The fourth
assumption is that the stochastic disturbance is the same for all size
classes.

JFA supported the first assumption with the following statement:
"Two cross-price variables, small car prices on large automobile shares,
have been omitted from the final specification because they almost
invariably appeared with perverse signs and extremely low t-statisties. It
was assumed, therefore, that the price elasticities between nonadjacent
shares was zero" [sic] (Difiglio and Kulash 1976, p. 2-140). The
assumption that the price elasticities between nonadjacent shares are zero
will be shown to be incorrect and inconsistent with JFA's specification of
the equation. As explained below, the price variables in the shares
equations are indexes that depend on the prices of all three classes. A
change in the price of one class must affect the price indexes of both of
the other classes. Consider the omission of the large-car price index
when determining the small-car share. The effect of the large-car price
is not zero, but enters through the small- and medium-car price indexes.
Each of the other two class prices enters through both its own price
index and the price index of the other. In other words, the market
shares equation implies that the prices of nonadjacent classes affect
market shares differently than do prices of adjacent classes, but not that
the nonadjacent class price effect is zero.
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The equation estimated by JFA is:

QHC

Tt S M
ln(i——-f—) = -4,1749 - 1.8660 (Dl) Yt - 2.0765 (D2) Yt (4.10)
L S
- 0.4299 (DS) Yt + 3.5450 (D2) Yt

M M
+ 3.5093 (Dl) Yt + 1.8117 (DS) Yt

L C
+ 0.2589 (Dz) Yt + 5.6428 (SHt-l)

4.4.2 Data Used in the Regression. Table 4-11 contains the data used

in the regression, while Table 4-12 presents the data used by JFA in
forming the price indexes and shares listed in Table 4-11. These data
were furnished to the HSRI staff by JFA. The HSRI staff was unable to
perform a complete verification of the data in Table 4-12 due to the
time-consuming nature of classifying the original data by eclass of car.
However, the translation of the data from the second table to the first
was examined.

The price variables are indexes of the generalized prices shown in

Table 4-12 and are calculated as follows:

C
X A
vC o oYy x (1297 (4.11)
t At XC
1967
where
Yg = price index for class C in year t, 1967 = 1.0
X(é = generalized price of a car of class C in year t
A = average generalized price in year t

HSRI staff verified that the index was calculated properly from Table
4-12, but could not determine the method used to calculate the average
generalized price in year t. The method used to calculate the average
generalized price in Table 4-12 is not the same as that used in the
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TABLE 4-11
DATA USED IN MARKET SHARE EQUATION

Small Car Class

st
In(——")
S M S
Year 1'SHt Yt Yt SHt-l
1964 -.823 .945 .940 .2954
1965 -1.1084 .970 .931 .3040
1966 -1.1809 1.057 .975 .2482
1967 -1.4077 1.000 1.000 .2349
1968 -1.5535 .938 .968 .1966
1969 -1.4300 .893 1.001 .1746
1970 -1.0172 .896 .985 L1931
1971 -.8317 .822 .975 .2656
1972 -.7419 .836 .913 .3033
1973 -.8540 .886 .921 .3226
Medium Car Class
st
t
o 1-sH ) ok v Y- S
Year t t t t t-1
1964 -1.6119 .940 .945 .871 L1971
1965 -1,3626 .931 .970 .928 .1663
1966 -1.1904 .975 1.057 .959 .2038
1967 -.9148 1.000 1.000 1.000 .2332
1968 -.9700 .968 .938 .960 .2860
1969 -1.2801 1.001 .893 1.039 .2749
1970 -1.2406 .985 .896 1.022 L2175
1971 -1.7632 .975 .822 1.028 L2243
1972 -2.4853 913 .836 .980 .1464
1973 -2.1786 921 .886 1.014 .0769
La:ge Car Class
SHL
In(—) L M L
Year 1'SHt Yt Te SHt-l
1964 L1377 .871 .940 .5075
1965 .1926 .928 .931 .5297
1966 .1278 .959 .975 .5480
1967 .0696 1.000 1.000 .5319
1968 .2027 .960 .968 .5174
1969 .3615 1.039 1.001 .5505
1970 .0404 1.022 .985 .5894
1971 .2019 1.028 .975 .5101
1972 .4075 .980 913 .5503
1973 .4042 1.014 .921 .6005

Data Sources: Automotive News, Almanac Issue 1958-1975.
Society of Automotive Engineers, 1975
Passenger Car Fuel Economy Trends Through 1976

Table Source: Jack Faucett Associates
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computer program, which is a share-weighted average.
An examination of equation 4.11 reveals additional insight into the
price index used in the market shares equation. Equation 4.1l can be

rewritten as:

967 (4.12)

1967

(Recall that all prices are in constant ($1967) dollar terms.) The ratio,
X%/XC1967, indicates the "real" change in the price of an automobile of
class C. For example, a "real" increase would reflect improvements in
quality as well as where a higher proportion of cars have additional
components that become standard equipment (e.g., radio). Real changes
also reflect mandatory regulatory add-ons such as safety and air pollution
control equipment. The ratio, A./Ajgg7, is intended to indicate the
"real" change in the price of the average automobile. Thus, the price
index Y(,E indicates the value in quantity/quality adjusted prices of a
particular size-class automobile relative to the average automobile. The
HSRI staff suggests that a more appropriate comparison would have At
and A19¢7 equal the average price of the non-C size-class automobiles.
That is, for example, small-car prices would be relative to the prices of
medium and large cars. This average produces a more direct comparison

between the size-class substitutes.

4.4.3 Statisties and Interpretation. Table 4-13 presents the results of

the HSRI staff and JFA estimations of the regression coefficients. The
coefficients from Table 4-13 are used to construct "separate" share
equations, presented in Table 4-14. The signs of the coefficients are in
accord with economic theory: an increase in the relative price of a car
of class C will decrease the market share of class C, while an increase
in the relative price of a car in an adjacent class will increase the
market share of elass C. It should be remembered that the cross-price

coefficients of nonadjacent classes are assumed by the model authors to
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TABLE 4-13

MARKET SHARES EQUATION
ESTIMATED COEFFICIENTS AND STATISTICAL RESULTS

(Standard errors in parentheses)

Tat s . S
Estimated equation: 1In( SHt ) = a + b0 (Dl) Y™ + b, (D)) YM + b, (D)) YL + b_ (D,) YM
TS 1 2 2 3 5 V1
M L
+ bg (D) Y7 + bg (D)) Y' + by, SHY 3
~J
B~
bo b b, by bs be bg b2
ﬁ‘;’:li’(l’g Constant Coefficienst Coefficier;"t Coefficienl't Coefficienst Coefficier;‘t Cocfficiet;dt Coefficienl't Coeff}cienT 2 SER DW F
1963-1973 of (1) YO | of 02) Y| of 03) Y| of 02) Y| of 1) YM| of 03) YM| of (02) Y %
sHS |
-4.1749 -1.8660 -2.0765 -0.4299 3.5450 3.5093 1.8117 0.2589 5.6428
JFA (1.3983) | (1.0526) | (3.4069) | (1.6217) | (1.4913) | (1.6586) | (2.0076) | (2.3472) | «1.0248y | -927 |0.2203 | 2.3907 [47.185
-4.1749 -1.8660 -2.0765 -0.4299 3.5450 3.5092 1.8117 0.2590 5.6428
HSRI (1.3983) | (1.0526) | (3.4071) | (1.6215) | 1.4913) | (1.6586) | (2.0077) | (2.3476) | (1.0249) | -9%7 |0.2203 |2.39  ]47.186
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equal zero. That is why no large-car price variable appears in the
small-car market share equation and vice-versa.

The differences between the JFA estimates and the HSRI estimates
are small and appear only in the fourth decimal place.

The t-statistics indicate that the by, b, bg, and bg coefficients are
not different from zero at the 10% level of significance. These
coefficients are, respectively, the own-price coefficient for medium-car
share, the own-price coefficient for large-car share, the cross-price
coefficient for medium-car price on the large-car share, and the
cross-price coefficient for large-car prices on medium-car share. The
own-price coefficients are significant only at relatively high error levels,
but are retained by JFA for theoretical reasons: the price of a car
should affect its share of new-car sales. The cross-price coefficients,
also significant only at high error levels, are retained because the model
authors wanted each share to be affected by adjacent class prices.

The F-statistic of 47.19 indicates that as a group, the coefficients are
significantly different from zero at the five percent level. The high
F-statistic together with relatively low t-statistics would be a classic
symptom of multicollinearity. The multicollinearity may be rooted in the
poor specification of the shares equation. It may be argued that only one
price index need be taken into account in determining each share, since
all three prices enter into each index. As a group the estimated
coefficients may produce a reliable forecast. However, the equation will
not measure the individual impaets, via specific coefficient values of
policies that single out a particular size class for a tax or rebate,
because of the equation's inability to isolate the effect of a change in a
single variable.

4.4.4 Normalization of Shares. While the logit specification produces

share estimates that are between zero and one, a normalization procedure
is required to ensure that the market shares sum to one. The explanation
of this procedure in the model documentation (Difiglio and Kulash 1976,
1977) implies that the normalization procedure was as follows (henceforth

referred to as simple normalization):




SH
*
L (4.13)
t 3 C
z SHt
C=1
where
SHE = the market share of class C at time t as
estimated by the equation
*
SHS = share after normalization

The computer program of the model uses another procedure. The
model authors state (Jack Faucett Associates 1976b, p. 16) that because
the demand for large cars is relatively price inelastic (i.e., consumers of
large cars are less responsive to changes in price and operating cost than
are consumers of other size classes of cars) the large-car share is
determined first and the original estimate of large-car share dominates

the normalization process as shown below (henceforth referred to as JFA

normalization):
L
L* L SHt
SH, = .8 (SH]) + .2 () (4.14;
t t 3 C
T SHt
C=1
M* SHIE L*
SHt + SHt
S* L* M*
SHt =1 - SHt - SHt (4.16)

Equation 4.14 calculates the normalized large-car market share as a
weighted average (.8 and .2 are the weights) of the large-car share as
estimated by the share equation and the simple normalized large-car
share. Equations 4.15 and 4.16 split what remains after the large-car
share is subtracted, according to the simple normalization process.

The model authors' explanation for this normalization process is
illogical. An inelastic demand for large cars does not imply an inelastic
large-car market share, and it is the share that is relevant. Consider the
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following extreme example. Suppose large-car sales are completely price
inelastic, and, ceteris paribus, never vary. Also, sales of smaller cars are
very price elastic. It follows that large-car share might vary widely with
changing prices due to the changes in total sales that result from changes
in sales of smaller cars. In fact, the large-car share apparently varies
somewhat less than the other two shares over the sample period. The
model does not, as a result of the smaller variation, predict large-car
share more accurately than the other shares, as measured by mean square
error (see Table 6-1). Thus, the validity of the procedure remains dubious.

The selection of the weights for equation 4.14 is not clearly explained.
The documentation states that a series of test runs was made and that
the .8/.2 division was "optimal." Without supporting statisties, the
weights cannot be readily evaluated nor can any credence be given to this
claim. If the estimate of large-car share (or any other class share) were
determined to be the most accurate, then it seems reasonable that the
other shares should be normalized to it without the need for weights.

The procedure for the normalization of shares substantially affects the
model's outputs, sometimes producing anomalous results. This is shown in
Section 7.0, Sensitivity Analysis of the Demand Block.

4.4,5 Conclusions. The market shares equation was reproduced
exactly. However, there are problems with its specification, estimation,
and use.

(1) The "eross-price" terms left in the equation are irrelevant variables.
The inelusion of irrelevant variables increases the variance of all of the
estimated coefficients; that is, it decreases the precision of the estimation.

(2) The market shares equation is formulated such that the constant
term, the coefficient for the lagged market share variables, and the
stochastic error term are the same for all three shares.

(3) Multicollinearity causes the estimated values of the coefficients to
be imprecise, as indicated by the large variances of the least squares
estimators. More uncertainty about the exact value of the coefficients
means more uncertainty about the impacts of proposed policies.

(4) The normalization procedure used to ensure that the market shares
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sum to one appears to be unjustified.

4,5 Vehicle Miles Traveled Equation

One of the major objectives of the Faucett model is to forecast the

gasoline requirements of the automobile fleet. The model contains an
equation that estimates aggregate vehicle miles traveled (VMT). This
estimate is combined with the subfleet fuel economy ratings and VMT

estimates by age of car to produce a forecast of gasoline consumption.

4,5.1 Specification of the Equation. The model authors selected

variables affecting VMT based on general degree of predictability and on
sensitivity to energy conservation legislation (Difiglio and Kulash 1976).
Consumer income, total cars in use, the fuel cost of operating a vehicle,
and the number of consumer spending units (household population) were
the variables selected. At least one important variable is omitted, family
composition. Since number of adults and marital status of family head
are important determinants of VMT, and there is a trend towards more
one-adult households, a VMT equation without a family composition
variable is unlikely to prediet well in the future (Lansing and Hendricks
1967).
JFA estimated the VMT equation to be (10):

VMTt/HHLDt = -52979.8 + 15087 [log(DIt/HHLDt)] (4.17)
+ 6337.7 (Autost/HHLDt)

- 2204.24 [log(100 x CPM)]

where

1]

VMT; /HHLD{ vehicle miles traveled per household

in year t

DI, /HHLD,

real disposable income per household
in year t in 1967 dollars

Autos, /HHLD total cars in use per household on

January 1 in year t
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CPM, = real fuel cost per mile in year t in
1967 dollars

4.5.2 Data Used in the Regression. The data used by the HSRI staff
in estimating the equation are shown in Table 4-15. The HSRI staff

verified household and autos per household data. Disposable income per
household and CPM data could not be verified due to the lack of
documentation on the specific sources.

4.5.3 Statistics and Interpretation. The HSRI and JFA estimates of

the coefficients appear in Table 4-16. A comparison of the results shows

that the estimates are close. The signs of the coefficients are as
expected.

The Durbin-Watson statistic of .46 indicates the presence of
autocorrelation. However, even with autocorrelation, the least squares
estimates of the coefficients are unbiased, though not efficient, in the
absence of additional violations of the classical statistical assumptions.

4.5.4 Annual Miles Traveled per Automobile by Age. Gas

consumption cannot be predicted using the VMT equation alone since
annual fuel consumption will depend on the distribution of VMT among
different class vehicles of each vintage in the fleet. When the VMT
equation is used to forecast, it is implicitly assumed that the distribution
of cars across subfleets is the same as the average over the sample
period. To the extent that this assumption is false, the forecasts will be
less accurate. Information on the VMT distribution cannot be obtained
from the VMT equation. Therefore, JFA developed another equation to
provide the annual miles traveled per automobile by age. This equation is
described briefly in the documentation (Jack Faucett Associates 1976b).
JFA estimated the following relationship:

AMT, = 17.9729 - 9.57841 [log()] (4.18)
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TABLE 4-15
DATA USED IN VEHICLE MILES TRAVELED EQUATION

a. estimated

Data Sources: Federal Highway Administration.
Platt's 0il Price Handbook and Almanac 1975,

_WMT L (_QI__) Log Autos
Year HHLD °9\HALD (100 CPM) HHLD
1954 9609 3.83187  .39445 .886
1955 10202 3.85150  .39794 918
1956 10395 3.86058  .40824 .958
1957 10648 3.86291  .40654 .976
1958 10811 3.85619  .38917 .994
1959 11169 3.87081  .38739 1.014
1960 11138 3.86753  .39094 1.017
1961 11288 3.87466  .37840 1.045
1962 11487 3.88508 37107 1.048
1963 11677 3.89730  .36736 1.080
1964 12068 3.91971  .35984 1.102
1965 12299 3.93777 .36922 1.119
1966 12753 3.95381  .37291 1.142
1967 12939 3.96483  .37658 1.161
1968 13249 3.97257  .37017 1.166
1969 13657 3.97520  .36736 1.189
1970 14051 3.98457  .35411 1.199
1971 14497 3.99167  .34439 1.211
1972 14794 3.99835  .33041 1.220
1973 14899 4.01649  .34830 1.230
1974a 14391 4.016825 57519 1.282
1975 14812 4.013806  .50746 1.329

Highway Statistics,

Editors, and Automotive News Almanac, Issues 1958-

1975.

Table Source: Jack Faucett Associates
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where

AMT y annual miles traveled per automobile at age M

M

age in years of the vehicle; 13 for the 11+ group

Table 4-17 presents the data used in the regression. It is based on
cross-section data from 1969. To account for cars older than eleven
years, the miles-traveled figure for the eleven years old and older group
was assumed to be the average for thirteen-year-old cars.

The data in Table 4-17 were taken from The Nationwide Personal
Transportation Study (U.S. Department of Transportation 1972, p.8). Using
1969 cross-section data, that report presented estimates of average annual
miles traveled per automobile by model year of the newest car in the
household. This classification obscures the average vehicle miles traveled
per vehicle by age of vehicle for multi-car households. The correct
interpretation of the data presented in that report is unclear because of
the handling of the multi-car households. It is unclear whether the
Transportation Study authors reported the average VMT of only the
newest car in a household or the average VMT for all vehicles in a
multi-car household and classified that average under the newest car in
the household. In either case, the interpretation of those data by JFA is
incorrect: the average number of miles traveled by automobiles of a
certain vintage reported by Transportation Study authors is not the
average for all vehicles of that vintage. For example, 16,000 is not the
average number of miles traveled by all 2-year-old automobiles. The
HSRI staff has not determined the impact of the use of these data.

The HSRI and JFA estimates of the coefficients are presented in
Table 4-18. Since JFA did not report any descriptive statistics, a
comparison can only be based on the published coefficients and those used
in the program. The program uses -9.57841 instead of the published
-9.57481 for the age coefficient; this difference is probably due to a
typographical error in the published report.

The purpose of this regression equation is essentially to determine
VMT estimates for vintages not available in Table 4-17. The equation is
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TABLE 4-17

ESTIMATED ANNUAL MILES TRAVELED PER AUTOMOBILE
BY AGE OF CAR IN 1969

Thousands of Miles
Age of Car in Years Traveled Per Car

17.5
16.1
13.2
11.4
11.7
10.0
10.3
8.6
10.9
10 8.0
11 and older 6.5

W 0 3 O U1 W DN =

Source: U.S. Department of Transportation, Federal Highway Administration.
1972. The Nationwide Personal Transportation Study, Report No. 2,
p. 8, Table 1.
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estimated using eleven vintage observations and is used to extrapolate the
annual miles traveled for fourteen vintages. A problem is that strong
"second wind" observations are commonly seen in the VMT-by-age data, as
in the ninth year of Table 4-17. A single variable equation such as
equation 4.17 cannot capture this sort of nonlinearity (11).

Total miles traveled in a particular year can be computed by summing
over all age groups:

14
Kmiles, = I Miles
t M=1 M
where
Kmiles ¢ = total miles traveled by all cars in year t

total vehicle miles traveled by all cars M
years old

MilesM

Kmiles,, however, may not equal VMT as predicted by the VMT equation.
As the aggregate prediction from the VMT equation is thought to be more
accurate than Kmiles;, the mileage estimated for each age group is
adjusted by multiplying Milesy by the ratio of the VMT prediction to
Kmiles;. In mathematical notation:

MlVIileth = MilesM X VMT,C/Kmilest (4.19)
where
MMiles ¢ = adjusted miles traveled by cars of age M in
year t

The MMilesy, are then used in computing gasoline consumption.

4,5.5 Conclusions. The VMT equation was reestimated exactly by the
HSRI staff. The annual miles traveled per automobile by model year
(AMT) equation was closely reproduced. Due to a misinterpretation of
data, the AMT equation may have been estimated with inappropriate data.
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The specifications of the VMT and AMT equations were found to be

inadequate, due to omitted variables.

4.6 Summary of Analysis of the Demand Block

The HSRI staff successfully reestimated the scrappage, new-car sales,
market shares, VMT, and the annual miles traveled per automobile by age
equation. The attempt to reproduce the autos per household by income
equation was unsuccessful.

Examination of the demand block and the reestimation of the
equations brought to light several points:

e The published documentation was inadequate in two
respects. Although the basic theory behind the model was
discussed adequately, the authors failed to explain some of
the assumptions made in the process of moving from the
original data to estimated coefficients. The documentation
displayed discrepancies as exemplified by differences among
reports or between the documentation and the computer
program in the value of some coefficients.

e The Faucett model was innovative in its attempt to
maintain the automobile stock by class and vintage
subfleets, and in its development of scrappage rates for
each subfleet. However, the estimated coefficients of the
scrappage equation were found to be unreliable. Also, the
procedure for deriving scrappage rates by class is
unjustified. '

e The target stock equation omits relevant explanatory
variables and as a result is thought to be unreliable. The
new-car sales forecasts theoretically depend on the target
stock and, thus, are critically affected. The statistical
evidence does not support the inclusion of the stock
adjustment variable in the new-car sales equation, casting
serious doubt upon the particular stock adjustment process
employed.

e The market shares forecasts are likely to be unreliable.
These forecasts are based on restrictive assumptions that
are at best only partially correct and on a highly
questionable normalization procedure. Unreliable shares
forecasts could cause significant distortions in the
evaluation of the effectiveness of various policy options.

e The inadequate specifications of the VMT and AMT
equations are likely to impair the model's accuracy in

forecasting.
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5.0 COMPUTER IMPLEMENTATION OF THE MODEL

5.1 Introduction

This section discusses a variety of points regarding the computer
implementation of the model. The objective is to discuss the operation
of the computer program in light of the established model structure and
the prior estimation of the econometric equations. In some cases, the
details of particular calculations are only described; in other cases,
problems are pointed out.

There are a number of problems with the implementation of the model
that are not necessarily programming errors but are unexplainable
anomalies that cause inconsistencies in simulations. Some of these
problems occur when indexed variables are created from real variables by
multiplying and dividing by various constants. The source and purpose of
some of these constants are not documented and the use of these not
always warranted.

5.2 The Faucett Model Program

The computer program of the Faucett model received by HSRI is
written in FORTRAN 1V, is entirely self-contained, and is usable on any
computer with little, if any, modification. (A listing of the computer
program of the "8/77" version of the model appears in Appendix G.)
Operation of the computer program is relatively straightforward. The
user, interacting with the program via a computer terminal, is prompted
for a set of input parameters: a fuel economy policy, the parameters
describing the policy (excise taxes, rebates, penalties, and standards), and
the price of gasoline over the simulation period. The calculations are
then done and the results are printed out.

Some comments about the Faucett model program, as received by
HSRI, are in order. The program is inefficiently written and inflexible in

that many basiec parameters can not be changed without rewriting the
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entire program. Because of its unsophisticated method of data input, it
is easy for the user to make errors. It appears that not all of the
options in the program as received were fully tested; specifically, the
No-Policy option caused the program to "bomb out" because of a minor
and correctable error. The program was set up to simulate only the
"future" period (1976 through 1990 or 1995). To test the behavior of the
model under various conditions and to compare its predictions with actual
experience, the model must be modified to run over a historical period (in
this case 1963 through 1973). Both 1974 and 1975 are excluded from the
historical and future periods because of limitations in available data (12).

The HSRI staff has developed a program specifically designed for
evaluating and exercising econometric models, called HEMS, or the HSRI
Econometric Model Simulator. HEMS is flexible in that it allows one to
set up a model with alternative sets of equations, with the ability to
change coefficients and exogenous input data. A model may be run over
periods of varying length and from different starting points. Many types
of experiments may be performed on the full model or on submodels
consisting of one or more equations.

In order to facilitate the analysis of the Faucett model, the Faucett
model program was rewritten to be compatible with HEMS. This
rewriting process preserved the sequence and logic of the equations, the
values of the coefficients and the exogenous input data, and the division
of the program into subroutines. The new version of the program allows
the predicted values of many variables to be seen that formerly were
only internal to the program. Before proceeding with the analysis, the
HSRI staff assured themselves that this new version produced exactly the
same results as the original.

For those familiar with the Faucett model program, it may be helpful
to know how this program was rearranged on HEMS. (Interested readers

unfamiliar with the program should refer to Jack Faucett Associates
1976a, b.) The functions of the MAIN program and most of those of the

POLICY subroutine are carried out by the use of HEMS; these include the
input of data and the output of results. The SETPR, FECOST, and HFN

routines are referred to in this report as the Automobile Industry/Policy
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Block. The RETIRE, SHARE, VMTS, and GASCON routines make up the

Automobile Demand Bloek. In rearranging the program for HEMS it was
found that the results of caleulations done in the TOTAL routine (average
generalized price with lagged market share weights) are not used
anywhere in the rest of the program.

5.3 Lagged Excise Taxes/Rebates

Recall from Figure 3-2 that the excise taxes levied in each year are
those specified for the previous year. This has various implications
depending on which of two options the model user chooses. If the model
user chooses to input an array of excise taxes and rebates for all or most
of the forty MPG categories, then the lagged, or previous year, values
will be used to determine current year automobile prices and fuel
economies (through the generalized-cost-plus-taxes algorithm deseribed in
Section 3.2.1). The model user must input the array accordingly.

The program also contains an option (in the POLICY subroutine) that
will set up a table of excise taxes and rebates for the user, according to
parameters provided by the user. This table is constructed so that the
taxes increase at an increasing rate as the fuel economy rating decreases;
while the rebates, if any are to be given, increase at an increasing rate
as the MPG rating increases. When this option is used, the table is
constructed so that the current year's parameters will ultimately be used
for the current year's excise tax option in the generalized-cost-plus-taxes
algorithm. Thus, the two options under the Excise Tax/Rebate policy
option differ in timing. The reason for the discrepancy between the two

options is unknown.,

5.4 Scrappage Rates by Class

As noted in Section 4.2.3, scrappage rates are calculated for each of
the forty-two subfleets (three classes in each of fourteen vintages). For
cars less than nine years old, the scrappage rates are assumed constant
across classes and over time. The scrappage rate equation is used to
predict scrappage rates for the three size classes of cars nine years old

or older. This is accomplished by substituting into the equation, indexes
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of net prices of cars by class instead of the index of the average net
price of cars.

After the size-class scrappage rates for a given year are developed,
they are used to modify the scrappage rates for cars nine years or older
for each vintage within each class. This modification occurs as follows:

C

S
PGt

C
SPGy + = 738077 X SR

where

C
SPGy = scrappage rate for cars of age M (nine years
? or older) of elass C in year t
SPGE = scrappage rate for class C in year t as
computed by the scrappage equation
.248077 = linear average of scrappage rates for
vehicles nine or more years old
SRM = scrappage rate for cars M years old (comes

from Table 4.1)

According to the documentation, .248077 "is a weighted average based
on experience from 1961 to 1973" (Difiglio and Kulash 1976, pp. 2-172).
This may be, but it is also the unweighted average of SPG data used in
estimating the equation (the SPG covered the years: 1960-1967,
1969-1973). While the documentation may be wrong, the use of the
unweighted average, .248077, is appropriate since the scrappage equation

was estimated using the unweighted average.

5.5 Average Generalized Price and Average Generalized Price Index

The generalized price index variable used in forcasting new-car sales is
calculated differently from the price variable used to estimate the
coefficients of the sales equation. The price index in the computer code
is calculated in the following manner:
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A
t X 4059

A

A =
41967 1975

where
A; = index of average generalized price, 1967 = 1.0
Ay = average generalized price in year t
A1967 = average generalized price in 1967, which is
equal to 4564
A197s = average generalized price in 1975
4059 = average generalized price in 1975

The model authors constructed this index "to calibrate the equation to
reflect known 1975 values" (Jack Faucett Associates 1976b, p. 17).

Multiplying and dividing by the 1975 average generalized price should
have no effect, since Ajg7s and 4059 should cancel each other out. But
A 1975 as it is calculated in the computer program equals 4140.9. The
source of the difference between these values is not documented. The
need for the 1975 calibration is not clear. The effect of the calibration
is to reduce the index of average generalized price in year t by about
two percent. This decrease in the price variable increases the forecast
of new-car sales above what it would be without the calibration.

The values of average generalized price, At, used in calculating the
generalized price index in the computer program, have the shares of the
size classes as weights, as would be expected. However, for the
estimation of the new-car sales equation, the index was calculated with
values of average generalized prices that did not use shares as weights
(see Table 4-12). The HSRI staff could not derive the method used to
produce those values, even after lengthy consideration; it is even unknown
to the model authors. Those values are, of course, crucial to the
construction of the model. This incompatibility between the average
generalized price values calculated by the program and those values used
in the regression of the new-car sales equation contributes to poor

predictions of new-car sales, as shown in Section 6.0.
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5.6 Target Stock

The target stock forecast enters the computer program as a previously
calculated series. All of the computations including the use of the auto
ownership per household information are done not in the program, but
outside it by the model authors. This procedure obscures the actual
process by which target stock is calculated and makes it difficult to
analyze this process. The computer program could have included the
computations by which target stock is determined from variables
deseribing the distribution of population across income brackets, auto
ownership per household characteristics, and total population, as shown in
Figure 2-3.

As the program stands, examining the effects of changes in income
distribution and population on target stock requires that the user
recalculate target stock and revise the program's income and population
variables.

Table 5-1 contains the values of target stock as provided in the
computer program, the annual changes in absolute terms, and the annual
growth rates. Since some of the population forecast data are available
only for five-year intervals, the intermediate years must be interpolated.
This explains the constant growth rates for the first two five-year
periods. Over the 1985-1990 period there are three different growth rates;
for the 1991-2000 period, growth in target stock is assumed constant at
3,636,766 per year.

The probable source of the different growth rates over the period
1985-1990 is that a typographical error found its way into the computer
program. The target stock value for 1986 is 121,883,480 instead of
123,883,480. When this error in the millions column is corrected, the
growth rate over the 1986-1990 period is constant and equal to the
1988-1990 growth rate given in Table 5-1. This error is also present in
the most recent versions of the Faucett model. Such a typographical
error would be very damaging to the model's forecasts of 1986 and 1987
and would also affect later forecasts of scrappage and gasoline

consumption,
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TABLE 5-1
TARGET FLEET DATA*

Differences

Year Target Stock Between Years Growth Rate
1975 91,062,400

1976 94,501, 650 3,439,250 .0378
1977 98,070,800 3,569,150 L0378
1978 101,774,750 3,703,950 .0378
1979 105,618,590 3,843,840 .0378
1980 109,607, 600 3,989,010 .0378
1981 111,897, 800 2,290,200 0209
1982 114,235,850 2,338,050 ,0209
1983 116,622,750 2,386,900 .0209
1984 119,059, 520 2,436,770 .0209
1985 121,547,200 2,487,680 .0209
1986 121,883,480 336,280 .0028
1987 126,264,670 4,381,190 L0359
1988 128,691, 630 2,426,960 0192
1989 131,165, 240 2,473,610 .0192
1990 133,686, 390 2,521,150 0192
1991 137,323,156 3,656,766 .0272
1992 140,959,922 3,636,766 0265
1993 144,596,688 3,636,766 .0258
1994 148,233,454 3,636,766 .0252
1995 151,870, 220 3,636,766 0245
1996 155,506,986 3,636,766 .0239
1997 159,143,752 3,636,766 .0234
1998 162,780,518 3,636,766 0229
1999 166,417,284 3,636,766 .0223
2000 170,054, 049 3,636,766 .0219

*Target stock values are those that appeared in the computer program
of the versions received by the HSRI staff. They are different from
the values in Jack Faucett Associates (1976b).
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5.7 Modification of New—Car Sales Prediction

In the version of the Faucett model received by the HSRI staff in
August 1977 which forms the basis of this model assessment, the forecasts
from the new-car sales equation were multiplied by a variable called
"DRIL." This variable improves the accuracy of the model's new-car sales
forecasts (see Section 6.0). The values of the variable range from .69 in
1976 to 1.03 in 1985. In the computer program, total new-car sales is
multiplied by "DRI" after new-car sales for each of the 3 classes are
added to the subfleet variables. Thus, the "DRI" adjustment has no
effect on the subsequent equations of the model--VMT and gasoline
consumption—or on the behavior of the model in subsequent periods.

In communication with the HSRI staff the model authors indicated that
the purpose of the DRI variable was to adjust the model's forecasts of
new-car sales to be equal to the forecasts of a Data Resources
Incorporated (DRI) model of automobile demand. They indicated that the
DRI variable was incorporated into the model for a special application
and was inadvertently left in the version of the model sent to HSRI. The
model authors were not aware of the incorporation of the DRI variable in
the model's computer program that was sent to HSRI or of the improper
use of the variable in the program until it was brought to their attention
by the HSRI staff. Although the inclusion of the DRI variable in the
program sent to HSRI was a mistake acknowledged by the model authors,
the HSRI staff, nevertheless, performed simulations on the model with and
without the DRI variable. This was done because other researchers also
have the model version that includes the DRI variable.

A version containing the DRI variable has been incorporated into the
Transportation Energy Conservation (TEC) Model used by the U.S.
Department of Energy (Jack Faucett Associates, Ine. 1978, pp. F-26,
F-28). Sparrow (1979) of Purdue University has performed a study that
involved the TEC version of the Faucett model. The important point
raised by these examples is that a model user must understand the inner
workings of the specific version of the model being used or risk being

misled.
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5.8 Market Shares Modifications
The use of the market share equations in the computer program is not

straightforward. While the equations are kept intact, the determination
of the price and prior-period share variables involves a process not clearly

described by JFA. The small-car-share forecasting procedure illustrates
the problem.

5.8.1 Generalized Price Indexes. In the computer program, the

small-car price variable is computed in the following manner:

XS
YS = 1.3898 x (~——t) x (3010,
t Mors xS
1975
where
YE = indexed generalized price for small cars
relative to average generalized price, in year
t, 1967 = 1.0
1.3898 = average generalized price of all cars in 1967,
divided by the generalized price of small cars
in 1967
X% = generalized price of small cars in year t
A1975 = average generalized price in 1975
X§975 = generalized price of small cars in 1975
3010 = This value is not documented, but it is

thought by the HSRI staff to be an estimate
of the generalized price of small cars in 1975.
It is not the same as the program's

calculation of X‘§975, which equals 2999.3.

It is not clear from the documentation why JFA included both X§975 and
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3010 in the equation; if both are the generalized price of small cars in

1975, then there is an unexplained discrepancy. If the two values were
equal, the Y% variable could be simplified:

S _ S
Y, = 1.3898 x X/A

1975

But the small-car price variable used to form the data for the estimation

of the market shares equation (see subsection 4.4.2) can be written as:

Yi = 1,3898 x Xi/At

A comparison of the above two equations suggests that A¢ = Ajg7s .
That is, the average generalized price used in the determination of
market shares is assumed to remain constant and equal to the average
generalized price of 1975 over all periods for which the program is
predicting market shares. This assumption was also used in the
determination of the medium- and large-car price variables. The validity
of this assumption is questionable. The trend of average generalized
price from 1963 to 1973 has been significantly and continuously downward,
as shown in Table 4-13. This trend cannot continue indefinitely and may
have bottomed out in 1973. As the government pressures the automakers
to increase fuel economy, reduce emissions, and improve safety, the
prices of cars should increase because of increased research, development,
and capital costs. These increased prices are evident in the
Industry/Policy Block part of the model, where the prices of cars increase
in response to the policies. This suggests that the average generalized
price of cars will not remain constant, and hence the above assumption is
inconsistent with the rest of the model.

Given that the average generalized price is a function of market
shares and that the market shares equations use by-class generalized price
indexes to forecast, the use of current period market shares in the
determination of by-class generalized price indexes would require a
simultaneous equation system. The model authors chose not to use that

type of system. An examination of the computer program indicates that
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a variable average generalized price based on the previous-year market

share may have been intended for use in the by-class generalized price
indexes. While the program calculates such a price (in the TOTAL

subroutine), it is not used. Instead, the indexes are calculated using a

constant 1975 average generalized price.

5.8.2 Modifications to Lagged Market Shares. A second problem

related to the market share calculations in the ecomputer program involves
the calculation of prior-year share. Referring again to the example of
small cars:

S S
o < -1 Nigzs
t-1 2
where
SH %_1 = small-car share in period t-1 used to determine
small-car market share in year t

N%-l = small-car share as calculated in year t-1
N?975 = small-car share in 1975

That is, the size-class market share is predicted with the value of the
prior-year share variable being an average of the prior-year share and the
share in 1975. This construction forces the value of the prior-year
market share variable to be closer to the 1975 market share. The reason
for this procedure is unexplained.

5.9 VMT Prediction

The coefficients of the VMT equation were estimated using

automobiles per household on January 1 of each year. In the computer
program, VMT is calculated using total automobile stock as of December
3l of each year. Since the number of cars in the total fleet at the
end-of-year is generally higher by two to three million cars (3% - 4%)
than at the beginning-of-year, VMT and gasoline consumption will be
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overestimated. To be compatible with the rest of the model, the VMT

equation should have been estimated using end-of-year data for
automobiles per household.

5.0 Annual Miles Traveled by Age of Car Prediction

In the model, the miles-traveled equation is used to predict the annual
miles traveled by vehicles of each vintage, from one to thirteen years old

and for a single age group containing all cars fourteen years and older, as

follows:
3 C
Miles,, = ¢ [F, x (17972.9 - 9.57841 [log(M)])]
M c=1 M
for M =1 to 13, and
5o ¢
Miles,, = I [F, x (17972.9 - 9.57481 [log(15)])]
M c=1 M
for M = 14
where
Milesy = total vehicle miles traveled by all cars M
years old
Fﬁ = number of cars of class C and age M

A possible error in the program involves the coefficient for the age
variable in the Milesy equation. The equation appears in the program
twice, once to estimate Milesy for each vintage from one to thirteen and
once to estimate Milesy for all cars fourteen years and older. In the
first case the value of the age coefficient is -9.57841, while in the second
case it is -9.57481. As noted in Section 4.5.4 the first value is closer to
the HSRI staff estimates, and the second is probably a typographical error
despite being the one reported in the documentation (Jack Faucett
Associates 1976b, p. 19).
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5.11 Gasoline Consumption

All five versions of the model use an accounting-type algorithm to
calculate gasoline consumption based on the fuel economies and the
estimated miles traveled of the forty-two subfleets (three classes for each
of fourteen vintages). In all but the original version (Jack Faucett
Associates 1976b), the prediction of aggregate gasoline consumption is
increased by fourteen percent. Communication with the model authors
indicated that this calibration was based on the results of a comparison
of EPA and on-road fuel economies by Austin, Michael, and Service (1975).
This adjustment was not made in the original version of the model
because the discrepancy between EPA and on-the-road fuel economies was
not an issue at the time the model was originally constructed.

While the model predicts fuel economy for new vehicles by size class,
the subfleet fuel economies (for cars other than new) required to
calculate gasoline consumption for the first year of the forecast period
are supplied by the model authors. Four versions of the model (original,
DL], DL2-76 and DL2-77) have identical subfleet fuel economies. In the
version analyzed by the HSRI staff (8/77), the subfleet fuel economies are
approximately twenty percent higher than the respective fuel economies in
any of the other versions. (Details on these various sets of fuel
economies are presented in the next section.)

These observations indicate a possible inconsistency in the calculation
of gasoline consumption in one or more versions of the model. In one
version (8/77), subfleet fuel economies were higher than those in the
other versions. But, aggregate gasoline consumption in all versions except
the original is increased using the fourteen percent gasoline consumption
adjustment factor. Users of the model are urged to determine what

assumptions have been incorporated into the version being applied.

5.12 Fuel Economies

The concept of fuel economy is straightforward: the distance that
consumes a specified amount of fuel. For the Faucett model, all fuel
economies are in terms of miles per gallon (mpg). Measurement of
vehicle fuel economy is less straightforward. Weather, road, driver, and
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vehicle conditions affeet a vehicle's fuel economy. The U.S.
Environmental Protection Agency (EPA) has standardized many of the
conditions in an attempt to produce fuel economy ratings that are
comparable across vehicles. For model builders and users, a standardized
fuel economy test procedure applied consistently over time is ideal.
However, the EPA has changed its test procedure over time (Austin,
Michael, and Service 1975). Although EPA produces equations to translate
fuel economies based on one test procedure into fuel economies
comparable to those based on another test procedure, these equations
introduce additional uncertainty into the model. Because model builders
require a consistent set of fuel economies for the stock of vehicles, this
increased uncertainty appears unavoidable. Nevertheless, the introduction
of additional potential error of linking alternative fuel economy
measurement procedures should be carefully considered.

The Faucett model authors used fuel economies from several sources
to build the model. Construction of the Industry/Policy Block is based on
the EPA fuel economy/cost relationships from Hittman Associates (1976).
The portion of that report concerning fuel economies is based primarily
on four sources (13). The Demand Block was constructed using EPA fuel
economies from Austin and Hellman (1973) and Austin, Michael, and
Service (1975). These fuel economies are listed in Table 4-12.

The dependence of the Faucett model on several sources of fuel
economy data raises the issue of how the data were integrated in the
construction of the model. If the sources referenced by Hittman
Associates used nonstandard measurements of fuel economies, then
consistent and appropriate integration may have been prohibitively
expensive and instead simplifing assumptions were required. Even if those
sources used EPA's measurements of fuel economies, there is the potential
issue of integrating the different EPA fuel economy test procedures into
the model's fuel economy/cost relationships. Furthermore, if the
Industry/Policy Block was constructed in a consistent manner, then its
compatibility with the Demand Block also needs to be ascertained. The
HSRI staff did not examine the procedures involved in integrating the
various fuel economy ratings into the model. The model user relying on
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the Faucett model to accurately predict EPA fuel economies is urged to

review those procedures.

5.12.1. Fuel Economies for 1963-1973 Vehicles. The HSRI staff has

identified three sets of fuel economies for 1963-1973 model year cars.

The sources and calculations involved in determining these by-class fuel
economies are generally undocumented by the model authors. An
explanation for these variations may lie in the problems noted above.
The first set of fuel economies is indicated in Table 4-12 and is the set
used by the model authors in the estimation of the model's Demand Block
equations. These fuel economies are also those used by the HSRI staff in
performing the historical simulations with the model (see Section 6.0).
This set of fuel economies was selected for the historical simulations
because it was used to estimate the equations and because the other sets
may have been adjusted to be compatible with the fuel economies
estimated by the Industry/Policy Block. The second set of fuel economies
is included in the model's computer program and is used to forecast post
sample years in the original, DL1, DL2-76, and DL2-77 versions of the
model. The third set is the one indicated in the 8/77 version of the
model (the version analyzed by the HSRI staff). These fuel economies
are about 20% higher than the respective fuel economies in the second
set. The HSRI staff used the third set of fuel economies to perform the
ex ante forecasting experiment discussed in Section 6.0. The third set
was selected for the ex ante experiments because it was the set included
in the computer program of the 8/77 version for simulations over the
1976-1990 period. The fuel economies contained in the three sets are
presented together in Table 5-2.

It is important to note that the HSRI staff selected the various sets
of fuel economies for used in the particular esperiments based on reasons
associated with the origins of the sets rather than on the appropriateness
of the values contained in the sets. Model users are urged to examine
the alternative sets of fuel economies and select the set that is most
appropriate for their needs.
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TABLE 5-2

FUEL ECONOMY RATINGS OF NEW CARS, BY SIZE CLASS AND MODEL YEAR
FOR THE HISTORICAL PERIOD, IN MILES PER GALLON

| Small Medium Large
Model |===—=—=mmmm oo e e o
Year 8/77 Other Samp. 8/77  Other Samp. 8/77 Other Samp.
before
1962 | 21.38 16.28 13.82

1962 21.38 17.82 16.28 13.57 13.82 11.52

1963 21.38 17.82 17.82 16.28 13.57 12.60 13.82 11.52 11.20

1964 22,03 18.36 18.36 17.82 14.85 13.70 14.58 12.15 11.71

1965 22.18 18.48 18.48 17.29 14.41 13.70 14.24 11.87 11.37

1966 18.31 15.26 15.26

17.31 14.36 13.10

|

+

I

+

I

I

I

|

I

|

I

I

I

|

I

17.11 14.26 13.90 | 13.90 11.58 11.11

|

| 13.96 11.59 11.26
|
I
|
I
I
I
l
I
|
|
I
I
I
I
I
I
l

I
+
I
I
I
I
|
I
|
I
I
I
I
I
I
1967 | 24.17 20.05 20.05
|
I
I
|
|
|
I
I
I
I
|
|
|
|
I
I
|

1968 | 22.36 18.55 18.55 | 17.31 14.36 13.30 13.68 11.35 10.83
1969 | 22.67 18.83 18.83 17.18 14.27 13.30 13.38 11.11 10.67
1970 | 22.46 18.61 18.61 17.48 14.48 13.30 13.40 11.10 10.66
1971 23.94 19.88 19.88 16.10 13.37 12.20 13.18 10.95 10.67
1972 | 23.21 19.26 19.26 | 16.69 13.83 13.30 12.81 10.63 10.12
1973 | 24.00 20.00 20.00 17.60 14.70 13.90 12.31 10.26 9.63
1974 | 22.96 18.81 17.37 14.23 12.20  9.97
1975 | 25.39 20.81 19.81 16.23 14.61 11.97
Note: "8/77" refers to the fuel economy ratings used in simulations

with the version of the model that was the primary focus of this
analysis. "Other" refers to the ratings provided with all other
versions of the model (original, DL1, DL2-76, DL2-77). "Samp." refers
to those fuel economy ratings used by JFA in the construction of sample
period data for estimation of the model's behavioral equations.
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5.12.2 Environmental Protection Agency (EPA) vs. On-the Road (OTR)
Fuel Economies Ratings. A difference between the earlier versions
(original, DL1, and 8/77) and the later versions (DL2-76 and DL2-77) is in

forecasting new-car mpg's, on average and by class. The earlier versions

produce mpg estimates that are unlabeled. These unlabeled (as to EPA or
OTR) estimates are compared to fuel economy standards rated in EPA
terms. Communication with the model authors indicated that the
unlabeled mpg's reflect the uncertainty surrounding the EPA-OTR
differences that existed during the development of those versions. As
studies quantifying these differences became available, the model was
modified. The DL2 versions reflect this growing awareness and are
dependent on EPA-OTR relationships estimated by MeNutt, Pirkey, Dulla,
and Miller (1978).

In the DL2-76 computer program, the OTR and EPA fuel economies
for 1977 and beyond are determined as follows:

FEOTR =FE/1l4
FEEPA = (FE/.l14 - 2.32)/.74
where

FE = the fuel economy determined by the model's
generalized price minimizing algorithm (14)

FEOTR = on-the-road fuel economy

FEEPA = U.S. Environmental Protection Agency (EPA) rated
fuel economy

The DL2-77 version is the same as DL2-76 version except that for
1978 and beyond, the EPA and OTR fuel economies are determined in the
computer program as follows (variable definitions same as above):

FEOTR =FE/Ll4
FEEPA = (FE/Ll4 - 2.98)/.65

While the EPA-OTR relationships in the DL2-76 and DL2-77 versions
were taken from McNutt et al. (1978), the 1.14 factor that converts FE to
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FEOTR is undocumented. In conversations, the model authors provided
information on this factor. Hittman Associates (1976) developed the
technology/cost relations in the Industry/Policy Block using EPA fuel
economies. However, these relations were estimated using pre-1975 data.
Austin, Michael, and Service (1975) examined the relationship between EPA
and OTR fuel economies for 1967 to 1973 year vehicles. The model
authors used that information to derive a 1.14 multiplicative factor to
convert OTR to EPA-rated fuel economies<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>