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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 Inst i t  ut e 

(HSRI) of The University of Michigan, was sponsored by the Motor Vehicle 

Manufacturers Association and is part of a larger HSRI study entitled 

ttAnalytical Study of Mathematical Models of the Motor Vehicle S y ~ t e m . ~ ~  

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 

con!wmption, vehicle miles traveled (VMT), new-car prices and sales, the 

number of c a r s  in use (by size and age), and fuel economy. These 

forecasts a re  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 e r ro r s  (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: 

modlel 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 t o  model 

manufac tu re r s1  responses  t o  government  policy alternatives given 



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 Industrv/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 t o  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: 

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 function 
of only income and population, omitting other relevant 
variables, and limiting the long-run responsiveness of the 
model t o  policy variables. The model also ignores all 
nonhousehold (government, corporate, and inst i tut ional)  
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 adjus tment  va r iab le  in t h e  
new-car sales equation, casting serious doubts upon the 
model's stock adjustment process, The result : the model 
s eems  l ikely t o  incorrect ly  predict policy impacts on 
new-car sales. 

The size composition of new-car sales (market shares) is 
modeled on the basis of restrictive assumptions that  a re  a t  
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) a re  unreliably 



p r e d i c t e d .  Since t he se  predic t ions  a r e  c r i t i c a l  in 
p red ic t ing  co rpo ra t e  a v e r a g e  f u e l  e c o n o m y ,  poor  
perf or mance he r e  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 t he  ful l  model over t h r e e  

posltsample 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 a re  least 

acclurately 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 a re  indistinguishable a t  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 

t h e  t i m e  t rend 's  forecast for new-car sales is indicated a t  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 

resullt indicate that  users of the model should be aware of the set of 



subfleet fuel economies present in the version of the model they are 

using. Furthermore, they should cautiously use the resul ts  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 pr ice 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  i t s  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, & 

c; Diifiglio 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 

Vehi.cle Manufacturers Association (MVMA) and was part of a larger study 

entitled ItAnalytical Study of Mathematical Models of the Motor Vehicle 

System," which has been underway since early 1977, 

1.1 Background 

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 a t tempt  to  distill a legion of complex 
interrelationships into a systematic and explicit reflection of the most 

significant aspects of reality and to reduce large masses of data to key 

numlbers and statistics. The at tract ion these models hold fo r  those  

forrr~ ulating policies concerning complex social problems is obvious. The 

last decade has seen the extensive development of mathkmatical models 

relalting t o  various aspects of the motor vehicle transportation system. 

These models a re  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 

whiclh it has sponsored, as tools in research leading t o  the formulation of 

poli c!i es, regulations, and leqislative decisions related to the motor vehicle 

indu~~try. 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 T r a f f i c  S a f e t y  Administrat ion,  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 

g e n e r a l l y  involve the  estimation of the impact of a policy or 

economiclt echnological 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 economic, 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. (tlPolicylf includes rules, regulations, legislation, 

and executive directives.)  Within the  t ime frame of that  study, 

approximately thirty models were identified tha t  deal with vehicle 

production and resource accounting, vehicle miles of travel, automobile 

sales and pricing, vehicle fleet attributes, and energy factors. It was 

evident a t  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 such 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 M V M A  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 Systemn 

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 a l te rna t ive  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 W harton Econometric Forecasting Associates1 Automobile Demand 

Model (Golomb e t  al. 1979; Saalberg, Richardson, and Joscelyn 1979). The 

seclond model chosen for study was the Faucet t  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 t ravel ,  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 

Denland 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 "policyf' 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 Com m ission 

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 It8/77l1) that is evaluated in this report. A 

program listing of the 1t8/7711 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 DL1, 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 



eval.uations of the model by governmental agencies, industry itself, and 

outside parties. At this t ime the  HSRI s ta f f  knows of no other  

evaluations of the  Faucet t  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 1 9 7 5 ,  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 

evalluations. They are cited here so that a potential user of the model or 

developers of alternative models can fully evaluate the diff icul t ies  

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 

ecoi~ometric 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 

vari,ables of the model. 

Two important l imitat ions of econometric forecasting should be 

recognized. First, the validity of a model as a forecasting tool requires 

thal: 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. 

]?our steps were followed in the analysis of the Faucett model: model 

stru~cture 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  detai led 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 

t o  ( a )  check the  da ta ,  t he  specif icat ion of the  equation and the 

estimation technique, (b) check the accuracy of the estimated coefficients 

as indicated in the original model reports, and (c) 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, vehicle 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 describe policies, al ternative policies may 

be studied to  determine which produce the most desirable effects. The 

model may also be used to  simulate the ef fects  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 

f l e e t  f u e l  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 

effe~cts 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 

s ize-c lasses .  The cho ice  of pol ic ies  should, over time, a l ter  the 

distribution of autos among the classes. Since fuel economy d i f f e r s  

among the classes, i t  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 

Bloc!k. The output of the Industry/Policy Block is used as input to the 

Demand Block. The general s tructure of the model is i l lustrated in 

Figure 2-1. 
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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 policy 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 StandardIPenalty or Excise TaxIRebate 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 
t a x e s .  The Exogenous option allows the user to  el iminate  the 

1ndus;trylPolicy 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 
reprlesented by specifying gasoline prices exogenously for all options, 

including the No-policy option. The model is not designed for use i n  

analyzing policies that restrict or allocate the quantity of gasoline 

suppl.ied, since the model assumes that the quantity of gasoline supplied is 
a1wa.y~ adequate to meet quantity demanded. 

The inputs to the Industry/Policg Block are the policy variables, the 
tech~nological costs of manufacturing automobiles with different fuel 

econlomy 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 manufacturerst corporate average fleet fuel economy 
(C A17 E) 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 

purcl~ase 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 economic 

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 competi t ive forces  in the 

markets for the firms1 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 

firms1 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. 



2.3 The Automobile Demand Block 

The Automobile Demand Block 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 to t a l  

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 t raveled 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 Block, 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 "gapn 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,l1 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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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 

econlomg 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 

tha t  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 t a rge t  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 

ope~?ating 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 

pricles among the classes and the prior-year market shares. The purpose 
of rnarket 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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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. 

2.3.21 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 

cons~umption. 

ALggregate vehicle miles traveled (VMT) is forecast 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 

travleled by cars of each vintage will probably not equal the aggregate 

VMT estimate. The model authors consider the aggregate VMT estimate 

t o  be more accura te  than the  summed VMT by vintage prediction. 

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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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. 

the model stands, operating costs by size class are a function of 

the :fuel economy rating of the class, the 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, 
mar'ket 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 



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 e f f e c t  reduces the importance of operating costs. The 

perception factor of 0.8 is said to be used to reflect incomplete consumer 

awareness of l i fe t ime 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 l i f e t ime  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. I f ,  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 i t  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 substant ial  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 wi l l  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. 



Second, in the Faucett model, lifetime operating costs would increase 

because of increased lifetime fuel consumption i f  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 t h a t  discounted l i f e t ime  

~per~ating costs should change. 

2.5 Time Coordination of Data: Model Years and Calendar Years 

P, fundamental conceptual problem with the model structure is i ts  

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 

each1 year of a simulation because of scrappage and new-car sales. The 

scrappage and new-car sales forecasts a re  derived on the basis of data 

describing 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  a r e  not  ca lendar  years:  1977 

model-year c a r s  a r e  f i r s t  sold in t h e  f a l l  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. 

T!his is a common problem in building automobile sector models, since 

industry data a re  reported for different periods for different purposes. 

For instance, corporate average fuel. economy ratings, as required by law, 

a re  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 a t  the 

traditional fall time. The Faucett model deals with this basic problem by 

assurrting that model years and calendar years a r e  equivalent, and that  



any resulting errors are minor. 

The HSRI staff performed several experiments designed to provide a 
very rough est imate of the size of the error that  results when i t  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 s taf f  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 t o  fuel economy by simulating the changing 

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

Five alternative policy options may be simulated. 

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

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: 

The r ep re sen t a t i on  of the  a u t o  industry's behavioral 
characteristics is oversimplified, omitting some details of 
interest to policy analysts. In addition, the generalized 
price-minimizing algorithm may yield different tloptimal'f 
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  a t  ten percent without 
explanat ion and wi thout  t he  capab i l i ty  t o  s imu la t e  
alternatives. 



Some parts of the model depend on calendar-year data, 
while other parts depend on model-year data. 





3.0 DETAILED ANALYSIS OF THE INDUSTRYIPOLICY BLOCK 

3.1 Introduction 

The ob jec t ive  of  t he  Industry/Policy block is t o  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 addi t ion,  i t  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 t o  minimize auto 

pr ices  inclusive of costs generated in satisfying the regulations, any 

penalty costs imposed, plus the gasoline operating costs of the cars. In 

this context, i t  is presumed that  the industry's behavior is a technical 

engineering matter. The industry acts  as i f  i t  has known costs, that  i t  
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 vsatisficerslf? The user is not provided with an 

explanation, jus t i f i ca t ion ,  or empir ica l  ve r i f i ca t ion  of t he  p r ice  
minimization hypothesis on which the whole industry simulation is founded. 

One would assume that prices of input factors, the technical production 
design and engineering condit ions,  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 



but also the public's (or industry's perception of the public's) willingness 

and ability to  purchase the auto in the market that  is impor tan t  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 i t  is presupposed that  market 

prices are set by the firms, and a re  se t  independently of the market's 

a c c e p t a n c e  of t h e  vehicles.  Final ly ,  fore ign compet i t ion 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 t o  generate 

t h e  proposed indust ry  behavior f rom 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 Act signed into law on December 2 2 ,  1975 

(pp.94-163). The projections were run from 1976 to 2000. This is exactly 

the kind of application for which t h e  model was developed.  Two 

conclusions a r e  i n t e r e s t i ng .  One concerned t h e  Genera l  Motors 

Corporation, and the other small-car sales. As will be discussed in la ter  

sections, the  model assumes that each manufacturerls 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 t o  be likely, but 
the consequences of such a move on each of the Big Four is impossible 

to predict with much certaintyt1 (Jack Faucett  Associates 1976d, p.36). 



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, i t  might be advisable to  employ a much more 

restrictive planning/forecasting horizon for the model. 

The second example is in the same report's conclusion. Here i t  is said 

that Ifthe high price of gasoline assumed under the Act would have an 

especially detr imental  e f f e c t  on th is  [smal l  c a r ]  segment  of t he  

automobile marketTf (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 

Bloclz to changes in gasoline price; and Section 8.2 contains an analysis of 

t he  e f f e c t  of gasol ine  p r ice  increases  on new-car prices and fuel 

economies. However, the experience of the 1980 model year  would 

ce r ta in ly  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 correct and that  the Industry/Policy Block is independent of 

market reactions, as is assumed in t h e  F a u c e t t  model. A b e t t e r  

presumption is that  market reaction to  regulation, general economic 

conditions, and fuel economy a re  a t  the heart of automobile firm or 

industry reaction to public policy. For these reasons the fundamental 

s tructure and underlying assumptions of the Fauce t t  model dese rve  

c r i t i c i sm.  Cer ta inly  the use of intervals, ranges, or optimistic vs. 

pessirnistic cost and technology estimates rather than point estimates 

mikht 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 i t  would be 

benelficial 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. 



3.1.1 Overview of Policy Block. The Industry/Policy Block is intended 

to  s imula te  t h e  automobi le  indust ry  responses  t o  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 StandardIPenalty option, 
the user is required to specify a corporate average f leet  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 TaxIRebate 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 guzzleru taxes are specified 

according t o  f ue l  economy ra t ing .  Both options can be  applied 

simultaneously if desired. The model also has a no-policy option to  

simulate the absence of both the StandardIPenalty and Excise TaxIRebate 

options. 

The outputs from the IndustrylPolicy Block are new-car fuel economy 

ratings and net prices, one pair for each of the three size classes. These 

ou tpu t s  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  t h e  

entire burden of policy-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 Excise TaxIRebate 

option the generalized price including the tax (or rebate) is minimized. 

Under the StandardIPenalty option, generalized price is minimized subject 

to the constraint that the CAFES of each of the five auto makers a re  

increased to  the standard or to the maximum attainable under the model's 

policy cost constraint, whichever is less. In short, the IndustryIPolicy 

Block f o r e c a s t s  f u e l  economy ratings and prices for  each class of 

automobile, based on the estimated costs to  manufacturers of increasing 
fue l  economy, buyer pe rcep t ions  of gasoline costs, and regulatory 



penalties. Manufacturers a re  assumed to  have identical production and 

cost conditions and they are assumed to minimize their CAFES up to  the 
standard. 

The algorithms described in this section are not fully documented by 

the model authors. The basic principles of this block of the model, a s  

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 calculating 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 (StandardIPenally and Excise Tax/Rebate) are 

deta:iled 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 

take!n, 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 

genervalized price may be broken down into five components. 

(1) Starting price. This is the 1975 cost of producing a car with the 

start:ing - fuel economy rating for 1975. 

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

achieving the fuel  economy rating that  is projected as the base fuel  

economy -- f o r  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 - 2  

EXCISE  TAX/REBATE POLICY OPTION 

Increment Addi t ions  t o  P o t e n t i a l  
:011000000111001111000000001000000000011l00010~l1 po l i cv  ~ d d - 0 ~  c o s t s  i n  increments  

\ o f  $2'0 up t o  $600. 1 

Tax o r  Rebata Per  Gal lons  p e r  
Mile = $350 

1 
f t 

/ ~ i n d  Optimum Fuel Economv Ra t ins  and ~ a s e \  
P r i c e  while Minimizing ~ g n e r a l i z e d  P r i c e  
(Addi t ional  Cost)  . [Figure  3-11 

I I 

Fuel Economy 2 a t i n g s  
by c l a s s  

T e s t  Base P r i c e  + 
/ p e r c e i v e d  L i fe t ime  f I 

h - _ - - i A -  7 Cost 
Gasol ine  P r i c e  

?o r  Fuel Economy Ratir.g 

I f  T e s t  G e n e r a l ~ z e d  ? r i c e  i s  l a r g e r  than 
a  Ta rge t  P r i c e ,  then cont inue t o  increment 
A d d i t ~ o n s  t o  P o t e n t i a l  Po l i cy  Add-On Cos t s ;  
, " 
1: it is  jmal ler  than the  Ta rge t ,  then s e t  
a  new Targe t  equal  t o  it and then con t inue  
t o  increment.  When a l l  p o s s i b l e  P o t e n t i a l  
Po l i cy  Add-On Costs  have been t e s t e d ,  then 
t h e  Lowest p o s s i b l e  T e s t  General ized P r i c e  
( t h e  most recenc Ta rge t )  w i l l  have been 
found, a long wl th  t h e  a s s o c i a t e d  Fuel 

, Economy Rating. 

Bas ic  P r i c e s  Calculared t 
With Zero P o t e n t i a l  Po l i cy  Technological  Add-Gns t o  
Add-on Costs  (no ? o l i c i e s )  P r i c e  by c l a s s  
by c l a s s  



FIGURE 3-3 
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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 

from1 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 

incrieased, 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. 

( 1 2 )  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 

i t s  l i fe t ime,  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 TaxIRebate option, or it is some portion of 

the penalty that may potentially be levied against the manufacturer in 

the StandardIPenalty option. The policy add-on cost falls as fuel 

econlomy rises. 

The three components of generalized price affected by the tested fuel 

econlomg-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 

pricelfuel economy combination. This procedure is based on the 

assurnption that additional costs initially decline as tested fuel economy 

increases.  The r ise  in technological add-on cost is more than  

compensated for by the decline in operating cost and policy add-on cost. 

Eventually, however, increasing tes ted  fuel economy i n c r e a s e s  

tech~nological cost more than it decreases gasoline operating and policy 

costs, The optimum fuel economy is the tested fuel economy tha t  
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 -. 



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  s ize classes. P r o j e c t i o n s  beyond 1990 a r e  

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 fu ture  

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-wi th 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 I'best estimate," it was not presented 

in this way in the Faucett report. In fact, 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 111 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, Ifit is recommended that . . , this work be 

viewed more as a tool for subsequent policyldemand analyses than as a 
definitive prediction of actual fuel economy/cost relationshipsTf (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 



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. 

Ilue to  resource constraints, the HSRI staff did not  ana lyze  t h e  

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 

tech~nological 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 t o  ex i s t  among a u t o  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, Kadlec, and Laffer (1979a). They est imate 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 t i t le  of 

their paper ttRegulating Chrysler out of Busines~?~~, since their burden is 

roughly 60% greater than that for either Ford or OM. 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  a re  under 

consliderable debate in the l i terature a r e  not addressed in the Faucett 

study. For a more detailed explanation of these issues see  another study 

"The impact  of Governmental Regulation on competition in the U.S. 

Automobile Industryft (Clarkson, Kadlec, 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 



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 DOEIFaucett 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 computer 

program. The revised relations developed by EEA are not considered in 

this model assessment. 

3.2.2 The Excise TaxIRebate 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 tha t  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 



more importantly, the proxy is required for simulating the situation that 

includes both the Excise TaxIRebate and the StandardIPenalty 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 

basic 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 basic 

price and policy add-on cost from net price yields technological add-on 

cost . 
The problems with the Excise TaxIRebate 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 T h e  S t a n d a r d / P e n a l t y  Pol icy Opt ion .  Under t h e  

Stan~dard/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 "encouragedtf 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 



provision. Five manufacturers  a r e  modeled, but not identified. 

Examination of manufacturers1 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): 

where 

CAFEM= c o r p o r a t e  a v e r a g e  f l e e t  f u e l  economy for 
manufacturer M 

C 
FM = number of automobiles of class C produced by 

manufacturer M 

C FEM = fuel  economy rat ing 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, FM. This would require modeling the demand for 

automobiles while differentiating among the five manufacturers. The 

model authors  did not a t t empt  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, t o  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 



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 

coulld 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 

procluced 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 

follalws: 



with 

and where 

= c o r p o r a t e  a v e r a g e  f l e e t  fuel  economy for 
manufacturer M 

= number of automobiles of class C produced by 
manufacturer M 

= fuel economy rating for cars of class C produced 
by manufacturer M 

= 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 - CAFEM) 

where 

TPenM = 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 $ 5 0  legis lated penalty is the equivalent  of $100 in 

manufacturing costs. The model user is free to choose any tax bracket 

assumption in specifying the "penaltiesTf to the modelfs 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 TTpenaltiesv paid by all manufacturers by two to 



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 StandardIPenalty 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 

stantlard, or the full penalty amount is applied. 

The iterative potential-penalty-amount-testing algorithm is repeated for 

each1 manufacturer, Then net prices and fuel economy ratings for the 

size classes are obtained by averaging across manufacturers. These 

averages a r e  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 a t  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 policy add-on 

costs that represent the penalty costs the manufacturer attempts to pass 

on to the consumer via higher prices. The to ta l  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--int ernal prices) that will 

generate the minimum or optimum prices previously discussed. One result 



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 a t  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 guzzlerv 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 

r e a c h .  The sum of posit ive and negat ive 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 cos ts  

(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: 

where 

VALGPM = ( 
1 

1 1 
STD - 0.5 STD + 0.5 

pen: penalty (positive or negative) applied to cars of 
class C produced by manufacturer M 

F E ~  
= fuel economy rating of cars of class C produced 

by manufacturer M 



Pen = penalty amount per unit of mpg 

STD = standard average fleet fuel economy 

I t  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 

r e su l t s  provided,  very l i t t l e  d i f f e r ence  in automobile prices, fuel 

ecorlomies or units produced resul ts ."  No examples  a r e  given t o  

d e m ~ o n s t r a t e  t h i s  asse r t ion .  The val id i ty  of t h e  formula  a s  an 

approximation seems to rest on the assumption that the CAFE is going t o  

be close to the standard. 

The HSRI s t a f f  has  found,  however, that  i t  is not necessary to  

approximate the penalties. Exact ~ e n a l t i e s  can be determined for each 

class, from the information about the CAFE calculated by the program. 

The equations which follow show how the exact pena l t i e s  would be 

computed. From the equation for average penalties per car: 

STD x CAFEM 
TYen = Pen x (STD -. M STD x CAFEM 

1 1 
= Pen x (- CAFEM - -) STD x (STD x CAFEM) 

1 1 
= Pen x (- - -) x (STD x CAFEM) 1 S TD 

= Pen x (C 
C 

x (STD x CAFEM) 

r c 1 z 9 x Pen x (--T - +J x (sTD x CAFEM) 
TPe% = C /  M STD 1 

C F E ~  4 



1 1 
penC = Pen x (- - -) x (STD x  CAFE^) 

M F E ~  STD 

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 penC one derives: 
M 

STD x CAFEM = 
I 

1 1 
STD - 0 .5  STD + 0 . 5  

0.25 
CAFEM = STD - - STD 

This last equation shows that the approximation assumption constrains the 

CAFE to be a function 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 

posit ive,  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 

t o  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 



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. 

7'0 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 policy add-on costs to  be applied to 

each class for the Standard/Penalty policy option. An exact formulation 

woulld 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 a t  variance with available evidence. 

It was assumed that the firmst 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 economic theory and statements by 

indulstry experts. For these reasons the entire Policy section of the 

moclel is suspect. The following points are made in the interest of 

understanding the Faucett model in its entirety. 

The Industry/Policy Block estima t e s  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 block is capable of simulating two 

major policies. Under the  Excise TaxIRebate policy option, new 

automobiles are assessed taxes or subsidies based on fuel economies. 

Under the StandardIPenalty 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 



penalty. Concurrent use of the two policies as well as the occurrence of 

neither policy can also be simulated. For the StandardIPenalty 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 

est imation of re la t ive  changes in  values caused by different policy 

variable assumptions. Unfortunately, the primary policy that the model 

was designed t o  s imulate  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.15). 

Several shortcomings of the Industry/Policy Block have been identified. 

The model assumes tha t  the en t i r e  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 

StandardIPenalty 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 s ta f f  t o  

reest imate and verify the econometric equations of the model. The 

equations discussed in this section are those presented in several reports 

dealling with the Faucett Automobile Sector Forecasting Model (Jack 

Faucbett Associates 1976a, b, & c; Difiglio and Kulash 1976, 1977). The 

equ~ltions were reestimated using an ordinary least squares technique (as 

did JFA) available on the The University of Michigan computer system. 

Elquation reestimation serves three basic purposes: 

To check the specifications, data, and estimation techniques. 

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

To determine the validity of the equations by evaluating 
s t a t i s t i ca l  information generated in the  c o u r s e  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 v a r i a b l e s ,  and t h e  

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 

caulses of the discrepancies. However, it is not always possible to 

completely account for these discrepancies. Finally, the  s t a t i s t i c s  



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 i n  

tabular form. The statistics presented are: the adjusted R-squared (R2), 
the standard error of regression (SER), the Durbin- Watson stat  istic (DW), 

the degrees of freedom (DF) and the F-statistic (F). These statistics 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  

a t  roughly thirty percent of the remaining fleet per year. Table 4-1 

shows the historic scrappage 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 

scrappage 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 economic environment, but the 

rates of newer cars are not. 



TABLE 4-1 

HISTORIC SCRAPPAGE OF THE AUTOMOBILE FLEET, BY AGE OF VEHICLE 

MODEL YEAR M 
PERCENT OF CARS 

SCRAPPED DURING YEAR 
PERCENT OF VEHICLES 

IN USE AT END OF YEAR 

M 

M t 1  

M t 2  

M t 3  

M + 4  

M t 5  

M t 6  

M t 7  

M t 8  

M + 9  

M + 10 

M + 11 

M + 12 

M t 1 3  

M t 14 

M + 15 

M t 16 and o l d e r  

Source: D i f i g l i o  and Kulash 1976, pp. 2-169 



4.2.1 Specification, The scraDpage rate equation 

developed by JFA estimates a single average scrappage rate for all older 
cars. This scrappage rate is specified as a function 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: 

where 

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

* 
NP t 

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

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 SPGt 
data points can be calculated from the data in Table 4-2. The SPGt 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 ca r s  9 years  and older) is 

determined as follows: [(3598 + 3559 + . . . + 804) - (2884 + 2790 

+ . . . + 690)l + (3598 + 3559 + . . . + 804) 2 . 2 2 4 ,  which equals 

SPG1960 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, 

NPt, 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 



TABLE 4-2 

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

blodel Y e a  
of  C a r t s  Origin Time i n  Calendar Year 

1938 ................................................................................................................................ -- 
1937 ............................................................................................................................... 
7936 ............................................................................................................................... ---- 
Not known 1155 168 180 201 215 52 4 112 60 63 50 22 16 27 23 25 - 
TOTAL 55,0197 57,103 58,854 60,860 63,493 66,051 68,940 71,264 72,968 75,358 78,495 80,448 83.137 86,429 89,805 92,608 

Includes ali earlier year models. SOURCE: A .  I.. Polk and C~mpany 

Source: Aiutomotive News, Almanac Issue  1975, p.  70 - 
"The placement of t h e  d a t a  i n  t h e  1973 column i s  i n  e r r o r .  For t h a t  year ,  

t he  model year  d a t a  should be moved up one year .  For example, t h e  number 
of  1973 model year  c a r s  r e g i s t e r e d  on J u l y  1, 1974 should be 11,269 not 
6,433. This e r r o r  d id  not  r e s u l t  i n  any e r r o r s  by t h e  model au thors ,  
i n s o f a r  a:; t h e  HSRI s t a f f  has been able t o  de t e rn ine .  



Year - 
1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

TABLE 4-3 

DATA USED IN SCRAPPAGE RATE EQUATION 

Source: Jack Faucett Associates, Inc. 



from a table of generalized prices provided by JFA, using the procedure 

shown in Appendix B. The price index data calculated from the ne t  

prices in Appendix B differs  from the price index data JFA used in the 

estirriation of the scrappage equation. The source of this discrepancy is 

not known, but i t  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 est imates 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. 

JPA obtained their est imates of the coefficients by using a sample 

period of 1960 to 1973 excluding 1968. The HSRI staff estimated the 

scrappage equation over two al ternative 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 t o  the HSRI 

s t a f f  and not explained by JFA. The appropriate statistical test failed to 

indicate that  1968 was from a di f ferent  populat ion than  t h e  o the r  

observations. JFA1s exclusion of 1968 from the sample period does not 

significantly alter the estimated coefficients. A more important finding 

is t h a t  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 a re  employment, income, and 

measures of activity in the steel scrap market. Employment rose slightly 

over the 1973-1974 period. The s tee l  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 

scralppage rate in 1973. A possible cause for i t ,  however, may be found 

in income, for GNP fel l  beginning in the second quarter of 1973, through 



TABLE 4-4 

SCRAPPAGE EQUATION 
ESTIMATED COEFFICIENTS AND STATISTICAL RESULTS 

(Standard errors in parentheses) 

Estimated equation: SPGt = a + bo [NP;] + bl rut] 

-2 R 

Coefficient 

of 

Ut 

i 

9.65 

t 
9 -46 

DF 

Coefficient 

of 

NP: 

SER 

t 

constant 

* 

D w 

-0.015519 
(0. OOSOSS) 

-0.01560 
(0.00518) 

F 

Sample 
Period 

lg60-1967 
1969-1973 

1968 
dropped 

. 5904 

.5849 

3 

-0.078433 
(0.04104) 

-0.07847 
(0.04136) 

JFA 

HSRI 

0.40675 
(0.041 27) 

0.40730 
(0.04162) 

10 0.01544 

1 

1.9087 

0.0155 1.89 10 





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 stock, 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 

r a t e s  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 est imating 

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 



each class is not justified. 

4.3 New-Car Sales Equation 

The new-car sales equation involves a stock adjustment process. Such 

proclesses a r e  widely used in forecasting automobile demand. In t h e  

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: 

where 
0; = target automobile stock in year t 

I% = automobile ownership per household in income 
bracket I 

1t fraction of to ta l  households in income bracket I 
in year t 

HHLDt = total number of households in year t 

A.verage automobile ownership per household is computed 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 

bracke t s .  Target stock is the product of average target  automobile 

ownership per  household and t h e  number of households. Before  

considering the problems with target stock, a short digression is required. 

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

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

household as a log linear function of real income. This functional form 
reflects  the observation that  the number of automobi les  owned per 



household increases at  a decreasing rate as income rises. Using four 

different data sources spanning th i r teen  years ,  the  model authors 

estimated alternate versions of the equation. Comparison showed that 

estimated coefficients were relatively stable over 1960-1974 ( ~ i f i g l i o  and 

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

1970 data: 

HI = 0.01786 (I) 0.4743 

where 

H~ = automobile ownership per household in income 
bracket I 

I = total real income by bracket 

Table 4-6 contains the  census da ta  J F A  used to  ca lcu la te  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 reconstruct 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 est imating the  coefficients, Second, the HSRI staff ignored the 

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



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 

15,0100 
and over 

Not Reported 52.9 

Source: U.S. Bureau of t h e  Census. 1970. Current Population Reports. 
Se r i e s  P-65. Table 1. 

* To,tal money income of primary family i n  1 2  months immediately 
prleceding interview.  



TABLE 4-7 

AUTOMOBILE OWNERSHIP PER HOUSEHOLD BY INCOME BRACKET 

Total Income 
in 1970 Dollars 

< 3000 

3000-4999 

5000-7499 

7500-9999 

10,000-14,999 

> 15,000 - 

Cars Owned 
Per Household 

,4777 

Income Bracket 
Mid~o in ts 

Source: Calculated from data in Table 4-6. 



known how JFA treated that group. 

Table 4-8 presents the JFA and HSRI estimates of the auto ownership 

equaltion coefficients. A comparison of the resul ts  shows tha t  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 ef fec t  of these differences on target stock 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 f lee t  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, 





and characteristics 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 'lfgaplf 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: 

where 

ot = gap between target and existing stocks 

0; = target automobile stock in year t 

Autos = stock of automobiles on hand at  the beginning 
of year t 

Dt = total scrappage of vehicles in year t 

J'FA estimated the new-car sales equation to be in the following form: 

where 

Nt  = total annual new-car sales in year t 

O t  = gap between target and existing stocks 

A; = index of the average generalized price in year t, 
1967 = 1.00 

ALs s t a t ed  ear l ie r ,  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 stockff equation. Thus, "target stock" and 



the "gapT1 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 t  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 Ot 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 t h a t  the  d i f fe rence  between sales  and the  gap is due t o  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 

JFA1s use of a cross-section relation to estimate the desired stock time 

series. 

4.3.4 Statistics 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-statistics show that the constant and price coefficients a re  

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 



Year - 
1960 

TABLE 4-9 

DATA USED IN NEW CAR SALES EQUATION 

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

Table Source: Jack Faucett Associates 





is inc!onclusive. 

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 

addit.iona1 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 es t imated 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 . 2 2 .  

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 

elasticity, it should be cautiously interpreted. The price variable is an 

index that includes operating costs as well as purchase price, so that the 

elast ic i ty  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). 

Tlhe new-car sales equation can be considered a test of the model's 

maintained hypothesis tha t  equilibrium is a t ta ined through JFAts 

one-period stock adjustment formulation. At the customary levels of 

significance, the null hypothesis that bo 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 th~e model (9). 



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 cross-section 

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

4.4 The Market Shares Equation 

J F A  initially attempted to  divide cars into classes by a classification 

scheme based on ttroominess" 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 lbs. 

M: Medium 3,050 to 3,500 lbs. 

L: Large Over 3,500 lbs 

While the division by this index did not perfectly match 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). J F A  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 consumerst 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 switch 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. 



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 
c a r s  and t he  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  r eg r e s s ion  purposes,  t he  Fauce t t  model employs a logi t  

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: 

where 

S H ~  
= market share of class C a t  time t 

a = a linear combination of explanatory variables for 
class C 

e = the base of natural logarithms (e 2 2.718) 

The above equation can be rewritten as 

L 1 - SH, 

and taking the natural logorithm, as 

The explanatory variables are current-year prices and prior-year shares. 

Including the prior-year share dampens the impact of current-year prices 

on current market share of a class. A possible reason for including 

prior-year share is that market shares a re  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 



market shares. Since each year's market shares are  assumed to be a 

function of current-year prices, the inclusion of prior-y ear 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 

t h e  t h r e e  s i z e  c lasses .  However, because of the small number of 

observations, they employed a system of dummy variables interacting with 

the price variables t o  develop a single equation format for estimation. 

The specific form of the equation including the dummy variables is: 

where 

y c  = t h e  p r ice  indexes of cars of class C in year t 
t with 1967 = 1.0 

S H ~  market share of class C in year t 

S H F - ~  = market share of class C in year t-1 

D l  = dummy variable with a value of one for small-car 
observations; zero otherwise 

D2 dummy v a r i a b l e  w i t h  a v a l u e  of o n e  f o r  
medium-car observations; zero otherwise 

D3 = dummy variable with a value of one for large-car 
observations; zero otherwise 

a, bi = 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 



cros!s-price coefficient between nonadjacent classes is assumed to be equal 

to zero. This means that the b4 and t>7 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 = b10 = bll ). In 

othe!r words, the relationship between the prior-year share and the 

curr'ent-year share is assumed to be the same for a l l  classes. The 

estimated coefficient depends on all three classes. An alternative is to 

let the coefficient differ across classes. This alternate specification 

wou1.d 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 be t t e r  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 

assu~mption is that the stochastic disturbance is the same for all size 

classes. 

J'FA supported the first assumption with the following statement: 

"Two cross-price variables, small car prices on large automobile shares, 

hawe been omitted from the final specification because they almost 

inva:riably appeared with perverse signs and extremely low t-statistics. It 

was assumed, therefore, that the price elasticities between nonadjacent 

shares was zero1' [sic] (Difiglio and Kulash 1976, p. 2-140). The 

assu~mption that the price elasticities between nonadjacent shares are zero 

will be shown to be incorrect and inconsistent with JFA1s 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 

sha~res 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. 



The equation estimated by JFA is: 

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 i n  

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 class 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: 

where 

YE = price index for class C in year t ,  1967 = 1.0 

X: = generalized price of a car of class C in year t 

At = 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 

genera l i zed  price in Table 4-12 is not the same as that used in the 



TABLE 4-11 

DATA USED IN MARKET SHARE EQUATION 

Year - 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

Year - 

Year - 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

Small Car Class 

S H ~  
I n  (v7) 

1 -SHt Y S 
-.I323 .945 

-2.1084 ,970 
-1.1809 1.057 
-1.4077 1.000 
-1.5535 .938 
-1.4300 .893 
-1.0172 ,896 -. 8317 .822 - ,7419 ,836 
- .8540 .a86 

Medium Car Class 

sff 
I n  ( t ,  

1 -d t - Y: 

-1.6119 .940 
-1.3626 .931 
-1.1904 ,975 
- .9148 1 .OOO 
-. 9700 ,968 

-1.2801 1.001 
-1.2406 .985 
-1.7632 ,975 
-2.4853 ,913 
-2.1786 .921 

Large Car Class 

S H ~  
I n (  I 1  

1-SHt Y: - 
,1377 .871 
.I926 .928 
.I278 .959 
.0696 1.000 
,2027 ,960 
.3615 1.039 
.0404 1.022 
.2019 1.028 
.4075 .980 
,4042 1.014 

Data Sources:  Automotive News, Almanac Issue 1958-1975. 
Soc i e ty  o f  Automotive Engineers ,  1975 
Passenger Car Fuel Economy Trends Through 1976 

Table Source: Jack  Fauce t t  Assoc ia tes  





computer program, which is a share-weighted average. 

Am examination of equation 4.11 reveals additional insight into the 
price index used in the market shares equation. Equation 4.11 can be 

rewritten as: 

(Recall that  all prices a re  in constant ($1967) dollar terms.) The ratio, 

x ! $ x ~ ~ ~ ~ ~  indicates the llrealtl change in the price of an automobile of 

class C. For example, a Itreal" increase would reflect improvements in 

quality as well as where a higher proportion of cars have addit ional  

components that  become standard equipment (e.g., radio). Real changes 

also reflect mandatory regulatory add-ons such as safety and air pollution 

cont3rol equipment. The ratio, At /A1967 ,  is intended to indicate the 

I1real1' change in the price of the average automobile. Thus, the price 

index Y: indicates the value in quantitylquality adjusted prices of a 
particular size-class automobile relative to the average automobile. The 

HSR'I staff suggests that  a more appropriate comparison would have At 

and A1967 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 Statistics and Interpretation. Table 4-13 presents the results of 

the HSRI staff and JFA estimations of the regression coefficients. The 

c o e f f i c i e n t s  from Table 4-13 are  used to  construct llseparatell share 

equations, presented in Table 4-14. The signs of the coefficients are  i n  

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 t he  relative price of a car  in an adjacent class will increase the 

market share of class C. It should be remembered that  the cross-price 

coef'ficients of nonadjacent classes are assumed by the model authors to 



TABLE 4-13 

MARKET SHARES EQUATION 
ESTIMATED COEFFICIENTS AND STATISTICAL RESULTS 

(Standard errors  i n  parentheses)  

C Estimated equation: In(  SHt ) = a + b (Dl) yS + b (D2) yM + b2 L 
0 1 (Dg) Y + b5 (Dl) yM 

1 -SHE 
C 

I 

Sample 
period 
1963-1973 

.JPA 

HSRI 

-- 

b~ 
Coefficient 

of (Dl) yS 

-1.8660 
(1.0526) 

-1.8660 
(1.0526) 

- * 

Constant 

-4.1749 
(1.3983) 

-4.1749 
(1.3983) 

bl  
Coefficient 

of (D2) Y* 

- 2.0765 
(3.4069) 

-2.0765 
(3.4071) 

b2 
Coefficient 

of (D3) YL 

-0.4299 
(1.6217) 

-0.4299 
(1 -6215) 

b3 
Coefficient 

of (D2) yS 

3.5450 
(1.4913) 

3.5450 
(1.4913) 

b5 
Coefficient 

of (Dl) yM 

3.5093 
(1.6586) 

3.5032 
(1.6586) 

b6 
Coefficient 

of (D3) yM 

1.8117 
(2.0076) 

1.8117 
(2.0077) 

Coefficient 

of (02) Y" 

0.2589 
(2.3472) 

0.2590 
(2.3176) 

b1 2 
Coefficient 

of 

~11: - 1 

5.6428 
.024R) 

5.6428 
(1.0249) 

~2 

.927 

'927 

SER 

0.2203 

0-2203 

i 

I)W 

2 -3907 

2-39 

F 

47.185 

47.186 





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 J F A  estimates and the HSRI estimates 

are small and appear only in the fourth decimal place. 

The t-statistics indicate that the b l ,  b2, b6, and bg coefficients are 

not different from zero a t  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-pr ice  

coe f f i c i en t  for medium-car pr ice 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 J F A  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 a t  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  es t imated  
coefficients may produce a reliable forecast. However, the equation will 

not measure the individual impacts, via specific coefficient values of 

policies tha t  single out a particular size class for a tax or rebate, 

because of the equation's inability to isolate the effect of a change i n  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): 



where 

SH; = t h e  m a r k e t  s h a r e  of c lass  C a t  t ime  t a s  
estimated by the equation 

S H ~ *  = share after normalization 

Tlhe computer program of the model uses another procedure. The 

model authors s t a te  (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 

a re  consumers of other size classes of cars) the  large-car  s h a r e  is 

determined first  and the original est imate of large-car share dominates 

the normalization process as shown below (henceforth ref erred to as JF  A 

normalization): 

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 af ter  the large-car 

share is subtracted, according to the simple normalization process. 

The model authors1 explanation for this normalization process  i s  

il1og:ical. 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 



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 lloptimal.l' Without supporting s t a t i s t i c s ,  t he  

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 llcross-price~f terms left in the equation are irrelevant variables. 

The inclusion 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 



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 

estirn~ate is combined with the subfleet fuel economy ratings and VMT 

estim.ates by age of car to produce a forecast of gasoline consumption. 

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

varia~bles affecting VMT based on general degree of predictability and on 

sensitivity to energy conservation legislation (Di f  iglio 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 predict well in the future (Lansing and Hendricks 

1967 :). 

JIFA estimated the VMT equation to be (10): 

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

where 

VMTt /HHLDt = vehicle miles traveled per household 
in year t 

DI , /HHLD, = real disposable income per household 
in year t in 1967 dollars 

Autos, IHHLD , = t o t a l  cars  in use per household on 
January 1 in year t 



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 t o  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 coeff icients  a re  as  

expected . 
The Durbin-Watson s t a t i s t i c  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: 



TABLE 4-15 

Year - 

DATA USED IN VEHICLE MILES TRAVELED EQUATION 

VMT - 
HHLD 

Log 
(1  00 CPM) 

Autos 
HHLD 

a .  estimated 

Data Sources: Federal Highway Administrat ion.  Highway S t a t i s t i c s ,  
P l a t t ' s  O i l  P r i ce  HandSook and Almanac 1975. 
Edi tors ,  and Automotive News Almanac, I ssues  1958- 
1 0 7 C  

Table Source: Jack Faucet t  Associates  
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where 

AMTM = 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 lhandling 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  

avecage 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 

-9.57'481 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 



TABLE 4-17 

ESTIMATED ANNUAL MILES TRAVELED PER AUTOMOBILE , 

BY AGE OF CAR IN 1969 

Age of Car in Years 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 and older 

Thousands of Miles 
Traveled Per Car 

Source: U.S. Department of Transportation, Federal Highway Administration. 
1972. The Nationwide Personal Transportation Study, Report No. 2, 
p. 8,  Table 1. 





estimated using eleven vintage observations and is used to extrapolate the 

annual miles traveled for fourteen vintages. A problem is that strong 

"second windv 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: 

where 

Kmiles = total miles traveled by all cars in year t 

MilesM = total vehicle miles traveled by a l l  cars  M 
years old 

Kmiles t, 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 Kmilest, the mileage estimated for each age group is 

adjusted by multiplying  miles^ by the ratio of the VMT prediction to 

Kmilest. In mathematical notation: 

where 

MMilesMt = adjusted miles traveled by cars of age M in 
year t 

The &!MilesMt are then used in computing gasoline consumption. 

4.5.5 Conclusions. The VMT equation was reestimated exactly by the 
HSRI s ta f f .  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. 



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 t h e  demand block and t h e  reestimation of the 

equa,tions brought to light several points: 

The published documenta t ion  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. 

The F a u c e t t  model was innovat ive  in i ts  a t tempt  to 
maintain the  au tomobi le  s tock  by c lass  and v in tage  
subfleets, and in i ts  development of scrappage rates for 
each subfleet. However, the estimated coefficients of the 
scrappage equation were found to be unreliable. Also, the 
p rocedure  fo r  deriving sc rappage  r a t e s  by  c l a s s  i s  
unjust if ied. 

The t a r g e t  s tock  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 stat is t ical  
evidence does not  suppor t  the inclusion of the stock 
adjustment variable in the new-car sales equation, casting 
serious doubt upon the particular stock adjustment process 
employed. 

The market shares forecasts a re  likely to  be unreliable. 
These forecasts are based on restrictive assumptions that  
a r e  a t  bes t  only par t i a l ly  c o r r e c t  and on a highly 
questionable normalization procedure. Unreliable shares 
f o r e c a s t s  could cause  s ign i f i can t  d i s to r t ions  in the 
evaluation of the effectiveness of various policy options. 

The inadequa te  spec i f i ca t ions  of t h e  VMT and AMT 
equations are  likely t o  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 t o  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 

de t a i l s  of particular calculations are  only described; in other cases, 

prob'lems are pointed out. 

There are  a number of problems with the implementation of the model 

that  are  not necessarily programming e r ro r s  but a r e  unexplainable 

anomal ies  t h a t  cause inconsistencies in simulations. Some of these 

problems occur when indexed variables are created from real variables by 

mult.iplying 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 IV, is entirely self-contained, and is usable on any 

comlputer with l i t t le ,  if any, modification. ( A  listing of the computer 

program of the t f 8 / 7 7 1 1  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 se t  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 basic parameters can not be changed without rewriting the 



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 t he  
options in the program as received were fully tested; specifically, the 

No-Policy option caused the program to "bomb outf1 because of a minor 

and correctable error. The program was set  up to simulate only the 

lffuturev 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 s taff  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 



Block. The RETIRE, SHARE, VMTS, and GASCON routines make up the 

Automobile Demand Block. In rearranging the program for HEMS it was 

found that the results of calculations done in the TOTAL routine (average 

generalized price with lagged market share weights) a r e  not used 
anywhere in the rest of the program. 

5.3 Lagged Excise TaxesIRebates 

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 described 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 

algo15thm. Thus, the two options under the Excise TaxIRebate policy 

optioln differ in timing. The reason for the discrepancy between the two 

optio'ns 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 



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: 

where 

S P G ,  t scrappage rate for cars of age M (nine years 
or older) of class C in year t 

SPG = scrappage r a t e  for class C in year t as 
computed by the scrappage equation 

.248077 = l i n e a r  a v e r a g e  of scrappage r a t e s  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: 196 0-1967, 

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  es t imate  the 

coefficients of the sales equation. The price index in the computer code 

is calculated in the following manner: 



where 

A; 
= index of average generalized price, 1967 1.0 

A t  = average generalized price in year t 

A 1967 = average generalized price in 1967, which is 
equal to 4564 

4 9 7 5  = average generalized price in 1975 

4059 = average generalized price in 1975 

The node1 authors constructed this index "to calibrate the equation to 

reflect known 1975 values" (Jack Faucett Associates 1976b, p. 17). 

NIultiplying and dividing by the 1975 average generalized price should 

have no effect, since A1975 and 4059 should cancel each other out. But 

A1gs75 as it is calculated in the computer program equals 4140.9. The 

souroe of the difference between these values is not documented. The 
needl 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 

s i ze  classes as weights, as  would be expected. However, for the 

estimation of the new-car sales equation, the index was calculated with 
valuies 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 tlhe model authors. Those values are, of course,  crucial  t o  the  

construction of the model. This incompatibility between the average 

geneiralized 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. 



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 i t  by the model authors. This procedure obscures the actual 

process by which target  stock is calculated and makes i t  difficult to 

analyze this process. The computer program could have included the 

computa t ions  by which t a r g e t  s tock  is determined from variables 

describing 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 t a r g e t  s tock  requ i res  t h a t  t he  user 
recalculate target  stock and revise the program's income and population 

variables. 

Table  5-1 con ta ins  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 expla ins  t h e  constant growth ra tes  for the f irst  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 ra tes  over the period 

1985-1990 is that a typographical error found i t s  way into the computer 

program. The t a r g e t  stock value for 1986 is 121,883,480 instead of 

123,883,480. When this error in the millions column is corrected, the 

growth r a t e  over t he  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 a f f e c t  l a t e r  f o r e c a s t s  of sc rappage  and gasoline 

consumption. 



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 ,0378 

1978 101,774,750 3,703,950 ,0378 

1979 105,618,590 
3,843,840 .0378 

1980 109,607,600 3,989,010 ,0378 

*Target stock values a r e  those tha.t appeared i n  the  computer program 
of the  versions received by the  HSRI s t a f f .  They a r e  d i f f e r e n t  from 
the values i n  Jack Faucett  Associates (1976b). 



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 

"DRI." 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 t o  1.03 in 1985. In the computer program, to ta l  new-car sales is 

multiplied by "DRI'f a f t e r  new-car sales for each of the 3 classes a re  

added to  the subfleet variables. Thus, the IfDRI" adjustment has no 
effect  on the subsequent equations of the model--VMT and gasol ine  

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 t o  adjust the model's forecasts of 

new-car sales t o  be equal  t o  t h e  f o r e c a s t s  of a Da t a  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 at tention 

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 

T ranspo r t a t  ion Energy Conservat ion (TEC) Model used by the U.S. 

Department of Energy (Jack Faucett  Associates, Inc. 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. 



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: 

where 

y s  = 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 

A 1975 = average generalized price in 1975 

x 7975 
= generalized price of small cars in 1975 

3010 = This value is not documented, but i t  is  

thought by the HSRI staff to be an estimate 

of the, generalized price of small cars in 1975. 

I t  i s  n o t  t h e  s a m e  a s  t h e  program's  

calculation of 4975, which equals 2999.3. 

It is not clear from the documentation why JFA included both ~y~~~ and 



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: 

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: 

A comparison of the above two equations suggests that  At = A1975 . 
That  i s ,  t h e  average generalized price used in the determination of 

market shares is assumed to  remain constant and equal to  the average 
genera l i zed  pr ice  of 1975 over all  periods for which the program is 

predicting market  shares .  This assumption was a lso  used in t he  

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 

t o  increase fuel economy, reduce emissions, and improve safety, t he  

prices of cars should increase because of increased research, development, 

and c a p i t a l  cos t s .  These inc reased  p r i c e s  a r e  e v i d e n t  in t h e  
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  t o  forecast ,  the  use of current period market shares in the 

determination of by-class generalized price indexes would requ i re  a 

simultaneous equation system. The model authors chose not to use that 

type of system. An examination of the computer program indicates that  



a v~lriable 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 

subrcsutine), 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 calcuXations in the computer program involves 
the calculation of prior-year share. Referring again to the example of 

small cars: 

where 

SH t-1 = small-car share in period t-1 used to determine 
small-car market share in year t 

S 
t-1 

= small-car share as calculated in year t-1 

N 7975 = small-car share in 1975 

Thalt 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 

I'he coe f f i c i en t s  of the VMT equation were est imated using 

automobiles per household on January 1 of each year. In the computer 

program, VNIT is calculated using total automobile stock as of December 
31 of each year. Since the number of cars in the total fleet a t  the 

end--of-year is generally higher by two to three million cars (3% - 4%) 

than a t  the beginning-of-year, VMT and qasoline consumption will be 



overestimated. To be compatible with the rest of the model, the VMT 

equation should have been es t imated  using end-of-year da ta  for 
automobiles per household. 

5.10 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: 

C Miles = Z [FM x (17972.9 - 9.57841 [ log(M)]) ]  
C = l  

f o r  M = 1 t o  13, and 

f o r  M = 14 

where 

MilesM = t o t a l  vehicle miles traveled by all cars M 
years old 

F ki = number of cars of class C and age M 

A possible error in the program involves the coefficient for the age 

variable in the Milesl4 equation. The equation appears in the program 
twice, once to estimate MilesM for each vintage from one to thirteen and 

once to estimate MilesM 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 

despi te  being the  one reported in the documentation (Jack Faucett 
Associates 1976b, p. 19). 



5.11 Gasoline Consumption 

A11 five versions of the model use an accounting-type algorithm to 

calculate gasoline consumption based on the fuel economies and the  

esti~mated miles traveled of the forty-two subfleets (three classes for each 

of fourteen vintages). In all but the original version (Jack Faucet t  

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 E:PA 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. 

VVhile the model predicts fuel economy for new vehicles by size class, 

the  subfleet  fuel economies (for  cars other than new) required to 

calc~ulate gasoline consumption for the first year of the forecast period 

are supplied by the model authors. Four versions of the model (original, 

DLl, DL2-76 and DL~-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. (Detai ls  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 in to 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 

ecolnomies are in terms of miles per gallon (mpg). Measurement of 

vehicle fuel economy is less straightforward. Weather, road, driver, and 



v e h i c l e  c o n d i t i o n s  a f f e c t  a vehicle's fuel  economy. The U.S. 

Environmental Protection Agency (EPA) has standardized many of the 

conditions in an a t t empt  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 t e s t  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 potent ial  error  of linking al ternat ive 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 EPA1s 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 t he  

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 



the I'aucett model t o  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 se ts  of fuel economies for 1963-1973 model year cars. 

The !sources and calculations involved in determining these by-class fuel 

economies a re  generally undocumented by t h e  model authors .  An 

expla.nation 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 se t  

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 i t  was used to estimate the equations and because the other sets 

may have been adjusted to  be compatible with t h e  fue l  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 se t  

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. 

I t  is important t o  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 a re  urged t o  examine 

the al ternative se ts  of fuel economies and select the set that is most 

appropriate for their needs. 



TABLE 5-2 

FUEL ECONOMY RATINGS OF NEW CARS, BY SIZE CLASS A N D  MODEL YEAR 
FOR THE HISTORICAL PERIOD, I N  MILES PER GALLON 

........................................................................ 
I Sma 11 I Medium I Large 

Model [---------------------+---------------------+-------------------- 

Year 1 8 /77 Other Samp. 1 8/77  Other Samp. 1 8/77  Other Samp. 
-------+---------------------+---------------------+-------------------- 

b e f o r e  I I I 
1962 1 21 .38  1 16 .28 1 13.82 

I I I 
1962 1 21 .38  17.82 1 16.28 13.57 1 1 3 . 8 2  11.52 

I I I 
1963 1 2 1 . 3 8  17.82 17.82 1 16 .28  13.57 12.60 ( 13.82 11.52 11.20 

I I I 
1964 1 22.03 18.36 18.36 1 17.82 14.85 13.70 1 14 .58 12.15 11.71 

I I I 
1965 1 2 2 . 1 8  18 .48  18.48 1 1 7 . 2 9  14.41 13.70 1 1 4 . 2 4  11.87 11 .37  

I I I 
1966 1 18 .31 15.26 15.26 1 17.11 14.26 13.90 1 13.90 11.58 11.11 

I I I 
1967 1 24.17 20.05 20 .05  1 17 .31 14.36 13.10 1 13.96 11.59 11.26 

I I I 
1968 1 22.36 18 .55  18.55 1 17.31 14.36 13.30 1 13 .68  11 .35  10.83 

I I I 
1969 1 22.67 18.83 18.83 1 17 .18 14.27 13.30 1 13.38 11.11 10.67 

I I I 
1970 1 22 .46 18.61 18.61 1 17 .48 14.48 13.30 1 13.40 11.10 10.66 

I I I 
1971 1 23 .94  19.88 19.88 1 16.10 13.37 12.20 1 13.18 10 .95  10.67 

I I I 
1972 1 23 .21 19.26 19.26 1 16 .69 13.83 13.30 1 12.81 10.63 10.12 

I I I 
1973 1 24.00 20.00 20.00 1 17.60 14.70 13.90 1 12.31 10.26 9 .63 

I I I 
1974 1 22.96 18 .81  1 17.37 14.23 1 12.20 9 .97  

I I I 
1975 1 25 .39  20.81 1 19.81 16.23 1 14.61 11.97 

I I I ........................................................................ 

Note: "8/77" r e f e r s  t o  t h e  f u e l  economy r a t i n g s  used i n  s i m u l a t i o n s  
wi th  t h e  v e r s i o n  of t h e  model t h a t  was t h e  primary focus  of t h i s  
a n a l y s i s .  "Other" r e f e r s  t o  t h e  r a t i n g s  provided wi th  a l l  o t h e r  
v e r s i o n s  of t h e  model ( o r i g i n a l ,  DLI, DL2-76, DL2-77). "Samp." r e f e r s  
t o  those  f u e l  economy r a t i n g s  used by JFA i n  t h e  c o n s t r u c t i o n  of sample 
p e r i o d  d a t a  f o r  e s t i m a t i o n  of t h e  model 's  behav io ra l  equat ions .  



5.12.2 Environmental Protection Agency (EPA) vs. On-the Road (OTR) 

Fuel Economies Ratings. A difference between the earl ier  vers ions  

(original, DL1, and 8/77) and the later versions (DL2-76 and DL2-77) is in 

forecasting new-car mpgls, on average and by class. The earlier versions 

produce mpg estimates that are unlabeled. These unlabeled (as to EPA or 

OTR) estimates are compared t o  fuel economy standards rated in EPA 

t e rms .  Communicat ion with t h e  model authors indicated that  the 

unlabeled mpg7s reflect  the uncer ta in ty  surrounding t h e  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 McNutt, Pirkey, Dulla, 

and TVIiller (1978). 

I n  the DL2-76 computer program, the OTR and EPA fuel economies 

for 1'977 and beyond are determined as follows: 

FEOTR = FE11.14 

FEEPA = (FE11.14 - 2.32)/.74 

where 

FE t h e  fue l  economy de te rmined  by t h e  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 FEl1.14 

FEEPA = (FEl1.14 - 2.98)/.65 

While the EPA-OTR relationships in the DL2-76 and DL2-77 versions 

were taken from McNutt et  al. (19781, the 1.14 factor that converts FE t o  



FEOTR is undocumented. In conversations, the model authors provided 

information on this factor. Hittman Associates (1976) developed t he  

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 in the Faucett model. The 

question then arises why the 1.14 EPA-OTR factor is included along with 

the NcNutt et  al. (1978) EPA-OTR relationships in the DL2-76 and DL2-77 

versions of the model. The 1.14 factor is included in those versions 

because the Industry/Policy Block produces fuel economies  r a t e d  in 

pre-1975 EPA terms that  need t o  be converted t o  post-1975 terms for 

comparison with the automobile manufacturer's corporate average fuel 

economy standards. 

FEOTR and FEEPA are  produced solely as alternative estimates of 

new-car fuel economies. That is, the models' forecasts of variables other 

than mpg a r e  dependent directly on FE, which is a fuel economy estimate 

rated in pre-1975 EPA terms. 

However, the EPA-OTR relationships are used to modify the standards 

and penalties used by the StandardIPenalty option of the Industry/Policy 

Block to  forecast the unlabeled fuel economies of new cars, FE (14). The 

modifications convert the standards and penalties, rated in EPA, into 

s t anda rds  and pena l t i e s  r a t e d  i n  FE t e rms .  Thus, the EPA-OTR 

relationships af fect all model forecasts under the StandardIPenalty option. 

The Excise TaxIRebate option is not modified t o  convert taxes (or 

rebates) from EPA terms into FE terms. Therefore, under that  option, 

the model's forecasts, other than mpg, are not affected by the EPA-OTR 

relationships. Therefore, users of the DL2-76 and DL2-77 versions of the 

model should be aware that  forecasts using the StandardIPenalty and 

ExciseITaxlRebate options are not comparable. 



5.13 Preparation of Actual Historical Data Needed for Simulation 

Experiments 

While i t  was not diff icul t  t o  modify the program to allow for 

simulations over the historical period, this sort of simulation cannot be 

done without the exogenous input data for the historical period required 

by tlhe model, Since the model was never intended to be run over 

historical periods, the  model authors never derived all of the data 

required for this purpose. However, most of the historical data needed 

for historical simulation runs were provided to the HSRI staff by JFA. 

Data not provided by JFA were derived by the HSRI staff, including the 

following three data series: (I)  the number of cars by size class and 

vintage existing in the years 1962 to 1973, (2) the fuel economy ratings by 

class for model-year cars 1949 to 1962, and (3) the net prices of cars by 

class for model-year cars 1963 to 1973. 

The HSRI s ta f f  calculated the number of cars by size class and 

vintage existing as of December 31 of each year based on the data in 

Table 4-2 that describe the subfleets by model year in each year as of 

July 1. The calculation process is described in Appendix B. 

The fuel economy ratings by class were supplied (Table 4-12) by JFA 

for 1963 to 1973 model-year cars. For years prior to 1963 the HSRI staff 

assumed the fuel economy ratings to be 21.38, 16.28, and 13.82 for small, 

medium, and large cars, respectively. This was done since calculation of 

the fuel economy ratings is very time-consuming and because the paucity 

of data might have produced incorrect results. 

T'he net prices of cars by class were calculated by subtracting the 

operiating cost from the generalized prices by class. These calculations 

are ;also described in Appendix B. 

T'he above discussion brings up an important issue: the appropriateness 

of building a policy analysis model that cannot be analyzed on the basis 

of generally available data. Some flaws in the model and its computer 

program will not be readily apparent to  the policymaker who uses the 

model for forecasting without first performing historical simulations. 



5.14 Summary 

The execution of the Faucett  model fails to live up to the potential 
of the design. More care is needed in estimating and programming the 

model. 

The model was estimated as an entirely sequential, or recursive, 

system. Some relationships might have been modeled more accurately by 

use of simultaneous equations. There a r e  points in the model where a 

system of simultaneous equations could have used predicted values for 

endogenous variables. The Faucett program was not written to facilitate 

this, and instead lagged values or constants were used as the endogenous 

variables. 

It has been difficult for the HSRI staff  to  determine exactly what 

data were used to estimate each equation and i f  the data input to  each 

equation for forecasting a re  consistent with the data used in estimation. 

The difficulty stems not merely from insufficient published documen ta t  ion, 

but  f rom t h e  failure of the  model authors to  adequately record the 

model-building process. 

The model authors apparently failed t o  tes t  the model's ability to 

reproduce the values of behavioral variables for the period over which the 

model was estimated. This l e f t  undetected the inconsistencies between 

the model as it was estimated and the computer program that implements 

the model. Specifically: 

In the program the following variables a re  modified by 
constants without adequate explanation: aggregate gasoline 
consumption, lagged market shares, the average generalized 
price index, and the average generalized price by class 
indexes. 

Target stock enters the program as a previously calculated 
series. The process by which i t  is calculated is unclear. 
There is a typographical error in the future period values 
of this variable. 

The new-car sales forecasts are modified to agree with the 
DRI model forecasts. 

T h e  V M T  e q u a t i o n  w a s  e s t i m a t e d  u s i n g  
beginning-of-the-year data for aggregate auto stock, but 
the program inputs end-of-the-year auto stock to the VMT 



equation. This error results in a tendency to overestimate 
VMT and gasoline consumption. 

e The excise taxes and rebates used to  calculate net car 
prices are sometimes lagged without apparent reason. 

e T h e r e  a p p e a r s  t o  be  a typograph ica l  e r ro r  in t h e  
miles-traveled-by-age-of -car equations. 

e The method used t o  calculate the average generalized 
prices used in estimation of the new-car sales equation 
d i f f e r s  f rom t h e  method used t o  c a l c u l a t e  average  
generalized prices in the computer program. 

Later versions of the program contain a number of changes, including 

new data for some exogenous variables, conversion factors for translating 

EPA fuel economy ratings into on-the-road-mileage equivalents, and new 

projections of the technological costs of improving fuel economy. None 
of these changes address the serious problems cited above. 





6.0 FORECASTING BEHAVIOR 

6.1 Introduction 

The Demand Block forecasts  eight key variables: new-car sales; 

scrappage; vehicle miles traveled (VMT); gasoline consumption; to ta l  cars 

in use; and market shares of small, medium, and large cars. This section 

employs the results of four forecasting experiments (also referred to  as 

simulations) that  compare actual and forecast values of the keg variables 

t o  assess the forecasting behavior of the Demand Block, and a f i f t h  

experiment using the full model. In addition, the model's forecasts are 

compared to the forecasts of a naive time trend. 

The first four experiments were run over the sample period, and are 

called ex post forecasts. Since the actual values over the sample period 

were  used t o  e s t i m a t e  t h e  Demand Block's equations, the ex post 

forecasts are expected to closely replicate the actual  values. The fifth 

experiment extends beyond the sample period, and is called an ex ante 

forecast. Both ex post and ex ante forecasts provide benchmarks for 

judging t h e  Demand Block's forecasting accuracy, because forecasts 

generally will be no more reliable in the future than in the past. The 

f irst  experiment is over the sample period 1963-1973 (the sample period 

differs among the equations; this is the longest common period); the  

second and th i rd  a r e  over the half periods 1963-1967 and 1968-1973, 

respectively, These three experiments were performed dynamically, in the 

sense that  the model generated i ts  own lagged values of the predicted 

variables when generating the forecasts. The fourth experiment seeks to  

determine if the model tends t o  accumulate errors as the length of the 

forecasting horizon is increased. The fifth experiment examines the full 

modiel's forecasting accuracy over the 1976-1978 period. (No forecasts 

were produced for the years 1974-1975 due to lack of data for exogenous 

variables and for target stock.) 

The forecasting behavior of the full model was not studied in all of 



the experiments because the projected fuel economy-cost relationships of 

the Industry/Policy Block are inapplicable to  the past. In place of the 

Industry/Policy Block, actual fuel economy ratings and net prices were 

exogenously input to the Demand Block for the experiments over the 

sample period (15). The ex ante forecasting experiment made use of the 

Standard/Penal ty option, and depends on the  fuel  economy-cost 

relationships specified by the Policy Block for 1976, 1977, and 1978. 

Since the Faucett model was not designed t o  be run over the  

historical period, it was required that the model be prepared so that 

historical ~ f o r e c a s t s r ~  could be obtained. The s teps  taken in this 

preparation are detailed in Section 5 and in this section. Furthermore, in 

simulating the model over the historical period, the HSRI staff eliminated 

the fourteen percent adjustment to aggregate gasoline consumption (see 

Section 5.11). As the fourteen percent  adjustment may have been 

developed solely for postsample forecasting, the HSRI staff deemed it 

inappropriate for historical simulations. Inclusion of the fourteen percent 

adjust m en t factor would have increased the gasoline consumption forecasts 

which were generally overpredictions already (see Section 6.2). 

Finally, a standard benchmark to compare the model's forecasting 

ability is provided by a naive time trend of the form y = a + bt, where y 

is the endogenous variable and t is the year for the prediction. Both 

sample and postsample period forecast comparisons are made between the 

model and t ime trend.  Also, differences between the sample and 

postsample period forecasting accuracy of the time trend are compared 

with those differences produced by the model. 

The results of the forecasting experiments are presented in graphs that 

compare actual and forecast values of the key variables, and in two types 

of tables. The first type of table has four headings labeled ACTUAL, 

FORECAST, ERROR, and %DIFF. ACTUAL refers to the historical 

(actual) values and FORECAST refers to  the predicted values of the 

endogenous variables. E R R O R  refers to the difference between the 

actual and forecast values, while %DIFF re fe r s  to  the  percentage 

difference re la t ive  t o  the  actual value. The second type of table 

presents summary statistics from the simulation experiments: the root 



mean square e r ror  (RMSE), the  percentage RMSE (%RMSE), and a 

simullation R~ (SIML R-SQ). RMSE is an average error of the predicted 

valu~es and measures the accuracy of the forecast. The %RMSE is the 

RMSE as a percentage of the mean of the actual values of the variables 

over the forecast period, that is, lOOxRMSE/meanACTUAL. The SIML 

R-S€$ is a descriptive measure of the ~ r e d i c t i v e  accuracy of each 

equation as solved in the  model simulation, that is, in generating 

forecasts. The interpretation of the SIML R-SQ is like that of R* , 
except that the former may have negative values indicating that the 

forecast, or simulation, is very unreliable. Details concerning the  

construction and interpretation of the SIML R-SQ are presented in 

Appendix A. 

As the reader interprets the results of the forecasting experiments he 

should be aware that the HSRI staff used, to  the extent possible, data 

supplied by JFA. In the sample-period experiments, the JFA data used 

inclulded both exogenous and "actualu data, with which the forecasts were 

compared. One variable not supplied by JFA was gasoline consumption by 

autornobiles. Values of this variable were obtained from Federal Highway 

Administration publications. The reader should note that these data are 

estimates and, therefore, are subject to error. For the  postsample 

experiments, "actualff data were obtained from the sources used by JFA in 

preparing their sample-period data. Gasoline price da ta  which a r e  

exogenous were obtained from the U.S. Department of Energy. 

6.2 Forecasting Experiment 1963-1973 

The HSRI s ta f f  first ran the Demand Block to forecast over the 

sample period 1963-1973 with only those modifications required to adapt 

the computer program to HEMS. The results of the experiment are 

summarized by the error statistics in Table 6-1. Figures 6-1 to  6-8 

compare ac tua l  and forecas t  ("JFA predictedM) values graphically. 

(Detailed results are presented in Appendix C, Tables C-1 to C-8.) 

Generally, high RMSEs and %RMSEs and low SIML R-SQs indicate 

inacc!urate forecasts. To put the magnitude of the model's errors in 

perspective, another automobile sector model forecasting quarterly over a 



TABLE 6-1 

ERROR STATISTICS FOR THE WITHIN-SAMPLE PERIOD (1963-1973) 

Dynamic Simulation of Or ig ina l  Model* 

* * 
Variable  Mean Actual RMS E - 
Sales  9,249,000 845,500 

Scrappage 6,586,000 585,600 

VMT ( i n  
b i l l  ions)  820.8 27.33 

Gas consumption 
( i n  m i l  l i o n s  59,780 3,798 
of ga l lons)  

Cars i n  u se  74,040,000 1,202,000 

Small c a r  
market share  .2576 .04412 

Medium c a r  
market sha re  .I935 ,05590 

Large c a r  
market share  .5489 ,06055 

% RMSE SIML R-SQ 

* The e r r o r  s t a t i s t i c s  presented here  a r e  based on the  simulation labeled 
a s  JFA Predicted i n  Figures 6-1 t o  6-8. 

**  Data Sources f o r  Actuals:  

- Scrappage and ca r s  i n  use a r e  from Automotive News 1975 Almanac Issue.  

- Sales  were suppl ied by J F A  and a r e  new r e g i s t r a t i o n s  from Automotive 
News 1975 Almanac Issue.  

- VMT and gasol ine consumption a r e  from the  U.S. Department of Transportat ion 
Federal Highway Administrat ion 's  Highway S t a t i s t i c s .  Various i s sues  
1963-1973. 

- Market share  da t a  were supplied by JFA. 



FIGURE 6-1 

120w000 - I ACTUAL - - JFR PREDICTED ----- HSRI CORRECTED 

11ooooM) 

FORECASTING EXPERIMENT OF 
NEW CRR SALES 

~000000 I 
1963 198rl 1985 1888 1987 1- 1969 1970 1971 1972 

i 

YEAR 
1973 

FIGURE 6-2  

~2000000 - I ACTUAL - - JFA PREDICTED ----- HSRI CORRECTED 

FORECflST ING EXPERIMENT OF 
SCRAPPRGE 

5000000 1 
1963 1 W  1985 1468 1967 1988 1 969 1970 1971 1972 1873 

I 

YEAR 

10000000 

vr 9000000 
5 
U 
3 

r 
eoooooo -- 

-. 

-- 

7000000 --  



- - JFR PREDICTED 
MI CORRECTED 

FIGURE 6-3 

FORECAST I NG EXPERIMENT OF 
VMT 

I 
1989 196U 18s 1988 1981 1888 1988 1970 1971 1972 1373 

YEAR 

FIGURE 6-4 

FORECAST I NG EXPERIMENT OF 
GAS CONSUMPTION 

l o w l  

-m - - JFR PREDICTED ----- HSRI cxmKcTED 

I 
1W 1385 1988 1987 1W 1489 1970 1971 19R 1973 

YEAR 

116 



FIGURE 6-5 
F ORECAST I NG EXPER I MENT OF 

TOTAL CARS I N  USE 

%RI CORRECTED 

1985 1988 1967 1488 1989 1sM 1971 1972 I 
1973 

Y ERR 

FIGURE 6-6 

ACTUAL - - JFR PREDICTED 
HSRI CORRECTED 

FORECAST ING EXPERIMENT OF 
SMALL SALES SHARE 



FIGURE 6-7 

RCTURL - - JFR PREDICTED ----- HSRI CORRECTED O"OT - 
FORECAST ING EXPERIMENT OF 

MEDIUM SALES SHARE 

0.004 I 
1983 198'4 1985 1988 1867 1981) 1989 1970 1971 1972 1973 

YEAR 

FIGURE 6-8 

FORECAST I NG EXPER I MEN1 OF 
LARGE SALES SHARE 

RCTURL - - JFA PREDICTED ----- O " O T  - HsRI CORRECTED 

0.00 I 

1983 1 W  1965 1 988 1967 1988 1969 1970 1971 1972 1973 
Y ERR 



similar sample period (1961.4-1973.3) achieved %RMSEs of 3.9 percent for 

new-car sales and 0.3 percent for VMT (Luckey 1978). The Fauce t t  

model's forecasts of VMT and of gasoline consumption are biased upward. 

As can be seen from the graphs, both are consistently overpredicted. The 

cars-in-use forecast appears to  be the most accurate, judging from the 

%RMSE, but considering the size of the year-to-year change in th i s  

variable relative t o  i ts  level (less than 5%), a very small %RMSE is 

expected. 

The sources of some of the forecasting errors can be traced. The 

market shares forecasts a r e  among the least accurate. In modeling 

market shares, JFA assumed the future average generalized prices of cars 

to be constant and equal to the average generalized price in 1975 (4140.9). 

In running the model over the historical period, the HSRI staff likewise 

assurned the historical value of the average generalized price t o  equal the 

1975 value, even though the actual average generalized prices of 1963 to 

1971 model-year cars (Table 6-2) a re  higher than the 1975 value. The 

difference between average generalized prices during the historical period 

(1963-1973) and the average generalized price in 1975 was thought by the 

HSRI staff to be the most likely cause of large errors in  predicting 

market shares over the historical period. If future average generalized 

prices are  more closely approximated by the 1975 values, the reliability of 

the forecasts of the market shares over the historical period would then 

not be a good indicator of the reliability of the forecasts over the future. 

Howelver, if the average generalized prices are not relatively constant in 

the Jhture, and there is no strong presumption that they will be, then the 

market shares forecasts may be very unreliable. 

To t e s t  t h e  impac t  of t h e  cons tan t  ave r age  generalized price 

assumption, the HSRI staff produced al ternate forecasts with a variable 

ave r~age  genera l i zed  price. In the market shares equation, average 

generalized price was calculated using lagged market shares. Market 

shares forecasts improved; but, the accuracy of the forecasts for other 

variables declined substantially and the %RMSEs for the market shares 

remained qu i t e  large. The HSRI staff speculates that  simultaneous 

determination of market shares and average generalized price might 



TABLE 6-2 

AVERAGE GENERALIZED PRICES 

Average Generalized 
Price Used in Estimating 

the New Car Sales Equation 
as Supplied by JFA 

YEAR - (1967 dollars) 

Average Generalized Price 
by the Market Share 

Weighted-Average Method as 
Calculated by HSRI Staff 

(1967 dollars) DIFF 

533 



procluce bet ter  results. This would require a considerable change in the 

modlelts structure, however. 

The inaccuracy  of t h e  f o r e c a s t s  of sa les ,  VMT, and gasol ine  

consumption partially derives from two errors .  F i r s t ,  t h e  ave r age  

generalized prices used by JFA in estimating the new-car sales equation 

differ from those used in the computer program for forecasting. The 

former prices are calculated by a method that is not documented by JFA, 

while the method used in forecasting is t o  construct a weighted average 

of the generalized prices by class where the weights a re  the market 

shares. Table 6-2 compares the values for average generalized price as 

calculated by the HSRI s taf f ,  using the weighted-average method, with 

the values for average generalized price used by JFA to  est imate the 

equat ion.  The d i f fe rence  between the two calculations of average 

generalized price is lare;e, and contributes t o  the errors in predicting 

new--car sales as shown later  in this section. Second, the total stock 

( c a r s  in use)  values used t o  e s t i m a t e  t h e  VMT e q u a t i o n  w e r e  

beginning-of-the-year figures. In forecasting VMT, end-of-the-year figures 

are used, thereby biasing the VMT forecast upward. Overprediction of 

VMT contributes to overprediction of gasoline consumption. 

The forecasts of sales, VMT, and gasol ine  consumption can be  

improved by correcting the two errors discussed above. These corrections 

are relatively simple. To improve the prediction of new-car sales, the 

net prices of cars by class were changed so that the weighted average of 

generalized prices by class would equal the average generalized price used 

in estimating the new-car sales equation. This procedure is explained in 

Appendix B. To improve the prediction of VMT, the computer program 

was al tered so tha t  the to ta l  stock at  the beginning of the year (lagged 

total stock) would be used in predicting VMT. 

The HSRI staff expected that the changes made to net price by class 

would have two side effects. First,  the changes t o  net price would 

produce new generalized prices, and in turn, generalized price indexes. 

Since the new indexes would differ from those used t o  est imate t he  

marke t  sha r e s  equation, the changes t o  net  price were expected t o  

increase the errors in predicting market shares. Second, changing net 



price would produce new net price indexes. As the scrappage equation 

was estimated using the average of the old net pr ice indexes, the 

accuracy of the scrappage equation was expected to decrease also. 

The forecasting experiment over the period 1963-1973 was repeated 

with the corrections outlined above. Figures 6-1 to 6-8 graph the new 

forecast values ("HSRI correctedt1) alongside the forecast values obtained 

prior to the corrections for comparison with the actual values. Table 6-3 

presents the error statistics. (Detailed results are presented in Appendix 

C, Tables C-9 t o  C-16.) The forecasts of new-car sales, VMT, and 

gasoline consumption have lower %RMSEs. The upward biases in VMT and 

gasoline consumption are reduced. As expected, the market shares and 

scrappage forecasts are less accurate than in the uncorrected version. 

To this point only the accuracy of the levels of the forecasts have 

been considered. One may also inquire as to the ability of the model to 

t rack movement in the variables,  e i ther  general trends (long-run 

tendencies) or cycles (y ear-to-year ups and downs, not necessarily 

regularly occurring). The model's trend tracking ability is assessed by 

comparison with a time trend in Section 6.6. The Demand Block's ability 

to track cycles can be judged on the basis of how well the turns in the 

forecasts correspond to the turns in the actual data. This information is 

presented in Table 6-4. The HSRI corrections substantially improve the 

tracking of turns in new-car sales, but do less well in improving the 

tracking of the turns in size-class shares. The Faucett model tracks 

cycles most poorly for sales and the medium-car market share, and best 

for scrappage. For sales, the model forecasts only one of three upturns 

correctly, incorrectly forecasts upturns for both of the downturns, and 

incorrectly forecasts downturns for three of the five periods when there 

were no turns. The HSRI corrections improve the cyclical tracking 

primarily by dampening cyclical behavior. Cyclical behavior in the 

medium-size share is relatively poorly t racked because the  m ode1 
forecasts turns when none occurred and no turns when turns did occur. 

The results indicate that the Demand Block's ability to track the  

historical behavior of some variables (particularly sales) improves with the 

modification of input data and the alteration of the computer program. 



TABLE 6-3 

ERROR STATISTICS FOR THE WITHIN-SAMPLE PERIOD (1963-1973) 

Dynamic Simulat ion of Corrected Model* 

S a l e s  

Scrappage 

VMT ( i n  b i l l i o n s )  

Gas consumption 
( i n  m i l l i o n s  o f  

g a l l o n s )  
Car:; i n  use  

Smalll c a r  
m a ~ k e t  s h a r e  

Medium c a r  
market s h a r e  

Large c a r  
market s h a r e  

Mean Actual** RMSE - 
9,249,000 722,300 

% RMSE 

7.810 

9.219 

1.203 

SIML R-SQ 

0.5641 

0.3778 

0.9933 

*The e r r o r  s t a t i s t i c s  p resen ted  h e r e  a r e  based on t h e  s imula t ion  
l a b e l e d  a s  HSRI Corrected i n  F igures  6-1 t o  6-8. 

**See Table 6-1 f o r  d a t a  sources .  



TABLE 6-4 

ABILITY OF THE MODEL TO TRACK CYCLICAL BEHAVIOR* 

Actual 

Actual 

Small Share 

Actual 

New-Car Sales 
Actual 

Scrappage 

Actual 

Actual 



TABLE 6-4 Continued 

Medium Share 
Actual 

Actual 

Larne Share 

Actual 

Actual 

*This s e t  of t a b l e s  summarizes t he  model's a b i l i t y  t o  t r ack  tu rns  i n  the  
sample da t a  f o r  s a l e s ,  scrappage, and market shares .  In each t a b l e  t he re  
a r e  t h ree  columns f o r  ac tua l  behavior labeled +T (upturn) ,  -T (downturn), 
and NT (noturn) ,  and three  s imi l a r  rows f o r  forecas t  behavior. The l a s t  
number i n  each column (row) i s  the  column (row) sum. Summing over e i t h e r  
t he  column (ac tua l )  o r  row ( forecas t )  sums y i e lds  t he  t o t a l  poss ib le  num- 
ber of tu rns ,  given i n  t he  lower r i g h t  hand corner .  The f i r s t  t h r ee  e l e -  
ments diagonal from upper l e f t  t o  lower r i g h t  show matches between the  
fo recas t  and the  ac tua l  da ta .  For example, reading down the  f i r s t  column 
of t he  new c a r  s a l e s  JFA fo recas t  matrix (upturns i n  ac tua l  new c a r  s a l e s ) ,  
one upturn was co r r ec t ly  pred ic ted ,  one upturn inco r rec t ly  predicted as  
a downturn, and one predicted a s  noturn. There were a t o t a l  of t h ree  
upturns i n  the  ac tua l  da ta .  (By coincidence there  were a l so  th ree  up- 
t u rns  i n  t he  fo recas t ,  but two were predicted when downturns occur in  
the  ac tua l  da t a . )  Summing over the  diagonal,  one upturn and two noturns 
were co r r ec t ly  predicted f o r  a t o t a l  of t h ree  cor rec t  pred ic t ions  from a 
poss ib le  ten .  
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However, achieving the improvements entails a loss of accuracy in 

forecasting market shares and scrappage. Therefore, the HSRI staff 

decided to conduct further experiments using the uncorrected (original 

JFA) version of the Demand Block. 

6.3 Forecasting Experiments 1963-1967 and 1968-1973 

Experiments were performed over the periods 1963-1967 and 1968-1973 

to examine the forecasting behavior of the model in each half of the full 

sample period. These experiments were designed to test for differences 

in forecasting accuracy that may indicate economic and demographic 

changes in the two periods that were inadequately captured by the  

Demand Block. The s tat is t ical  results are presented in Table 6-5. 

Figures 6-9 to 6-24 are graphs of actual and forecast values for the two 

periods. 

The %RMSEs indicate  tha t  relative to the full period forecasts 

(1963-1973) some variables were more accurately forecast over the first 

half (1963-19671, and some over the second half (1967-1973). New-car 

sales, VMT, gasoline consumption, and small-car market share were more 

accurately forecast over the second half. Scrappage, cars in use, and the 

other two market shares were forecast more accurately over the first 

half. There is nothing special or unexpected about these results. More 

interestingly, the graphs reveal that the small-car market share was 

underpredicted, while large-car share was overpredicted over the entire 

first half. Small-car share was overpredicted over the entire second half. 

VMT was overpredicted in both halves, that is, upward biased. However, 

neither these nor any of the other results suggested specific economic and 

demographic differences betweeen the two halves of the sample period 

that were unaccounted for by the Demand Block. 

The most important finding of these experiments is that gasoline 

consumption was more accurately forecast over both half-periods, than 

over the full period. The full-period forecast uses the forecast 1963-1967 

values of the endogenous variables to generate the 1968-1973 forecasts, 

whereas the half-period forecast over 1968-1973 uses the actual 1963-1967 

values to generate the 1968-1973 forecasts so that error accumulated in 
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the first half-period is not carried over to the second. Thus, the lower 

%RNISE in both periods suggests that the gasoline consumption forecast 

accumulates error as the forecasting horizon is lengthened. 

6.4 Forecasting Experiment on Error Accumulation 

In this experiment four types of forecasts were made to determine if 

the model tends to  accumulate errors as the forecasting horizon is 

lengthened. The four types were: 

one-period forecasts 

two-period forecasts 

four-period forecasts 

six-period forecasts 

One-period forecasts are also known as static forecasts while the 

others (two-, four-, and six-period forecasts) are  known as dynamic 

forecasts. In the one-period forecasts the model is reinitialized each year 

so that actual values of all lagged endogenous forecast variables are 

always used to produce one-year-ahead forecasts. One-period forecasts do 

not accumulate forecasting errors and thus provide a useful benchmark for 

comparison with the results of the dynamic experiments. 

In the two-period forecast the model is reinitialized every other year. 

Forecas ts  for each year depend on forecasts for the immediately 

preceding year. For example, to generate the 1968 forecast the model 

was initialized with the actual 1966 values of all the 1966 endogenous 

variables. The 1966 actual values were used to  forecast the 1967 values 

that are used to generate the 1968 forecasts. To produce the next year's 

forecasts, the model is reinitialized with 1967 actual values, and new 1968 

forecasts are produced that are then used to  generate 1969 forecasts. 

This procedure yields a series of two-period-ahead forecasts. A similar 

procedure is followed for the four- and six-year forecast horizons. For a 

six-period forecast the model is initialized with actual data six periods 

prior to the forecast period. As the necessary data were unavailable for 

years prior to 1962 the earliest possible six-period forecast year was 1968. 

To be comparable, forecasts for all four period lengths were performed 

over the period 1968-1973. 



The results of the experiment are summarized in Table 6-6. The 

one-period forecasts of sales, scrappage, gasoline consumption, and market 

shares have higher %RMSEs. Cars in use and VMT are forecast relatively 

more accurately as indicated by the lower %RMSEs. 

If the Demand Block tends to accumulate error, the error contained in 

the one-period forecasts may compound over the longer forecast horizons. 

Error accumulation is evidenced by rising RMSEs and falling SIML R-SQs 

as the forecasting horizon lengthens. Table 6-6 shows tha t  sales ,  

scrappage, VMT, gas consumption, and small-car market share forecasts do 

not tend to accumulate  error .  Going across the table  from the  

one-period to six-period forecasts, there is a declining trend in the RMSEs 

of these five variables. Similarly the trend of the SIML R-SQs is an 

incre!asing one. Cars in use, and large- and medium-car market shares 

forecasts, however, demonstrate a tendency to accumulate error. 

Curiously, sales, scrappage, and gasoline consumption forecasts all have 

falling RMSEs from the one- to the four-period forecasts, but in going to 

the  six-period forecas ts  the  RMSEs rise. In the case of gasoline 

consu~mption this pattern is especially striking, The gasoline consumption 

forelcasts reveal that this RMSE pattern is produced because, as the 

forecast horizon is lengthened, the forecasts all become higher, For 

exarn~ple, the 1968 one-period-ahead forecast is 55654, an underprediction 

of the actual, which equals 58413. The 1968 two-period-ahead forecast is 

57 67  2 ,  the four-period-ahead, 60607. The six-period-ahead forecast rises 

to 631300, a substantial overprediction. 

The HSRI staff performed additional experiments changing the levels 

and/or trends of the exogenous variables,  and exogenizing several  

endogenous variables. Based on these experiments the HSRI staff 

identified only one variable--gasoline price--that affects the gasoline 

cons~lmption RMSE pattern, suggesting that the relatively low gasoline 

prices of the historical period may underlie the increases. Gasoline prices 

of $1..58 ($1975) or higher, on the other hand, drive the model to lower 

and lower gasoline consumption as the forecasting horizon increases. This 

tendency of the model to trend in one direction or another is disturbing, 

for it suggests tha t  the model cannot forecas t  turns in gasoline 



TABLE 6-6 

ERROR STATISTICS FOR 1968-1973 BY LENGTH OF FORECAST HORIZON 

VARIABLE MEAN 
ACTUAL 

S a l e s  9,906,000 

Scrappage 7,012,000 

T o t a l  VMT 
( i n  b i l l  i o n s )  914.7 

Gas Consumption 
( i n  m i l l  i o n s )  67,720 

Cars i n  Use 80,330,000 

Small c a r  
Market Share  .2592 

Medium c a r  
Market Share  ,1737 

Large c a r  
Market Share  .5671 

S a l e s  

Scrappage 

T o t a l  VlllT 

Gas Consumption 

Cars i n  Use 

Small  c a r  
Market Share  

Medium car 
Market Share  

Large c a r  
Market Share  

RMSE 
1 2 4 6 

878,400 774,300 732,100 799,500 

654,800 612,900 583,100 642,700 

% RMSE 
1 2 4 6 

8.867 7.816 7.390 8.071 

9.339 8 .741 8.459 9.166 

2.551 2.685 2.429 2.159 

8.738 5.600 1 .933 4.078 

1 .125 1 .611  2.031 2.064 



TABLE 6-6 (cont inued)  

ERROR STATISTICS FOR 1968-1973 BY LENGTH OF FORECAST HORIZON 

VARIABLE 

Sales; 

Scrappage 

Total. VMT 

Gas Consumption 

Cars i n  Use 

Small car 
Market Share  

Medirun c a r  
Ma~rket Share  

= c a r  Largc, 
Market Share  

SIML R-SQ 
1 2 4 6 

,1508 ,3401 .4101 .2964 

,01459 ,1367 . I915 .05084- 

,9006 ,8899 ,9099 .9 288 

. I575  ,6540 .9588 .8165 

.9651 ,9283 ,8661 .8824 



6.5 Ex Ante Forecasting Experiment 1976-1978 

One important test of a model is how well it forecasts beyond the 

sample period. Since the latest sample period used to estimate the 

Faucett model ends with 1975, it is possible to compare the model's ex 

ante forecasts with historical values. The HSRI staff exercised both the 

uncorrected and corrected versions of the model to forecast for the  

period 1976-1978. This forecasting experiment tests only the model's 

relatively short-run forecasting accuracy. Longer-run forecas ts  a r e  

expected to be less accurate, particularly given the tendencies of some 

variables to accumulate error. 

Unlike the experiments of Sections 6.1 to 6.4, the ex ante forecasting 

experiment was performed with the full model. Another unique aspect of 

the  ex a n t e  forecasts is that they were performed using the model 

authors1 predicted values of all exogenous variables (e.g., population and 

income projections) except fuel prices. The actual values of fuel prices 

were input to the model because the model authors did not provide 

predicted values. The prices (per gallon, in 1974 dollars) were $.5111 for 

1976, $.5127 for 1977, and $.4762 for 1978 (U.S. Bureau of Census 1978 and 

1979). 

Results of the  experiment are presented in Table 6-7 for three 

variables: new-car sales, VMT, and gasoline consumption. Calculation of 

actual values for prices by class, and other variables for comparison with 

the forecast values is judged to be impractical, although tentative values 

were calculated for market shares for two years (Table 6-8). Not only 

are the calculations tedious, but the HSRI staff is uncertain about the 

exac t  methods of calculation used by JFA, since their methods are 

inadequately documented. 

The uncorrected version's forecasts of new-car sales differed from the 

actual values by 1.38% in 1976, 3.21% in 1977, and 9.48% in 1978. VMT 

forecasts differed from actual VMT by 3,64%, 4.31%, and 4.33% for 1976, 

1977, and 1978, respectively. Gasoline consumption forecasts differed by 

less than one percent from the actual values in the first two years, and 



by slightly more than one percent in 1978. Considering the model's 

shortcomings these errors are quite small. However, the seemingly high 

degree of forecast accuracy for new-car sales, and to a lesser extent for 

gasoline consumption, can be specifically attributed to  two questionable 

procedures. 

First, the model's new-car sales forecasts are changed to equal the 

new-car sales forecasts of a Data Resources Incorporated (DRI) model. 

(See Section 5.7 for a discussion of the DRI factor.) The Faucett model 

is programmed so that this change has no effect on the forecasts of the 

other  endogenous variables. The model's sales forecasts are simply 

modified by a DRI  factor, so that eliminating this factor reveals the 

new-car sales forecasts actually generated by the model. These forecasts 

differ from actual new-car sales by 46,9%, 20.0196, and 20.30% in 1976, 

1977, and 1978, respectively. The DRI factor equals 0.69 in 1976, 0.86 in 

1977, and 0.91 in 1978. The DRI factors for 1979-1984 are: 0.95, 0.97, 

1.01, 1.03, 1.02, and 1.02. After 1984 the DRI factor is 1.03. Obviously, 

the IIRI factor is most important for the early years, particularly 1976 

and 1977. 

St?cond, end-of-the-year auto stock is used in the VMT equation when 

forecasting, while beginning-of-the-year stock was used to estimate the 

VMT equation. As end-of-the-year stock exceeds beginning-of-the-year 

stock, VMT is overestimated. Higher forecasts of VMT result in higher 

forecasts of gasoline consumption. The HSRI corrected version of the 

model eliminates this error. Comparison of the results of the corrected 

and luncorrected versions in Table 6-7 shows that the forecasts of VMT 

improve, while the forecasts of gasoline consumption are less accurate, 

once this error is eliminated. 

While the second procedure appears to  be a simple error, the first 

procedure has no apparent justification other than to seemingly improve 

the short-term forecasting accuracy of the model. That these procedures 

will improve the model's long-run forecasting accuracy is doubtful. 

Removing the DRI factor unmasks the extremely poor accuracy of the 

new-oar sales forecasts generated by the model. To improve this forecast 

the HSRI staff's corrected version of the model was modified to replace 



TABLE 6-7 

EX ANTE FORECASTS 
JFA VERSION 

VARIABLE ACTUAL* FORECAST DIFFERENCE 

Sales  9859726 9996053 - 136327 
Sales  Without DRI 9859726 14487033 -4627307 
VMT 1075.76 11 14.923 -39.163 
Gas Consumption 78398.3 1 78626.625 -228.315 ........................................................................ 

1977 ........................................................................ 
Sales  10946405 I 1297456 -351051 
Sales  Without D R I  10946405 13 136577 -2190172 
VMT 11 18.65 1166.848 -48.198 
Gas Consumption 80225 - 4 6  80492.3 13 -266.853 ........................................................................ 

Sales  1 1067606 12116743 -1049137 
Sales  Without D R I  11067606 13314758 -2247152 
VMT 1171.092 1221.769 -50.677 
Gas Consumption 8331 1.868 82351.938 959.93 

------------------------------------.--------.---------------------------- 

VARIABLE RMSE 

Sales  
Sales  Without D R I  
VMT 
Gas Consumption 

Sa le s  a r e  from Automotive News Market D a t a  Rook 1979, New Car 
Regis t ra t ions  by makes 1970-78. This s e r i e s  was adjusted upward 
by 1.0111% t o  r e f l e c t  d i f f e r ences  from t h e  data  used t o  est imate 
t h e  model, which a r e  from Automotive News Almanac 1975, Auto 
Scrappage Since 1925. 

VMT and gas consumption a r e  from FHWA's Highway S t a t i s t i c s ,  
* 

Annual, and da ta  suppl ied i n  advance of publ ica t ion  by the  FHWA 
Highway S t a t i s t i c s  Divis ion.  



TABLE 6-7 CONTINUED 

EX ANTE FORECASTS 
H S R I  CORRECTED VERSION 

----.------------------------------------------------------------------ 
VARIABLE ACTUAL FORECAST DIFFERENCE 

SFIT 1075.76 1074.344 1.416 
G a s  C o n s u m p t i o n  78398.3 1 75765.063 2633.247 

----.------------------------------------------------------------------ 
1977 

LrMT 11 18.65 1139.704 -2 1.054 
(;as C o n s u m p t i o n  80225.46 78619.875 1605.585 

----,------------------------------------------------------------------ 

I M T  1171.092 1197.867 -26.775 
(;as C o n s u m p t i o n  8331 1.868 80740.938 2570.93 

VARIABLE RMS E 

VMT 
G a s  C o n s u m p t i o n  



TABLE 6-7 CONTINUED 

EX ANTE FORECASTS 
H S R I  CORRECTED AND VARIABLE AVERAGE GENERALIZED P R I C E  

.................................................................. 
19 76 ACTUAL FORECAST DIFFERENCE .................................................................. 

1976 .................................................................. 
S a l e s  9859726 80 19883 1839843 
Sales Without D R I  9859726 11623018.84 - 1763293 
VMT 1075.76 1074.077 1.683 
G a s  C o n s u m p t i o n  78398.31 76174.250 2224.06 

.................................................................. 
1977 .................................................................. 

Sales 10946405 10230208 716197 
S a l e s  W i t h o u t  D R I  10946405 1 1895590.7 949185 
VMT 11 18.65 1121.149 -2,499 
G a s  C o n s u m p t i o n  80225.46 77913.563 -231 1.897 .................................................................. 

1978 .................................................................. 
Sales I 1067606 11 151282 -83676 
Sales Without D R I  1 1067606 12254156 -1  186550 
VMT 1171.092 1171,395 -.303 
G a s  C o n s u m p t i o n  8331 1.868 79593.500 37 18.368 .................................................................. 

VARIABLE RMSE 

Sales 
Sales Without D R I  
VMT 
G a s  C o n s u m p t i o n  



the constant Average Generalized Price (At = A1975) used in the market 

shares equation with A t  calculated using lagged market shares. As shown 

in Table 6-7, allowing A t  t o  vary improves the new-car sales forecasts 

dramatically without sacrificing the accuracy of the VMT and gasoline 

forec{asts. 

To check the accuracy of the market shares forecasts, the HSRI staff 

calculated tentative market shares for 1976 and 1977 following, t o  the 

extent possible, JFAts method. From Table 6-8 one can see that neither 

version forecasts market shares without percentage errors in the 50 to  100 

percent range. The JFA version forecasts the small-car share somewhat 

more accurately, and the other two shares less accurately. However, the 

differences between the  two se ts  of market shares forecasts are always 

less than 8%. 

The ex ante forecasts discussed above depend on the price of leaded 

regular gasoline, which was used in e s t ima t i ng  t h e  model. In t h e  

postsample period, however, an increasing proportion of consumption has 

been, and is likely to  continue to  be, higher priced unleaded gasoline. 

The HSRI staff calculated consumption-weighted averages of leaded and 

unleaded gasoline prices for 1976-1978 ($.5176, $.5203, $.4900) (Source: 

U.S. Monthly Energy Review, August 1979). Ex ante forecasts of sales, 

VMT, and gasoline consumption based on these prices a re  presented in 

Table 6-9 for comparison with the forecasts in Table 6-7. The forecasts 

based on the weighted average prices have lower RMSEs for sales and 

VMT, but a higher RMSE for gasoline consumption despite producing more 

accurate forecasts for two of the three years. 

The gasoline price data can be used to  illustrate an important point 

aboult the computational (not statistical) accuracy of the model's forecasts 

(16). The model authors apparently used f our-digit (e.g., ,4172) gasoline 

prices for estimation purposes. The HSRI staff copied this procedure in 

the forecasting experiments. Examination of the model author's data 

source revealed that  the gasoline p r ices  were  originally two-digit  

approximations (e.g., .63) in current dollars. The four digits result from 
the (!onversion to constant 1974 dollars, and the last two digits a re  not 

computationally significant. It follows that, despite the accurate-looking 





TABLE 6-9 

EX ANTE FOFECASTS 
USING WEIGHTED AVERAGE OF LEADED AND UNLEADED GASOLINE P R I C E S  

VARIABLE ACTUAL FORECAST DIFFERENCE 

S a l e s  9859726 993 1282 -71556 
S a l e s  Without D R I  9859726 14 132587 -427286 1 
VMT 1075.76 11 13.462 -37.702 
G a s  C o n s u m p t i o n  78398.3 1 78537.563 -139.253 .................................................................. 

.................................................................. 
Sales 10946405 11241151 -294746 
Sales W i t h o u t  D R I  10946405 1307 1106 -2124701 
VMT 1118.65 1164.808 -46.158 
G a s  C o n s u m p t i o n  80225 - 4 6  80373.813 -148.353 

.................................................................. 
Sales I 1067606 12007217 -93361 I 
Sales  Without D R I  1 1067606 13194743.96 -2127138 
VblT 117 1.092 1218.008 -46.916 
G a s  C o n s u m p t i o n  8331 1.868 82088.188 1223 - 6 8  

VARIABLE RMS E 

Sa les  
Sales W i t h o u t  D R I  
VMT 
G a s  C o n s u m p t i o n  



three-decimal-place forecasts produced by the model, the number of 

meaningful digits in the forecasts is limited by the two digits in the 

gasoline price data. To examine the number of meaningful digits in the 

forecasts, two alternative sets of ex ante forecasts were produced using 

gasoline prices one-half cent above and below the prices reported in the 

original data source (+$.005 - represents the limits of potential rounding 

error). The resulting forecasts form a band of computational accuracy 

for each variable, and are presented in Table 6-10. The forecasts of sales 

differ in the ten thousands column, of gasoline consumption differ in the 

millions column, and of VMT differ in the hundred millions column, 

indicating that these digits are not significant even prior to consideration 

of statistical significance. The HSRI staff did not examine all of the 

other data used as inputs to the model, but it is conceivable that a 

limited number of significant digits in other data may further reduce the 

number of significant (meaningful) digits in the model's forecasts. 

6.6 Comparison of the Faucett Model to a Time Trend 

The objective of this section is to compare the forecasting ability of 

the Faucett model to a standard benchmark. One benchmark is a naive 

time trend extrapolation. Using this technique one can assess the relative 

ability of the Faucett model to predict economic results for the sample 

period over which it was estimated. Since the time trend is a purely 

mechanical technique that does not incorporate economic analysis, it is an 

appropriate standard of comparison. One would expect model builders to 

be able to  develop models whose performance is superior to a simple 

t rend extrapolation. One reason for this is that model builders can 

always adopt the time trend as their model and then improve on that via 

an understanding of economics. (Of course, the inclusion of a trend 

variable has its own difficulties.) In any event, this comparison can yield 

information on how well the model performed when the existing economic 

conditions and values of the exogenous variables were known. Since these 

influences change over time, the forecasting ability of both models should 

decrease over time. One would expect the time trend to have relatively 

less continuity since many factors may cause trends to change, Because 



TABLE 6-10 

COMPUTATIONAL BAND ON EX ANTE J F A  FORECASTS RESULTING FROM 
GAS P R I C E  (LEADED) ROUNDING ERROR 

- - -  

YEAR -$.005 +$. 005  DIFFERENCE 

S a l e s  
--,--------------------------------------------------------------- 

1976 1 0 0 3 9 3 1 2 ~ 0 0 0  9953093.000 862  19 
1977 11324784.000 11271093.000 53691  
1978 12133484.000 12100125.000 33359 

VMT 

G a s  C o n s u m p t i o n  



the econometric model is more elaborate, one would expect it to account 

for more changes in the economic system than the simple extrapolation. 

However, one would still expect the Faucett model to generate larger 

forecasting errors, on average, in future periods than in the  sample 

period. Certainly, one might find that a model has a tighter fit for some 

specific forecast period than for its estimation period. Such an event 

could be attributable to the stochastic nature of the forecast rather than 

being a systematic result. One exception, however, is that a model could 

have been constructed to account for the future economic conditions 

(either explicitly or implicitly), and thus it would fit well for the llfuturelf 

and not for the  past .  In this  case one cannot use these data as 

verification of the model since these data were used to generate the 

model. A final comparison is the forecasting abilities of the Faucett 

model and the time trend. The sections that follow discuss the use of 

mean square error in measuring the performance of the Faucett model 

and the benchmark, discuss some of the history of such comparisons, 

explain the rationale and methods used in the HSRI staff's comparisons, 

and finally discuss the results. 

6.6.1 Mean Squared Error and Linear Time Trend Benchmarks. In 

previous sections RMSE was used to describe the predictive accuracy of 

the Faucett model. Here the square of that statistic, mean square error 

(MSE), is used. This is analogous to the customary practice of describing 

the variability of a data set by the standard deviation and using variance 

hypotheses tests. However, MSE comparisons between econometric models 

a r e  only descr ipt ive measures of their relative predictive powers. 

Unfortunately, classical hypotheses tests cannot be used because the small 

sample properties of the mean square error statist ic are generally not 

known. This problem is generally understood by econometricians and work 

is being done in this area (Fair 1978, forthcoming). This work is new 

and complex, and the statistical procedures suggested in these papers 

should be considered as experimental a t  this time. In the absence of 

exact hypotheses-testing techniques, mean square error statistics are 

almost universally presented and discussed. After acknowledging the 



descriptive nature of MSE comparisons, Howrey, Klein and McCarthy 

(1974) suggest three types of comparisons using MSE. First, comparisons 

within the estimation period can be made to determine which model 

achieves a better fit to the data. Second, the postsample MSE can be 

compared to the within-sample MSE to determine the temporal stability 

of each model. Third, the postsample MSEs for the models can be 

compared to determine which model had the smaller forecast error. The 

comparisons in this section generally follow this outline and should also be 

considered as descriptive of the exact hypotheses tests that would be 

performed in the absence of the issues raised. 

These model comparisons use naive time trends as benchmarks. The 

time trends are simply ordinary least squares regressions of the variable 

in question and the calendar year called t. This benchmark is the most 

basic linear trend extrapolation. All the benchmarks can be written in 

equaltion form as: 

h 

where the parameters a and b are estimated statistically and Y computed 

for year t. This benchmark is not based on economic analysis. However, 

it does have a numerical interpretation, which is that the benchmark 

should perform well when year to year changes are constant. The trend 

line can be written as: 

which simply says that next year's value (Yt+ l )  will always be this year's 

value ( Y t )  plus the constant value b. Of course there is no obvious 

economic rationale for this to be true for any one variable over time and 

it is less compelling tha t  such a relat ion should be t rue for all  

endogenous variables in a model. 

Other comparative benchmarks are possible. They would typically 

involve one or more mechanical time series techniques. These alternative 

techniques would be either autoregressive or moving-average computations. 

When these techniques are employed, it is assumed that the future value 

of a variable is solely determined by its previous values and no other 



influences. Because of this assumption, benchmarks like these are 

referred to as naive forecasting techniques. The time trend extrapolat ion 

is the most naive of these naive forecasting methods. One would expect 

the other more sophisticated benchmarks to have substantially better 

forecasting performance. 

Since naive extrapolations do not utilize economic analysis, one might 

expect any econometric model to outperform extrapolations in terms of 

forecasting ability. However, in the early 1950s it was recognized that 

some major econometric models did not outperform naive extrapolations 

(Christ 19 56, pp. 38 5-408). As econometric modeling techniques developed, 

forecasting performance improved. By the late 1960s and early 1970s 

most annual econometric forecasts of GNP and its components were more 

accurate than simple time trends (Zarnowitz 1967; Moore 1969). Work in 

the  a rea  of forecas t  accuracy continues to be on the forefront of 

econometric research and has led to a growing interest in the techniques 

of assessing the relative performance of econometric models (Elliot and 

Baier 1979; Fair 1979). 

6.6.2 Within-Sample Comparison of the Faucett Model and the 

Benchmark. In the comparison of the Faucett model with a naive time 

t rend the first step was to estimate the time trend for each of the 

following endogenous variables: auto sales, scrappage, VMT, gasoline 

consumption, cars in use, small-car market share, medium-car market 

share, and large-car market share. The equations are presented in Table 

6-11. The graphs of the actual values, the values generated by the 

Faucett model, and the time trend are presented in Figures 6-25 through 

6-32. From these graphs i t  can be seen that some of the variables 

closely followed trend lines in the sample period, while others did not. 

One measure of the accuracy of the time trend model is MSE. That 

same statistic was also computed for the Faucett model. As can be seen 

from the first two columns of Table 6-12, the Faucett model has larger 

MSEs for all variables except small-car market share.' Comparing MSEs it 

appears  t h a t  a naive t ime t rend outperformed the Faucett model. 

However, it would be desirable to statistically test this hypothesis. One 
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FIGURE 6-29 
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TABLE 6-12 

Var iab l  e 

NITHIN-SAMPLE PERIOD MEAN SQUARE ERROR TEST 

FOR FAUCETT AND NAIVE TIME-SERIES MODELS 

Tes t  

M S E ~ a u c e t  t 
2 S t a t i s t i c  (TMSE) 

MSEtime t r e n d  

S a l e s  7.149 x 1011 3.617 x 10 l1 0.59 1 .63  

VMT 

Gas Consumption 14.42 x 10 2 . 5 4 4 ~ 1 0  0 .06 3.04" 6 

Scrappage 3.429 x 10 2.445 x 10'' 0.60 0.80 

Cars i n  Use 1 4 . 4 5 ~ 1 0 ~ ~  3 . 8 1 9 ~ 1 0  l1 0.01 2.15 

Small c a r  
market sl larc .0019 .0024 0.17 -0.32 

lledium c a r  
market s h a r e  .0031 

Large c a r  
market s h a r e  .0037 

" S i g n i f i c a n t  a t  t h e  0.05 l e v e l .  The c r i t i c a l  v a l u e  f o r  t h e  t e s t  s t a t i s t i c  
f o r  9 degrees  o f  freedom us ing  t h e  t w o - t a i l e d  S t u d e n t ' s  t s t a t i s t i c  a t  t h e  
0.05 l e v e l  i s  2.262. The o n e - t a i l e d  t e s t  s t a t i s t i c  a t  t h e  0.05 l e v e l  i s  1 .83.  



would like to know if the MSE of the naive time trend is significantly 

different from that of the Faucett model. 
As mentioned earlier, no exact small sample classical test for this 

hypothesis exists. However, one can obtain an insight into the MSE 

comparison by assuming that these forecast errors are normally and 

independently distributed with mean zero and variance-covariance matrix $ . 
It is well known that the covariance between the sum of two variables 

and the difference between those variables is equal to the difference 

between the individual variances. Thus, the correlation between the sum 

and difference of the error terms is zero if and only if  the MSEs are 

equal, One can thus derive an approximate test statistic for the 

hypothesis that the MSE's of the two models are equal. The alternative 

hypothesis is t ha t  the  t ime trend and Faucett model do not have 

statistically equal MSEs. The statistical test of this hypothesis was 

derived from tests developed for the comparison of sample variances 

(Kruskal and Tanur 1978; Howrey 1978). The test statistic can be written 

as (17'): 

where 

MSEF = mean squared error of Faucett model 
MSET = mean squared error of naive time trend 
n = number of observations 
r2 = sample correlation coefficient between the forecast 

error terms 

The computed statistic measures the magnitude of the difference between 

the mean squared errors and the correlation between the two vectors of 

computed error terms. The T ~ E  statistic is distributed, under the 

conditions specified, as Student's t with n-2 degrees of freedom, 

As can be seen from the last  column i n  Table 6-12, the MSE 

diffe,rences were large enough to reject the null hypothesis for VMT,  

gasolline consumption, and sales share for large cars. While the naive 

time trend also outperformed Faucett for new-car sales, scrappaqe, cars 



in use, and medium-car sales, that difference in performance was not 

large enough to reject the hypothesis that the Faucett model and a naive 

time trend have equal MSEs, or model performance. In the one case of 

small-car share the Faucett model outperformed the time trend but not 

by a wide enough margin to distinguish it from the time trend. 

It should be remembered that these "testsn are descriptive of the 

exact tests of the within-sample comparative fit or performance of the 

two models, and that other measures have also been suggested (Theil 1961, 

1966; Mincer 1969). 

From these tentative results it appears that a naive time trend 

outperformed the Faucett model for VMT, gasoline consumption, and 

large-car market share. For the remainder of the variables, one cannot 

distinguish the Faucett model's performance within the sample period from 

that of a simple time trend. 

6 . 6 . 4  Postsample Comparison of the  Faucet t  Model and the  

Benchmark. The next question is how the  two models compare in 

postsample forecasting performance. The data used to estimate the time 

trends were from the same period used to estimate the Faucett model. 

Individual sample periods for each time trend equation are displayed in 

Table 6-11. Both models were used to forecast values for 1976, 1977, and 

1978. These forecas ts  were then subjected t o  the same analytic 

techniques previously applied to the within-sample forecasts .  The 

numerical results are presented in Table 6-13. Figures 6-33 to 6-35 

display graphs of the actual values, Faucett model forecasts, and time 

trend forecasts. 

First, consider new-car sales. As noted in Section 6.5, the Faucett 

model has a DRI adjustment factor. Without this adjustment factor, the 

Faucett model has a much higher MSE than the one for the time trend. 

However, the considerable difference in relative forecasting ability of the 

time trend model is not large enough to reject the null hypothesis that 

the Faucett model without the DRI factor, and the time trend, have 

ident ical  MSEs. If one lowers the confidence level from 95  to 90  

percent, the time trend outperforms the Faucett model without the DRI 



TABLE 6-1 3  

1976-1978 FORECAST MEAN-SQUARE-ERROR TEST 
FOR FAUCETT AND NAIVE TIME-SERIES MODEL 

- 
--,---------------------------------------------------------------- 

Tes t  
MSE MS E 

2 
S t a t i s t i c  

'Variable*** F a u c e t t  Time Trend r 
(TMSE) 

Sa les  
wi thout  D R I  104.2 x 10 l 1  16.04 x 10 l 1  0.9835 8.40** 

VIYT 19.17 x 10' 
A 

Ga s 
3.483 x 10 

5 5  
Consumptio Z 190.6 x 10 0.0794 -3.78 

Gas 5 
Consumption 3.129 x 10 0.0921 -4.03 

A 
--,---------------------------------------------------------------- 

* * *  The s u b s c r i p t s  on t h e  v a r i a b l e s  r e f e r  t o  t h e  JFA p r e d i c t i o n s ,  
and have t h e  fol lowing i n t e r p r e t a t i o n s :  wi thout  D R I  = t h e  D R I  
f a ' c t o r  has been removed from t h e  f o r e c a s t ;  L = t h e  f o r e c a s t  i s  
based on t h e  p r i c e  of leaded gasol ine;  A = t h e  f o r e c a s t  i s  based 
on a  sales-weighted average of leaded and unleaded gaso l ine .  

* There a r e  no v a l u e s  s i g n i f i c a n t  a t  t h e  0.05 l e v e l .  The 
c r i t i c a l  value  f o r  t h e  t e s t  s t a t i s t i c ,  wi th  one degree of freedom 
us ing  t h e  two- ta i l ed  S t u d e n t ' s  t - s t a t i s t i c  a t  t h e  0.05 l e v e l ,  i s  
+1.2.71. - 
** The t e s t  s t a t i s t i c  a t  t h e  0.10 l e v e l  i s  - +6.31. 
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factor. When the DRI factor is used to adjust the Faucett forecasts, the 

MSE is substantially reduced. In developing the postsample forecast, it  

was discovered that the average fuel prices used in the Faucett model did 

not account for the relative increase in the consumption of unleaded 

gasoline. The Faucet t  model was subsequently exercised with new 

gaso1,ine price data. The new prices are a weighted average of regular 

leaded and regular unleaded fuel prices using the relative consumption mix 

as weights. This alteration did not significantly change the model's 

ability to forecast new-auto sales. It is still not possible to differentiate 

the Faucett model's performance from a naive time trend benchmark. 

VMT was also estimated using the two alternative gasoline price 

assumptions. First, JFA1s tacit assumption was maintained. This was 

that leaded regular gasoline price was the correct one to use in the 

model. This, of course, was the assumption under which the model was 

est imated.  Under this assumption, the Paucett model has a larger 

computed MSE than the time trend model. The second assumption is that 

the more appropriate gas price is the weighted series. This modification 

to the Faucett model improved its MSE. Nevertheless, its MSE continued 

to ble larger than the one for the naive time trend, and it appears that 

one cannot reject the hypothesis that VMT can be forecast as accurately 

with a naive time trend as with the Faucett model. 

Ciasoline consumption was also forecast under the same two alternative 

assumptions. Both assumptions produce forecasts with lower MSE than 

the naive time trend, As in the case of VMT, gasoline consumption can 

be more accurately forecast using the weighted gasoline prices. However, 

the hypothesis that the Faucett model and the time trend have equal 

mean squared errors for the forecast period 1976 to 1978 cannot be 

rejected. 

Ei .6.4 Int ersample Comparisons of the Benchmark. The question arises 

as l:o the possible differences between the  model's within-sample 

(1963-1973) and postsample (1976-1978) forecasting ability. One would 
normally expect the forecasting ability of any econometric model to  

weaken as the forecasting horizon lengthens. The falling precision of the 



model results from two causes, one economic and the other statistical. 

Over time, economic conditions as well as institutions and governmental 

influences change. Relations between economic entities are transformed 

as international relations undergo modification. One would expect models 

based on old economic conditions, relations, and institutions to be less 

accurate than those based on current economic real i t ies .  From a 

technical perspective, the confidence intervals for regression forecasts 

expand as the explanatory variables deviate from the mean values of the 

variables used to derive the estimates. The practical import of this is 

that one should not expect models to have as accurate predictions in the 

future as they seemed to have had in the past. On the average, one 

would expect models to have a larger MSE in the postsample period than 

in the sample period. Of course, if changes in the economy are included 

in  the model on a continuous basis, then one would expect a more 

uniform MSE over time. At the same time, if one developed a model 

based on current economic conditions and those conditions differ from the 

past, one might expect that model to perform poorly for past economic 

conditions. These are some of the reasons why one must be careful in 

making inferences about future model performance based solely upon past 

and current forecasting behavior (Spivey and Wrobleski 1979). 

One way to investigate the stability of the model over time is to look 

at MSE. If economic conditions and other factors did not change, one 

might expect the MSEs to be the same in the sample and postsample 

period. This approach has all of the same potential difficulties as those 

mentioned i n  regard to intraperiod comparisons. In addition, other 

problems may arise. For example, the s t a t i s t i ca l  t e s t s  a re  most 

powerful when for a given total set of observations the sample sizes are 

approximately equal. However, equal sample sizes are rare when dealing 

with interperiod comparisons. In the absence of alternative methods to 

deal with these problems, a MSE ratio test was selected. Under the 

assumed conditions, the test is analogous to a two-tailed likelihood ratio 

test, distributed F with nl-1 and n2-1 degrees of freedom (df). This test 

is equivalent to  the  the  well known technique of constructing the 
2 2 

confidence interval for u l / u 2  using S: as the mean square estimate of 



2 2 2 
01 ( d f = N l ) ,  and where S2 is an independent estimate of o2 (df=N2). In 

this case the 95% confidence interval is: 

Note that from the origin of the F distribution 

and the lower percentage points for  the F distribution a re  obtained as 

multiplicative reciprocals of the upper points, This is the method used by 

the HSRI staff. The HSRI staff hypothesizes that if economic conditions 

continued to  be the same in the periods 1976 to 1978, as in the sample 

periold, 1963 to 1973, then the time trend extrapolation would have the 

same MSE for both periods. Changing economic conditions would cause 

the DASE to be larger in the postsample period--that is, larger than one 

would expect on a stat is t ical  basis. Similarly, the Faucett model is 

expected to have equal MSEs if the economic conditions modeled using 

1963-1973 data were the same in 1976 to 1978. Of course, if the Faucett 

model were not different from a time trend, these two results would be 

equivalent. The goal is t o  determine if different performances in the 

intra~sample comparisons across models can be partially explained by 

different intersample results within the models. 

For the time trend, the MSEs are larger in the forecast period than in 

the sample period for automobile sales and gasoline consumption. VMT 

has a smaller MSE in the forecast period. Table 6-14 displays the MSEs 

and t he  computed t e s t  s tat is t ics.  (Figures 6-33 to  6-35 provide a 

pictorial representation.) Even though the differences in the MSEs are  

substantial, they a re  not large enough to  reject the hypothesis that the 

time trend has the same MSE in the sample period as in the forecast 

per i od. 

Because of the nature of this test ,  one needs to be careful about a 

dogmatic interpretation of the results. For auto sales and gasoline 

consumption, the time trend has larger computed MSEs in the forecast 



TABLE 6-14 

MSE COMPARISON OF INTER-PERIOD FORECASTS 

FOR NAIVE TIME TREND EXTRAPOLATION 

V a r i a b l e  19'16-1978 1963-1973 

S a l e s  19.50 x 10 11 
3.62 x 10 I1 

VMT 132.94 254.40 

Gas Consumption 19.06 x 1 0  6 
2.54 x 1 0  

6 

Tes t  S t a t i s t i c  

5.387 

0.523 

7.504 

*No v a l u e s  a r e  s i g n i f i c a n t  a t  t h e  0.05 l e v e l .  The c r i t i c a l  v a l u e s  f o r  

t h e  t e s t  s t a t i s t i c  w i t h  2 and 1 0  degrees  o f  freedom u s i n g  a two t a i l e d  

F s t a t i s t i c  a t  t h e  0.05 l e v e l  would be  39.40 and 0.183. 



period. One might quickly jump to the conclusion that without a doubt a 

linear trend based on the 1963 to 1973 experience would perform less well 

in 19'76 t o  1978 than i t  had from 1963 to 1973. Certainly the computed 

MSEs in the two periods provide evidence fo r  t ha t .  However,  t h e  

magnitude of the  differences is not large enough and/or there are not 

enough observations to make that statement with statistical reliability. 

6.6.5 Intersample Comparisons of the Faucett  Model. The Faucett 

mode'l has quite different results for the within-sample and postsample 

period comparison (see Figures 6-33 to 6-35). Forecasting error falls for 

auto sales and gasoline consum~t ion  and rises for VMT. This is  t h e  

mirror image of the time trend results. Looking at  Table 6-15 one sees 

that the Faucett model has smaller MSEs for new-car sales using the DRI 

adjustment and either assumption with regard to the appropriate gasoline 

price. The MSE is much larger if the DRI factor is not used. Even this 

difference is not large enough to  reject the hypothesis that the Faucett 

model with a DRI adjustment has the same forecasting per fo rmance  

within the sample period as in the forecast period. Doubling the type-one 

proba~bility to 0.10, one is still  unable t o  reject  the null hypothesis of 

equivalent MSE. (The cri t ical  values in this case would be 19.40 and 

0.244.)  

T'he large differences in gasoline consumption forecasts are significant, 

however. The MSEs in the forecast period are significantly smaller than 

those in the  sample period. Given the other evidence on the Faucett 

modelts forecasting ability (see Figures 6-33 t o  6-35), th i s  r esu l t  is  

disturbing. Apparently the Faucett  model is more consistent with the 

economic conditions determining gasoline consumption in the 1976 to  1978 

periold than in the 1963 to 1973 period. The reasons for this are unclear. 

Of course such a result may occur by chance, but the stat is t ical  test  

1imit.s that  possibility t o  a five percent or less probability. Postsample 

knovvledge could have been used t o  d e r i v e  t h e  m o d e l ,  b u t  in 

communications with the HSRI staff, the model authors indicated that this 

approach was not used. 

Another reason for the higher sample-period MSE could be the HSRI 



TABLE 6-15 

MSE COMPARISON OF INTER-PERIOD 

FORECASTS OF FAUCETT MODEL 

Variable  1976-1978 

New Car Sa les  
without DRI 104.20 x 10 11 

New Car SalesA 3.25 x 10 11 

New Car Sa lesL 4.14 x 10 11 

Gasoline Consumption 0.51 x 10 6 
A 

Gasoline Consumption 0.35 x 10 6 
L 

Test 
1963-1973 S t a t i s t i c  

*S ign i f i can t ly  d i f f e r e n t  a t  t he  0.0: l e v e l .  The c r i t i c a l  values f o r  the  

t e s t  s t a t i s t i c  with 2 and 10 degrees of freedom using a two t a i l e d  F 

s t a t i s t i c  a t  t h e  0.05 l e v e l  a r e  39.40 and 0.183. 



staff's construction of data and preparation of the model to run over the 

samplle period. This preparation was based on considerations of costs and 

reasonableness, and is documented in Sections 5.13 and 6.1. An 

examination of the forecasting performance of gasoline consumption over 

the sample period provides an indication of the reliability of the HSRI 

staff's preparation of the model. The forecasts of this variable in the 

earlier years of the sample period are more dependent upon the data 

constructed by the HSRI staff than are the later years. The later-year 

forecasts are increasingly dependent on the data supplied by the model 

authors. Yet, these earlier years are forecast relatively more accurately 

(see Figure 6-35). A second indication of the reliability of the HSRI 

s taff ' s  preparation of the model is the consistency of the gasoline 

consumption forecasts over the sample period (see Figure 6-35, JFA 

predicted). If the HSRI staff had incorrect ly  prepared the model 

(including data construction), one would expect the slope of the curve to 

change over time as actual data superseded the poorly constructed data. 

However, the curve is smooth, and not erratic, indicating that the HSRI 

staff's predictions were not in serious error. The HSRI staff conclude 

that the significantlv higher MSE in the sample period was probably not 

attrilbutable to the preparation of the model for that period. 

A, final source of the peculiar gasoline consumption MSEs might be the 

different treatments of fuel economies and gasoline consumption in the 

simulations over sample and postsample periods. As noted in Section 5.12, 

different fuel economies are used for the 1963 to 1973 year vehicles in 

these two simulations. (These vehicles exist during both periods because 

some 1963 vehicles are assumed to be on the road in 1976.) The fuel 

economies for the postsample forecast are approximately twenty percent 

higher than those used in the sample period. (Recall that this was the 

case for the 8/77 version of the model only and that the reasons for this 

discrepancy are unknown to the HSRI staff.) Furthermore, unlike the 

sample-period forecasts, the postsample period gasoline consumption 

forecasts are adjusted upwards by fourteen percent. This fourteen 

percent adjustment factor is based on the differences between EPA and 

on-road fuel economies (see Section 5.11). These postsample modifications 



in t h e  8/77 version of the model have the net effect  of decreasing 

gasoline consumption below what i t  would have been otherwise. Given 

the general overprediction of gasoline consumption during the sample 

period, modifications that reduce the gasoline consumption forecasts a re  

expected to improve the model's postsample forecasting accuracy. 

As an exper iment ,  t h e  HSRI s t a f f  s imula ted  t h e  1976 t o  1978 

postsample period using the same inputs as before with the exception of 

sub f l ee t  f ue l  economies  fo r  t h e  pre-1976 automobi les .  For t h e  

exper iment ,  t h e  HSRI s t a f f  chose  t o  use the se t  of subfleet fuel 

economies present in the other versions of the model (see Section 5.12 

and Table 5-2). While this al ternative se t  is not exactly the same as 

that set used in the sample period simulations, the values a re  adequate 

approx imat ions  and provide an indication of the impact of using a 

different set of fuel economies. The alternative set  was chosen for two 

additional reasons. First, it contained values for 1974 and 1975, which the 

sample period did not. Second and more importantly, the users of the 

versions other than the  8/77 version may benefit from an examination of 

the modelts forecasting ability when the al ternative set  of subfleet fuel 

economies a r e  used in the simulation. When the alternative set of fuel 

economies is used as inputs to  the model, the gasoline consumption 

forecasts for 1976, 1977, and 1978 are 90743, 90769, and 91012 in millions 

of gallons, respectively. These are plotted in Figure 6-35 as "JFA-ALT. 

FUEL ECON.tt The gasol ine  consumption f o r e c a s t s  based on the 

alternative set of fuel economies are, on average, 12.9% higher than those 

forecasts  based on the 8/77 se t  of fuel  economies. The MSE for the 

gasoline consumption forecasts based on the alternative set is 107.6 2 x lo6 

and is higher (but not significantly higher) than the sample period MSE 

which is 14.42 x 106. The results of the experiment indicate that  the set  

of s u b f l e e t  f ue l  economies  used in the 8/77 version of the model 

significantly improves the forecasting performance of the model over the 
1976 t o  1978 period. Based on the experiment, the use of a different set 

of subfleet fuel economies in the 8/77 version of the model appears t o  be 

the principal cause of the peculiar MSEs. 

A final note on gasoline consumption concerns the fourteen percent 



adjustment factor in ex ante forecasting. Given the relatively higher 

subfleet fuel economies contained in the 8/77 version of the model, the 

ad jus tment  f a c t o r  plays an impor tan t  ro le  of increasing gasoline 

consumption and making the short-term forecasts more accurate than 

woultj. be otherwise. However, in the versions of the model using the 

alternative se t  of subfleet f ue l  economies,  t he  ad jus tment  f a c t o r  

introduces error by increasing otherwise accurate forecasts by fourteen 

percent. Those model users exerc is ing t h e  versions of t h e  model 

containing the alternative set  of subfleet fuel economies may want to 

consider the elimination of the adjustment factor from those versions. 

The final interperiod comparison concerns VMT. The Faucett model 

has h~igher MSEs in the postsample period than in the sample period, as 

expected. Those errors a re  not significantly different from the ones 

qenerlated in the sample period. 

6,,f?,6 Summary of the Comparison of the Faucett to a Naive Time 

Trend. -- The objective was to compare the Faucett model with a simple 

time trend model. Generally one finds the within-sample performance of 
the Faucett model to  be indistinguishable from that of a naive t ime  

trend. Some of the tes ts  might lead one to  say the time trend was 

superior. In comparing the Faucett  model's forecasting performance in 

the '1976 to  1978 period to a time trend, the Faucett model was found to 

perform bet ter  than the  time trend for new-car sa les  and gasoline 

consumption. The Faucett model performed worse for VMT. However, 

the Faucett model's performance was not statistically superior to  that  of 

t h e  t ime  t rend .  Also, t h e  t ime  trend forecasts of auto sales did 

significantly better than did the Faucett model, in this period, if the DRI 

adjus;t.ment factor was omitted. 

Finally, one cannot be sure the trends that  were evident in 1963 to 

1973 changed in 1976 to 1978. Some evidence exists that  the naive time 

trenlds did not work as well for the postsample period as they did in the 

within-sample period; but the evidence in that regard is not overwhelming. 

The Fauce t t  model seems t o  have generated the same MSEs in both 

periods. However, the forecast errors are significantly lower for gasoline 



consumption in the  postsample period than in the within-sample period. 

One explanation of this peculiar result is the HSRI staff's use of different 

s e t s  of sub f l ee t  f ue l  economies  a s  input t o  the model in the two 

forecasting periods. When the model is run using similar fuel economies 

in both the sample and postsample periods, the postsample MSE is higher 

than the sample-period MSE. These results indicate that  the model's 

gasoline consumption forecasts a re  sensitive to the set of subfleet fuel 

economies used in the simulation. 

6.7 Summary of the Analysis of the Forecasting Behavior 

The Faucett model was studied by performing experiments to  assess 

t h e  Demand Block's forecast ing behavior over the historical period 

1963-1973, and an ex ante forecasting experiment with the full model over 

the 1976-1978 period. The computer program for the Faucett model was 

written in such a way that, without some modification, the model could 

not  have been tes ted  in a historical simulation, that  is, by ex post 

forecasting. The HSRI staff made some minor changes i n  the program 

for this purpose. Two significantly modified versions of the model were 

also tested t o  see  if the model's forecast could be improved.  One 

corrected version of the model attempts to bring the computer program 

more into line with the model documentation. The other version changed 

the program so that  in the market shares equation, average generalized 
price was no longer a constant but a function of lagged market shares. 

The f irst  experiment examined the forecasting accuracy of the Demand 

Block over the 1963-1973 portion of t h e  sample  period.  The e r ro r  

stat is t ics show that the Demand Block forecasts have %RMSEs of 9.14 for 

new-cars sales, 8.89 for scrappage, 3.33 for VMT, 6.35 fo r  gasol ine  

consumption, and 11.03 to  28.89 for the three size-class shares. Another 

econometric model (Luckey 1978) produced quarterly forecasts of sales and 

scrappage with %RMSEs of 3.9 and 0.3, respectively, over the 1961-1973 

period. The Faucett model's forecasts of VMT and gasoline consumption 

a re  biased upward. The two al ternative versions of the model tried by 

the HSRI s taf f  succeed in improving the forecast accuracy for some 

variables but simultaneously reduce the accuracy for others. 



The second and third experiments indicated that some variables are 

persistently over- or underpredicted for half-sample periods. Dividing the 

1963-1973 sample  period in half revealed no relevant economic and 

demographic differences between the two halves of the sample period, 

which are unaccounted for by the Demand Block, however. 

The fourth experiment revealed that  new-car sales, scrappage, and 

VMT f o r e c a s t s  do not tend t o  accumulate errors as the forecasting 

horizon is lengthened. The forecasts of cars in use, and l a rge  and 

medium-size c a r  market shares do tend t o  accumulate errors. The 

magnitudes of the gasoline consumption forecasts monotonically increase 

or decrease, apparently depending on the level of gasoline prices as the 

forec!ast horizon is lengthened. 

I[n t h e  f i f t h  exper iment ,  ex an te  forecasting, two questionable 

procedures that improve the short-run forecasting accuracy of the model 

were  discovered.  The f i r s t  procedure modifies the model's highly 

inacourate new-car sales forecasts by making them equivalent t o  DRI  

forecasts. The second procedure, apparently a simple error, decreases the 

short-.run accuracy of the VMT forecast,  while increasing that  of the 

gasoline consumption forecast.  The ex ante  experiment is bv far the 

most important. Any model is expected to perform well over the sample 

period; performing well in the future is much more difficult. Without the 

DRI factor, the model forecasts new-car sales with approximately a 47% 

error in 1976, a 2 0 %  error in 1977 and a 20% in 1978. When the HSRI 

staff made several corrections to  the model, the results were mixed. 

However, the corrected version with variable average generalized price 

forecast new-car sales with approximately 18% error in 1976, 9% error in 

1977, and 11% error in 1978. 

Over the 1963-1973 portion of the sample period, a stat is t ical  test 

indicates that a naive time trend forecasts VMT, gasoline consumption, 

and large-car market share with significantly lower MSEs than does the 

Fauc!ett model. For the remaining variables, the forecasts of model and 

time trend are statistically indistinguishable at  the 95% confidence level. 

Over the postsample period, the Faucett  model's forecasts of sales, 

VMT, and gasoline consumption are indistinguishable from the forecasts of 



a time trend a t  the 95% confidence level. Without the DRI factor, the 

model's sales forecast is indicated a t  the 90% confidence level t o  be 

outperformed by a time trend. The available data are inadequate to test 

the forecasts of the remaining variables. 

Comparison of sample- and postsample-period forecasting performance 

provides some evidence that  the t ime trend performs less well in the 

p o s t s a m p l e  period.  The F a u c e t t  model's pe r fo rmance  does not  

significantly differ between t h e  two periods,  excep t  for  gasol ine  

consumption, which has a significantly lower (0.05% level) MSE over the 

postsample period. These gasoline consumption MSEs are  peculiar. One 

explanation of the gasoline consumption MSEs is the HSRI staff's use of 

different sets of subfleet fuel economies in forecasting over the sample 

and postsample periods. (HSRI staff identified three different sets of fuel 

economies that JFA had developed; for each experiment, HSRI used the 

appropriate data set.) These results suggest that  users of the model 

should be aware of the fuel economy assumptions in the version of the 

model they a re  using. Because different subfleet fuel economies are 

available in the different versions of the model and because they have a 

significant impact on the gasoline consumption forecasts, the HSRI staff 

would caution users of the model about relying on t h a t  postsample  

fo r eca s t i ng  exper iment  as  an indication of the model's future-year 

forecasting accuracy. 



7.0 SENSITIVITY ANALYSIS OF THE DEMAND BLOCK 

7.1 -- Introduction 

Sc:msitivity analysis may be defined as an attempt to measure the 

responsiveness of the model's forecasts of endogenous variables to changes 

made in the model's exogenous variables, parameters, or assumptions. The 

sensit:ivity analysis of the Demand Block was limited to analyzing the 

impacts of changes in several of the exogenous variables, and a change in 

the market share normalization procedure. This analysis was generally 

acco~rrlplished using multiplier experiments, so called because the behavior 

of the dependent variable is expressed as a response to the independent 

varicible multiplied by some constant factor. For example, in one 

experiment, the vector of new-car prices is multiplied by 1.1. That is, 

each of the car prices was increased by 10% as compared to its baseline 

values. The objective is to simulate a single shift in an exogenous 

variable tha t  is sustained throughout the remaining periods of the 

foreca.st. It should be emphasized that when the constant percentage 

rate, for example, a 10% increase in price, is applied, it is not equivalent 

to a (!ompound growth or inflation rate of 10%. Rather, the sensitivity 

analysis is performed by multiplying each year's base (actual) prices by 1.1. 

In the case of auto prices, real prices were generally falling during the 

sample period and the multiplicative (sensitivity) factor resulted in real 

prices falling less than they would have otherwise. 

These experiments were performed with the uncorrected JFA version 

of the model over the sample period, 1963 to 1973. Actual values are 

used for all exogenous variables except the multiplier variable. That 

variable was changed by a constant percentage for the entire sample 

period. 

Detailed results of the multiplier experiments are presented in the 

tables of Appendix E. Each table includes four columns: CONTROL, 

SHOCK, DIFFERENCE, and % DIFF. The forecast values generated using 



the  base (actual) values of the exogenous variables are listed in the 

CONTROL column (these are identical to the ex post forecasts of Section 

6.2). Corresponding values generated when the multiplier variable is 

changed are listed in the SHOCK column. The DIFFERENCE column lists 

the difference between the shock and control values, while % DIFF refers 

to the percentage difference with respect to the control value. 

7.2 Changes in the Exogenous Variables 

The sensitivity of the forecasts for eight key variables was examined. 

These  v a r i a b l e s  are:  new-car sales;  scrappage;  VMT; gasoline 

consumption; total automobile stock; and market shares of small, medium, 

and large new cars. The exogenous variables considered in the multiplier 

experiments are unemployment rate, disposable income, population (number 

of households), new-car price, and gasoline price. The HSRI staff 

considered these exogenous variables to have the most important impacts 

on the automobile market. 

Separate multiplier experiments were performed with: 

one p e r c e n t a g e  p o i n t  h ighe r  unemployment  r a t e  
accompanied by one percent lower disposable income and 
target stock 

e one percent larger population and one percent larger target 
stock 

ten percent higher net price of small cars 

ten percent higher net price of medium cars 

ten percent higher net price of large cars 

ten percent higher net price of all cars 

ten percent higher fuel price 

100% higher fuel price 

Again, it should be noted that the exogenous variables are not just higher 

in the first year, but are higher in all the years in the period (1963-1973) 

over which the multiplier experiments are run. 



Except for the first two, the multiplier experiments are relatively 

straightforward. In the first experiment the HSRI staff allowed for the 

inverse relationship between unemployment and disposable income. The 

relationship assumed is that a one percentage point higher unemployment 

r a t e  occurs concurrently with a disposable income decrease of one 

percent. Moreover, a one percent lower disposable income was assumed 

to imply that target (desired) stock, a function of income and household 

population, is one percent lower. In the second experiment,  a one 

percent larger household population is assumed to imply a one percent 

greatler target stock since average autos per household over the period 

1954-1975 is approximately one (see Table 4-15). 

The results of the multiplier experiments are presented in Tables E-1 

to E--57 in Appendix E. The impacts of changes in the price variables 

interpreted as price elasticities are in Table 7-1. 

When interpreting the multiplier experiments, one should consider them 

to be N-period impact elasticities. As an illustrative example, consider 

the experiment where all auto prices are increased by 10% and the simple 

share normalization equation is used (as explained in Section 7.3). (The 

results of this experiment appear in Table 7-1.) The elasticity of -1.0647 

in the first period would be intermeted as follows: in the first period 

equilibrium that results from the 10% increase in all auto prices, new-car 

sales are predicted to be 10.65% lower than they would be ffotherwise.ff 

What is meant by "otherwiseff is the forecast that is produced by using 

base (actual) values of all exogenous variables including auto prices. The 

1973 value of -0.1254 should be interpreted as an llth period impact 

elasticity. In this case, the auto prices for the 10 previous years as well 

as the prices in the llth are increased by 10% over their base values. In 

the 111th year, or 1973, the 10% higher level of prices results in new-car 

sales being 1.25% lower than than they would be otherwise. 

In effect, the multiplier experiments compare the within-sample 

forecast sensitivity to simulated sustained changes in individual exogenous 

varial~les. These forecasts are compared to forecasts generated by the 

unaltered base values. In this way, the N-period impact elasticities that 

are presented in Table 7-1 are computed as the percentage change in the 





forecast of an endogenous variable (listed in the top row of Table 7-1) 

that 1.esu1ts from a one percent change in the exogenous variable (listed 

in firlst column). 

7.2.1 Unemployment Rate, Disposable Income, and Target Stock. 

(Tables E-1 to E-5). 

This experiment examines the responsiveness of the Demand Block's 

outputs to a one percentage point increase in unemployment, concurrent 

with a one percent decline in both disposable income and target stock. 

Scrappage is modeled as a function of the unemployment rate, and, as 

expected, a higher unemployment rate produces lower scrappage forecasts. 

A one percentage point higher unemployment rate results in a 4.1% lower 

scrappage in the first year. In the 10th and llth periods of the forecast 

(after 1971) scrappage is more than 2% below the control values; that is, 

cars have a greater life expectancy. Between 1967 and 1970 scrappaqe is 

relatively higher than in other years because cars not scrapped during the 

1963-1966 period subsequently enter the age groups with higher scrappage 

rates. 

New-car sales is modeled as a function of target stock and scrappage. 

Lowel* target stock and scrappage yield lower new-car sales forecasts. 

New--car sales  is 3.4% lower i n  the first year, but this difference 

gradually decreases, then begins to increase, and in the 10th and llth 

years is lower by slightly more than 2%. Since the absolute decrease in 

new-cars sales is greater than the absolute decrease in scrappage, total 

auto stock (cars in use) is lower. Due to the lower total auto stock and 

disposable income, VMT is lower. The decrease in VMT is less than 1%. 

Gas c!onsumption is also lower by less than 1%. 

The market shares forecasts do not change since the share equations 

depend only on generalized price by class and on lagged shares. 

Economic theory suggests tha t  a small  temporary increase in the 

unemiployment r a t e  might have no effect on market shares, but a 

persis81:ent increase in unemployment is more likely to alter consumer 

behavior. Because unemployment does not enter the market shares 

equations, this model is incapable of handling such potential changes in  



market shares. 

7.2.2 One Percent Larger Population and Target Stock. (Tables E-6 to 

E-10). 

The results of the multiplier experiment, in which the population and 

target stock are both increased by one percent, are as expected. In the 

first year the new-car sales forecast is 2.1% higher, then declines to 

about .5% higher before rising to about 1% higher in the 10th and 11th 

years, compared to the control forecast. Scrappage is higher in each 

successive year, because there are more cars in use in each successive 

year .  The difference between the control and shock values of VMT 

ranges from a 4.0 billion mile increase in 1963 to a 9.5 billion mile 

increase in 1973, while the difference for gasoline consumption ranges 

from 303 million gallons in 1963 to 753 million gallons in 1973. While 

these absolute differences may seem qui te  large, the percentage 

differences for both variables are always less than 1%. For VMT the 

percentage difference generally increases from 1963 to 1973. For gasoline 

consumption the percentage difference stabilizes at just under 1%. 

7.2.3 Ten Percent Higher Net Price For Small Cars. (Tables E-11 to 

E-18.) 

The results from this experiment indicate that a ten percent higher 

price for small cars produces a 3.2% lower new-car sales forecast in the 

first year. After ten years, the new-car sales forecasts differ from the 

control values negligibly. That is, after the second year new-car sales 

are relatively inelastic with respect to small-car prices (although the 

pattern of differences in Table E-11 also suggests a possibly cyclical 

response by the model). Consumers merely shift from small to medium 

size cars. From 1963 to 1973 the  small-car market share impact  

elasticity is an average of -1.97, while the medium-car market share 
cross-elasticity is an average of 2.76. These estimates of the elasticities 

seem inordinately high. Surprisingly, the large-car share cross-elasticity is 

negative, but this is due solely to the normalization process (explained in 

detail in Section 4.4) for the shares. The other variables are negligibly 



affected, and have impact elasticities smaller in absolute value than 0.1. 

7.2.4 Ten Percent Higher Net Price of Medium Cars. (Tables E-19 to 

E-26 ,, ) 

A s  with the  previous experiment, total new-car sales are almost 

impe1;ceptibly affected by the 10% increase in medium-car prices in the 

10th and llth periods of the forecast. As expected, the market share 

forecasts for medium cars are lower, while the market share forecasts for 

small and large cars are higher. The average impact elasticity of the 

medium-car share over the 1963 to 1973 period is -3.26 and seems large. 

In the first year, the cross-elasticity of the small- and large-car shares 

are about the same, 0.45. In the later periods of the forecast, however, 

the czross-elasticity of the small-car share falls below zero, while that of 

the large-car share reaches 1.3. That is, during the last part of the 

forec?ast period, consumers trade up, and the small-car share actually 

decreases, though not substantially . 

7.2.5 Ten Percent Higher Net Price for Large Cars. (Tables E-27 to 

E-34,, ) 

In this experiment, the prices of large cars are increased by 10%. The 

model's sensitivity to large-car price differs substantially from the model's 

sensitivity to the prices of the other size cars. The first year elasticity 

of total sales is relatively high, -0.7. However, in the 10th and llth years 

of the forecast the impact elasticity of total sales is slightly positive 

(about 0.15). Although the 1973 elasticities of total sales with respect to 

the prices of the other classes are also positive, they are closer to zero 

than the large-car price result, Clearly, however, economic theory 

provides no support for these positive price elasticities and the best that 

can Ibe said for the model is that these estimates a r e  probably not 

stati:stically different from zero or even from small negative values. An 

explanation, in terms of the model's structure, is that the impact of 

higher prices is eventually offset by the increase in the gap between the 

target (desired) stock and the actual stock. Since target stock is a 

function of only income and population, the gap increases over time due 



to the negative price impact on new-car sales. (Scrappage is negatively 

affected by higher prices, but its impact on the gap is relatively small.) 

During the early periods of the forecast, the price effect dominates and 

new-car sales are lower. By the  10th or l l th  year ,  the  gap term 

dominates, and new-car sales are above the level of the baseline forecast. 

Thus, the model produces positive price elasticities. 

From 1963 to 1973 the price elasticity of the large-car share steadily 

increases in magnitude from -0.13 to -0.45. The cross-price elasticity of 

the medium-car share first increases and then decreases to 0.47 by 1973. 

The cross-price elasticity of the small-car share is also positive, and in 

the last 3 years of the forecast the size of the small-car share increases 

more than that of the medium-car share. The difference in small-car 

share is not a direct result of the higher large-car price, however, but a 

resul t  of the  normalization process. As with the  previous two 

experiments,  the new-car price increase lowers VMT relative to the 

baseline in each year. 

7.2.6 Ten Percent Higher Net Price for All Cars. (Tables E-35 to 

E-42. ) 

When prices of new cars (as simulated by the Industry/Policy Block) 

are multiplied by 1.1 for each of the 11 sample years, the largest impact 

occurs in the early years. The one-year-impact elasticity of new-car 

sales is -1.23 indicating that a 12.3% reduction in unit auto sales results 

from a 10% increase in  price when compared to the control forecast. 

The elasticity falls in absolute magnitude over time. After 5 gears the 

10% price incease results in a 6 .49% reduction in sales as compared to 

the control forecast. The llth gear impact elasticity has a positive value 

of 0.0436, indicating that an increase of four-tenths of one percent in 

unit auto sales results from a sustained 10% increase in new-auto prices. 

As noted in the previous section, this positive elasticity can be linked to 

the relationship between sales, prices, and the gap between target and 

existing vehicle stocks. 

The market shares of small and medium cars are lower while the 

market share of large cars is higher. This indicates that the large-car 



share is less price sensitive (i.e., less price elastic) than the medium- and 

small-car shares. The large-car share is so much higher, however, that  

the number of large cars sold is higher (for 1967-1973) due to the higher 

pricels of all cars, which is unrealistic. In 1972, for example, large-car 

sales a re  more than eight percent higher with the higher net prices. As 

expected, the impact elasticities of scrappage with respect t o  al l  car 

priceis are  much larger in magnitude than with respect to  each price 

separately. Similarly, the elasticity of cars in use is also more sizeable, 

reaching -0.56 in 1970. Both VMT and gasoline consumption have negative 

elastioities. 

7.2.7 Ten Percent Higher Fuel Price. (Tables E-43 to E-50.) 

Tlhe effects of a higher fuel price are similar to the ef fects  of higher 

new-car prices for all variables. Both effects operate through a higher 

generalized price, but in different proportions because net price and 

operating cost account for different proportions of generalized price. 

New-ear sales is 5.5% lower the first year, but in the 10th and llth years 

the  (differences a re  quite small. The elasticities of sales with respect to 

fuel price in the 10th and llth years a re  positive, though quite small. 

Scrappage is lower. The market shares of small and medium cars are 

smaller, and the market share of large cars is correspondingly larger. In 

othelr words, the large-car share is less sensitive to  higher fuel prices 

than a re  the other two shares. As in the previous exper iment ,  t h e  

number of large cars sold is higher relative to  the control forecast in 

some years, which is just as unrealistic a result of higher fuel price as i t  

is of' higher net prices. VMT is directly affected by operating cost and is 

lower. The impact elasticity of VMT with respect t o  f ue l  p r i c e  is  

be tween  -0.2 and -0.15 fo r  a l l  but  t h e  f i rs t  two years. Gasoline 

consumption is lower because VMT is lower, 

The responses  of sales and market shares criticized above might 

conccsivablv occur in the real world, where owners of gas guzzlers traded 

in for more fuel-efficient new large cars, for instance, but the model 

does not account for these types of responses. 



7.2.8 100% Higher Fuel Price. (Tables E-51 to E-57.) 

The results of this experiment are similar to those for the 10% higher 

fuel price despite the larger shocks. Most of the estimated elasticities 

vary little between the 10% and 100% experiments. However, in the 100% 

experiment the 11th year elasticity of total sales is negative and equal 

to -0.20. Unfortunately, even with a 100% higher fuel price the Demand 

Block continues to produce forecasts that imply higher large-car sales. 

Doubling the fuel price results in a 10% higher number of large cars sold 

in 1973. 

7.3  Changing the Normalization Procedure 

Some of the anomalous results of the previous multiplier experiments 

can be attributed to the JFA market share normalization procedure. To 

investigate the effects of the normalization procedure the HSRI staff 

replaced the "JFA normalization proceduretf with the "simple normalization 

procedurett (see Section 4.4.4) and performed four multiplier experiments. 

These experiments are: 

ten percent higher small-car net price 

ten percent higher large-car net price 

ten percent higher net prices for all classes 

100% higher gasoline prices 

(Detailed analysis of these experiments is presented in Appendix D.) 

The results of these experiments indicate tha t  under the  simple 

normalization procedure the large-car share is more price elastic than 

small- and medium-car shares. This is the opposite of the results of the 

multiplier experiment with the JFA normalization procedure. Also, 

demand for VMT is less  (gasoline) pr ice e las t ic  with the  simple 

normalization procedure than with the JFA normalization procedure. The 

impacts on the forecasts of other variables also differ substantially 

between the two versions. Thus, the dynamic properties of the model 
differ depending on the normalization procedure. The potential magnitude 

of the differences can be suggested by the 1972 forecasts. With the 

simple normalization procedure, a 100% higher gasoline price results in 

19% lower large-car sales, while with the JFA normalization, a 100% 



higher gasoline price results in 6% higher large-car sales. 

7.4 Summary of the Sensitivity Analysis of the Demand Block 

The multiplier experiments indicate the sensitivity of the model to 

changes in the exogenous variables. As expected of a stock adjustment 

modc?:l, these changes have a substantial impact on the forecast level of 

annual new-car sales in the short run, but minor impact in the longer run. 

The impacts on the forecasts of the other variables tend to increase over 

time,, which is also reasonable. Interpreting the impacts of changes in 

net ]prices and gasoline prices as impact elasticities is revealing. The 

own-lprice elasticities of gasoline demand indicated by the model are quite 

low, about -0.14 in the first year, changing to -0.16 by the 6th year, 

then becoming -0.07 in the llth year. The llth year impact elasticity of 

new--car sales with respect to various prices is indicated to be positive 

except in the 100% higher fuel price experiment. These incorrectly signed 

e1ast:icities are of small magnitude, and can be attributed to the model's 

struct,ure. These results give warning that the model user must cautiously 

interpret the model's output. 

The market shares  resul ts  are often anomalous. Some of these 

anomalies were traced to the JF'A procedure for normalizing market 

shares and disappeared when a simpler procedure was employed. Even 

with the simpler procedure the implied own-price elasticities of gasoline 

remain low, less than -0.16, and the own-price elasticity of total sales has 

the wrong sign in some years, 





8.0 SENSITIVITY ANAIJYSIS OF THE INDUSTRY/ 
POLICY BLOCK 

8.1 Introduction 

Th i s  s e c t i o n  r e p o r t s  a n  a n a l y s i s  of t h e  s ens i t i v i t y  of t h e  

Industry/Policy Block's outputs, net prices and fuel economy ratings, to  

changes  in t h e  policy variables and assumptions incorporated in the 

gene1:alized price algorithm. The policy variables examined a r e  gasoline 

price, fuel economy standards and penalties, excise taxes, and rebates. 

The assumptions studied a r e  technological add-on costs, the perceived 

l ifet ime miles per car  parameters, and the value of the scale factor 

(VAL,GPNI) in the excise taxlrebate option. (VALGPM is an approximation 

used to  scale the units in which additional costs a re  calculated in the 

generalized-cost-minimizing algorithm.) 

The multiplier experiments were performed using the entire model over 

the pastsample period, 1976 to 1985. The postsample period was selected 

because it is the period over which the algorithm is designed to perform 

and because it is critical for policy analysis. These experiments were 

performed using the entire model, because the Industrv/Policy Block is 

dependent on market shares, as forecast by the Demand Block. However, 

the impacts of the parameter or variable changes are examined only in 

terms of Industry/Policy Block outputs, net  prices and fuel economy 

ra t  i~ngs. 

The multiplier experiments compare forecasts generated with a set of 

baselline assumptions (those of the model authors) t o  forecasts  generated 

with al ternative assumptions. The baseline assumptions wkre used to 

determine a base  ca se  fo r  e ach  policy option.  Some mul t ip l ier  

experiments were performed under each of the policy options; others 

pertarn to a particular option. The following experiments were performed: 

100% higher gasoline price 



e 50% higher perceived l i fe t ime miles driven per car 
parameter 

10% higher parameters of the technological add-on cost 
curve 

25% higher standard (StandardIPenalty option only) 

e 100% higher penalty (StandardIPenalty option only) 

e 100% higher excise taxes (Excise Tax/Rebate option only) 

VALGPM corresponding to zero point (Excise TaxIRebate 
option only) 

Detailed results are presented in Appendix F, Tables F-1 to F-78. 

8.2 100% Higher Gasoline Price (Tables F-1 to F-18) 

The baseline assumptions specify gasoline prices of $.502 and $.501 

($1974) for 1976 and 1977 respectively, and that thereafter price rises 1.1 

cents per year through 1985. This multiplier experiment examines the 

impact of doubling those real gasoline prices. 

The Industry/Policy Block responds to the 100% higher gasoline price 

with higher fuel economies and higher net p r i ces .  Under t h e  

StandardIPenalty option, the increases in net prices range from $13.35 to 

$189.87 and vary over time. Fuel economies for all size-classes increase 

over time and are up to 9% higher than those in the base case. Under 

the Excise Tax/Rebate option, the changes in net prices vary over time, 

ranging from -$26.45 to a +$204.09. Fuel economies also vary over time 

but are generally higher than in the base case. The increases range up 

to 10% higher. As compared to the other two options, the response under 

the No-Policy option is somewhat larger and generally increases over time 

for both net prices and fuel economies. However, as the fuel economies 

in the No-Policy option base case are lower (relative to the other base 

cases), the relatively larger response to the gasoline price increases still 

results in forecasts for 1985 that are  2 to  3 rnpg below those for the 

StandardIPenalty and Excise TaxIRebate options. 

These Industry/Policy Block responses to higher gasoline prices indicate 



that  new-car fuel economies a re  not very sensitive t o  gasoline prices. 

The average annual increases in automobile fuel economies that  resulted 

from the higher gasoline prices a re  4.63%, 4.95% and 7.31% under the 

Standlard/Penalty, Excise Tax, and No-Policy options, respectively. The 

automakersf small responses to higher gasoline prices are attributed to the 

technological costs of attaining higher fuel economies. Each additional 

mpg beyond the base fuel economy costs an increasing amount, The 

smal'ler responses under the Excise TaxIRebate and StandardIPenalty 

opticlns occur because the control (baseline) solution includes the impact 

of the particular policy. That is, the potential policy add-on costs have 

alrealdy increased fuel economies in the base case. 

8.3 ,- 10% Higher Parameters of Technological Add-on Curve (Tables F-19 

to F-36) 

Tlhis experiment examines the responsiveness of the outputs of the 

Industry/Policy Block to changes in the parameters of the technological 

add-on cost functions. These functions relate increase in fuel economy 

(over a base fuel economy) to  increases in the cost of the car  (over a 

base price). The cost functions used by JFA take the form: 

AC = a (AFE) B 

where 

AC = change in costs above base price 

AFE = change in fuel economy above base fuel economy 

=, B = estimated parameters (18) 

Hittman Associates (1976) predicted the values of the parameters for 

three years: 1980, 1985, and 1990. JFA used an interpolation technique 

to obtain cost functions for the intervening years. The values of the 

parameters (in the computer program) indicate that the cost of achieving 

increases in mpg decreases over time, and is constant after 1985. 

Th~e HSRI s t a f f  tested the sensitivity of fuel economies and net prices 

to changes in the values of the cost parameters. Both parameters ( c c  and 

@ )  were increased by 10%. Because of the specification of the function, a 



10% increase in the parameters does not increase costs uniformly by 10%. 

The following example provides an indication of how costs a r e  affected: 

for small cars in 1980, a 1-mpg increase over base fuel economy costs $11, 

and a 5-mpg increase costs $275; with 10% higher parameters, these costs 

are $12.1 and $417.4, respectively. 

The StandardIPenalty, Excise TaxIRebate, and No-Policy options were 

simulated using both the model-author-supplied parameters and the ten 

percent higher ones. Net prices respond the least (less than 1%) under 

t h e  No-Po l i cy  o p t i o n ,  a n d  m o s t  ( l e s s  t h a n  4.1%) u n d e r  t h e  

StandardIPenalty option. Under the No-Policy option, net  prices are 

lower and generally declining with respect t o  that  option's base case. 

Under the StandardIPenalty option, prices a re  initially lower and then 

generally increasingly higher over time than i ts  base case. Under the 

Excise Tax option, price changes vary but are generally higher than its 

base case. Under all policy options, the increased parameters result in 

generally lower fuel economies. In some cases the declines are as much 

as ten percent. 

Addit ional  expe r imen t s  (no t  shown in t he  appendix)  with t h e  

StandardIPenalty option reveal that the Policy Block's outputs a re  more 

responsive t o  a lowering of the curve's parameters. Furthermore, the 

Policy Block is sufficiently sensitive to the technological cost curve that  

if the exponential coefficient ( 6 )  alone differed greatly (e.g., when 50% 

larger a 5-mpg increase costs $1375 for a small car in 1980) from the 

baseline value, the values of the Policy Block's outputs would differ 

substantially (e.g., 20%). 

8.4 50% Higher Perceived Lifetime Miles Driven Per Car Parameter 

(Tables F-37 to F-54) 

The experiment examines the sensitivity of net price and fuel economy 

to  changes i n  the perceived lifetime mileage parameter used in t h e  

calculation of average generalized price. As noted in Section 2.5, the 

model authors use a perceived lifetime mileage figure of 52,853. That 

figure is based on a 100,000 mile car life, a consumer perception factor, 

and a discount rate used to derive the present value of the costs of those 



l i f e t i m e  miles.  As t h e  model does not allow the user to  simulate 

alternatives to the assumptions implicit in the perceived lifetime figure, 

the lHSRI staff performed a multiplier experiment increasing the model 

authors1 figure by 50% to 79,279.5. 

T h e  i m p a c t  of t h e  h i g h e r  l i f e t i m e  m i l e a g e  f igure  on t h e  

Industry/Policy Blockls outputs is small under all the policy options. The 

l a r g e s t  p r i c e  responses, which appear sporadically under the Excise 

Tax/R,ebate option, are fairly small a t  an increase of 3%. The average 

annual price responses over the 1976-1985 period are 0.891%, 1.067%, and 

1.404'36 under the StandardIPenalty, Excise TaxIRebate, and No-Policy 

opt ions ,  r espec t ive ly .  The response of fuel economy to  the higher 

mile~ige parameter is also small. Those average annual responses a r e  

2 . 2 6 7 % ,  3.022% and 3.938% under t h e  S tandardIPena l ty ,  Excise 

Tax/lR.ebate, and No-Policy options, respectively. These responses suggest 

that  fuel economies and net prices are not responsive to changes in either 

the discount rate or the perception factor. 

8.5 25% Higher Standard (Tables F-55 to F-60) 

This experiment examines the impact of setting the corporate average 

fuel  economy standards 25% higher than those established by the Energy 

Policy and Conservation Act (EPCA) and the National Highway Traffic 

Safety Administration (NHTSA). This experiment is performed only with 

the !;tandard/Penalty option. The penalty level is that specified by EPCA 

and is the same for both levels of standards. As the standards and 

penallties do not apply for 1976 and 1977, the higher standards have no 

impact  for those years. For the 1978 to  1985 period, net  prices a re  

highler and the response t o  the higher standards increases over time. 

Pricles a re  between 12% and 20% higher in 1985. The average annual 

response of prices is 12.2% over the 1978-1985 period. The fuel economy 

resplonse t o  the higher standards is weaker. These increases average 8.9% 

per year and are qenerally between 1 and 3 mpg. 



8.6 100% Higher Penalty (Tables F-61 to F-66) 

In this experiment, the impact of a 100% higher penalty on fuel  

economies and net prices is studied. The experiment is performed using 

the StandardIPenalty option only. The base case standards and penalties 

are  those of EPCA and NHTSA. The standards are the same in both 

cases. Neither the automobile prices nor the fuel economies are  affected 

by the higher penalty until 1980. Small-car prices are increasingly lower 

over the 1980 to 1985 period. The difference grows to 5.6% in 1985. 

Medium-car prices are relatively unaffected, changing a t  most by 1%. 

Large-car prices increase at  an increasing rate; the difference in 1985 is 

8.0%. The fuel economies of all cars increase relative to the base case. 

The 1985 increases are 1 mpg for small cars and 2 mpg for medium and 

large cars. The seemingly unlikely combination of lower net price and 

higher fuel economy for small cars results from the higher technological 

costs of greater small-car fuel economy being more than offset by the 

negative policy add-on costs (i.e., the cross-subsidization by large-car 

buyers) and lower operating costs. 

8.7 100% Higher Excise TaxIRebate Schedule (Tables F-67 to F-72) 

This experiment examines the impact of doubling the baseline excise 

taxlrebate schedule (see Table 8-1). In this experiment, both taxes and 

rebates are  increased. When the  t a x l r e b a t e  schedule is doubled: 

small-car prices are 13 to 20% lower; medium-car prices are 3 to 10% 

higher, except for the first year; and large-car prices are higher (a  

maximum of 6 % )  through 1980, and generally lower thereafter. The fuel 

economy forecasts are generally higher, but rarely more than 10% higher. 

Small-car fuel economy does not respond to the higher taxlrebates for the 

last three years because there is no additional rebate for exceeding 30 

MPG. However, small cars reach 30 MPG three years sooner with the 

doubled taxlrebate schedule. An odd result of the model is the forecast 

decline in medium-car fuel economy between 1982 and 1983. In the 

control forecast the decline is quite small, 0.3 MPG, but with the doubled 

taxlrebate the decline is 1.2 MPG, and by 1985 fuel economy remains 

lower than in 1980. This contradicts the common sense expectation that 



TABLE 8-1 

BASELINE TAXIREBATE SCHEDULE 

Fuel Economy 
i n  Miles Per Gallon 

Excise TaxIRebate 
i n  1974 Dollars 



the automakers can at  least replicate a previous year's fuel economy. 

8.8 VALGPM Corresponding to Zero Point (Tables F-73 to F-78) 

In this experiment the impact of the model author's scale factor,  

VALGPM, is examined. VALGPM is an approximation used to  scale the 

u n i t s  i n  w h i c h  a d d i t i o n a l  c o s t s  a r e  c a l c u l a t e d  in  t h e  

qeneralized-price-minimizing algorithm. As explained in Section 3.2, 

VALGPM is variable in the StandardIPenalty option. However in the 

Excise Tax/Rebate option, this variable is se t  a t  $350, corresponding to  

18.7 mpg. An al ternative assumption is to set the value of VALGPM so 

that it corresponds to a fuel economy rating a t  which the excise taxes or 

rebates a re  zero (i.e., the zero point). This zero point will vary with the 

user-specified excise taxlrebate schedule. This experiment compares the 

a l t e r n a t i v e  assumption with t h e  baseline assumption of a constant 

VALGPM value. Note that in the later versions of the model, VALGPM 

is allowed to vary with the zero point. 

The zero point used in this experiment is 20 mpg, while the baseline 

VALGPM value corresponds to 18.7 mpg. The net price and fuel economy 

responses are small. Net prices generally change by less that  1% in any 

year. Fuel economies are more responsive with the changes ranging from 

0 to 5% or up to 1.1 mpg. The HSRI staff also examined the impact of 

changing t h e  z e r o  point  t o  30 mwg. This change also produced a 

relatively small impact on the IndustrylPolicy Block's outputs. 

8.9 Summary 

The Policy Block's forecasts of net price and fuel economies vary in 

their responsiveness t o  changes in t h e  policy var iab les  and model 

assumptions. The responses are generally small relative to the percentage 

changes in the policy variables. New-car fuel economies a re  not very 

sensitive to  gasoline prices. Increasing the price of gasoline by 100% 

yielded increases in fuel economies of new cars that  averaged under 5% 

per year, under either the StandardIPenalty or Excise TaxIRebate option. 

As for the technological cost functions, 10% higher parameters produced 

varied responses in the automobile price and fuel economy forecasts. 



Prices responded the most under the StandardIPenalty option and were 

higher by up to 4.1%. The higher parameters also resulted in generally 

lowel* fuel economies. 

Substantial changes in the lifetime mileage and generalized price scale 

factc11~ (VALGPM) assumptions produced relatively small responses in the 

fo recas t s  of automobile prices and fuel economies. Increasing the 

lifetime mileage assumption by fifty percent changes the forecast prices 

by, a t  most, three percent in any given year. The average annual price 

responses are about one percent under either of the policy options. The 

fuel economies are higher by an annual average of two to three percent. 

Changing the scale factor, VALGPM, to equal the zero point in the 

Excise Tax option produced small (less than 1%) changes in price and only 

slightly larger fuel economy responses (less than 5%). 

The HSRI s ta f f  also examined changes in the policy variables. 

Incre!asing the fuel economy standard by 25% percent over the base case 

increased prices by an average 12.2% in any given year. Fuel economies 

also increased, averaging 8.9%. Doubling the base case penalty caused 

fuel economies to increase by 1% to 2%. This experiment also displayed 

some of the tradeoffs built into the IndustryIPolicy Block: small-car 

prices dropped a t  an increasing rate over time, medium-car prices stayed 

relatively stable, and large-car prices increased a t  an increasing rate,  

rising to  8% higher than the base case in the  f inal  year of the 

simulation. Doubling the base case excise taxlrebate schedule produced 

price responses similar to the doubled penalty except that medium-car 

pricles were sharply higher in comparison. With a doubled excise 

taxlrebate schedule, fuel economies are generally higher, but by rarely 

more than lo%, than in the base case. 





9.0 SUMMARY AND CONCLUSIONS 

9.1 Summary of Findings 

1. The Faucett model is a relatively small model with six econometric 

equatlions. The model's objective is to forecast the impacts of al ternative 

federal fuel economy and fuel price policies on gasoline consumption, 

vehicle miles traveled (VMT), new-car sales and prices, size-class market 

shares, automobile stock, and fuel economy. The model can simulate the 

follolning policies: an Excise TaxIRebate policy where new automobiles 

a r e  (assessed taxes or subsidies based on fuel economies; StandardIPenalty 

policly where each automakerst corporate average fuel economy must  

a t ta in  a government determined standard or incur a penalty; concurrent 

use of the above two policies; and gasoline price policies, The Faucett  

model was a pioneering a t tempt  t o  model manufacturerst responses to 

government policv al ternatives given technological fuel-economy cost 

t radeoffs by simulating the changing size and composition of the U.S. 

au tomobi le  s tock .  The model  i s  c o m p o s e d  of a n  A u t o m o b i l e  

Industry /Policy Block and an Automobile Demand Block. 

2,, The Industry/Policy Block represents  t h e  supply s ide  of t h e  

automobile market. Car prices and fuel economy ratings are forecast 

based on t h e  policy cho ices  and r a t h e r  tenuous  p r o j e c t i o n s  of 

tech~rlological costs usine; a cost-minimizing algorithm. This algorithm is 

based on the assumption that  the automakers minimize  t h e  sum of 

new--car p r i c e  and l i f e t i m e  gasol ine  ope ra t i ng  cos t s  and that  all 

policv-induced costs  a re  passed on to  the consumers. The supply side 

response embodied in  the algorithm allows for tradeoffs among direct 

policy costs, technological costs of increasing fuel economy and t h e  

savir~gs to  the consumer resulting from higher vehicle fuel economies. 

The supply side representation oversimplifies the industry's behavioral 

characteristics. In addition, this algorithm may yield different prices and 

fuel economies than would a profit-maximizing model. An unnecessarily 



complex and imprecise process is used to  find the policy add-on costs 

resulting from the standardlpenalty policy option. The relative positions 

of the manufacturers a re  assumed to be constant over time. Car prices 

and fuel economy ratings enter  the Demand Block as inputs, thereby 

linking the two blocks. 

3 .  The Demand Block contains all six econometric equations. Using a 

conventional  mul t ip le  l inear  regress ion  package,  t h e  HSRI s t a f f  

successfully reproduced the numerical results of all of the econometric 

equations except that  for the automobile ownership per household by 

income. This equation, used in forecasting target  automobile stock, 

constitutes the cornerstone of the model's stock adjustment process. The 

inability to  reproduce the ownership equation is therefore particularly 

disconcerting. The statistical evidence does not support the inclusion of 

the  stock adjustment variable in the new-car sales equation. This casts 

serious doubts upon the particular stock adjustment process employed in 

the model. 

Serious flaws were discovered in three equations. The coefficients of 

the scrappage equation differ significantly, de~ending upon the inclusion of 

t h e  final observation in the sample period, and a re  considered t o  be 

unstable. The target  stock equation is clearly incomplete,  s ince  i t  

depends  only on household ownership and neg l ec t s  corporate and 

government fleets. The market shares equation is based upon restr ict ive 

and a t  l e a s t  pa r t i a l l y  i nco r r ec t  assumpt ions  and is  used with a 

questionable normalization procedure. 

4. The execution of the model in the computer program fails to live 

up to the design. As programmed, the model is entirely recursive. Some 

re la t ionsh ips  might have been modeled more accurately by use of 

simultaneous equations. Incomplete recording of the model-building 

process inhibits efforts  t o  understand the model. For instance, several 

variables a r e  modified by constants without adequa t e  jus t i f i ca t ion .  
Although an elementary task in computer implementation of a model is 

verifying that the computer program accurately portrays the model, there 

is no evidence that  this was done. As a result, there are inconsistencies 

between the model as it was estimated and the  computer program that  



implements the model. 

5 .  Forecasting experiments over the sample (1963-1973) period reveal 

that a naive t ime trend outperforms the Faucett  model in forecasting 

VMT', gasol ine  consumption, and large-car market share a t  the 0.05 

significance level. The model's remaining forecasts a re  indistinguishable 

f rom those  of a t i m e  t r end  a t  this significance level. The model's 

foreoasts of size-class market shares have the highest %RMSEs, which 

range from 11.03 to 28.89. In addition, the model's forecasts of VMT and 

gasoline consumption are upward biased, and the forecasts of cars in use 

and medium- and la rge-ca r  market shares accumulate error as the 

f o r e c a s t  horizon i s  l eng thened .  The magni tude of t h e  gasol ine  

consumption forecasts monotonically increases or decreases, apparently 

depeirlding upon the level of gasoline prices, as the forecast  horizon is 

lengthened. This suggests that  the model may not be able to forecast 

turns in gasoline consumption. 

6 .  A forecasting experiment over three postsample years exposed 

several questionable procedures that  improve t h e  model's shor t - run 

forelcasts but have dubious value for long-run forecasting. One procedure 
adjusts the highly inaccurate new-car sales forecasts by a "DRI factor," 

thereby improving the models apparent forecasting accuracy. When the 

HSRI staff made several corrections t o  t h e  model,  t h e  r e su l t s  f o r  

predictive accuracy over the sample period were mixed. However, in 

posts~imple forecasting, a version of the model corrected by the HSRI 

staff' forecast  new-car sales with dramatically improved accuracy. The 

model's postsample forecasts of sales, gasoline consumption, and VMT a re  

indistinguishable from those of a naive time trend at  the 0.05 level of 

significance. Without the DRI adjustment, the model's sales forecast is 

outperformed by a naive time trend a t  the 0.10 level of significance. 

7 .  Comparison of wi thin-sample  and pos t sample  f o r e c a s t i n g  

performance provides some evidence, though not overwhelming, that a 

time trend performs less well in the la ter  period than in the earlier 

period. The Faucett model's performance, however, seems to be generally 

the same for both periods, except for the gasoline consumption forecast,  

which has a significantly lower MSE in the later period. The reasons for 



this result indicate that users of the model should be aware of the set of 

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. 

8. In addition to the statistical significance of the model's forecasts, 
there is also a question of the computat ional  significance of the 

forecas ts .  Computational significance is limited by the number of 

significant digits in the data used to produce the forecasts. The number 

of significant digits in the gasoline prices used in the model, for example, 

was found to limit the number of significant digits in the sales, VMT, and 

gasol ine consumption forecasts .  The problem of computational 

significance is complicated by the impact of rounding on the estimated 

equations, so that computational significance cannot be determined by 

simple examination of the model. 

9, Sensitivity analysis of the Demand Block indicates that changes in 

the values of the exogenous variables have a substantial impact on the 

forecast level of annual new-car sales in the short run, but minor impact 

in the long run. No matter what the policy on price and operating cost, 

the model predicts only a temporary impact on annual new-car sales. 

The impacts on the forecasts of the other variables tend to increase over 

time, which is reasonable. Some of the impact elasticities implied by the 

model have inappropriate signs. The incorrectly signed elasticities are  

small and can be attributed to the model's structure. These results give 

warning that  the  model's output must be cautiously in te rpre ted .  

Sensit ivity analysis of the  market shares forecasts often produced 

anomalous results. Some of these anomalies were traced to  the model 

authorst procedure for normalizing market shares and disappeared when a 

simpler procedure was employed. 

10. The Policy Block's net price and fuel economy forecasts vary in 

sensitivity to the policy variables (gasoline price, fuel economy standards 

and penalties, and excise taxes and rebates). Large percentage changes in 

the policy variables produce relatively smaller percentage changes in price 

and fuel  economy forecasts. Gasoline price is a particularly weak 



determinant of fuel economy in the Policy Block. Net price and fuel 

economy are quite insensitive to the Policy Block's weakest assumptions 

(including the technological cost and lifetime miles traveled assumptions). 

However, relatively large changes in the assumed technological add-on 

cost curve can substantially alter the price and fuel economy forecasts. 

9.2 Conclusions 

The Jack Faucet t Associates Automobile Sector Forecasting Model was 

designed for two major uses: forecasting and policy analysis. The HSRI 

staff does not recommend this model for either use, because of a lack of 

confidence in the basic structure of the model's econometric equations. 

The corrections suggested by the HSRI staff, although found to improve 

forec!asting accuracy, are not sufficient to remedy these basic structural  

probl.ems. 

9,,2.1 Forecasting. 

a T h e  m o d e l  i s  a weak fo r eca s t i ng  tool .  The model i s  

outperformed by a simple linear time trend even when predicting 

the sample data with which the model was estimated. Forecasts 

for some variables are biased and some accumulate errors as the 

forecasting horizon is lengthened. 

The model's postsample forecasts of sales, VMT, and gasoline 

consumption a r e  indistinguishable from a naive  t i m e  t rend ' s  

forecasts a t  the 0.05 level of significance. Postsample forecasts of 

new-car sales without the DRI adjustment factor a r e  an order of 

magnitude less accurate than forecasts generated by others (e.g., 

DRI). Simple corrections to the model can improve the accuracy 

of the sales forecasts. However, most of the forecasting error 

persists even a f te r  correction, most probably because  of t h e  

fundamenta l  problems with the Demand Block's key equations 

discussed in Section 4.0. 

There is evidence to  suggest that  the model may, in part, be 

based on knowledge of postsample years. If th i s  is so,  t he se  

postsample years cannot be appropriately used to test the model's 



performance. 

There a re  serious problems with the market shares equation's 

specification, estimation, and use. The model's least a ccu ra t e  

forecasts are those of market shares. 

9.2.2 Policy Analysis. 

The model cannot reliably forecast  the levels of corporate 

average fuel economy and, thus, should not  be  cons idered  an 

adequate tool for analysis of the StandardIPenalty policy. The 

unre l i ab i l i ty  de r i ve s  bo th  f r o m  t h e  i n a d e q u a c i e s  of t h e  

Industry/Policy Block and the inaccurate forecasts of market shares 

generated by the Demand Block. 

The model is a limited tool for analysis of gasoline tax or 

excise taxhebate policies. The model often implies that  there is 

essentially no relationship between gasoline or automobile prices 

and new-car sales or market shares, especially in the long run. 

Thus, t h e  model is  incapable of simulating any such long-run 

impacts of policies that affect the automobile sector via prices. 

The policy ana lys t  who chooses t o  use the Faucett  model 

without a full understanding of the model and the data on which i t  

is based might easily fall into serious errors of analysis. Potential 

for such error lies in the input of data,  in terpre ta t ion of t h e  

computational and s ta t i s t ica l  significance of the data, adjustments 

t o  the model's forecasts  before p r i n tou t ,  and t h e  use of t h e  

postsample period to assess the model's performance. 

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 s ta f f ,  prior 

to any policy recommendation. 
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APPENDIX A 

DEFINITIONS OF STATISTICS 

This appendix contains brief descriptions of the statistics presented in 

this report. The reader who is interested in more detailed descriptions 

should consult a good econometrics or statistics text. Three standard 

referbences are Kmenta (19711, Dhrymes (1970), and Theil (1971). 

Most of the statistics used relate to determining why the variations 

in the dependent variable occur. These variations can be decomposed into 

unex:plained variations and explained variations. The explained variations 

are  t.hose resulting from changes in the explanatory variables. The 

unexplained variations are nonsystematic variations and are assumed to be 

random in nature when the equation is properly specified. 

The following statistics are used: 

Adjusted R-squared ( R ~ ) :  This statistic, also known as the 
corrected coefficient of determination, is a measure of the 

goodness of fit of the estimated equation. The nonadjusted 

R~ is the proportion of the variation in the  dependent 

variable llexplainedl' by the  independent variables. The 

adjusted R-squared modifies R~ by taking into consideration 

the  number of estimated coefficients and the number of 
- 2 observations used in the estimation. R is calculated as 

follows: 

where K is the number of estimated coefficients and n is the 

sample size. R~ has a maximum value of 1.0, and the closer 
2 - 2  

to one the better the fit; unlike R , R may have a negative 

value. 

F-Statistic (F): This statistic indicates the statistical 



significance of the regression coefficients as a group. In 

other words, it is another measure of the explanatory power 

of the equation. The F-statistic is related to, and can be 

expressed in terms of, R-squared. 

Standard Error of  Regression (SER): SER squared i s  an 

estimate of the variance of the disturbance term, i.e., the 

unexplained variations in the dependent variable. 

Degrees of Freedom (DF): The degrees of freedom are 

calculated as the  number of observations used in the  

estimation, minus the number of estimated coefficients. For 

est imation purposes, the number of observations must be 

larger than the number of coefficients. For technical reasons, 

the  g rea te r  the number of degrees of freedom, the more 

reliable are the estimated coefficients. 

Durbin-Watson Statistic (DW): This statistic tests for the 

presence of serial correlation (also re fer red  to  as au to  

correlation or auto-regressive disturbances). Serial correlation 

in a time series regression means tha t  the  unexplained 

v a r i a t i o n s  in the  dependent variable (i.e., regression 

disturbances) are  correlated with one another. With serial 

correlation the coefficients estimated by the ordinary least 

squares estimation technique are not e f f ic ien t  (minimum 

variance) .  Moreover, t he  associated es t imates  of the 

variances of the coefficients are biased so that the tests of 

significance are not reliable. 

Mean Square Error (MSE): The sum of the squared errors 

of a forecast, divided by the number of observations forecast. 

Root Mean Square Error (RMSE) is the square root of MSE. 

SIML R-SQ Statistic: The SIML R-SQ is a measure of the 

predictive accuracy of the equation as solved in the model 

simulation, and is calculated by 



r (st - h t I L  
t=a  SIML R-SQ = 1 - . - 

where! 

a = starting year of simulation 

b = ending year of simulation 

s t  = simulated value in year t 

h t  = actual historical value in year t 

= average historical value 

The formula presented above is similar to the one used to calculate the 

R* f o r  the single-equation model. One difference between the SIML 

R-SQ and the single-equation R~ is in the computation of the endogenous 

v a l u e ,  which in t h i s  case is the simulation value, s t .  In the 

single-equation model, the endogenous (predicted) variable is computed 

using the actual values of the predetermined variables for each year in 

the sample period. In the case of SIML R-SQ, the endogenous variable 

s t ,  is based on different data. In this case one uses the same values for 

the exogeneous variables and values generated by the model rather than 

actual. values for the lagged endogenous variables. 

Over the forecasting interval (a to b) ,  the  S I M L  R-SQ s t a t i s t i c  

expresses the variation between the historical and simulated values as a 

fraction of the total variation in the historical values. When a single 

equation is estimated using OLS, it is guaranteed that the sum of the 

residuals equals zero and the sum of the product of the residuals and the 

explanatory variable also equals zero. The consequence of this is that 

total variation can be decomposed into two parts, llexplainedll variation 

and tlunexplainedl' variation. When the simulation is performed this 

condition does not necessarily hold and it is possible for llexplained" plus 

"une:cplainedT1 variation to  be greater than lltotalll variation. Since the 

total variation of the simulated values from the actual values may exceed 

the total variation of the actual values from their mean, the SIML R-SQ, 



like E2 and unlike the R* , may have a negative value. That is, (st  - 
ht)  may be greater than L (ht - fi)2. 

The SIML R-SQ has the same interpretation for the multiequation 

model as the R~ has for the single-equation model over the positive 

range. That is, positive SIML R-SQ values indicate the proportion of the 

variation of the endogenous variable that can be a t t r ibu ted  to  the  

predictive accuracy of the model. Negative values can be taken to 

indicate changes in the structure of the modeled system that are not 

explained by the model. That is, instability of the estimated coefficients 

is indicated. 
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APPENDIX B 
CALCULATIONS RELATED TO SECTION 6.0 

Cars by Class and Vintage -- 
Three basic assumptions were made by the HSRI staff in calculating 

the number of cars by size classes and by v in tage  existing. a s  of 

December 31 of each year. First, the data on the subfleets by model 

year i.n each year as of July 1 had to  be converted to  December  31 

values;. Second, the shares by class of these model-year cars are assumed 

to remain the same throughout their operating life span, i.e., scrappage 

ra tes  a re  equal for the three classes. Finally, the market shares of 1949 

to 1962 model-\rear cars were assumed t o  be the same as the shares for 

the 1963 model-year cars. 

Th~e following three equations summarize the calculation process: 

M M M s R~ 
'1 Ft  = Ft-1/2 - (Ft -1/2  x -) 2 f o r  M = 3  t o  14 where 

14 = four teen-year -  
o l d  o r  o l d e r  c a r s  

where 
F ?  = number of M year old cars as of December 31 in 

gear t 

M 
F t-112 = number of M year old cars as of July 1 in year 

t ,  as listed in Table 4-2 

SR = scrappage ra te  for cars M years old, as listed in 
Table 4-1 

AS t = number of cars in use as of December 31 in year 
t, as listed in Table El 



Year - 

1963 

1964 

1965 

19 66 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

TABLE B - 1  

NEW CAR REGISTRATIONS 

New Cars Registered 
During Year 

Cars i n  Use 
on Dec. 31 

Source: Automotive News, Almanac i ssue ,  1975. 



N t  = number of new-car sales in year t ,  as listed in 
Table B-1 

These subfleets by model year as of December 31 in year t were 

further divided into classes as follows. 

where 
F f j M  = number of M year old cars  in Class C as of 

December 31 in year t 

SH t.M = market share of class C for M year old cars in 
year t 

The number of cars by size class and by vintage existing as of December 

31 of each year (1962 to 1973) is presented in Table B-2. 

Net I?rices of Cars by Class -- 
The net prices of cars by class were calculated by subtracting the 

operating cost from the generalized prices by class, and are presented in 

Table B-3. 

where 
NP :: = net price of car by class in year t in 1967 dollars 

xt = generalized price by class in year t in 1967 
dollars, as listed in Table 4-12 

G t = fuel price i n  year t in 1967 dollars, as listed in  
Table B-4 

FE; = fuel economy rating by class in year t, as listed 
in Table 4-12 

Modified - Net Prices of Cars by Class 

The alteration of net prices of cars by class is as follows: 



where 
MNP; = modified net price of cars of class C in period t 

in 1967 dollars 

N P ~  = net price of cars of class C in period t in 1967 
dollars, as listed in Table B-3 

JAt = JFA-calculated average generalized price used in 
regression in 1967 dollars, as listed in Table 4-12 

S H ~  = market share of new cars in class C in year t, 
as calculated from Table 4-12 

x: = generalized price of cars of class C in year t in 
1967 dollars, as listed in Table 4-12 







VINTAGE 

TABLE B-2 (continued) 

LARGE SIZE CARS BY VINTAGE IN YEARS 1962-1973 
(in thousands) 

Calculated using data listed in Tables 4-1, 4-2, 4-12, and B-1. 



TABLE B-3 

YEAR - 
1963 

1964 

NET PRICES OF CARS BY CLASS 
(in 1967 dollars) 

SMALL 

2197.5 

2347.8 

MEDIUM 

2894.6 

2883.3 

LARGE 

3721.5 

Calculated using data listed in Tables 4-12 and B-4. 







TABLES FOR SECTION 6.0 





TABLE C - 1  
FORECASTING EXPERIMENT 

WITH THE UNCORRECTED ( J F A )  VERSION OF THE DEMAND BLOCK 
NEW CAR SALES 

YEAR ACT UAt S I N U L A T I O N  ERROR 
1963 7556140.000 8852415.000 -1296275.000 
1964 8064919.000 8731029.000 -666110.000 
1965 9313223.000 8031540.000 1281683.000 
1966 9009486.000 8155028.000 854458.000 
1967 8357954.000 8104427,000 253527.000 
1968 9403727.000 9338275.000 65452.000 
1969 9527962.000 8979385.000 548577.000 
1970 8458629.000 9742072.000 -1283443.000 
1971 9963226.000 10039273.000 -76047.000 
1972 10607180,000 10821622.000 -214442.000 
1973 11476250.000 10336898.000 1139352.000 

% D I F F  
17,155 
8 259 

13.762 
9.484 
3,033 
0.696 
5.758 

15.173 
0.763 
2.022 
9.928 

TABLE C - 2  
FORECASTING EXPERIMENT 

WITH THE UNCORRECTED ( J F A )  VERSION OF THE DEMAND BLOCK 
SCRAPPAGE 

YEAR ACTUAL S I M U L A T I O N  ERROR % D I F F  
1963 5319286.000 6059964,000 -740678.000 13.924 
1964 5704373.000 6172259.000 -467886.000 8.202 

1965 6173512.000 6267486.000 -93974.000 1.522 
1966 6957988.000 6330893.000 627095,000 9.013 
1967 6226243.000 61  18695.000 107548.000 1,727 
1968 6348488,000 6276709.000 71779.000 1,131 
1969 7460984.000 6350000.000 1110984.000 14.891 
1970 6021041.000 6300898.000 -279857.000 4.648 
1971 7058029.000 6510634.000 547395.000 7.756 
1972 7987384.000 7166762.000 820622.000 10.274 
1973 7193679.000 7742069.000 -548390.000 7.623 

TABLE C - 3  
FORECASTING EXPERIMENT 

WITH THE UNCORRECTED (JFA) VERSION OF THE DEMAND BLOCK 
VEHICLE M I L E S  TRAVELED 

YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

ACTUAL 
645.400 
677.600 
706,400 
744.800 
766.500 
805.700 
849.600 
890.800 
939.100 
986.400 

10 16.900 

S I M U L A T I O N  
675.927 
714.780 
746.909 
776,799 
802.740 
838.885 
866.597 
906.690 
946.285 
989.098 

1031.905 

ERROR 
-30,527 
-37.179 
-40.509 
-3 1.999 
-36.240 
-33.185 
-16.997 
-15.890 

-7.185 
-2.698 

-15.005 

% DIFF 
4,730 
5,487 
5.735 
4.296 
4.728 
4.119 
2.001 
1.784 
0.765 
0.273 
1.476 



TABLE C-4 
FORECASTING EXPERIMENT 

WITH THE UNCORRECTED (JFA) VERSION OF THE DEMAND BLOCK 
GASOLINE CONSUMPTION 

YEAR ACTUAL SIMULATION ERROR % DIFF 
1963 45246.000 44802.594 443.406 0,980 
1964  47567.000 48780.051 -1213.051 2.550 
1965 50206.000 52372.410 -2166.410 4.315 
1966  53220.000 56195.3 16 -2975.316 5,591 
1967  55007.000 59201 - 3 2 0  -4194.320 7.625 
1968 58413.000 63300.348 -4887.348 8 .367 
1969 62325,000 66490.438 -4165,438 6 .683 
1970  65649.000 70416.563 -4767.563 7.262 
1971  69213.000 73921.313 -4708.313 6.803 
1972  73121.000 77858.000 -4737.000 6 .478  
1973 77619.000 81775.313 -4156.313 5 .355 

TABLE C-5 
FORECASTING EXPERIMENT 

WITH THE UNCORRECTED (JFA) VERSION OF THE DEMAND 
TOTAL CARS IN USE 

YEAR ACTUAL SIMULATION % RRO R 
1963 6 1 9 0 3 2 9 6 * 0 0 0  6241'7168.000 -513872.000 
1964 64264064.000 64975920.000 -711856.000 
1965 66704464.000 66739984.000 -35520.000 
1966 68754960.000 68564096.000 190864.000 
1967 70886144.000 70549808.000 336336.000 
1968 73941520 . b o o  7361 1328 -000  330 192.000 
1969 76007824.000 76240672.000 -232848.000 
1970 78446272.000 79681776.000 -1235504,000 
1971  8 1 3 5 1 8 0 8 ~ 0 0 0  83210368.000 -1858560.000 
1972 83972656.000 86865232.000 -2892576.000 
1973 88256544.000 89459968.000 -1203424.000 

BLOCK 

TABLE C-6 
FORECASTING EXPERIMENT 

WITH THE UNCORRECTED (JFA) VERSION OF THE DEMAND BLOCK 
SMALL SALES SHARE 

ACTUAL 
0 .295  
0.304 
0.248 
0.235 
0 .197 
0 .175 
0 .193 
0 .266 
0 .303 
0.323 
0 .296 

SIMULATION 
0.266 
0 " 2 2 2  
0.190 
0.158 
0,178 
0.203 
0.249 
0 269 
0.3 13 
0.320 
0.311 

ERROR 
0.029 
0.082 
0.058 
0.077 
0.019 

-0.028 
-0 .056 
-0.004 
-0.009 

0,003 
-0.0 15 

% DIFF 
9.935 
26.939 
23.272 
32.665 

9.575 
16 ,285  
28,917 

1.414 
3 086  
0 .806 
5.185 



TABLE C-7 
FORECASTING EXPERIMENT 

WITH THE UNCORRECTED (JFA) VERSION OF THE DEMAND BLOCK 
MEDIUM SALES SHARE 

ACTUAL 
0.197 
0 .166 
0 .204 
0.233 
0,286 
0 .275  
0.217 
0 .224 
0.146 
0.077 
0 .102 

SIM'ULATION 
3.175 
0.196 
0.228 
0.258 
0 .231 
0.209 
0 .166 
0.163 
0.136 
0 .165 
0.203 

ERROR 
0.023 

-0.030 
-0.024 
-0.024 

0.055 
0.066 
0.051 
0.061 
0.010 

-0 .088 
-0 .101 

TABLE C-8 
FORECASTING EXPERIMENT 

WITH THE UNCORRECTED (JFA) VERSION OF THE DEMAND 
LARGE SALES SHARE 

YEAR ACTUAL SIMULATION ERROR 
1963 0.507 0.559 -0.052 
1964  0.530 0.582 -0.052 
1965 0.548 0.582 -0 .034 
1966 0.532 0 .584 -0  052 
1967 0.517 0.591 -0 .074 
1968 0.550 0 .588 -0 .037 
1969 0 .589  0.585 0.005 
1970 0,510 0 ,567  -0 .057 
1971 0.550 0 .551 -0 .001 
1972 0.600 0 .515 0.055 
1973 0.602 0 .486 0.117 

% DTFF 

11.452 
17.923 
11.686 
10.465 
19.275 
23.984 
23.562 
27.256 

6.959 
114.157 
99.154 

BLOCK 

% DLFF 

10,231 
9 .834 
6 .194 
9 .835 

14.293 
6.812 
0.779 

11.249 
0 .150 

14.136 
19.361 

TABLE C-9 
FORECASTING EXPERIMENT 

WITH CORRECTED (HSRI) VERSION OF THE DEMAND BLOCK 
NEW CAR SALES 

YEAR ACTUAL SIMULATION ERROR % DIFF 
1963 7556140.000 7083095.000 473045.000 6.260 
1964  8064919.000 76751  11 . O O O  389808.000 4.833 
1965 9313223.000 8449903.000 863320.000 9.270 
1966 9009486.000 8797332.000 212154.000 2.355 
1967  8357954.000 9017223.000 -659269.000 7.888 
1968 9403727 eOO0 9618250 e000 -214523.000 2.281 
1969 9527962.000 10491298.000 -963336.000 10.111 
1970 8458629.000 9584086.000 -1125457.000 13.305 
1971  9963226 . O O O  9 5 7 1  136 - 0 0 0  392090.000 3.935 
1972 10607 180.000 9615397.000 991783.000 9.350 
1973 11476250.000 10604007.000 872243.000 7.600 



TABLE C-10 
FORECASTING EXPERIMENT 

WITH CORRECTED (HSRI) VERSION OF THE DEMAND BLOCK 
SCRAPPAGE 

YEAR ACTUAL SIMULATION ERROR % DIFF 
1963 5319286.000 5846594.000 -527308.000 9.913 
1964 5704373.000 6051617.000 -347244.000 6.087 
1965 6173512.000 63337 18.000 -160206.000 2.595 
1966 6957988.000 64071 23.000 550865.000 7.917 
1967 6226243.000 6185403.000 40840.000 0 -656 
1968 6348488.000 6231129.000 117359.000 1.849 
1969 7460984*000 6356587.000 1104397.000 14.802 
1970 6021041 -000 6108461 .OOO -87420.000 1.452 
1971 7058029.000 6249282.000 808747.000 11.459 
1972 7987384.000 6843973.000 1143411.000 14.315 
1973 7193679.000 7544752 -000 -351073 .OOO 4.880 

TABLE C-11 
FORECASTING EXPERIMENT 

WITH CORRECTED (HSRI] VERSION OF THE DEMAND BLOCK 
VEHICLE MILES TRAVELED 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

SIMULATION 
658.699 
688.863 
719.881 
75 1.437 
779.847 
814.522 
847.063 
891.668 
931.024 
971.803 
1015.805 

ERROR 
-13.300 
-11.262 
-13.481 
-6.637 
-13.347 
-8.823 
2.537 
-0.868 
8.076 
14.596 
1.095 

% DIFF 
2.061 
1.662 
1.908 
0.891 
1.741 
1.095 
0.299 
0.097 
0.860 
1.480 
0 .I08 

TABLE C-12 
FORECASTING EXPERIMENT 

WITH CORRECTED (HSRI) VERSION OF THE DEMAND BLOCK 
GASOLINE CONSUMPTION 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
19 69 
1970 
1971 
1972 
1973 

ACTUAL 
45246.000 
47567.000 
50206.000 
53220.000 
55007.000 
58413.000 
62325.000 
65649.0 00 
69213.000 
73121.000 
77619.000 

SIMULATION 
43433.301 
46906.723 
50651.215 
54726.55 1 
57929.176 
61847.047 
65268.80 1 
69360.250 
72726.563 
76432.813 
80355.875 

ERROR 
1812.699 
660.277 
-445.215 
-1506.551 
-2922.176 
-3434.047 
-2943.80 1 
-371 1.250 
-3513.563 
-3311.813 
-2736.875 

% DIFF 
4.006 
1.388 
0.887 
2.831 
5.312 
5.879 
4.723 
5.653 
5.076 
4.529 
3.526 



TABLE C - 1 3  
FORECASTING EXPERIMENT 

WITH CORRECTED ( H S R I )  VERSION OF THE DEMAND BLOCK 
TOTAL CARS I N  USE 

YEAR ACTUAL S I M U L A T I O N  ERROR 
1963 61903296.000 60861232 .OOO 1042064.000 
1964 64264064.000 62484688.000 1779376.000 
1965 66704464.000 64600880.000 2103584.000 
1966 68754960.000 66991024.000 1763936.000 
1967 70886144.000 69822816.000 1063328 -000 
1968 73941520.000 73209968.000 731552.000 
1969 76007824 moo0 77344624.000 -1336800.000 
1970 78446272.000 80820192.000 -2373920.000 
1971 81351808.000 84142016.000 -2790208.000 
1972 83972656.000 86913360.000 -2940704.000 
1973 88256544,000 89972576.000 -1716032.000 

% D I F F  
1 a683 
2.769 
3.154 
2.566 
1.500 
0.989 
1.759 
3.026 
3.430 
3.502 
1.944 

TABLE C - 1 4  
FORECASTING EXPERIMENT 

WITH CORRECTED (HSRI )  VERSION OF THE DEMAND BLOCK 
SMALL SALES SHARE 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

ACTUAL 
0.295 
0.304 
0.248 
0.235 
0.197 
0.175 
0.193 
0.266 
0.303 
0.323 
0.296 

SIMULATION 
0.228 
0.177 
0.165 
0 .I48 
0 .I80 
0.206 
0.274 
0.288 
0.325 
0 a320 
0.3 18 

ERROR 
0.068 
0.127 
0.083 
0.087 
0.016 
-0.031 
-0.081 
-0.022 
-0.022 
0.002 
-0.022 

% D I F F  
22.976 
4 1.685 
33.541 
37.005 
8.197 
17.799 
42.075 
8,423 
7 .I72 
0.7?3 
7.586 

TABLE C - 1 5  
FORECASTING EXPERIMENT 

WITH CORRECTED (HSRI )  VERSION OF THE DEMAND BLOCK 
MEDIUM SALES SHARE 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
19 70 
197 1 
1972 
1973 

ACTUAL 
0 el97 
0.166 
0.204 
0.233 
0.286 
0.275 
0.217 
0.224 
0.146 
0.077 
0.102 

SIMULATION 
0.177 
0.191 
0.2 18 
0 -248 
0.226 
0 -207 
0.162 
0.162 
0 el36 
0.166 
0.203 

ERROR 
0.020 

-0.025 
-0 -0 14 
-0 .O 15 
0.060 
0.068 
0 -055 
0.062 
0 .o 10 
-0 a089 
-0.101 

% D I F F  
10.259 
15.029 
7.036 
6,490 
21.041 
24.858 
25.361 
27.795 
7.048 

116,310 
98.905 



TABLE C-16 
FORECASTING EXPERIMENT 

WITH CORRECTED(HSR1) VERSION OF THE DEMAND BLOCK 
LARGE S A L E S  SHARE 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

ACTUAL 
0.507 
0.530 
0.548 
0.532 
0.517 
0.550 
0 e589 
0.510 
0.550 
0.600 
0.602 

SIMULATION 
0.596 
0.631 
0.617 
0.604 
0.594 
0.588 
0 0563 
0 0550 
0.539 
0.5 13 
0.479 

E RRO R 
-0.088 
-0.102 
-0.069 
-0.072 
-0.076 
-0.037 

0.026 
-0.040 

0.011 
0.087 
0,123 

% DIFF 
17.358 
19.205 
12.575 
13.497 
14.746 
6 -768 
4.426 
7.836 
2.078 

14.512 
20.499 
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APPENDIX D 

THE NORMALIZATION PROCEDURE OF MARKET SHARES 

D.l rln Evaluation of the Market Shares Normalization Procedure 

Tlhis appendix examines the effect  of J F  A's large-car-share-weighted 

norrrlalization p rocedure  (hencefor th  called JFA normalization), by 

comparing it with an alternative normalization procedure, As mentioned 

in Slection 4.4, the shares of the classes as predicted by the market 

shares equation must  be  normal ized t o  sum t o  one.  JFA used a 

procedure that  places more emphasis on the large-car share as predicted 

by the market shares equation because, according to JFA, i t  is relatively 

price! inelastic and therefore less subject to change. The other shares are 

determined after the normalized large-car share has been established. 

The HSRI staff tested the following alternative normalization procedure: 

where 

SHF* = market share of class C at  time t after 
normalization 

SII, = market share of class C a t  time t as estimated by 
the market share equation (before normalization) 

This will be referred to as simple normalization. 

Table D-1 contains the error stat is t ics generated from t h e  model 

simulation with the two types of normalization. There is little difference 

between the two se ts  of results. Tables D-2 t o  D-9 contain detailed 

resul t s .  



Variab 1 e 

Sales 

Scrappage 

VMT 
b2 
w (in billions) 
P 

Gas Consumption 
(in millions) 

Cars In Use 

Small Car 
Market Share 

Medium Car 
Market Share 

Large Car 
Market Share 

TABLE D-1 

ERROR STATISTICS FOR THE WITHIN-SAMPLE PERIOD (1963-73): 
DYNAMIC SIMULATION OF ORIGINAL MODEL USING JFA AND 

SIMPLE NORMALIZATION PROCEDURES 

MEAN ACTUAL RMS E %RMSE 

JFA, Simple JFA Simple JFA Simple - - 

9,249,000 845,000 923,800 9.141 9.988 

SIML R-SQ 

JF A Simple - 

.4027 .2870 

.4212 -4431 



D.2 Sensitivitv Analvsis of the Normalization Procedures 

M:ost of the discussion of the sensitivity of the model in Section 7.0 is 

b a s e d  on t h e  JFA normal iza t ion  procedure .  When some of t h e  

experiments are repeated using simple normalization, the HSRI staff finds 

that the model is altered significantly. 

Tlhe following multiplier experiments were performed: 

'1. 10% higher small-car net price 

2. 10% higher large-car net price 

3. 10% higher net prices of all cars 

'4. 100% higher gasoline prices 

Detailed results are in Tables D-10 to D-40. 

1. Ten percent higher small-car net prices (Tables D-10 to D-17): 

Under simple normalization, the medium and large-car 
shares are more responsive than under JF  A's normalization 
procedure. 

2 ,, Ten percent higher large-car net prices (Tables D-18 to D-25): 

The l a rge-ca r  s h a r e  is more i ne l a s t i c  under s imple  
normal izat ion than under JFA normalization. This is 
contrary to  the HSRI s t a f f ' s  expec t a t i ons  s ince  JFA 
s e l e c t e d  the i r  normal iza t ion  procedure  based on an 
inelastic large-car share. The price elasticity of large-car 
share under the simple version in the last year, 1973, is 
-0.26 while in the JFA version i t  is -0.45. However, the 
absolute size of the large-car share in the simple version 
is re la t ively  l a rge r  in only t h e  l a s t  2 yea rs  of t h e  
simulation. The difference is as much as 4.7 percentage 
points. 

3. Ten percent higher net prices for all cars (Tables D-26 to D-33): 

Changing t h e  normal iza t ion  p rocedure  changes  t h e  
directions of the market shares' responses to  the price 
increase. In the 11th year, 1973, under JFA normalization: 
t h e  smal l -car  share decreases by 11%, the medium-car 
share decreases by roughly 6%, and the large-car share 
inc reases  by 9%. Under s imple  normalization: the 
small-car share increases by 5%, the medium-car share 
increases by 5%, and the large-car share decreases by 5%. 

Gasoline consumption is slightly more responsive t o  a 
change in car prices with the simple procedure than with 



the JFA procedure. This is in part due to the shift to 
smaller cars with the simple procedure. 

e VMT is less car-price elastic with the simple procedure. 
In that procedure, the llth year car-price elasticity of VMT 
is -0.09 and in the JFA, -0.23. 

4. One hundred percent higher gasoline prices (Tables D-34 to D-40): 

8 Again, the market shares responses are substantially 
different and signs change. In the simple version: the 
small-car share increases by 2696, the medium-car share 
increases by 7%, and the large-car share decreases by 17% 
in the  l l th  year of the forecast. In the JFA version: 
small-car share decreases by 36%, medium-car share 
decreases by 34%, and large-car share increases by 37%. 

Gasoline consumption decreases relatively more with the 
simple procedure. 

e VMT decreases by 11% in the simple version versus 18% in 
the JFA version. 

Cars in use decrease by 12% in the simple version versus 
24% in the JFA version. 

New-car sales are higher and less elastic in the simple 
version than in the JFA version. 

The e f f e c t  of the normalization procedures on the model can be 

summarized briefly. The JFA normalization procedure assumes that the 

large-car share is unresponsive to costs relative to the other shares. 

Large increases in car prices or operating cost can increase the large-car 

share. When the prices of all cars increase, some people who would 

otherwise purchase small and medium cars drop out of the market, while 

large-car buyers are unaffected. However, VMT is more elastic in the 

JFA version. Thus, in times of car price and operating cost increases 

consumers demand large cars and do not trade down, but are willing to 

drive fewer miles as a tradeoff to operating more fuel-inefficient cars. 

Using the  simple normalization procedure,  consumers respond 

differently. Consumers of large cars are willing to trade down and 

purchase smaller cars when costs and prices increase. Demand for VMT 

is more inelastic and demand for gasoline more elastic. Thus, consumers 



are  willing t o  sacrifice the benefits of large cars for the benefits of 

drivin~g more miles. Although V M T  is relatively higher with the simple 

procedure, gasoline consumption is generally less. 

The multiplier experiments show that  the type of normalization has 

important implications for the model. Unfortunately, most users of the 

model a re  probably unaware of the implications of the normalization 

procedure, and even if aware, might be unable to change it to meet their 

needs. 



TABLES D-2 TO D-9 
FORECASTING EXPERIMENT 

WITH THE UNCORRECTED (JFA) VERSION OF THE DEMAND BLOCK 
USING THE SIMPLE SIZE-CLASS MARKET SHARE 

NORMALIZATION PROCEDURE 

YEAR 
1963 
1964  
1965 
1966  
1967 
1968 
1969 
1970 
197 1 
1972 
1973 

YEAR 
1963 
1964  
1965 
1966  
1967 
1968 
1969 
1970  
197 1 
1972  
1973 

TABLE D-2 
NEW CAR SALES 

ACTUAL SIMULATION ERROR 
7556140.000 9192098.000 -1535958.000 
8064919.000 9052368.000 -987449.000 
9313223.000 8295878.000 1017345.000 
9009486.000 8408353.000 601133.000 
8357954.000 8406754.000 -48800.000 
9403727.000 9595207.000 - 1 9 1 4 8 0 ~ 0 0 0  
9527962.000 9172036.000 355926.000 
8458629.000 9586930.000 - 1  12830 1 . O O O  
9963226.000 9761636.000 201590.000 

1 0 6 0 7 1 8 0 ~ 0 0 0  1 0 0 8 6 9 3 3 ~ 0 0 0  520247.000 
11475250.000 9866894.000 1609355.000 

ACTUAL 

5319286 . O O O  
5704373 . O O O  
6173512 . O O O  
6957988.000 
6226243.000 
6348488.000 
7460984 . O O O  
6021041.000 
7058029 . O O O  
7987384.000 
7193679.000 

TABLE D-3 
SCRAPPAGE 

SI.MULA'Tii)N ERROR 

6059965.000 -730679.000 
6172939.000 -468566.000 
6269994.000 -96482.000 
6336727,000 621261.000 
6130706.000 95537,000 
6299147,000 49341.000 
6389761.000 1071223.000 
6367771.000 -346730.000 
6613601 . O O O  444428 e000 
7313076.000 674308.000 
7925122.000 -731443.000 



TABLE D-4 
VEHICLE MILES TRAVELED 

YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
19 7 1 
1972 
1973 

ERROR 
-32.790 
-4 1.666 
-46.872 
-40.139 
-46.456 
-45,138 
-30.142 
-27.766 
-16.700 

-6.535 
-14.423 

TABLE D-5 
GASOLINE CONSUMPTION 

ACTUAL 
45246.000 
47567.000 
50206.000 
53220 . O O O  
55007.000 
58413.000 
62325.000 
65649.0 00 
69213.000 
73121.000 
77619.000 

SIMULATION 
44805.762 
48690.977 
52153.516 
55858.316 
58729.348 
62655.227 
65687.375 
69372.563 
72680.438 
76408.750 
80474.875 

ERROR 
440.238 

-1 123.977 
-1947.516 
-2638.316 
-3722.348 
-4242.227 
-3362.375 
-3723.563 
-3467.438 
-3287.750 
-2855.875 

TABLE D-6 
TOTAL CARS IN USE 

YSAR ACTUAL SIMULATION ERROR 
1963 61903296.000 62756848.000 -853552.000 
1964 64264064.000 65636272.000 -1372208.000 
1965 66704464.000 67662160,000 -957696.000 
1966 68754960 . O O O  69733728 "000 -978768.000 
1967 70886144.000 72009792 -000 - 1  123648 . O O O  
1968 73941520.000 75305792.000 -1364272.000 
1969 76007824.000 78087984.000 -2080160.000 
1970 78446272.000 81307152.000 -2860880.000 
1971 81351808.000 84455184.000 -3103376.000 
1972 83972656,000 87228992 . O O O  -3256336.000 
1973 88256544.000 89170688.000 -914144.000 

% DIFF 
0.973 
2.363 
3.879 
4.957 
6.767 
7.262 
5,395 
5.672 
5.010 
4.496 
3.679 

% DIFF 
1.379 
2 135 
1.436 
1.424 
1.585 
1.845 
2.737 
3.647 
3.815 
3.878 
1 .036 



TABLE D-7 
SMALL SALES SHARE 

YEAR 
1 9 6 3  
1964  
1 9 6 5  
1966  
1967 
1 9 6 8  
1969 
1970  
1971  
1972 
1973  

Y BAR 

1 9 6 3  
1 9 6 4  
1 9 6 5  
1966  
1967 
1968  
1969 
1970 
1971 
1 9 7 2  
1973  

YEAR 

1963 
1964  
1965 
1965 
1967  
1968  
196'3 
1970 
1971 
1972 
1 9 7 3  

ACTUAL 
0 .295  
0 .304  
0 .248  
0 .235 
0 .197  
0 , 1 7 5  
0 . 1 9 3  
0 .266  
0 .303  
0 . 3 2 3  
0 .296  

SIMULATION 
0 - 3 0 2  
0.272 
0 .240 
0 .207 
0 .228 
0  a250 
0 .299  
0 .310 
0 . 3 4 3  
0 .321 
0 .269 

TABLE D-8 
MEDIUM SALES SHARE 

ACTLTAL SIMULATION 
0 .197  0  1 9 8  
0 .166  0  e235 
0 .204  0  .279 
0 . 2 3 3  0 .331 
0 .286  0 .308 
0 .275 0 .272  
0 .217 0 .209 
0 .224  0  1 8 8  
0 .146 0 .147  
0  .!I77 0 .159 
0 .102  0 . 1 8 6  

ACT iJAL 
3 2 0 7  
0 , 5 3 0  
0 , 5 4 8  
0 .532 
0.517 
0.550 
0 .589  
0 . 5  10 
0.550 
0 .600 
0 .602  

TABLE D-9 
LARGE SALES SHARE 

SIMULATION 
0.500 
0 .492 
0 .480 
0 .462 
0 .464  
0  a478 
0.492 
0  e502 
0 -5 10 
0 .520  
0 .525  

ERROR 
-0.007 

0.032 
0 .008 
0 .028 

-0.032 
-0 .076 
-0.106 
-0 .044 
-0.040 

0.002 
0 .007 

E RRO R 
-0 .001 
-0 .069 
- 0 , 0 7 6  
-0 .098 
-0 .022 

0 .003  
0 .008 
0 .037 

-0.000 
-0 .083  
-0 .084  

E KRO R 
0.005 
0  a037 
0 , 0 6 8  
0 .070 
0 .053  
0 . 0 7 3  
0  e098 
0 . 0 0 8  
0 .040 
0.081 
0 .077  

% DIFF 
2.259 

10.396 
3 .118  

11.9923 
1 6 . 1 5 5  
43.457 
54 .867  
16.692 
13.062 

0 . 5 d 3  
2 . 3 b 4  

% DIFF 
0 .537  

4  1 .463  
37 .065  
42.012 

7 .599  
1  . I 9 3  
3 . 7 7 8  

16 .284  
0 . 2 8 4  

107.359 
82 .432  



TABLES D-10 TO D-40 
MULTIPLIER EXPERIMENTS 

WITH THE UNCORRECTED (JFA) VERSION OF THE DEMAND BLOCK 
USING THE SIMPLE SIZE-CLASS MARKET SHARE 

NORMALIZATION PROCEDURE 

TABLE D-10 
10% INCREASE IN SMALL CAR NET PRICE 

MEDIUM SALES SHARE 

YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

SHOCK 
9.237 
0.301 
0.362 
0.421 
0.405 
0.371 
0.301 
0.271 
0.214 
0.221 
0.252 

TABLE D-11 
10% INCREASE IN SMALL CAR NET PRICE 

LARGE SALES SHARE 

CONTROL 
0.500 
0,492 
0.480 
0.462 
0.464 
0.478 
0.492 
0.502 
0.510 
0.520 
0,525 

SHOCK 
0.492 
0,475 
0.451 
0 e424 
0.421 
0,434 
0.457 
0.476 
0.498 
0.512 
0.514 

DIFFERENCE 
-0.008 
-0.017 
-0.029 
-0.038 
-0.043 
-0.044 
-0.035 
-0.026 
-0.013 
-0.007 
-0.010 

% D I F F  

19.770 
27.896 
29.748 
27.139 
3 1.722 
36.675 
43.961 
44.573 
45.773 
38.674 
35.041 

% DIFF 
1.511 
3.533 
6.002 
8.323 
9.292 
9.121 
7.065 
5.242 
2.450 
1.407 
1.964 



YEAR 

1963 
1964  
1965 
1966  
1967 
1968 
1969 
1970  
1971  
1972 
1973 

YEAR 
1963 
19 64  
1965 
1966  
1967  
1968 
1969 
1970  
1971  
1972  
1973 

YEAR 
1963 
1964  
1965 
1966  
1967  
1968 
1969 
1970 
197 1 
1972 
1973 

TABLE D - 1 2  
10% INCREASE I N  SMALL CAR NET P R I C E  

SMALL S A L E S  SHARE 
CONTROL SHOCK DIFFERENCE 

0.302 0 .271 -0.03 1 
0 .272 0 .224 -0.048 
0 .240 0 .186 -0 .054 
0.207 0 .155 -0,051 
0.228 0.174 -0,055 
0.250 0,194 -0 .056 
0,299 0,242 -0.057 
0.310 0.253 -0.057 
0 4343 0.288 -0.055 
0 ,321 0,267 -0 .054 
0,289 0.234 -0.055 

TABLE D-13 
10% INCREASE I N  SMALL CAR NET P R I C E  

NEW CAR S A L E S  
SHOCK 

8886566.000 
8883390.000 
8321743.000 
8484579.000 
8 4 0 0 3 3 0 ~ 0 0 0  
9538367.000 
905990 1 . O O O  
9482547.000 
9580783  . O O O  

10078950.000 
9869976.000 

DIFFERENCE 
-305532.000 
- 168978.000 

25865,000 
76226.000 

1576.000 
-56840.000 

- 1  12135.000 
-104383.000 
-180853.000 

-7983.000 
3082.000 

TABLE D-14 
10% INCREASE I N  SMALL CAR NET P R I C E  

SCRAPPAGE 

CONTROL 
6059965.000 
6172939.000 
6269994  .O 00 
6336727.000 
6130706.000 
6299147 . O O O  
6389761  a000 
6367771.000 
6613601  ,000 
7313076.000 
7925122.000 

SHOCK 
6026514 . O O O  
6144365.000 
6248007.000 
6320494.000 
6 1  17070.000 
6288535.000 
6373623.000 
6337 178mOOO 
6566175.000 
7250419 a000 
7857694 .O 00 

% DIFF 
10.304 
17.706 
22.571 
24.871 
23.872 
22.369 
19.150 
18.510 
15.951 
16.935 
19.013 

% DIFF 
3.324 
1 .867 
0.312 
0.907 
0.019 
0.592 
1.223 
1 a089 
1.853 
0.079 
0 ,031 

% DIFF 
0,552 
0.463 
0.351 
0.256 
0.222 
0.168 
0.253 
0.480 
0.717 
0.857 
0.851 



TABLE D-15 
10% INCREASE IN SMALL CAR NET PRICE 

TOTAL CARS IN USE 
YEAR CONTROL SHOCK 
1963 62756848,000 62404768.000 
1964 65636272.000 65223744.000 
1965 67662160.000 67297520.000 
1966 69733728.000 69461584.000 
1967 72009792,000 71752816.000 
1968 75305792.000 75002603.000 
1969 75087984.000 77688816.000 
1970 81307152.000 80834160.000 
1971 84455184.000 83848816.000 
1972 87228992.000 84677244.000 
1973 89170688.000 5868910~ . J O O  

DIFFERENCE 
-272080.000 
-412528.000 
-364540 a000 
-272144*000 
-256976.000 
-303184,000 
-399168.000 
-472992.000 
-606368.000 
-551725.000 
-401 184+000 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE D-16 
10% INCREASE IN SMALL CAR NET PRICE 

VEHICLE MILES TRAVELED 
CONTROL S Ei OCK 2IFFEPE2lCE 

678.190 675.446 -1.744 
7 19.266 716.575 -2.690 
753.272 750.824 -2.448 
784.939 783.106 - 1.832 
812.956 811.138 -1.817 
850.838 848.692 -2.146 
879.742 876.942 -2.80 1 
918.565 915.245 -3.321 
955,800 951,508 -4.292 
992.935 988.908 -4.027 

1931.323 1027.691 -3.631 

TABLE D-17 
10% INCREASE IN SMALL CAR NET PRICE 

GASOLINE CONSUMPTION 
CONTROL 

44805.762 
48690.977 
52153.516 
55.858.3 16 
58729.348 
62655.227 
65687.375 
69372.563 
72680.438 
76408.750 
80474.875 

SHOCK 
44724.813 
4862 1.965 
52172.086 
55855.539 
58845.4 14 
62782,199 
65820.875 
69540.875 
72978.375 
76830.875 
80990.000 

D I F F E R E N C E  
-80.949 
-69.012 

18.570 
-2.777 

116.066 
126.973 
133,500 
168.313 
297.938 
422.125 
515,125 

R DIFF 
0.334 
0.5251 
C ,539 
0.3915 
0.357 
0.403 
0.511 
0.582 
0.7 I n  
0.633 
0.54 i 

% DIFF 
0.181 
0.142 
0.036 
0.005 
0.198 
0.203 
0.203 
0.243 
0.410 
0.552 
0.640 



YEAR 
1963  
1964  
1 9 6 5  
1 9 6 6  
1967 
1968  
1 9 6 9  
1970  
1971  
1972  
1 9 7 3  

YEAR 
1.363 
1964  
1965  
1966 
1967 
1968  
1969 
1970 
1971 
19i.2 
1973  

YEAR 
1 9 6 3  
1964  
1 9 6 5  
1 9 6 6  
1967 
1968  
1969  
1970 
1971 
1972 
1973  

TABLE D-18 
10% INCREASE IN LARGE CAR NET PRICE 

LARGE SALES SHARE 

CONTROL 
0.500 
0 .492 
0 a480 
0 - 4 6 2  
0 - 4 6 4  
0 - 4 7 8  
0 - 4 9 2  
0 .502 
0.510 
0 -520 
0 . 5 2 5  

SHOCK 
0 .495  
0 .484  
0 -470  
0.450 
0 .451 
0.464 
0 - 4 7 8  
0 - 4 8 8  
0 .497  
0 - 5 0 6  
0 .511 

DIFFERENCE 
-0.005 
-0.008 
-0 .o 10 
-0.012 
-0.0 13 
-0 .O 14 
-0  , O  14 
-0.0 14 
-0  .O 14 
-0 - 0  14 
-0 .O 14 

TABLE D-19 
10% INCREASE IN LARGE CAR NET PRICE 

SMALL SALES SHARE 
CONTROL SHOCK D I F F E R E N C E  

0 .302  0 .303  0 .001 
0 .272 0 .274  0 .002 
0 .240 0 .242 0 .002  
0 .207 0 .208  0 .002 
0 e228 0 .230  0 .002 
0 .250  0 . 2 5 3  0 .002  
0 . 2 9 9  0 .303  0 .004 
0.310 0.3 15 0.005 
0 a343 0.349 0 .006 
0 .321  C .328 0.007 
0 .289  0 .296  0 .007 

TABLE D-20 
10% INCREASE IN LARGE CAR NET PRICE 

MEDIUM SALES SHARE 

CONTROL 
0 - 1 9 8  
0 .235  
0 .279  
0 .331 
0 e308 
0 . 2 7 2  
0 .209  
0 .188  
0 .147  
0 .159  
0 .186 

SHOCK 
0 .202  
0 .241 
0 .288 
0 .341  
0.3 19 
0 - 2 8 3  
0.220 
0 197  
0.154 
0 . I 6 6  
0 - 1 9 4  

DIFFERENCE 
0.004 
0.006 
0 .008  
0 .o 10 
0 .011 
0 .o 12 
0 .o 10 
0.009 
0.007 
0 .007 
0 .007 

% DIFF 
0.977 
1 .603  
2 .163  
2 o 5 6 4  
2.835 
2 -880  
2 , 8 3 9  
2.760 
2 - 6 5 2  
2 .631  
2 6 6 8  

% D I F F  
0 .385  
0 .648 
- , 802  
0 .782  
0 .766  
0 .895  
1 .176 
1 .512 
1 .826 
2 .162 
2 .3  14 

% DIFF 
1.877 
2 .604 
3 .028 
3 a090 
3 .705  
4 .243  
4 .988  
4.888 
4.951 
4 .222 
3 .924 



YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE D - 2 1  
10% INCREASE I N  LARGE CAR NET P R I C E  

NEW CAR SALES 

CONTROL 
9192098.000 
9052368.000 
8295878.000 
8408353.000 
8406754 -000 
9595207 -000 
9172036 . O O O  
9586930.000 
9761636.000 

10086933.000 
9866894 ,O 00 

SHOCK 
8578627 -000 
8673512.000 
8124614.000 
8271978.000 
8271303.000 
9400566.000 
9022849 . O O O  
9537449 -000 
9709913.000 

10 184887.000 
9785316 0000 

DIFFERENCE 
-613471 . O O O  
-378856.000 
-171264.000 
-136375.000 
-135451 .OOO 
- 194641.000 
-149187.000 

-49481 -000 
-51723,000 

97954.000 
-81578.000 

TABLE D - 2 2  
10% INCREASE IN LARGE CAR NET P R I C E  

SCRAPPAGE 

CONTROL 
6059965.000 
6172939 o000 
6269994 .O 00 
6336727 .OOO 
6130706.000 
6299147.000 
6389761.000 
6367771 * O O O  
6613601.000 
7313076.000 
7925 122 . O O O  

SHOCK 
5999191.000 
6126249.000 
6231070.000 
6306901.000 
6100634.000 
6267539.000 
6331097.000 
6279546.000 
6475813.000 
7140062.000 
7724842.000 

DIFFERENCE 
-60774.000 
-46690 -000 
-38924.000 
-29826 a0 00 
-30072.000 
-31608.000 
-58664.000 
-88225 .OOO 

- 137788.000 
-173014.000 
-200280.000 

TABLE D - 2 3  
10% INCREASE I N  LARGE CAR NET P R I C E  

TOTAL CARS I N  USE 

YEAR CONTROL SHOCK DIFFERENCE 
1963 62756848.000 62204144.000 -552704.000 
1964 65636272.000 64751376.000 -884896.000 
1965 67662160.000 66644944.000 -1017216.000 
1966 69733728.000 68609952.000 -1123776.000 
1967 72009792.000 70780640.000 -1229152.000 
1968 75305792.000 73913632.000 -1392160.000 
1969 78087984.000 76605344.000 -1482640.000 
1970 81307152.000 79863200.000 -1443952.000 
1971 84455184.000 83097280.000 -1357904.000 
1972 87228992 . O O O  861421 12.000 -1086880 . O O O  
1973 89170688.000 88202480.000 -968208.000 

% D I F F  
6.674 
4 185 
2 -064 
1.622 
1.611 
2 m029 
1.627 
0.516 
0.530 
0.971 
0.827 

% DIFF 
1 a003 
0.756 
0.621 
0.471 
0.491 
0.502 
0.918 
1.385 
2.083 
2.366 
2.527 

% D I F F  
0.881 
1.348 
1 a503 
1.612 
1.707 
1.849 
1.899 
1.776 
1.608 
1.246 
1.086 



YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
19 73 

YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE D-24 
10% INCREASE IN LARGE CAR NET PRICE 

VEHICLE MILES TRAVELED 
CONTROL SHOCK DIFFERENCE 

678.190 674.788 -3.402 
7 19 -266 7 13.791 -5.475 
753.272 746.973 -6.299 
784 a939 777.973 -6,966 
812.956 805 a327 -7.629 
850 -838 842.189 -8.649 
879.742 870.532 -9.210 
9 18 -566 909.611 -8.955 
955.800 947.405 -8.395 
992.935 986.277 -6.658 

1031 .323 1025.453 -5.870 

TABLE D-25 
10% INCREASE IN LARGE CAR NET PRICE 

GASOLINE CONSUMPTION 

CONTROL SHOCK DIFFERENCE 
44805.762 44458.285 -347.477 
48690.977 48173.297 -517.680 
52153.516 51563.656 -589.859 
55858.3 16 55202.492 -655.824 
58729,348 58012.883 -716.465 
62655.227 61832.258 -822.969 
65687.375 64792.426 -894.949 
69372.563 68466.375 -906.188 
72680.438 71786.063 -894.375 
76408.750 75603.625 -805.125 
80474.875 79659.250 -81 5.625 

TABLE D-26 
10% INCREASE IN NET PRICE OF ALL CARS 

SMALL SALES SHARE 
CONTROL 

0.302 
0.272 
0.240 
0.207 
0.228 
0.250 
0.299 
0.310 
0.343 
0.321 
0.289 

SHOCK 
0 e308 
0.279 
0.246 
0.213 
0.234 
0.259 
0.312 
0.325 
0 -360 
0.338 
0.305 

DIFFERENCE 
0.005 
0.007 
0.006 
0.007 
0.006 
0 -008 
0 -0  13 
0.015 
0 -0 18 
0 .O 17 
0 .O 15 

% DIFF 

0 -502 
0.761 
0.836 
0.887 
0.938 
1 .O 16 
1.047 
0.975 
0 -878 
0.671 
0.569 

% DIFF 
0.776 
1.063 
1.131 
1.174 
1.220 
1.313 
1.362 
1.306 
1.231 
1.054 
1.014 

% DIFF 
1.815 
2.454 
2.389 
3.188 
2.608 
3.240 
4.359 
4.878 
5.109 
5.445 
5.342 



YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE D - 2 7  
10% INCREASE I N  NET P R I C E  OF ALL CARS 

MEDIUM SALES SHARE 

CONTROL 
0.198 
0.235 
0.279 
0.331 
0.308 
0.272 
0.209 
0.188 
0.147 
0,159 
0.186 

SHOCK 
0 a203 
0.246 
0.294 
0.346 
0 -324 
0.286 
0.2 19 
0.196 
0,152 
0.165 
0.195 

DIFFEWNCE 
0.005 
0.010 
0 .O 15 
0 e0 15 
0 .O 17 
0.015 
0.010 
0 -008 
0.005 
0.006 
0.009 

TABLE D - 2 8  
10% INCREASE I N  NET P R I C E  OF ALL CARS 

LARGE SALES SHARE 

CONTROL 
0.500 
0.492 
0.480 
0.462 
0.464 
0.478 
0.492 
0.502 
0.510 
0.520 
0.525 

SHOCK 
0.489 
0.475 
0.459 
0.441 
0.441 
0.455 
0.469 
0.479 
0.487 
0.496 
0,500 

DIFFERENCE 
-0.011 
-0 .O 17 
-0.021 
-0.021 
-0.023 
-0.023 
-0.023 
-0.023 
-0.023 
-0.023 
-0.024 

TABLE D - 2 9  
10% INCREASE I N  NET P R I C E  OF ALL CARS 

GASOLINE CONSUMPTION 

CONTROL 
44805.762 
48690.977 
52153.516 
55858.3 16 
58729.348 
62655.227 
65687,375 
69372.563 
72680.438 
76408.750 
80474.875 

SHOCK 
44240.266 
47809.887 
51 112.848 
54653.723 
57390.863 
61126.094 
64060.246 
67740.313 
71094.813 
74964.063 
79020.063 

DIFFERENCE 
-565.496 
-881.090 

-1 040.668 
-1204.594 
-1338.484 
-1529,133 
-1627.129 
-1632.250 
-1585.625 
-1444.688 
-1454.813 

% DIFF 
2.677 
4 -376 
5.377 
4.448 
5.427 
5.4 19 
4.600 
4.145 
3.696 
3.750 
4.715 

% D I F F  
2.158 
3.449 
4.325 
4.6 13 
4.884 
4.778 
4.609 
4.559 
4.497 
4.5 15 
4.6 18 

% DIFF 

1.262 
1.810 
1.995 
2.157 
2.279 
2.441 
2.477 
2.353 
2.182 
1.891 
1.808 



YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 

TABLE D-30 
10% INCREASE IN NET PRICE OF ALL CARS 

VEHICLE MILES TRAVELED 
CONTROL SHOCK DIFFERENCE 
678.190 672 0924 -5.266 
719,266 7 10 0444 -8.822 
753.272 742.792 - 10.480 
784.939 772.812 -12.127 
812.956 799.395 -13,561 
850.838 835 -469 - 15.369 
879.742 863.850 -15.892 
918.566 903 -447 -15.1 18 
955.800 942.309 -13.491 
992.9 35 982.411 - 10.523 
1031.323 1022.301 -9.022 

TABLE D-31 
10% INCREASE IN NET PRICE OF ALL CARS 

NEW C M  FALES 
CONTROL SHOCK DIFFERENCE 

9192098.000 8213454.000 -978644.000 
9052368.000 8384523.000 -667845.000 
8295878.000 7953696.000 -342182.000 
8408353.000 8087817 a000 -320536.000 
8406754.000 8126848.000 -279906.000 
9595207.000 9255519.000 -339688.000 
9172036.000 8995482.000 -176554.000 
9586930 .OOO 9561988.000 -24942.000 
9761636.000 9785808 -000 24172.000 
10086933.000 10254142 no00 167209.000 
9866894.000 9743212.000 -123682.000 

TABLE D-32 
10% INCREASE IN NET PRICE OF ALL CARS 

SCRAPPAGE 

CONTROL SHOCK DIFFERENCE 
6059965.000 5941 193.000 -118772.000 
6172939.000 6078752.000 -94187.000 
6269994.000 6196746.000 -73248.000 
6336727 -000 628 1196.000 -55531.000 
6130706.000 6079869.000 -50837.000 
6299147.000 6248810.000 -50337 -000 
6389761 -000 6299725 .OOO -90036 a000 
6367771 -000 6224 151 -000 -143620.000 
6613601.000 6387007.000 -226594.000 
7313076.000 7018691.000 -294385.000 
7925122.000 7574859.000 -350263.000 

% D I F F  
0.776 

% D I F F  
10.647 
7.378 
4.125 
3.812 
3.330 
3.540 
1.925 
0.260 
0,248 
1.658 
1.254 

% D I F F  
1.960 
1.526 
1.168 
0 -876 
0.829 
0.799 
1 a409 
2 -255 
3.426 
4.025 
40420 



TABLE D-33 
10% INCREASE I N  NET P R I C E  OF ALL CARS 

TOTAL CARS I N  USE 

YEAR CONTROL SHOCK DIFFERENCE 
1963 62756848.000 61896976.000 -859872.000 
1964 65636272.000 64202688.000 -1433584.000 
1965 67662160.000 65959648.000 -1702512.000 
1966 69733728.000 67766272.000 -1967456.000 
1967 72009792.000 69813232.000 -2196560.000 
1968 75305792.000 72819856.000 -2485936eOOO 
1969 78087984.000 75515616.000 -2572368.000 
1970 81307152.000 78853392.000 -2453760.000 
1971 84455184.000 82252192.000 -2202992eOOO 
1972 87228992 -000 85487632 -000 -1741360 woo0 
1973 89170688.000 87655888.000 -1514800.000 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE D-34  
100% INCREASE I N  FUEL PRICE 

SMALL SALES SHARE 
CONTROL SHOCK DIFFERENCE 
0.302 0.334 0.032 
0.272 0.313 0.040 
0.240 0.289 0 -048 
0 -207 0.234 0.027 
0.228 0.287 0.058 
0.250 0.311 0.061 
0.299 0.359 0 -060 
0.310 0.369 0.059 
0.343 0.417 0.074 
0.321 0.394 0 -073 
0.289 0 -364 0,075 

TABLE D - 3 5  
100% INCREASE I N  FUEL P R I C E  

MEDIUM SALES SHARE 

CONTROL 
0.198 
0.235 
0.279 
0.331 
0.308 
0.272 
0.209 
0 .I88 
0.147 
0 .I59 
0.186 

SHOCK 
0.211 
0.257 
0.299 
0.377 
0.314 
0.280 
0.222 
0,205 
0.148 
0.167 
0.199 

DIFFERENCE 
0.013 
0.022 
0.020 
0,046 
0.006 
0.008 
0.013 
0.017 
0.001 
0.008 
0.012 

% DIFF 
1 e370 
2.184 
2.516 
2.821 
3.050 
3.301 
3.294 
3.018 
2.608 
1.996 
1.699 

% DIFF 
10.539 
14.826 
20.016 
13.028 
25.565 
24.187 
20.004 
18.921 
2 1,464 
22.714 
25 -86 1 

% DIFF 
6.666 
9.263 
7.161 
13.822 
2.010 
2.959 
6.209 
9.224 
0.816 
4.999 
6.6 14 



YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE D-36 
100% INCREASE IN FUEL PRICE 

LARGE SALES SHARE 
CONTROL SHOCK DIFFERENCE 

0.500 0.455 -0 0 045 
0.492 0.430 -0.062 
0.480 0.412 -0.068 
0.462 0.389 -0.073 
0 -464  0.399 -0.065 
0.478 0.409 -0.069 
0 -492 0.419 -0.073 
0.502 0 a426 -0.076 
0.510 0.435 -0.075 
0.520 0.439 -0.081 
0.525 0.438 -0.087 

TABLE D-37 
100% INCREASE IN FUEL PRICE 

GASOLINE CONSUMPTION 
CONTROL SHOCK DIFFERENCE 

44805.762 40400.043 -4405.719 
48690.977 42964.633 -5726.344 
52153.516 45419.266 -6734.250 
55858.316 481 18.133 -7740.184 
58729.348 50190.047 -8539.301 
62655.227 53053.941 -9601.285 
65687.375 55404.637 -1 0282.738 
69372,563 58636.633 -10735.930 
72680.438 61728.719 -10951.719 
76408.750 65323.352 -11085.398 
80474.875 69075.313 -11399,563 

TABLE D-38 
100% INCREASE IN FUEL PRICE 

VEHICLE MILES TRAVELED 

CONTROL 
678.190 
7 19.266 
753.272 
784.939 
812.956 
850.838 
879.742 
918.566 
955.800 
992.935 

1031.323 

SHOCK 
622.105 
648.598 
672 -089 
693.267 
7 13.326 
740 -777 
763.626 
799.509 
837 -807 
878.071 
919.141 

DIFFERENCE 
-56.085 
-70.668 
-81.183 
-91.671 
-99.630 

-1 10.061 
-116.116 
-1  19 -057 
-1 17.993 
-1  14 -863 
-112.181 

% D I F F  
9 e 0  13 

12 a629 
14.188 
15.733 
13.918 
14.358 
14.810 
15.123 
14 a659 
15.566 
16 e599 

% D I F F  
9.833 

1 1.761 
12.912 
13.857 
14.540 
15.324 
15.654 
15.476 
15.068 
14.508 
14.165 

% D I F F  
8.270 
9.825 

10.777 
11.679 
12.255 
12.936 
13.199 
12.961 
12.345 
11.568 
10.877 



YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE D-39 
1 0 0 %  INCREASE I N  FUEL PRICE 

NEW CAR SALES 

CONTROL 
9192098.000 
9052368.000 
8295878.000 
8408353.000 
8406754.000 
9595207.000 
9172036.000 
9586930.000 
9761636 e000 

10086933.000 
9866894.000 

SHOCK DIFFERENCE 
6021266.000 -3170832.000 
6781689.000 -2270679.000 
6729220 . O O O  - 1566658.000 
6782657.000 -1625696.000 
7119848.000 -1286906.000 
7914104.000 -1681 103.000 
8037624.000 -1134412.000 
8719545.000 -867385.000 
9267778.000 -493858 . O O O  
9685391.000 -40 1542.000 
9 1  14066.000 -752828.000 

TABLE D-40 
1 0 0 %  INCREASE I N  FUEL PRICE 

SCRAPPAGE 

CONTROL SHOCK DIFFERENCE 
6059965.000 6059964.000 -1.000 
6172939.000 6166599.000 -6340.000 
6269994.000 6248048oOOO -21946.000 
6336727.000 6288085.000 -48642.000 
6130706.000 6032599.000 -98107.000 
6299147oOOO 6120613.000 -178534*000 
6389761.000 6078316.000 -311445.000 
6367771.000 5850221.000 -517550.000 
6613601~000  5828950.000 -784651oOOO 
7313076.000 6245707.000 -1067369.000 
7925122.000 6623206.000 -1301916.000 

% DIFF 
34.495 
25.084 
18.885 
19.334 
15.308 
17.520 
12.368 
9 -048 
5.059 
3.981 
7.630 

% D I F F  
0 .ooo 
0.103 
0.350 
0.768 
1.600 
2.834 
4.874 
8.128 

11.864 
14.595 
16.428 





APPENDIX E 

TABLES FOR SECTION 7.0 

MULTIPLIER EXPERIMENTS 
WITH THE UNCORRECTED (JFA) VERSION 

OF THE DEMAND BLOCK 





YEAR 
1963 
1964  
1965 
1966 
1967 
1968 
1969 
1970 
1971  
1972 
1973 

TABLE E - 1  
1% INCREASE I N  UNEMPLOYMENT WITH 1% DECREASES 

I N  DISPOSABLE INCOME AND TARGET STOCK 
SCRAPPAGE 

CONTROL 
6059964 . O O O  
6172259.000 
6267486.000 
6330893.000 
6 1  18695.000 
6276709.000 
6350000,000 
6300898.000 
6510634.000 
7166762.000 
7742069.000 

SHOCK 
5812329.000 
59801 10 . O O O  
6130986.000 
6241717.000 
6069187.000 
6245004.000 
6309235 . O O O  
6236548.000 
G394736.000 
7005955.000 
7552573 . O O O  

TABLE E - 2  
1% INCREASE I N  UNEMPLOYMENT WITH 1% DECREASES 

I N  DISPOSABLE INCOME AND TARGET STOCK 
NEW CAR SALES 

CONTROL 
8852415.000 
8731029.000 
8031540.000 
8155028.000 
8104427.000 
9338275.000 
8979385.000 
9742072.000 

10039273.000 
10821622.000 
10336898.000 

SHOCK 
8555093.000 
8441429.000 
7791497.000 
7994169.000 
7984748.000 
9241962.000 
8889436.000 
9632461  . O O O  
9897709.000 

1059 1689.000 
10086192.000 

DIFFERENCE 
-297322,000 
-289600.000 
-240043.000 
-160859.000 
- 1  19679.000 

-96313.000 
-89949.000 

-109611.000 
-141564.000 
-229933.000 
-250706.000 

TABLE E - 3  
1% INCREASE I N  UNEMPLOYMENT WITH 1% DECREASES 

I N  DISPOSABLE INCOME AND TARGET STOCK 
TOTAL CARS I N  USE 

Y E A R  CONTROL SHOCK 
1963 62417168.000 62367472.000 
1904 64975920.000 64828816.000 
1965 66739984.000 66489296.000 
1966  68564096.000 68241696.000 
1967 70549808.000 70157232.000 
1968 73611328.000 73154192.000 
1969 76240672,000 75734336.000 
1970 79681776.000 7 9 1 3 0 1 7 6 ~ 0 0 0  
1971  83210368.000 82633152.000 
1972 86865232.000 86218832.000 
1973 89459968.000 88752400.000 

DIFFERENCE 
-49696.000 

-147104.000 
-250688.000 
-322400.000 
-392576.000 
-457136.000 
-506336.000 
-551600.000 
-577216.000 
-646400.000 
-707568,000 

% D I F F  
4,086 
3.113 
2.178 
1.409 
0.809 
0.505 
0.642 
1.021 
1.780 
2 .244 
2.448 

% DIFF 

3.359 
3.317 
2.989 
1,973 
1.477 
1.031 
1.002 
1.125 
1.410 
2.125 
2.425 

% D I F F  
0.080 
0,226 
0.376 
0.470 
0.556 
0 .621 
0.664 
0.692 
0.694 
0.744 
0.791 



YEAR 
1963 
1964  
1'365 
1966  
1967  
1968 
1969 
1970 
1971  
19 72 
1973 

TABLE E-4 
INCREASE IN UNEMPLOYMENT WITH 1% DECREASES 

IN DISPOSABLE INCOME AND TARGET STOCK 
VEHICLE MILES TRAVELED 

CONTROL SIlOCK D IFFEIiENCE % D I F F  

675.927 672.033 -3.894 0.576 

7 14.780 7 10.252 -4.528 0.633 
746.909 741.663 -5.246 0.702 
776.799 771.051 -5.748 0,740 

802.740 796,496 -6.245 0.778 
838.885 832.123 -6,762 0,806 
866.597 859,425 -7.172 0.828 
906.690 899.145 -7.545 0 .832 
946.285 '338.484 -7.801 0.824 
989.098 980.725 -8.372 0 .846 

1031.905 1023.031 -8.875 0 .a60 

TABLE E-5 
1% INCREASE IN UNEMPLOYMENT WITH 1% DECREASES 

IN DISPOSABLE INCOME AND TARGET STOCK 
GASOLINE CONSUMPTION 

YEAR 
1963 
1964  
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 

1363 
1964 
1965 
1966 
1967 
1968 
1959 
1970 
1971  
1972 
1973 

CONTROL 
44802.594 
48780.051 
52372.410 
56195.316 
59201.320 
63300.348 
66490.438 
70416.563 
73921.313 
77858.000 
81775.313 

SHOCK 
44483.324 
4838 1.133 
51894.871 
55664.082 
58630.996 
62691.152 
65849.625 
69745.62 5 
73228.375 
77120.750 
81000.563 

DIFFERENCE 
-3  19.270 
-398.918 
-477.539 
-531.234 
-570.324 
-609.195 
-640.813 
-670.938 
-692.938 
-737.250 
-774.750 

TABLE E-6 
1% INCREASES IN POPULATION AND TARGET STOCK 

NEW CAR SALES 

CONTROL S WOCK 
8852415.000 9042496.000 
8731029.000 8879650.000 
8031540.000 8137605.000 
8155028.000 8222746.000 
8104427.000 8156018.000 
9338275.000 9384603.000 
8979385.000 9026048.000 
9742072.000 9800714.000 

10039273.000 10112737.000 
10821622.000 10930698.000 
10336898.000 10454297.000 

DIFFERENCE 
190081 . O O O  
148621 . O O O  
106065.000 
67718 . O O O  
51591 . O O O  
46328.000 
46663.000 
58642.0 00 
73464.000 

109076.000 
117399.000 

% D I F F  
0.713 
0.818 
0.912 
0.945 
0.963 
0.962 
0.964 
0.953 
0.937 
0.947 
0.947 

% DIFF 
2.147 
1.702 
1.321 
0.830 
0.637 
0 - 4 9 6  
0.520 
0.602 
0.732 
1.oot3 
1.136 



YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE E-7 
1% INCREASES IN POPULATION AND TARGET STOCK 

SCRAPPAGE 

CONTROL 

6059964.000 
6172259.000 
6267486.000 
6330893.000 
6 1  18695.000 
6276709.000 
6350000 SO00 
6300898.000 
6510634.000 
7166762.000 
7742069.000 

SHOCK 

6059964.000 
6172640.000 
6268827.000 
6333902.000 
6124711.000 
6287569.000 
6368769.000 
6331834.000 
6557290.000 
7229712.000 
7817770.000 

DIFFERENCE 

0 .o 
381.000 

1341.000 
3009.000 
6016.000 

1 0 8 6 0 ~ 0 0 0  
18769.000 
30936.000 
46656.000 
62950.000 
7570 1.000 

% D I F F  

0.0 
0.006 
0 .021 
0.048 
0.098 
0.173 
0.296 
0 .491 
0.717 
0.878 
0.978 

TABLE E-8 
1% INCREASES IN POPULATION AND TARGET STOCK 

TOTAL CARS IN USE 
YEAR CONTROL SMOCK D I F F E M N C E  % D I F F  

1963 62417168.000 62607248.000 190080.000 0.305 
1964  64975920.000 65314240.000 338320.000 0 .521 
1965 66739984.000 67183024.000 443040*000  0.664 
1966 68564096.000 69071840.000 507744.000 0 .741 
1967 70549808.000 7 1 1 0 3 1 3 6 ~ 0 0 0  553328,000 0,784 
1968 73611328.000 74200112.000 588784,000 0.800 
1969 76240672.000 76857328.000 616656.000 0.809 
1970 79681776.000 80326176.000 644400.000 0.809 
1971  83210368.000 83881568.000 671200.000 0.807 
1972 86865232.000 87582592.000 717360*000  0 - 8 2 5  
1973 89459968.000 9 0 2 1 9 0 0 8 ~ 0 0 0  759040.000 0.848 

TABLE E-9 
1% INCREASES IN POPULATION AND TARGET STOCK 

VEHICLE MILES TRAVELED 

YEAR CONTROL SHOCK DIFFERENCE 
1963 675.927 679,901 3 .974 
1964 714.780 719.908 5.129 
1955 746.909 752.907 5.993 
1966 776.799 783.394 6.595 
1967 802.740 809.765 7.025 
1968 838,885 846.311 7.426 
1969 866.597 874.319 7 .721 
1970 906.690 914.777 8 .087 
197 1 946.285 954.718 8.433 
1972 989.098 998.024 3.926 
1973 103 1.905 1041.361 9.455 

% D I F F  
0 8 588  
0.718 
0.803 
0.849 
0.875 
0.885 
0.891 
0.392 
0.891 
0.902 
0.916 



YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE E-10 
1% INCREASES IN POPULATION AND TARGET STOCK 

GASOLINE CONSUMPTION 
CONTROL 

44802.594 
48780.051 
52372.410 
56195.316 
59201.320 
63300.348 
66490.438 
70416.563 
73921.313 
77858.0 00 
81775.313 

DIFFERENCE 
302,633 
397.145 
467.836 
517.270 
549.848 
582.465 
607.125 
637.625 
664.938 
706.625 
752.625 

TABLE E-11 
10% INCREASE IN SMALL CAR NET PRICE 

NEW CAR SALES 
COPJTROL SBOCK DIFFERENCE 

8852415.000 8571050.000 -281365.000 
8731029.000 8564501.000 -166528.000 
8031540.000 79aa617.000 -42923.000 
8155028.000 8154937.000 -91.000 
8104427.000 8047339.COO -57088,000 
9338275,000 9227403,000 -110872.000 
8979385.000 8845912.000 -133473.000 
9742072.000 9623295.000 -118777.000 
10039273.000 98973 11.000 -141962.000 
10821622.000 10795041,000 -26581.000 
10336898,000 10352149~000 15251.000 

TABLE E-12 
10% INCREASE IN SMALL CAR NET PRICE 

SMALL SALES SHARE 

CONTROL 
0.266 
0,222 
0.190 
0.158 
0.178 
0.203 
0,249 
0 e269 
0.313 
0.320 
0.311 

SBOCK 
0.236 
0.178 
0,144 
0.1 16 
0.134 
0.157 
0.202 
0.221 
0.266 
0.268 
0.250 

DIFFERENCE 
-0.030 
-0.044 
-0,047 
-0.042 
-0.044 
-0.046 
-0.046 
-0.048 
-0.047 
-0.052 
-0.061 

% D I F F  
0.675 
0.814 
0.893 
0.920 
0.929 
0.920 
0.913 
0.906 
0.900 
0.908 
0.920 

8 DIFF 
3.178 
1.907 
0.534 
0 .OGI 
0.704 
1.187 
1.486 
1 *2 19 
1.414 
0.246 
0.148 

% D I F F  
11,402 
19.673 
24.624 
26.523 
24.768 
22.626 
18.658 
17.973 
14.941 
16.222 
19.516 



YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971  
1972 
1973 

YEAR 
1963 
1964  
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971  
1972 
1973 

TABLE E - 1 3  
10% INCREASE I N  SMALL CAR NET P R I C E  

MEDIUM SALES SHARE 

CONTROL SHOCK DIFFERENCE 
0.175 0.206 0.032 
0.196 0 .244 0,047 
0.228 0 .281 0.053 
0.258 0.309 0.051 
0 .231 0 a285 0,054 
0.209 0.265 0.056 
0,166 0.221 0.054 
0 163 0.218 0 055 
0.136 0.187 0,050 
0 + 165 0.2 19 0.055 
0.203 0 .267 0.064 

TABLE E - 1 4  
10% INCREASE I N  SMALL CAR NET P R I C E  

LARGE SALES SHARE 

CONTROL SHOCK DIFFERENCE 
0.559 0,558 -0.002 
0.582 0.578 -0.004 
0.582 0.575 -0,006 
0 .584 0.575 -0.009 
0 .591 0.581 -0.010 
0.588 0.578 -0.010 
0.585 0.577 -0.008 
0.567 0.561 -0.006 
0 a551 0.547 -0.004 
0,515 0.513 -0.003 
0.486 0.483 -0.003 

TABLE E - 1 5  
10% INCREASE I N  SMALL CAR NET P R I C E  

SCRAPPAGE 
CONTROL 

6059964.000 
6172259.000 
6267486.000 
6330893.000 
6 1  18695.000 
6276709.000 
6350000.000 
6300898.000 
6510634.000 
7166762,000 
7742069,000 

SHOCK 
6026514.000 
6143734.000 
6245637.000 
6314788.000 
6105030,000 
6265704.000 
6332712.000 
6267828.000 
6458139.000 
7095480.000 
7659742,000 

D I F F E N N C E  
-33450.000 
-28525.000 
-21849.000 
- 1 6 1 0 5 ~ 0 0 0  
- 13665,000 
- 1  1005.000 
-17288.000 
-33070.000 
-52495.000 
-71282,000 
-82327.000 

% D I F F  
18,303 
24.196 
23.439 
19,765 
23.446 
26.739 
32.712 
33.495 
36.99 1 
33.096 
3 1.321 

% D I F F  
0.288 
0.646 
1.110 
1.535 
1 a707 
1.690 
1.357 
1.100 
0.666 
0.504 
0.611 

% D I F F  
0 "552  
0.462 
0.349 
0 .254 
0.223 
0.175 
0.272 
0.525 
0 a806 
0,995 
1.063 



TABLE E-16 
10% INCREASE IN SMALL CAR NET PRICE 

TOTAL CARS IN USE 

YEAR CONTROL SHOCK 
1963 62417168.000 62169248.000 
1964 64975920.000 64590016.000 
1965 66739984.000 66333008.000 
1966 68564096.000 68173104.000 
1967 70549808,000 70115376,000 
1968 73611328.000 73077040.000 
1969 76240672.000 75590192.000 
1970 79681776.000 78945632,000 
1971 83210368.000 82384800.000 
1972 86865232.000 86084304.000 
1973 89459968.000 88776672,000 

DIFFERENCE 

-247920.000 
-385904.000 
-406976.000 
-390992,000 
-434432.000 
-534288.000 
-650480 .O 00 
-736144.000 
-825568.000 
-780928,000 
-683296.000 

YEAR 

1963 
1964 
1965 
1966 
1957 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE E-17 
10% INCREASE IN SMALL CAR NET PRICE 

VEHICLE MILES TRAVELED 
CONTROL 
675.927 
714.780 
746.909 
776,799 
802.740 
838.385 
866.597 
906.690 
946.285 
989.098 

1031.905 

SHOCK 
674.335 
712.253 
744.177 
774.159 
799.739 
835.184 
862 094 
90  1.577 
940.496 
983.510 

1026.858 

TABLE E-18 
10% INCREASE IN SMALL CAR NET PRICE 

GASOLINE CONSUMPTION 
CONTROL SHOCK DIFFERENCE 

44802.594 44733.336 -69.258 
48780.051 48728.406 -51.645 
52372.410 52392.375 19.965 
56195.316 56212.590 17.273 
59201.320 59309.340 108.020 
63300.348 63433.043 132.695 
66490.438 66637.813 147.375 
704 16.563 70605.063 188.500 
73921.313 74224.875 303.563 
77858.000 78283.938 425.938 
81775.313 82358.875 583.563 

% DIFF 

0.397 
0.594 
0.610 
0.570 
0.616 
0.726 
0.853 
0.924 
0.992 
0 4899 
0.764 

% DIFF 
0.236 
0.353 
0.366 
0,340 
0.374 
0.441 
0.520 
0.564 
0.612 
0.565 
0.489 

% DIFF 
0.155 
0.106 
0.038 
0.031 
0.182 
0.210 
0.222 
0.268 
0.411 
0.547 
0.714 



YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971  
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1959 
1970 
197 1 
1972 
1973 

TABLE E-19 
10% INCREASE I N  MEDIUM CAR NET P R I C E  

NEW CAR SALES 

CONTROL 
8852415.000 
8731029.000 
8031540.000 
8155028.000 
5104427.000 
9338275,000 
8979385.000 
9742072.000 

10039273,000 
10821622.000 
10336898.000 

SHOCK 
8671565.000 
8553859.000 
7845474.000 
7962715.000 
7955075.000 
9174028.000 
8819753.000 
9616225.000 
9920835.000 

10820986.000 
10341202.000 

TABLE E - 2 0  
10% INCREASE I N  MEDIUM CAR NET P R I C E  

MEDIUM SALES SHARE 

CONTROL 
0.175 
0.196 
0.228 
0.258 
0.231 
0.209 
0.166 
0.163 
0.136 
0.165 
0.2U3 

DIFFERENCE 
-0.039 
-0.058 
-0.070 
-0.079 
-0.080 
-0.076 
-0.065 
-0.060 
-0.050 
-0.053 
-0.062 

TABLE E - 2 1  
10% INCREASE I N  MEDIUM CAR NET P R I C E  

SMALL SALES SHARE 

DIFFERENCE 
0 .o 12 
0.015 
0.018 
0.020 
0.017 
0 .O 13 
0.003 

-0.002 
-0.011 
-0.008 
-0.000 

% DIFE' 
2.043 
2.029 
2.317 
2.358 
1.843 
1.759 
1 .778 
1.292 
1.180 
0.006 
0.042 

% D I F F  
22.149 
29.446 
30.722 
30 .761  
34.515 
36.416 
39.220 
36,855 
36.660 
32.081 
30.683 

'2, D I F F  
4.467 
G ,749 
9.194 

12.407 
9.698 
6.515 
1.189 
0.673 
3.561 
2.655 
0.130 



YEAR 
1963  
1964  
1 9 6 5  
1966 
1967 
1968 
1969 
1970 
197 1  
1972 
1973  

YEAR 
1963  
1964  
1965  
1966 
1907 
1968  
1969 
1970 
1971 
1972 
1973  

TABLE E-22 
10% INCREASE IN MEDIUM CAR NET PRICE 

LARGE SALES SHARE 
CONTROL SHOCK DIFFERENCE 

0.559 0 .586  0.027 
0 .582  0 .625  0 . 0 4 3  
0 .582  0 .634  0 .052  
0 .584  0 , 6 4 4  0 .060  
0 .591  0 . 6 5 4  0 .062 
0 . 5 8 8  0 .651 0 .063  
0  5 8 5  0 ,647  0 .062  
0 .567 0 .629 0.062 
0 .551  0 .612  0 , 0 6 1  
0 .515  0 .577  0 .061 
0 .486  0 .548  0 .063  

TABLE E-23 
10% INCREASE IN MEDIUM CAR NET PRICE 

SCRAPPAGE 
CONTROL SHOCK DIFFERENCE 

6059964.000 6035416.000 -24548.000 
6172259.000 G153094.000 -19165.000 
6267486.000 6254371.000 -13115.000 
6330893,000 6319863.000 - 1 1 0 3 0 ~ 0 0 0  
6118695.000 6108772.000 -9923.000 
6276709.000 6263894.000 -12815.000 
6350000.000 6326829.000 -23171.000 
6300898.000 6262911.000 -37987,000 
6510634.000 6449419.000 -61215.000 
7166752.000 7081248.000 -85514.000 
7742069.000 7630233.000 -111836.000 

TABLE E-24 
10% INCREASE IN MEDIUM CAR NET PRICE 

TOTAL CARS IN USE 

YEAH CONTROL SHOCK DIFFERENCE 
1 9 6 3  62417168.000 62260880.000 -156288.000 
1964  64975920.000 64661616.000 -314304 ,000  
1965 66739984.000 66252704.000 -487280.000 
1966 68564096.000 67895552.000 -668544 ,000  
1967 70549808.000 69741808.000 -808000.000 
1968  73611328.000 72651904,000 -959424.000 
1369 76240672.000 75144816.000 -1095856.000 
1970 79681776.000 78498080.000 -1183696.000 
1971 8321036S.000 81969456.000 -1240912.000 
1972 86865232.000 85709136.000 -1156096.000 
1973  89459968.000 88420032.000 -1039936.000 

8 D I F F  
4 , 7 8 5  
7 .349  
9 . 0 0 8  

10 .204  
10.560 
10.692 
1 0 . 6 4 3  
10.916 
1 1 , 0 8 1  
11 .901  
12 .933  

% D I F F  
0 .405  
0 .311 
0 .209 
0 .174  
0 .162  
0 .204 
0 .365 
0 .603  
0 .940  
1 . 1 9 3  
1 .445  

% D I F F  
0 .250 
0 , 4 8 4  
0 .730 
0 , 9 7 5  
1  . I 4 5  
1  a303 
1.437 
1 .486  
1.491 
1 .331  
1 .162  



YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE E-25 
10% INCREASE IN MEDIUM CAR NET PRICE 

VEHICLE MILES TRAVELED 
CONTROL SHOCK DIFFERENCE 

675.927 674.970 -0.957 
714.780 712.811 -1.969 
746.909 743.8 16 -3.092 
776.799 772.483 -4.315 
802.740 797.515 -5,225 
838,885 832,623 -6.262 
866.597 859.372 -7,226 
906.690 898.798 -7.892 
946.285 937.940 -8.345 
989.098 981.137 -7,961 

1031.905 1024.510 -7.396 

TABLE E-26 
10% INCREASE IN MEDIUM CAR NET PRICE 

GASOLINE CONSUMPTION 

CONTROL SHOCK DIFFERENCE 
44802.594 44699.684 -102.910 
48780.051 48629.086 - 150.965 
52372.410 52182.824 -189.586 
56195.316 56019.230 -176.086 

59201.320 58974.574 -226.746 
63300.348 63093.703 -206.645 
66490.438 66336.875 -153.563 
70416.563 70357.688 -58.875 

73921.313 73940.438 19.125 
77858.000 78130.750 272.750 
81775.313 82351.438 576.125 

TABLE E-27 
10% INCREASE IN LARGE CAR NET PRICE 

NEW CAR SALES 
YEAR CONTROL SSIOCK DIFFERENCE 
1963 8852415.000 8222356.000 -630059.000 
1964 8731029.000 8298974.000 -432055.000 
1965 8031540.000 7785427.000 -246113.000 
1966 8155028.000 7930704*000 -224324,000 
1967 8104427.000 7890113.000 -214314.000 
1968 9338275.000 9088113.000 -250162.000 
1969 8979385,000 8794042*000 -185343.000 
1970 9742072.000 9652115.000 -89957.000 
1971 10039273.000 10011334~000 -27939.000 
1972 10821622.000 10999395.000 177773.000 
1973 10336898.000 10480662.000 143784.000 

% D I F F  

0.142 
0.275 
0.414 
0.556 
0.651 
0.746 
0.834 
0.870 
0.882 
0.805 

% D I F F  
0.230 
0.309 
0.362 
0.313 
0.383 
0.326 
0.231 
0.084 
0.026 
0.350 
0.705 

% D I F F  



YEAR 
1963 
1 9 6 4  
1965 
1966  
1967 
1968 
1963 
1970 
1971  
1972 
1973 

TABLE E-28 
1 0 %  INCREASE IN LARGE CAR NET PRICE 

LARGE SALES SHARE 
CONTROL 

0.559 
0.582 
0 .582 
0,584 
0.591 
0.583 
0 .585 
0.567 
0 .551  
0.515 
0 .486 

SHOCK 
0.552 
0.570 
0.567 
0.567 
0.572 
0 * 568 
0.564 
0.546 
0.529 
0.493 
0 .464  

DIFFERENCE 
-0.007 
-0.012 
-0.0 15 
-0.017 
-0 .019 
-0.020 
-0 ,021 
-0.021 
-0.022 
-0.022 
-0.022 

TABLE E-29 
1 0 %  INCREASE IN LARGE CAR NET PRICE 

MEDIUM SALES SHARE 
YEAR CONTROL SHOCK DIFFENNCE 
1963 0.175 0.179 0,004 
1964  0.196 0,204 0,007 
1965 0.228 0.238 0.010 
1966 0.258 0,270 0.013 
1967  0.231 0,245 0.014 
1968 0.209 0.223 0.014 
1969 0.166 0.178 0 .012 
1970 0.163 0.174 0 . O  1 1  
1971 0.136 0.145 0.009 
1972 0.165 0 * 173 0.009 
1973 0.203 0.213 0 .O 10 

TABLE E-30 
10% INCREASE IN LARGE CAR NET PRICE 

SMALL SALES SHARE 
CONTROL 

0.266 
0.222 
0.190 
0.158 
0 .178  
0.203 
0.249 
0.269 
0.313 
0.320 
0.311 

DIFFERENCE 

0.003 
0.004 
0.005 
0.004 
0.005 
0,006 
0.009 
0 .010 
0.013 
0.013 
0 .o 12 

% DIFF 
1 288 
2.022 
2.613 
2 .970 
3 .222  
3.358 
3.546 
3.750 
3 .982 
4 .263  
4.524 

% DIFF 
2.543 
3.787 
4.564 
5.006 
6.022 
6.480 
7.204 
6.644 
6.596 
5.250 
4.698 



YEAR 
1963  
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
19 7 3 

TABLE E-31 
10% INCREASE IN LARGE CAR NET PRICE 

VEHICLE MILES TRAVELED 

CONTROL SHOCK D IFFEFXNCE 
675.927 672 .440  -3 .487 
7 14.780 708 ,904  -5 .875 
746 ,909  739 .755  -7 .154 
776.799 768.440 -8 ,358  
802.740 793.240 -9 .500 
838.885 828 .042  -10.842 
866  5 9 7  855.012 -11.585 
906.690 895 .179  -11,511 
946.285 935 ,607  -10.677 
989.098 980 .855  -8 .243 

103 1 .905 1026.138 -5 .767 

TABLE E-32 
10% INCREASE IN LARGE CAR NET PRICE 

SCRAPPAGE 
CONTROL SHOCK DIFFERENCE 

6059964.000 5999191 . O O O  -60773.000 
6172259.000 6125539.000 -46720.000 
6267486.000 6229367,000 -39119.000 
6330893.000 6300455.000 -30438.000 
61 18695.000 6087152.000 -31543.000 
6276709.000 6242080.000 -34629.000 
6350000.000 6285696.000 -64304.000 
6300898.000 6202783.000 -98109.000 
6510634.000 6356551.000 -154083,000 
7166762.000 6968131.000 -198631.000 
7742069.000 7504808.000 -237261 a000 

TABLE E-33 
10% INCREASE IN LARGE CAR NET PRICE 

TOTAL CARS IN USE 
YEAR CONTROL SHOCK DIFFERENCE 
1963 62417168.000 61847888.000 -569280.000 
1964 64975920.000 64021296.000 -954624.000 
1965 66739984.000 65578368.000 -1161616.000 
1966 68564096.000 67208576.000 -1355520.000 
1967 70549L308.000 6 9 0 1 1 5 0 4 ~ 0 0 0  -1538304.000 
1968 73611328.000 71857520.000 -1753808.000 
1969 76240672.000 74365856.000 -1874816.000 
1970 79681776.000 77815072.000 -1866704.000 
1971 83210368.000 81469840.000 -1740528.000 
1972 86865232.000 8 5 5 0 1 1 0 4 ~ 0 0 0  -1364128.000 
1973 89459968.000 88476896.000 -983072,000 

% D I F F  
0 ,516  
0.822 
0 .958 
1 .076 
1.184 
1.292 
1.337 
1 .270 
1 , 1 2 8  
0 - 8 3 3  
0.559 

% DIFF 
1 .003  
0 .757 
0.624 
0 .481 
0.516 
0 .552  
1 .013 
1 .557 
2 .367 
2 .772  
3 . 0 6 5  

% DIP'F 
0.912 
1 .469 
1 .741  
1 .977  
2 .180 
2 .383  
2 . 4 5 9  
2 .343 
2 .092 
1.570 
1 099 



YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE E-34 
10% INCREASE IN LARGE CAR NET PRICE 

GASOLINE TONSUMPTION 
CONTROL 

44802.594 
48780.051 
52372.410 
56195.3 16 
59201.320 
63300.348 
66490.438 
70416.563 
73921.313 
77858.000 
81775.313 

SHOCK 
44424.211 
48184.492 
51650.270 
55347.7 19 
58238.887 
62185.496 
65265.926 
69139.875 
72644.125 
7668 1,250 
80685.688 

D I F F E R E N C E  
-378.383 
-595.559 
-722.141 
-847.598 
-962.434 

-1  114.852 
-1224.512 
-1276.688 
-1277.188 
-1 176.750 
-1089.625 

TABLE E-35 
10% INCREASE I N  NET PRICE OF ALL CARS 

NEW CA9 SALES 
CONTROL SHOCK D I F F E R E N C E  

8852415.000 7762934.000 -1089481.000 
8731029.000 7894848.000 -836181.000 
8031540.000 7450686.000 -580854,000 
8155028.000 7624156,000 -530872,000 
U104427.000 7578843.000 -525584,000 
9338275.000 2716403.000 -621872.000 
8979385.000 8122733.000 -556652.000 
9742072.000 9300891.000 -441181.000 

10039273.000 9656536,000 -382737.000 
10821622.000 10784988.000 -36634.000 
10336898,000 10381938.000 45040.000 

TABLE E-36 
10% INCREASE IN NET PRICE OF ALL CARS 

SMALL SALES SHARE 

CONTROL 
0,266 
0,222 
0.190 
0.158 
0.178 
0 a203 
0,249 
0.269 
0.313 
0.320 
0.31 1 

SHOCK 
0.254 
0.204 
0.171 
0 142 
0.159 
0,183 
0.225 
0,243 
0 282 
0.288 
0.278 

D I F F E R E N C E  
-0.012 
-0 .O 19 
-0.020 
-0 .O 16 
-0.019 
-0.020 
-0.023 
-0.027 
-0.03 1 
-0.032 
-0.033 

% D I F F  
0.845 
1.221 
1.379 
1.508 
1,626 
1.761 
1.842 
1.813 
1.728 
1.511 
1.332 

% D I F F  
12.307 
9.577 
7.232 
6.510 
6 e485 
6,659 
6.199 
4,529 
3.812 
0.339 
0.436 

% D I F F  
4.579 
8.340 

10.443 
10.392 
10.489 
9.959 
9.421 
9.577 
9.756 

10.069 
10,605 



YEAR 
1963 
1964 
1965 
1966 
1967 
19 68 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1904 
1965 
19G6 
1967 
1968 
1369 
1973 
197 1 
1972 
1973 

TABLE E - 3 7  
10% INCREASE I N  NET P R I C E  OF ALL CARS 

MEDIUM SALES SHARE 

CONTROL 
0.175 
0.196 
0.228 
0.258 
0.231 
0.209 
0,166 
0.163 
0.136 
0.165 
0.203 

SHOCK 
0.168 
0.185 
0.212 
0.235 
0,209 
0.188 
0.147 
0.146 
0.123 
0.153 
0.192 

DIFFERENCE 
-0.007 
-0.011 
-0.015 
-0.023 
-0.022 
-0.021 
-0.019 
-0,017 
-0.013 
-0.012 
-0.011 

TABLE E - 3 8  
10% INCREASE I N  NET P R I C E  OF ALL CARS 

LARGE SALES SHARE 

CONTROL 
0.559 
0.582 
0.582 
0.584 
0.591 
0.588 
0.585 
0.567 
0.551 
0.515 
0.486 

SHOCK 
0.578 
0.612 
0.6 17 
0.623 
0.632 
0.630 
0.628 
0.611 
0.595 
0.559 
0.530 

DIFFERENCE 
0.019 
0.030 
0.035 
0.039 
0.041 
0.042 
0.043 
0.043 
0.044 
0.044 
0.044 

TABLE E - 3 9  
10% INCREASE I N  NET P R I C E  OF ALL CARS 

SCRAPPAGE 
CONTROL 

6059964.000 
6172259.000 
6267486.000 
6330893.000 
6 1  18695.000 
6276709.000 
6350000.000 
6300898.000 
6510634.000 
7166762.000 
7742069.000 

SHOCK 
5941193,000 
6077850.000 
6193294.000 
6272806.000 
6062182.000 
6215217.000 
6239332.000 
6121038.000 
6224382.000 
6781668.000 
7264563.000 

DIFFERENCE 
-118771.000 

-94409 . O O O  
-74192.000 
-58087.000 
-56513.000 
-61492.000 

- 1  1066S.000 
-179860.000 
-286252.000 
-385094,000 
-477506.000 

% D I F F  
3.772 
5,746 
6.703 
8.768 
9.487 

10.273 
11.576 
10.286 
9.591 
7.093 
5.622 

% D I F F  
3.355 
5.121 
6.039 
6.680 
6.857 
7.090 
7 .301 
7.646 
7.905 
8.519 
9.150 

% D I F F  
1 a960 
1.530 
1 184 
0.918 
0.924 
0.980 
1.743 
2.855 
4.397 
5.373 
6.168 



TABLE E-40 
10% INCREASE IN NET PRICE OF ALL CARS 

TOTAL CARS IN USE 

YEAR COIJTROI~ SHOCK DIFFERENCE 
1963 62417168.000 61446464,000 -970704.000 
1964 64975920.000 63263456.000 -1712464.000 
1965 66739984.000 64520800.000 -2219184.000 
1966 68564096.000 65872160.000 -2691936.000 
1967 70549808.008 67388768.000 -3161040.000 
1968 73611328,000 69889936.000 -3721392.000 
1969 76240672.000 72073312,000 -4167360.000 
1970 79681776.000 75253152.000 -4428624.000 
1971 83210368.000 78685254,000 -4525104.000 
1972 86865232.000 82688544.000 -4176688.000 
1373  89459968.000 85805840.000 -3654128.000 

YEAR 
1953 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 

YEAR 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

TABLE E-41 
10% INCREASE IN NET PRICE OF ALL CARS 

VEHICLE MILES TRAVELED 

CONTROL SHOCK D IFFEfZENCE 
675.927 669.923 -6.004 
7 14.780 704.080 -10.700 
746.909 732.948 -13.960 
776,799 759,784 -17.014 
802.740 782.659 -20.082 
838.885 815,125 -23.757 
866.597 839.872 -26.726 
906,690 878.157 -28,533 
946.285 916.998 -29.287 
989.098 961.838 -27.260 

1031.905 1007.770 -24.135 

TABLE E-42 
10% INCREASE IN NET PRICE OF ALL CARS 

GASOLINE CONSUMPTION 

CONTROL SHOCK DIFFERENCE 
44802,594 44235.914 -566.680 
48780.051 47916.391 -863.660 
52372.410 51352.309 -1 020.102 
56195.316 55010.609 -1 184.707 
59201.320 57889.813 -1311.508 
63300.348 61833.926 -1466.422 
66490.438 64935.191 -1555.246 
70416.563 68882.375 -1534.188 
73921.313 72491.625 -1429.688 
77858.000 76812.688 -1045.313 
81775.313 81236.250 -539.063 

% D I F F  
1.555 
2.636 
3.325 
3.926 
4.481 
5.055 
5.466 
5.558 
5.438 
4.808 
4.085 

% D I F F  
0.888 
1.497 
1.869 
2.190 
2.502 
2.832 
3 084 
3.147 
3.095 
2.756 
2.339 

% D I F F  
1.265 
1.771 
1.948 
2.108 
2.215 
2.317 
2.339 
2.179 
1.934 
1.343 
0.659 



TABLE E - 4 3  
10% INCREASE I N  FUEL P R I C E  

NEW CAR SALES 
YEAR 
1963 
1964  
1965 
19G6 
1967 
1968 
1969 
1970 
1971  
1972 
1973 

YEAR 
1963 
1964  
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

YEAR 
1963 
1964  
1'365 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 

CONTROL 
8852415,000 
8731029,000 
8031540.000 
8155028 . O O O  
8104427.000 
9338275.000 
8979385.000 
9742072.000 

10039273,000 
1 0 8 2 1 6 2 2 ~ 0 0 0  
10336898.000 

SHOCK 
8365615.000 
84127 12.000 
7826068*000  
7949142.000 
7925407.000 
9072796.000 
8771546.000 
9592063.000 
9929698,000 

1 0 8 3 4 1 2 5 ~ 0 0 0  
10359097.000 

DIFFERENCE 
-486800 . O O O  
-318317.000 
-205472.000 
-205886.000 
-179020.000 
-265479,000 
-207839.000 
-150009.000 
-109575.000 

12503.000 
22199.000 

TABLE E-44 
10% INCREASE I N  FUEL P R I C E  

SCRAPPAGE 
CONTROL SHOCK DIFFERENCE 

6059964.000 6059965,000 1.000 
6172259.000 617 1287,000 -972.000 
6267486.000 6264179.000 -3307,000 
6330893.000 6323663.000 -7230,000 
6118695.000 6104228.000 -14467.000 
6276709.000 6250540.000 -26169.000 
6350000 SO00 6304433 . O O O  -45567.000 
6300898.000 6225252.000 -75646.000 
6510634,000 6396347.000 - 1  14287.000 
7166762.000 7 0 1 1 5 4 1 ~ 0 0 0  -155221.000 
7742069.000 7553920.000 -188149.000 

TABLE E - 4 5  
10% INCREASE IN FUEL P R I C E  

SMALL SALES SHARE 
COIU'TROL SHOCK DIFFERENCE 

0.266 0 .261 -0.005 
0 .222 0.215 -0.007 
0.190 0.183 -0.007 
0 .158 0.150 -0.008 
0 .178 0 .172 -0.006 
0.203 0.195 -0.008 
0 .249 0.238 -0 .011 
0.269 0.256 -0.013 
0 .313 0.298 -0.015 
0.320 0 .304 -0,016 
0 ,311 0,296 -0.015 

% DIFF 
5.499 
3.646 
2.558 
2.525 
2.209 
2,843 
2,315 
1.540 
1.091 
0.116 
0,215 

% DIFF 
0.000 
0 ,O 16 
0.053 
0.114 
0.236 
0.417 
0.7 18 
1.201 
1.755 
2.166 
2,430 

% DIFF 

1.913 
3 .283 
3 .778 
5 .166  
3.469 
3.812 
4.361 
4.791 
4.667 
4.873 
4.771 



YEAR 
1963  
1964 
1965  
1966  
1967 
1968  
1969 
1970 
1971 
19 72 
1973  

YEAR 
1963  
1964 
1965 
1956 
1967 
1'368 
1963  
1970 
1971 
1972 
1973  

YEAR 
1963  
1964  
1965  
1966 
1957 
1968 
1369 
1970 
1971 
1972 
1973  

TABLE E-46 
10% INCREASE IN FUEL PRICE 

MEDIUM SALES SHARE 
CONTROL 

0 .175  
0 .196  
0 .228  
0 .258  
0 .231  
0 .209 
0 , 1 6 6  
0 . 1 6 3  
0 , 1 3 6  
0 .165  
0 .203  

CONTROL 
0.559 
0.582 
0 .582 
0 .584  
0 , 5 9 1  
0 588  
0 .585 
0 .567  
0 .551 
0 . 5  15 
0 .486  

SHOCK 
0.170 
0 .189 
0.217 
0 .247 
0.216 
0 .195  
0 .155 
0 .154  
0 .127  
0 , 1 5 7  
0 .195 

DIFFERENCE 
-0.004 
-0 .007 
-01010 
-0.011 
-0.015 
-0.014 
-0.0 11 
-0 ,009  
-0.009 
-0.008 
-0 .009 

TABLE E-47 
INCREASE IN FUEL PRICE 
LARGE SALES SHARE 

SHOCK 
0.569 
0 .596  
0 .599  
0 .603 
0.612 
0 .610 
0 .607 
0 .590 
0 .574 
0 .539 
0 .509 

TABLE E-48 
10% INCREASE IN FUEL PRICE 

VEHICLE MILES TRAVELED 
CONTROL SHOCK DIFFERENCE 
675.927 667.869 -8 .058 
7 14.780 704.628 -10.151 
746.909 735 .313  -1 1 .596 
776 .799  763.820 -12.979 
802 .740  788.598 -14.142 
838 e885 823 .026  -15 ,859  
866.597 849 .513  - 17.084 
906.690 888 .955  -17.735 
946.285 9 2 8 . 3 8 5  -17.900 
989.098 9 7 2 , 0 0 0  -17.097 

103 1 .905 1015.908 -15 ,997  

% DIFF 
2.551 
3 .601  
4 .545  
4 1 8 3  
6 , 3 4 3  
5 .594  
6 .586  
5 .637  
6 .427  
4 . 8 0 5  
4 .240  

8 DIFF 
1.706 
2 .467 
3 a0 14 
3 .243  
3.519 
3 .660  
3.729 
3 . 8 9 5  
4 .236  
4.562 
4 .833  

% DIFF 
1 . I 9 2  
1 .420 
1 .552 
1 .671  
1 .762 
1 .890 
1 .971 
1 .956 
1.892 
1.729 
1.550 



YEAR 

1963  
1964  
1 9 6 5  
1966 
1967 
1968  
1969 
1970 
197 1 
1972 
1973 

TABLE E - 4 9  
10% INCREASE I N  FUEL P R I C E  

GASOLINE CONSUMPTION 

CONTROL 

44802.594 
48780.051 
52372.410 
56195.316 
59201.320 
63300.348 
66490.438 
704 16.563 
73921.313 
77858.000 
81775.313 

SHOCK 
4 4  197.672 
48043 .145  
51564.480 
55308.742 
58265.469 
62281 .668  
65441.660 
69393 .438  
72964.750 
77075.375 
81202.750 

DIFFERENCE 

-604.922 
-736.906 
-807.930 
-886.574 
-935.852 

-1018.680 
-1048.777 
-1023.125 

-956.563 
-782.625 
-572.563 

% D I F F  

1.350 
1 . 5 1 1  
1 . 5 4 3  
1 .578  
1 .581 
1 .609 
1 .577 
1 .453  
1 .294  
1 .005 
0 .700 

TABLE E - 5 0  
10% INCREASE I N  FUEL P R I C E  

TOTAL CARS I N  USE 
YEAR CONTROL SHOCK DIFFERENCE ?i D I F F  
1963  62417168.000 61930368.000 -486800.000 0 .780  
1964  64975920.000 64171776 ,000  -804144.000 1 .238  
1965  66739984.000 65733680,000 -1006304.000 1 .508 
1 9 6 6  68564096.000 67359120.000 -1204976.000 1.757 
1967 70549808.000 69180288.000 -1369520.000 1 .941 
1968  73611328.000 72002496.000 -1608832.000 2.186 
1969 76240672,000 74469584.000 -1771088.000 2 .323 
1970 79681776,000 77836352.000 -1345424.000 2 .316 
1971 83210368.000 81369632.000 -1840736,000 2 .212  
1972 86865232.000 85192208.000 -1673024.000 1 .926 
1973  89459968.000 87997296.000 -1462672.000 1 .635  

YEAR CONTROL 
1963  8852415.000 
1964  8731029.000 
1965 8031540.000 
1966  8155028.000 
1967 8104427.000 
1968  9338275.000 
1969 8979385.000 
1970 9742072.000 
1971 10039273.000 
1972 10821622 . O O O  
1 9 7 3  10336898.000 

TABLE E - 5 1  
INCREASE I N  FUEL P R I C E  

NEW CAR SALES 
SHOCK DIFFERENCE 

5351558.000 -3500857.000 
5925981.000 -2805048.000 
5744136.000 -2287404.000 
5909833.000 -2245195.000 
6023771 . O O O  -2080656.000 
6707672.000 -2630603.000 
6601537.000 -2377848.000 
7369453.000 -2372619 . O O O  
7731357.000 -2307916.000 
85328  15 eOO0 -2288807 . O O O  
8259950 . O O O  -2076948 . O O O  

% D I F F  
39.547 
32.127 
28.480 
27.531 
25 .673  
28.170 
26 .481  
24.354 
22.989 
21 . I 5 0  
20 .093  



YEAR 
1963 
1964  
1965 
1966  
1967  
1968 
1369 
1970  
1971  
1972  
1973 

YEAR 
1963 
1'3G4 
1365 
1966  
1967 
1968 
1959 
1970 
197 1 
1972 
1573 

YEAR 
1963 
1964  
1965 
1366  
15467 
1968 
1969 
1970 
1971  
1972 
1973 

TABLE E - 5 2  
100% INCREASE I N  FUEL PRICE 

LARGE SALES SHARE 

CONTROL 
0.559 
0.582 
0.582 
0 .584 
0 .591 
0.588 
0 .585 
0.567 
0 .551 
0.515 
0.486 

SHOCK 
0.649 
0.706 
0.724 
0.729 
0.744 
0 .742 
0.739 
0.725 
0.720 
0.690 
0.667 

DIFFERENCE 
0,090 
0.125 
0,142 
0.145 
0,153 
0.154 
0.154 
0,158 
0.169 
0.175 
0 .181 

TABLE E - 5 3  
100% INCREASE I N  FUEL PRICE 

SMALL SALES SHARE 

CONTROL 
0.266 
0 .222 
0.190 
0.158 
0 .178 
0 ,203 
0 e249 
0 .269 
0.313 
0.320 
0 .311 

DIFFERENCE 

-0 .051 
-0  065 
-0.060 
-0.061 
-0 049 
-0.062 
-0 .084 
-0 .095 
-0.109 
-0.116 
-0.111 

TABLE E-54 
100% INCREASE I N  FUEL PRICE 

MEDIUM SALES SHARE 
CONTROL SHOCK DIFFERENCE 

0.175 0 136 -0.039 
0 196 0.137 -0,059 
0.228 0.145 -0,082 
0.258 0 .173 -0  a084 
0 - 2 3 1  0.127 -0.104 
0.209 0.117 -0.092 
0,166 0 - 0 9 6  -0.071 
0 .163 0 .101 -0.062 
0 136 0 .076 -0.060 
0.165 0.105 -0.059 
0 .203 0.133 -0.070 

% DIFF 
16.078 
2 1.408 
24.432 
24.849 
25.846 
26.176 
26.356 
27.766 
30.665 
33.971 
37.276 

% D I F F  
22.123 
30.333 
36.129 
32.659 
45.051 
43.9 14 
42.481 
38,062 
44.396 
36.101 
34.4 18 



YEAR 

1963 
! 964 
1965 
1966 
1957 
1958 
1969 
1970 
1971 
1972 
1973 

YEAR 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

CONTROL 
6059364.000 
6172259.000 
6267486,000 
6330893.000 
6118695.000 
6276709.000 
6350000.000 
6300898.000 
6510634.000 
7166762.000 
7742069.000 

TABLE E-55 
INCREASE IN FUEL PRICE 

SCRAPPAGE 
SHOCK DIFFEFaNCE 

6059965.000 1 . O O O  
6165259.000 -7000.000 
6242661.000 -24825,000 
6274439.000 -56454.000 
6003311.000 -115384.000 
6064108.000 -212601.000 
5975320.000 -374680,000 
5671923.000 -628975 . O O O  
5541555.000 -969079.000 
5812832.000 -1353930.000 
6031161 eOO0 -1710908.000 

TABLE E-56 
100% INCREASE IN FUEL PRICE 

VEHICLE MILES TRAVELED 
CONTROL 
675.927 
714.780 
746.909 
776.799 
802,740 
838.885 
866.597 
906.690 
946.285 
989.098 

1031.905 

DIFFE WNCE 
-58.306 
-76.523 
-91.917 

-106.582 
- 1  19.888 
-136.670 
-150.828 
-163.245 
-173.221 
-181.100 
-185.183 

TABLE E-57 
100% INCREASE IN FUEL PRICE 

GASOLINE CONSUMPTION 
CONTROL SHOCK DIFFERENCE 

44802.594 40401.449 -4401.145 
48780.051 43093.539 -5686.512 
52372.410 45680.074 -6692.336 
56195.316 48462.102 -7733.215 
59201.320 50688.652 -8512.668 
63300.348 53772,281 -9528,066 
66490.438 56253.063 -10237.375 
70416.563 59679.480 -10737.082 
7392 1.3 13 62934.828 -1 0986.484 
77858.000 66946.875 -10911.125 
81775.313 71352.313 -10423.000 

% DIFF 
0.000 
0.113 
0.396 
0.892 
1.886 
3.387 
5.900 
9.982 

14.885 
18.892 
22.099 

% DIFF 
8.626 

10.706 
12.306 
13.721 
14.935 
16.292 
17.405 
18.004 
18.305 
18.310 
17.946 

% DIFF 
9.823 

11.657 
12.778 
13.761 
14.379 
15.052 
15.397 
15.248 
14.862 
14.014 
12.746 





APPENDIX F 

TABLES FOR SECTION 8.0 
MULTIPLIER EXPERIMENTS 

ON THE INDUSTRY/POLICY BLOCK OUTPUTS 
USING THE FULL MODEL 





TABLES F - 1  TO F - 1 8  
100% INCREASE I N  FUEL P R I C E  

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLE F -1  
STANDARD/ PENALTY OPTION 

SMALL CAR NET P R I C E  

CONTROL 
3322.949 
3485.824 
3558.555 
3635.353 
3740.93 1 
3689.527 
3732.337 
3820.667 
3865.4 10 
3870.027 

SHOCK 
3349.343 
3518.588 
3609.498 
3713.340 
3844.748 
3817.165 
3816.603 
3897.551 
3937.024 
3949.925 

DIFFERENCE 
26.394 
32.764 
50.943 
77.988 

103.817 
127.637 
84.266 
76.885 
71.614 
79.898 

TABLE F-2  
STANDARD/ PENALTY OPTION 

MEDIUM CAR NET P R I C E  

CONTROL 
3781.300 
3993.791 
4103.375 
4224.402 
4348.477 
445 1.742 
4617.355 
4843.344 
4960.473 
5014.371 

SHOCK 
3880.220 
4115.188 
4254.270 
4397.629 
4538.344 
4591.156 
4729.242 
4912.922 
5018.703 
5083.012 

DIFFERENCE 
98,920 

121.396 
150.895 
173.227 
189.867 
139.414 
111.887 
69.578 
58.230 
68.641 

TABLE F - 3  
STANDARD/PENALTY OPTION 

LARGE CAR NET P R I C E  
CONTROL SHOCK DIFFERENCE 

4968.785 5059.863 91.078 
5202.1 13 530 1 .O 16 98.902 
5350 -273 5438.398 88.125 
5510.879 5581.160 70.281 
5633.2 15 5737.574 104.359 
60 12.746 6026.094 13.348 
6356.934 6437.840 80.906 
6667.230 6 758.895 91.664 
6829 .766 6921.297 91.531 
6908.207 6999.563 91.355 

% DIFF 
0.794 
0.940 
1,432 
2.145 
2,775 
3.459 
2.258 
2.012 
1.853 
2.065 

% DIFF 
2.616 
3.040 
3.677 
4.101 
4.366 
3.132 
2.423 
1.437 
1 . I74 
1.369 

% DIFF 
1.833 
1.901 
1.647 
1.275 
1.853 
0.222 
1.273 
1.375 
1.340 
1.322 



Y E A R  
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLE F-4 
STANDARDIPENALTY OPTION 
SMALL CAR FUEL ECONOMY 

C O N T R O L  SHOCK D I F F E R E N C E  
24,240 24.640 0.400 
24.240 24.740 0.500 
24.353 24.940 0.587 
24.602 25.440 0.838 
25,427 26.840 1,413 
26.757 28.079 1.322 
28 025 29.570 1.545 
29.856 30.855 0.999 
31.135 32.157 1.021 
32.286 33.634 1.348 

TABLE F-5 
STANDARDIPENALTY OPTION 
MEDIUM CAR FUEL ECONOMY 

C O N T R O L  SHOCK D I F F E R E N C E  
18.600 19.500 0.900 
19.120 20.320 1.200 
19.697 2 1.080 1.383 
20.621 22 140 1.518 
21.719 23.699 1.981 
23.887 24.889 1.003 
25.107 26.578 1.471 
25.950 27 -227 1.277 
26,250 27 -409 1.158 
26.261 27.527 1,266 

TABLE F-6 
STANDARDIPENALTY OPTION 
LARGE CAR FUEL ECONOMY 

C O N T R O L  SHOCK D I F F E R E N C E  
15.490 16.090 0.600 
16.190 16.890 0.700 
16.766 17.490 0.724 
17.539 18.290 0.751 
18,539 19.590 1.051 
20.166 20.755 0.589 
21.004 2 1.951 0.947 
21.539 22.545 1.006 
21.959 22 .969 1.010 
22.37 1 23.379 1.008 

% D I F F  
1.650 
2.063 
2.412 
3.404 
5.557 
4.941 
5.513 
3 -346 
3.280 
4.176 

% DIFF 
4.838 
6.276 
7.022 
7.363 
9.120 
4.198 
5.861 
4,920 
4.413 
4 ,823 

% D I F F  
3.873 
4.323 
4.320 
4.282 
5.667 
2.919 
4.510 
4,671 
4.600 
4.508 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLE F-7 
E X C I S E  TAX/REBATE OPTION 

SMALL CAR NET P R I C E  

CONTROL SHOCK DIFFERENCE 
2941.175 3021.281 80.106 
3103.215 3154,612 51.397 
321 1.433 321 1.433 0 .O 
3269 ,933 3329,435 59.502 
3332.968 3410.458 77.490 
3358.80 1 3372.558 13.757 
3361.252 3413.354 52,102 
3393.502 3401.661 8.159 
3355.304 3393.140 37.836 
3344.952 3439.964 95.0 12 

TABLE F-8 
EXCISE  TAX/REBATE OPTION 

MEDIUM CAR NET P R I C E  
CONTROL SHOCK DIFFERENCE 

3894.479 3992.846 98.367 
4073.567 4219.023 145.456 
4207 -6  17 4257.766 50.148 
4183.926 4330 .230 146.305 
4235.738 4392.39 1 156.652 
4278.621 4327.355 48.734 
4307.875 4408.242 100 -367 
4291.027 4436.320 145.293 
4316.762 4449.234 132.473 
4371.211 4461.523 90.313 

TABLE F-9 
EXCISE  TAX/REBATE OPTION 

LARGE CAR NET P R I C E  

CONTROL SHOCK DIFFERENCE 
5531.027 5531.027 0 .O 
5702.766 5676.3 16 -26.449 
5678,348 5790.129 111.781 
5738.426 5851.484 113.059 
5737.582 5941.668 204.086 
5816,355 5934.570 118.215 
5776.1 17 5945.961 169.844 
5850.53 1 5994.145 143,613 
5892.887 5991.594 98.707 
5880 -070 5982.543 102.473 

% D I F F  
2,724 
1.656 
0 .o 
1.820 
2.325 
0.410 
1 a550 
0.240 
1.128 
2 a840 

% D I F F  
2.526 
3.571 
1.192 
3.497 
3.698 
1 . I39 
2.330 
3.386 
3,069 
2.066 

% D I F F  
0 .o 
0.464 
1.969 
1.970 
3.557 
2 a032 
2.940 
2.455 
1.675 
1.743 



YEAR 
1976 
1977 
19 78 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

TABLE F - 1 0  
E X C I S E  TAX/REBATE OPTION 

SMALL CAR FUEL ECONOMY 
CONTROL 
24.540 
24.540 
25 a540 
25.640 
27.540 
27 -860 
28.580 
29.799 
29 -6 19 
29.839 

SHOCK 
25.540 
25.540 
25 0540 
26 a640 
28.739 
28.560 
29.679 
29.899 
30.219 
3 1.639 

DIFFERENCE 
1.000 
1.000 
0 .o 
1 .ooo 
1.200 
0.700 
1 .I00 
0.100 
0.600 
1.800 

TABLE F - 1 1  
E X C I S E  TAXIREBATE OPTION 

MEDIUM CAR FUEL ECONOMY 
CONTROL SHOCK DIFFERENCE 
19.600 20.700 1 .I00 
20.720 22.520 1.800 
22.580 22.880 0.300 
22.540 24.539 2.000 
24 .599 26.699 2.100 
24.799 25.699 0.900 
24.899 26.599 1.700 
24.599 26.699 2.100 
24.699 26.699 2.000 
25.599 26.699 1.100 

TABLE F-12 
E X C I S E  TAX/REBATE OPTION 

LARGE CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
16.590 16 a590 0 .O 
17.690 17,590 -0.100 
17.590 18,590 1.000 
18.590 19.590 1 .OOO 
19.590 2 1.589 2 .OOO 
20.510 21.509 1 .OOO 
19.530 2 1.529 2.000 
20.550 2 1.749 1.200 
20 0770 2 1.769 1 .OOO 
20.690 2 1.789 1 .I00 

% D I F F  
4.075 
4.075 
0 .o 
3.900 
4.357 
2.512 
3 *849 
0 -336 
2 -026 
6.032 

% DIFF 
5.612 
8.687 
1.329 
8.872 
8 a536 
3 -629 
6.827 
8.536 
8.097 
4 0297 

% D I F F  
0 .o 
0.565 
5.685 
5.379 
10.209 
4.875 
10 a240 
5.839 
4.814 
5.316 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
f 978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

CONTROL 
3322.949 
3485.824 
3569.96 1 
3655.0 68 
3754.000 
3797.766 
3846.844 
3890 -7 16 
3938 -45 1 
3983 a432 

TABLE F-13 
NO-POLICY OPTION 
SMALL CAR NET PRICE 

SHOCK DIFFERENCE 
3349.343 26.394 
3518.588 32.764 
3609.499 39.538 
3713.341 58.273 
3844.749 90.750 
3898.157 100.391 
3951.031 104.187 
4006,824 116.108 
4059.390 120.939 
4106.211 122.779 

TABLE F-14 
NO-POLICY OPTION 

MEDIUM CAR NET PRICE 
CONTROL SHOCK DIFFERENCE 
3781.300 3880.220 98.920 
3993.791 4115.188 121.396 
4107.555 4254.273 146.7 19 
4224.148 4397.633 173.484 
4343 02 19 4538.348 195.129 
4385.695 4581.098 195.402 
4425 6832 4621 e391 195.559 
4463.422 4659.438 196.016 
4498.383 4685.289 186.906 
4530 730 4719.570 188.840 

CONTROL 
4968.785 
5202.1 13 
5317.039 
5441.051 
5575.586 
5605.645 
5642.641 
5677.438 
5709.30 1 
5746 a348 

TABLE F-15 
NO-POLICY OPTION 
LARGE CAR NET PRICE 

SHOCK 
5059.863 
5301 .O 16 
5438.402 
5581 .I68 
5737.582 
5779.832 
5833.137 
58660797 
5909.617 
5960.199 

% D I F F  
0.794 
0 -940 
1.108 
1.594 
2.417 
2.643 
2.708 
2.984 
3.071 
3.082 

% D I F F  
2.616 
3.040 
3.572 
4.107 
4.493 
4.455 
4.419 
4.392 
4.155 
4.168 

% D I F F  
1.833 
1.901 
2.283 
2.575 
2.905 
3.107 
3.376 
3.335 
3 a509 
3.722 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLE F-16 
NO-POLICY OPTION 

SMALL CAR FUEL ECONOMY 
CONTROL SHOCK DIFFERENCE 
24.240 24.640 0.400 
24.240 24.740 0.500 
24.340 24 -940 0.600 
24.540 25.440 0.900 
25.340 26.840 1.500 
25.760 27.460 1.700 
26.380 28.180 1.800 
27.000 29.099 2.100 
27.920 30.219 2.300 
29.139 3 1.639 2.500 

TABLE F-17 
NO-POLICY OPTION 

MEDIUM CAR FUEL ECONOMY 

CONTROL 
18.600 
19.120 
190580 
20 e240 
2 1.300 
2 1 e500 
2 1.700 
2 1.900 
22.100 
22.300 

SHOCK 
19.500 
20.320 
2 1.080 
22.140 
23.699 
23.899 
24.099 
24.299 
24.399 
24.599 

DIFFERENCE 
0.900 
1.200 
1.500 
1.900 
2.400 
2.400 
2.400 
2.400 
2 -300 
2.300 

TABLE F-18 
NO-POLICY OPTION 

LARGE CAR FUEL ECONOMY 
CONTROL SHOCK DIFFERENCE 
15.490 16.090 0.600 
16.190 16 -890 0.700 
16.590 17.490 0.900 
17.190 18.290 1.100 
18.190 19.590 1.400 
18.210 19.710 1.500 
18.330 19.930 1.600 
18.450 20.050 1.600 
18.570 20.270 1.700 
18.790 20 .590 1 .800 

% DIFF 
1.650 
2 -063 
2 -465 
3 -667 
5 -919 
6.599 
6.823 
7.777 
8 a237 
8.579 

% DIFF 
4.838 
6.276 
7.660 
9.387 
11.267 
1 1  .I62 
1 1  e059 
10 -958 
10 -406 
10.313 

% DIFF 
3.873 
4.323 
5.424 
6.399 
7 -696 
8.237 
8.728 
8.671 
9.154 
9.579 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLES F-19 TO F-36 
10% INCREASE IN TECHNOLOGICAL ADD-ON 

COST CURVE PARAMETERS 

TABLE F-19 
STANDARD/ PENALTY OPTION 

SMALL CAR NET PRICE 
CONTROL SHOCK DIFFERENCE 

3322.949 3322.206 -0.743 
3485.824 3485.679 -0.145 
3558.555 3532.161 -26.393 
3635.353 3591,388 -43 -964 
3740.93 1 3669.593 -71.339 
3689.5 27 3650.347 -39.180 
3732.337 3730 0352 - 1.985 
3820.667 3849 .804 29.138 
3865.4 10 3908.332 42.922 
3870.027 3923.688 53.660 

TABLE F-20 
STANDARDIPENALTY OPTION 
MEDIUM CAR NET PRICE 

CONTROL SHOCK D I F F E W N C E  
37810300 3773.640 -7.660 
3993.791 3981 0837 -1 l o954  
4103.375 4076.478 -26 -897 
4224.402 4191.738 -32.664 
4348.477 4325.867 -22.609 
4451.742 4491.938 40.195 
4617.355 4719.996 102.641 
4843.344 4996.473 153.129 
4960 -473 5 15 1.082 190.609 
5014.371 5216.246 20 1.875 

TABLE F-21 
STANDARDIPENALTY OPTION 

LARGE CAR NET PRICE 
CONTROL SHOCK DIFFERENCE 

4968.785 4959,473 -9.313 
5202.113 5186.121 - 15.992 
5350.273 5384.680 34.406 
5510.879 55850086 74.207 
5633.2 15 5741.781 108.566 
6012.746 6 121.645 108.898 
6356.934 6455 -664 98.730 
6667.230 6814.508 147.277 
6829.766 7006.879 177.1 13 
6908.207 7109.254 201.047 

% D I F F  
0.022 
0 -004 
0.742 
1.209 
1.907 
1.062 
0.053 
0.763 
1.110 
1.387 

% D I F F  
0.203 
0.299 
0,655 
0.773 
0.520 
0.903 
2.223 
3.162 
3.843 
4.026 

% D I F F  
0.187 
0.307 
0.643 
1.347 
1.927 
1.811 
1.553 
2.209 
2.593 
2.910 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLE F-22 
STANDARD/PENALTi' OPTION 
SMALL CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
24.240 24.240 0 ,O 
24.240 24.240 0 .O 
24.353 24.290 -0.063 
24.602 24.527 -0.076 
25.427 25.2 14 -0.212 
26.757 26.125 -0.632 
28.025 27.115 -0.9 10 
29.856 28.502 - 1  ,354 
31.135 29.612 -1.524 
32.286 30.516 - 1.770 

TABLE F-23 
STANDARD/PENALTY OPTION 
MEDIUM CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 

18.600 18.500 -0.100 
19.120 18.920 -0.200 
19,697 19.549 -0.148 
20.621 20.407 -0.2 14 
2 1.7 19 2 1,509 -0.209 
23.887 22.697 -1.189 
25.107 23.168 -1.939 
25.950 23,748 -2.202 
26,250 23.995 -2.256 
26.261 24.000 -2.260 

TABLE F-24 
STANDARD/PENALTY OPTION 
LARGE CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
15.490 15.390 -0.100 
16.190 15,990 -0.200 
16.766 16.681 -0.084 
17.539 17.464 -0.074 
18.539 18.488 -0,051 
20.166 19.184 -0.982 
2 1.004 19.530 -1.474 
2 1.539 19 .950 -1.590 
2 1.959 20.170 -1  -790 
22.371 20.390 -1.981 

% D I F F  
0 .o 
0 .o 
0.257 
0.308 
0.835 
2.361 
3.246 
4.536 
4.894 
5.483 

% D I F F  
0.538 
1.046 
0.750 
1.039 
0.964 
4.978 
7.724 
8.485 
8.593 
8.607 

% D I F F  
0.646 
1 -235 
0.503 
0.424 
0.277 
4 -870 
7.020 
7.380 
8.150 
8.856 



YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
19 78 
1979 
1980 
198 1 
1982 
1983 
19 84 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
19 83 
1984 
1985 

TABLE F-25 
EXCISE TAX/REBATE OPTION 

SMALL CAR NET PRICE 

CONTROL SHOCK DIFFERENCE 
2941.175 2941.711 0.536 
3103.215 3 105.498 2.283 
321 1.433 3 183.677 -27 -756 
3269.933 3286.41 1 16.478 
3332,968 3348 16 1 15.194 
3358.801 3353.993 -4.808 
3361 .252 3395.845 34.593 
3393.502 3404.872 11.369 
3355.304 3404.996 49.692 
3344.952 3402.052 57.100 

TABLE F-26 
EXCISE TAX/REBATE OPTION 

MEDIUM CAR NET PRICE 
CONTROL 

3894.479 
4073,567 
4207.6 17 
4183.926 
4235.738 
4278.621 
4307.875 
4291.027 
4316.762 
4371.211 

SHOCK 
3940 -633 
4052.195 
4143.605 
4218.914 
4274.871 
4317.109 
4317.465 
4354,480 
4376.480 
4450.293 

DIFFERENCE 
46.154 

-21.372 
-64.0 12 

34.988 
39.133 
38.488 

9.590 
63.453 
59.719 
79.082 

TABLE F-27 
EXCISE TAX/REBATE OPTION 

LARGE CAR NET PRICE 
CONTROL SHOCK DIFFERENCE 

5531.027 5483.844 -47 e 184 
5702 .766 5625.488 -77.277 
5678.348 5740.383 62.035 
57388426 5755.578 17.152 
5737 e582 5787.348 49.766 
5816.355 5823.371 7 .O 16 
5776.1 17 5824.883 48.766 
5850 -53  1 5854,840 40309 
5892.887 5953.133 60 e246 
5880.070 5987.816 107.746 

% DIFF 
0 .O 18 
0.074 
0.864 
0 e504 
0.456 
0.143 
1.029 
0.335 
1.481 
1.707 

% DIFF 
1 . I85  
0.525 
1.521 
0.836 
0,924 
0.900 
0.223 
1.479 
1.383 
1.809 

% DIFF 
0.853 
1.355 
1.092 
0,299 
0.867 
0.121 
0.844 
0.074 
1 e022 
1.832 



YEAR 
1 9 7 6  
1977  
1 9 7 8  
1979  
1980  
1981 
1 9 8 2  
1 9 8 3  
1984  
1 9 8 5  

YEAR 
1 9 7 6  
1 9 7 7  
1978  
1979  
1980 
1 9 8  1 
1982  
1 9 8 3  
1984 
1 9 8 5  

YEAR 
1 9 7 6  
1977  
1978  
1 9 7 9  
1980  
1981 
1982  
1 9 8 3  
1984  
1 9 8 5  

TABLE F-28 
E X C I S E  TAX/REBATE OPTION 

SMALL CAR FUEL ECONOMY 
CONTROL SHOCK DIFFERENCE 

24.540 24.540 0 .O 
24.540 24.540 0 .O 
25.540 24.540 -1.000 
2 5  -640 25.540 -0.100 
2 7  -540  26.540 - 1 . O O O  
27.860 26.560 - 1.300 
2 8  580  27 ,580  - 1 . O O O  
29.799 27.800 -2.000 
29 - 6  19 28.620 - 1.000 
29.839 29.639 -0.200 

TABLE F-29 
E X C I S E  TAX/REBATE OPTION 
MEDIUM CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
19.600 19 ,700  0.100 
20.720 19.620 -1.100 
22.580 20.580 -2.000 
22.540 2 1  ,540  - 1.000 
24.599 22.700 -1.900 
24 .799  22.800 -2.000 
24 .899  22.600 -2.300 
24.599 22.700 -1.900 
24 .699  22.700 -2.000 
25.599 23 .599  -2.000 

TABLE F-30 
E X C I S E  TAX/REBATE OPTION 

LARGE CAR FUEL ECONOMY 
CONTROL 

16.590 
17.690 
17 ,590  
18.590 
19.590 
20 ,510  
1 9 , 5 3 0  
20  ,550 
2 0 , 7 7 0  
20  -690  

SHOCK 
15.590 
16.590 
17.590 
17.690 
18.690 
18.710 
18.530 
18.550 
19 -570 
19.690 

DIFFERENCE 
-1 ,000  
-1.100 

0 .o 
-0.900 
-0.900 
- 1.800 
-1 .ooo 
-2.000 
- 1.200 
- 1 .ooo 

% DIFF 
0 .o 
0 .o 
3 - 9  15  
0.390 
3 , 6 3 1  
4 .666 
3 .499 
6.711 
3.376 
0 .670 

% DIFF 
0.510 
5 .308  
8 .857  
4 .436  
7.723 
8 .064  
9 .236  
7 . 7 2 3  
8 . 0 9 7  
7 m812 

% DIFF 
6.027 
6 .2  18 
0 .o 
4 .841 
4 .594 
8 .776 
5.120 
9 , 7 3 2  
5.777 
4 - 8 3 3  



YEAR 
19 76 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

CONTROL 
3322.949 
3485.824 
3569.961 
3655.068 
3754,000 
3797.766 
3846 -844 
3890 -7  16 
3938 ,451 
3983 a432 

CONTROL 
3781.300 
3993 -791 
4107.555 
4224.148 
4343.2 19 
4385.695 
4425.832 
4463.422 
4498.383 
45300730 

CONTROL 
4968.785 
5202.113 
5317.039 
5441.051 
5575.586 
5605.645 
5642.64 1 
5677.438 
5709.301 
5746.348 

TABLE F-31 
NO-POLICY OPTION 

SMALL CAR NET PRICE 
SHOCK DIFFERENCE 

3322.206 -0.743 
34850679 -0.145 
3565.897 -4.064 
3652.763 -2.305 
3744,028 -9.971 
3785 -833 -11 -933 
3829.817 -17.028 
3874.456 - 16 -260 
392 1.329 -17.123 
3964.964 - 18 -468 

TABLE F-32 
NO-POLICY OPTION 

MEDIUM CAR NET PRICE 
SHOCK 

37730640 
3981.837 
4092 145 
420 1.8 16 
4315.145 
4355,871 
4394.625 
443 1.063 
447 1.895 
4503.047 

DIFFERENCE 
-7.660 

- 11 -954 
-15.410 
-22.332 
-28.074 
-29.824 
-31.207 
-32.359 
-26.488 
-27.684 

TABLE F-33 
NO-POLICY OPTION 

LARGE CAR NET PRICE 
SHOCK DIFFERENCE 

4959.473 -9.3 13 
5186.121 - 15.992 
5304 -488 -12.551 
5424.949 -16.102 
5554.523 -21 -063 
5578.723 -26 -922 
5610.742 -31.898 
5641 - 1  17 -36.320 
5678.887 -30 -414 
5704.066 -42 -28 1 

% DIFF 
0.022 
0.004 
0.114 
0 a063 
0.266 
0.314 
0.443 
0.4 18 
0.435 
0.464 

% DIFF 
0.203 
0,299 
0.375 
0.529 
0 a646 
0.680 
0.705 
0.725 
0.589 
0.611 

% DIFF 
0.187 
0.307 
0 -236 
0.296 
0.378 
0 -480 
0.565 
0.640 
0.533 
0.736 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

CONTROL 
24,240 
24.240 
24.340 
24.540 
25.340 
25.760 
26,380 
27.000 
27.920 
29.139 

TABLE F-34 
NO-POLICY OPTION 

SMALL CAR FUEL ECONOMY 
SHOCK 
24.240 
24.240 
24.240 
24.440 
24 e940 
25.260 
25.680 
26.200 
26.920 
27.840 

DIFFERENCE 
0 .o 
0 .o 
-0.100 
-0.100 
-0.400 
-0.500 
-0.700 
-0.800 
- 1 .ooo 
- 1.300 

TABLE F-35 
NO-POLICY OPTION 

MEDIUM CAR FUEL ECONOMY 
CONTROL SHOCK DIFFERENCE 
18.600 18.500 -0.100 
19.120 18.920 -0.200 
19.580 19 -280 -0.300 
20.240 19.740 -0.500 
2 1.300 20.500 -0 -800 
2 1.500 20.600 -0.900 
2 1.700 20.700 -1.000 
2 1.900 20.800 -1.100 
22.100 2 1 .ooo -1 .I00 
22,300 21 .I00 - 1.200 

TABLE F-36 
NO-POLICY OPTION 

LARGE CAR FUEL ECONOMY 
CONTROL SHOCK DIFFERENCE 
15.490 15.390 -0.100 
16.190 15.990 -0.200 
16.590 16.390 -0.200 
17.190 16.890 -0.300 
18.190 17 -690 -0.500 
18 -2  10 17.610 -0.600 
18.330 17 .630 -0.700 
18.450 17 -6.50 -0 e800 
18.570 17 -770 -0.800 
18.790 17.790 - 1,000 

% D I F F  
0 .o 
0 .o 
0 a4 1 1 
0.407 
1.578 
1 e941 
2.653 
2.963 
3.581 
4.461 

% D I F F  
0.538 
1.046 
1.532 
2.470 
3.756 
4.186 
4 a608 
5.022 
4.977 
5.381 

% D I F F  
0 -646 
1.235 
1.205 
1.745 
2.749 
3 -295 
3 -8 19 
4 -336 
4.308 
5.322 



YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLES F-37 TO F-54 
50% INCREASE IN PERCEIVED LIFETIME MILES 

DRIVEN PER CAR PARAMETER 

TABLE F-37 
STANDARD/PENALTY OPTION 

SMALL CAR NET PRICE 
CONTROL SHOCK DIFFERENCE 

3322.949 3333.733 10.785 
3485.824 3502.965 17.142 
3558.555 3586.827 28 -272 
3635 -353 3672 09 15 37,562 
3740 093 1 3796.239 55.307 
3689.527 3747.586 58.059 
3732 -337 3773 0553 4 1  0217 
3820.667 3855.307 34 064 1 
3865 .4 10 3899.753 34.344 
3870.027 3904.992 34.965 

TABLE F-38 
STANDARD/PENALTY OPTION 
MEDIUM CAR NET PRICE 

CONTROL SHOCK DIFFERENCE 
3781.300 3818.319 37 .O 19 
3993.791 4046.693 52.902 
4103.375 4166.930 63.555 
4224.402 43050438 81.035 
4348.477 4437.125 88.648 
4451.742 4514.652 62.910 
4617.355 4668.367 51.012 
4843.344 4862.328 18.984 
4960.473 4981.211 20.738 
5014.371 5033.063 18.691 

TABLE F-39 
STANDARD/PENALTY OPTION 

LARGE CAR NET PRICE 
CONTROL SHOCK DIFFERENCE 

4968.785 5007.508 38.723 
5202.1 13 5252.125 50.012 
5350.273 5375.797 25,523 
5510.879 5543.828 32.949 
5633.2 15 5657.738 24.523 
6012 0746 6025 0 188 12 -441 
6356.934 6389.855 32.922 
6667 a230 6706.996 39.766 
6829 -766 6869.008 39.242 
6908 e207 6948.449 40.242 

% DIFF 
0.325 
0 a492 
0.794 
1.033 
1.478 
1.574 
10104 
0.907 
0 -888 
0.903 

% DIFF 
0.779 
0.961 
0.477 
0.598 
0.435 
0.207 
0.518 
0.596 
0.575 
0.583 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
19 79 
1980 
1981 
1982 
1983 
1984 
1985 

TABLE F-40 
STANDARD/PENALTY OPTION 
SMALL CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
24.240 24.440 0.200 
24.240 24.540 0 0300 
24.353 24.640 0.287 
24.602 25.065 0.463 
25.427 26.140 0.713 
26.757 27.481 0.725 
28.025 28.855 0.830 
29.856 300106 0.250 
31.135 3 1.580 0.444 
32 -286 32.726 0.440 

TABLE F-41 
STANDARD/ PENALTY OPTION 
MEDIUM CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERGNCE 
18.600 19 . O O O  0.400 
19.120 19.720 0.600 
19.697 20.280 0.583 
20.621 2 1.433 0.812 
21.719 22.600 0.881 
23.887 24.481 0.594 
25.107 25.885 0.778 
25.950 26.53 1 0.582 
26.250 26.826 0.575 
26.261 26.851 0.590 

TABLE F-42 
STANDARD/PENALTY OPTION 
LARGE CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
15.490 15.790 0.300 
16.190 16.590 0.400 
16.766 17.090 0.324 
17.539 17.966 0.427 
18 m539 18.990 0.451 
20.166 20.548 0.382 
2 1  -004 2 1.476 0.472 
2 1.539 22.045 0 -506  
2 1 a959 2 2.465 0 -506 
22  -37 1 22.879 0.508 

% DIFF 
0.825 
1,238 
1.180 
1.881 
2.805 
2.708 
2.961 
0 0836 
1.427 
1.362 

% D I F F  
2.150 
3.138 
2.961 
3.938 
4.055 
2,488 
3.100 
2.241 
2.192 
2.249 

% D I F F  
1.937 
2.470 
1.934 
2.433 
2.431 
1.893 
2.245 
2.350 
2 -305 
2.273 



YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
19 79 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLE F-43 
E X C I S E  TAX/REBATE OPTION 

SMALL CAR NET P R I C E  
CONTROL 

2941 . I75  
3103.215 
321 1.433 
3269.933 
3332.968 
3358.801 
3361.252 
3393.502 
3355.304 
3344.952 

SHOCK 
2941.175 
3154.612 
321 1.433 
3329 0435 
3332.968 
3372.558 
3413 -354 
3401.661 
3361.293 
3377.743 

DIFFERENCE 
0 00 

5 1.397 
0 .o 

59  0502 
0 .o 

13.757 
52.102 

8.159 
5.989 

32.792 

TARLE F - 4 4  
E X C I S E  TAX/REBATE OPTION 

MEDIUM CAR NET P R I C E  
CONTROL 

3894.479 
4073.567 
4207.6 17 
4183.926 
4235.738 
4278.621 
4307.875 
4291.027 
4316 -762 
4371.21 1 

SHOCK 
3992.846 
4 128.824 
4207.617 
4272.891 
4247.309 
4327.355 
4356.156 
4421.969 
4358.840 
4383.582 

DIFFERENCE 
98.367 
55.257 

0 .o 
88.965 
11.570 
48.734 
48.28 1 

130.941 
42.078 
12.371 

TABLE F - 4 5  
E X C I S E  TAX/REBATE OPTION 

LARGE CAR NET P R I C E  
CONTROL SHOCK DIFFERENCE 

5531.027 553 1.027 0 .O 
5702.766 5676.316 -26 -449 
5678.348 5790.129 11 1,781 
5738.426 5851,484 113.059 
5737.582 5831.227 93.645 
5816.355 5834.797 18.441 
5776.1 17 5945,961 169 -844 
5850.531 5867.488 16.957 
5892.887 5971 .328 78.441 
5880.070 5963.551 83.480 

% DIFF 
0 .o 
1.656 
0 .o 
1 e820 
0 .o 
0.410 
1.550 
0.240 
0 . I79  
0.980 

% DIFF 
2.526 
1.356 
0 .o 
2.126 
0.273 
1.139 
1 . I21  
3.052 
0.975 
0.283 

% DIFF 
0 .o 
0.464 
1.969 
1.970 
1.632 
0.317 
2 -940 
0.290 
1.331 
1.420 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
19 79 
1980 
198 1 
1982 
1983 
1984 
1985 

TABLE F - 4 6  
E X C I S E  TAX/REBATE OPTION 

SMALL CAR FUEL ECONOMY 
CONTROL SHOCK D I F F E R E N C E  

24.540 24.540 0 .O 
24.540 25.540 1 . O O O  
25.540 25.540 0 .O 
25.640 26.640 1.000 
27.540 27.540 0 00 
27.860 28.560 0.700 
28.580 29.679 1.100 
29.799 29.899 0.100 
29 -6 19 29.7 19 0.100 
29.839 30.539 0.700 

TABLE F-47 
E X C I S E  TAX/REBATE OPTION 
MEDIUM CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
19.600 20.700 1.100 
20.720 2 1.620 0.900 
22.580 22.580 0 .O 
22.540 23.739 1.200 
24.599 24.699 0.100 
24.799 25.699 0.900 
24.899 25.799 0.900 
24.599 26.599 2 . O O O  
24.699 25 -599 0.900 
25.599 25.699 0.100 

TABLE F-48 
E X C I S E  TAX/REBATE OPTION 

LARGE CAR FUEL ECONOMY 
CONTROL SHOCK DIFFERENCE 

16.590 16.590 0 .O 
17.690 17.590 -0.100 
17.590 18.590 1.000 
18.590 19.590 1.000 
19.590 20.690 1.100 
20 -510 20.6 10 0.100 
19.530 2 1.529 2.000 
20.550 20 0650 0.100 
20.770 2 1.669 0.900 
20 -690 2 1.689 1.000 

% D I F F  
0 .o 
4.075 
0 .o 
3.900 
0 .o 
2.512 
3.849 
0.336 
0.338 
2.346 

% D I F F  
5.612 
4.343 
0 .o 
5.323 
0.406 
3.629 
3.6 14 
8.130 
3 -643 
0.391 

% D I F F  
0 .o 
0.565 
5.685 
5.379 
5.615 
0.488 

10.240 
0.487 
4.333 
4.833 



TABLE F-49 
NO-POLICY OPTION 

SMALL CAR NET P R I C E  
YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

CONTROL 
3322 ,949 
3485.824 
3569.961 
3655.068 
3754.000 
3797.766 
3846 -844 
3890,716 
3938.451 
3983 -432 

SHOCK 
3333.733 
3502 0965 
3586.828 
3683 0026 
3796.239 
3844.003 
3898.082 
3949.362 
3998.846 
4043.993 

DIFFERENCE 
10.785 
17.142 
16.868 
27 9958 
42 e240 
46.238 
5 1.237 
58 -646 
60.395 
60.561 

TABLE F - 5 0  
NO-POLICY OPTION 

MEDIUM CAR NET P R I C E  

CONTROL SHOCK DIFFEKENCE 
3781.300 38  18 -3  19 37 .O 19 
3993.791 4046.693 52.902 
4107.555 4 166 a934 59.379 
4224.148 4304 -887 80.738 
4343.2 19 4437.129 93.9 10 
4385.695 4479.914 94.2 19 
4425.832 4520.086 94.254 
4463.422 4557.680 94.258 
4498.383 4592.836 94.453 
4530 e730 4625.758 95.027 

CONTROL 
4968.785 
5202 61 13 
5317,039 
5441.051 
5575.586 
5605.645 
5642.64 1 
5677.438 
5709.301 
5746.348 

TABLE F - 5 1  
NO-POLICY OPTION 

LARGE CAR NET P R I C E  
SHOCK DIFFENNCE 

5007.508 38.723 
5252.125 50 .O 12 
5375.80 1 58.762 
5507.746 66.695 
5657.746 82.160 
5687.074 8 1 e430 
5725.469 82.828 
5772.402 94.965 
5802.922 93.621 
5840.059 93.71 1 

% DIFF 
0.325 
0.492 
0.472 
0.765 
1 . I25 
1.217 
1.332 
1.507 
1.533 
1.520 

% DIFF 
0.979 
1.325 
1.446 
1 o911 
2 ,162 
2 . I48 
2.130 
2,112 
2.100 
2.097 

% DIFF 
0.779 
0 -961 
1.105 
1.226 
1.474 
1.453 
1.468 
1 e673 
1.640 
1 a631 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLE F-52 
NO-POLICY OPTION 

SMALL CAR FUEL ECONOMY 
CONTROL SHOCK DIFFERENCE 

24.240 24  -440 0,200 
24.240 24.540 0.300 
24.340 2 4  -640 0.300 
24,540 25.040 0 .SO0 
25,340 26.140 0.800 
25.760 26.660 0.900 
26.380 27.380 1 . O O O  
27.000 28.200 1.200 
27.920 29.2 19 1.300 
29.139 30.539 1.400 

TABLE F-53 
NO-POLICY OPTION 

MEDIUM CAR FUEL ECONOMY 
CONTROL SHOCK DIFFERENCE 

18.600 19 . O O O  0.400 
19.120 19.720 0.600 
19.580 20.280 0.700 
20.240 2 1.240 1.000 
21.300 22.600 1.300 
2 1.500 22.800 1.300 
21.700 23.000 1.300 
2 1.900 23.199 1.300 
22.100 23.399 1.300 
22.300 23.599 1.300 

CONTROL 
15.490 
16.190 
16,590 
17.190 
18.190 
18.210 
18 -330 
18.450 
18.570 
18.790 

TABLE F-54 
NO-POLICY OPTION 

LARGE CAR FUEL ECONOMY 
SHOCK 

15.790 
16.590 
17.090 
17.790 
18.990 
19.010 
19.130 
19.350 
19.470 
19 -690 

DIFFERENCE 
0.300 
0.400 
0 .SO0 
0 a600 
0.800 
0.800 
0 -800 
0.900 
0.900 
0.900 

% D I F F  
0 -825 
1.238 
1.232 
2.037 
3.157 
3.493 
3.790 
4.444 
4.656 
4.804 

% DIFF 
2.150 
3.138 
3.575 
4.940 
6.103 
6.046 
5.990 
5.936 
5 -882 
5.829 

% DIFF 
1.937 
2.470 
3 -0 14 
3.490 
4.398 
4.393 
4.364 
4 -878 
4.846 
4.789 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLES F-55 TO F-60 
25% INCREASE IN STANDARD 
(STANDARD/ PENALTY OPTION) 

TABLE F-55 
SMALL CAR NET PRICE 

CONTROL SHOCK DIFFERENCE 
3322.949 3322.949 0 .O 
3485.824 3485.824 0 00 
3558.555 3468.517 -90.0 38 
3635.353 3605.145 -30.207 
3740.931 3730.693 -10.238 
3689.527 3917.004 227.477 
3732.337 4130.648 398.312 
3820.667 4339.160 5 18.494 
3865.4 10 439 1.461 526.051 
3870.027 4336.617 466.590 

TABLE F-56 
MEDIUM CAR NET PRICE 

CONTROL SHOCK DIFFERENCE 
3781.300 3781.300 0.0 
3993 0791 3993.791 0.0 
4103.375 4401.594 298.219 
4224.402 4581.051 356.648 
4348.477 4685.695 337.2 19 
4451.742 4994.848 543.105 
4617.355 5334.848 717.492 
4843.344 5683.602 840.258 
4960.473 5877.555 917.082 
5014.371 5984.164 969.793 

CONTROL 
4968.785 
5202.1 13 
5350.273 
5510.879 
5633,215 
6012.746 
6356.934 
6667.230 
6829.766 
6908.207 

TABLE F-57 
LARGE CAR NET PRICE 

SHOCK 
4968.785 
5202.1 13 
6115.309 
6319.965 
6457.266 
6881,910 
7333 -3  16 
7806.066 
8045 -246 
8147.672 

DIFFERENCE 
0 .o 
0 .o 

765,035 
809.086 
824.051 
869.164 
976.383 

1138.836 
1215.480 
1239.465 

% D I F F  
0 .o 
0 .o 
2.530 
0.831 
0.274 
6.165 

10,672 
13.571 
13.609 
12.056 

% D I F F  
0 .o 
0.0 
7.268 
8.443 
7.755 

12.200 
15 539 
17.349 
18.488 
19,340 

% D I F F  
0 .o 
0 .o 

14.299 
14.682 
14.628 
14.455 
15.359 
17.081 
17.797 
17.942 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

TABLE F-58 
SMALL CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
24.240 24.240 0 .O 
24.240 24.240 0.0 
24.353 24 -996 0.643 
24.602 25.751 1.148 
25.427 27.510 2.084 
26.757 29.2 17 2.460 
28.025 31.079 3.054 
29.856 32.699 2 -843 
31.135 34.3 19 3.184 
32.286 35.839 3.553 

TABLE F-59 
MEDIUM CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
18.600 18.600 0 .O 
19.120 19.120 0 .O 
19.697 2 1.894 2 ..I97 
20.621 23.456 2.835 
21.719 25.431 3.7 12 
23.887 26.517 2.631 
25.107 27.499 2.392 
25.950 28.099 2.149 
26.250 28.399 2.149 
26.261 28 -499 2,238 

TABLE F-60 
LARGE CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
15,490 15.490 0 .O 
16.190 16.190 0 .O 
16.766 18.190 1.424 
17.539 19.190 1.651 
18.539 20.885 2.346 
20.166 2 1.509 1.343 
21 e004 22.129 1.125 
21.539 22.749 1.210 
2 1.959 23 -269 1.310 
22.371 23.689 1.319 

% D I F F  
0.0 
0.0 
2.642 
4 e668 
8.195 
9.195 
10.897 
90522 
10.225 
11.004 

% D I F F  
0 .o 
0 .o 
11.155 
13.747 
17.093 
11.013 
9.529 
8 -283 
8.186 
8.523 

% D I F F  
0 .O 
0 .o 
8 -495 
9.413 
12.657 
6.661 
5.358 
5.618 
5.966 
5.894 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLES F-61 TO F-66 
100% INCREASE IN PENALTY 
(STANDARD/ PENALTY OPTION) 

CONTROL 
3322 m949 
3485.824 
3558.555 
3635.353 
3740.931 
3689.5 27 
3732.337 
3820.667 
3865.410 
3870.027 

TABLE F-61 
SMALL CAR NET PRICE 

SHOCK DIFFERENCE 
3322.949 0.0 
3485.824 0 a0 
3558.555 0.0 
3635.353 0 .O 
3736.014 -4.917 
3675.892 -13.635 
3627.225 -105.112 
3648,115 -172.552 
3671.731 -193.678 
3653.317 -216.710 

TABLE F-62 
MEDIUM CAR NET PRICE 

CONTROL SHOCK DIFFERENCE 
3781.300 3781.300 0.0 
3993.791 3993 * 791 000 
4103.375 4103,375 0 .O 
4224.402 4224.402 0 .O 
4348.477 4346.0 55 -2 -422 
445 1.742 4451.070 -0.672 
4617.355 4568.523 -48.832 
4843 -344 4805.859 -37.484 
4960.473 4966.242 5.770 
5014.371 5045.285 30.9 14 

CONTROL 
4968.785 
5202.1 13 
5350.273 
5510.879 
5633.2 15 
6012.746 
6356.934 
6667.2 30 
6829.766 
6908.207 

TABLE F-63 
LARGE CAR NET PRICE 

SHOCK 
4968.785 
5202.1 13 
5350.273 
5510.879 
5649.148 
6027.461 
6571.102 
7122.246 
73750598 
7460.637 

DIFFERENCE 
0.0 
0.0 
0 .o 
0 .o 

15.934 
14.715 

214.168 
455.0 16 
545.832 
552.430 

% D I F F  
0 .o 
0 .o 
0.0 
0 .o 
0.131 
0.370 
2.816 
4.516 
5.011 
5.600 

% D I F F  
0 .o 
0.0 
0 .o 
0 ,o 
0.056 
0.015 
1.058 
0.774 
0.116 
0.617 

% D I F F  
0 .o 
0 .o 
0 .o 
0 a0 
0.283 
0.245 
3.369 
6.825 
7.992 
7.997 



YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLE F-64 
SMALL CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
24.240 24.240 0.0 
24.240 24.240 O * O  
24.353 24.353 0.0 
24.602 24.602 0.0 
25.427 25.451 0.024 
26.757 26.821 0.065 
28.025 28.576 0.551 
29.856 30.636 0.780 
31.135 32.451 1.316 
32.286 33.323 1.037 

TABLE F-65 
MEDIUM CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
18.600 18.600 0 .O 
19.120 19,120 0.0 
19.697 19.697 0 .O 
20.621 20.621 0.0 
21.719 21.829 0.110 
23,887 24.026 0.140 
25.107 25.971 0.865 
25.950 27.741 1.791 
26.250 28.603 2.353 
26.261 28.496 2.236 

TABLE F-66 
LARGE CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
15.490 15.490 0.0 
16.190 16.190 0.0 
16.766 16,766 090 
17.539 17.539 0.0 
18.539 18.653 0.114 
20.166 20.247 0.081 
21.004 22.088 1 -084 
21.539 23.323 1.784 
21.959 24.004 2.045 
22.371 24.406 2.035 

% D I F F  
0 .o 
0.0 
0.0 
0 .o 
0.095 
0,242 
1.965 
2.613 
4 227 
3.212 

% D I F F  
0.0 
0.0 
0.0 
0.0 
0.506 
0.586 
3.444 
6.902 
8.965 
8.513 

% D I F F  
0 .o 
0.0 
0 90 
0.0 
0.617 
0.400 
5.159 
8,280 
9.311 
9.098 



YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

TABLES F - 6 7  TO F - 7 2  
100% INCREASE I N  TAX/REBATE SCHEDULE 

(EXCISE  TAX/REBATE OPTION) 

TABLE F - 6 7  
SMALL CAR NET P R I C E  

CONTROL 
2941 . I75  
3103.215 
32 11.433 
3269.933 
3332.968 
3358.801 
3361.252 
3393,502 
3355.304 
3344.952 

SHOCK 
2560.032 
2693.363 
2750.184 
281 1.240 
2800.336 
2790.633 
2737.329 
2727,253 
2689.054 
2678.703 

DIFFERENCE 
-381.144 
-409.853 
-461 0250 
-458.692 
-532.632 
-568.168 
-623.923 
-666.250 
-6660250 
-666.249 

TABLE F - 6 8  
MEDIUM CAR NET P R I C E  

CONTROL SHOCK DIFFERENCE 
3894.479 3952.825 58.346 
4073.567 3958.321 -1 15 -246 
4207.617 3978.258 -229.360 
4183.926 3930.484 -253 044 1 
4235.738 3874.20 1 -361.538 
4278.621 3904.478 -374.143 
4307 -875 3968.251 -339.624 
4291.027 3903,779 -387.249 
43 16.762 3916.685 -400.077 
4371 .21 1 3928.9 19 -442.292 

CONTROL 
5531 -027 
5702.766 
5678.348 
5738.426 
5737 -582 
5816.355 
5776.1 17 
5850.531 
5892 -887 
5880.070 

TABLE F - 6 9  
LARGE CAR NET P R I C E  

SHOCK DIFFERENCE 
5883.746 352.7 19 
5981.801 279.035 
5895.328 2 16.980 
5851.484 113.059 
5759.965 22.383 
5752.867 -63.488 
5846.820 70.703 
5841.070 -9.461 
5828.316 -64.570 
5830.637 -49.434 

% DIFF 
12.959 
13.207 
14.363 
14.028 
15.981 
16.916 
18.562 
19.633 
19.857 
19.918 

% DIFF 
1.498 
2 -829 
5.451 
6.058 
8.535 
8.744 
7.884 
9.025 
9.268 

10.118 

% DIFF 
6.377 
4.893 
3.821 
10970 
0.390 
1.092 
1 a224 
0.162 
1.096 
0 a841 



YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLE F - 7 0  
SMALL CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
24.540 25.540 1.000 
24.540 25.540 1.000 
25.540 25.540 0 .O 
25.640 26.640 1 .OOO 
27.540 29.539 2 .OOO 
27.860 29 0759 1.900 
28.580 29.579 10000 
29.799 29.799 0 m0 
290619 29 -6 19 0 00 
29.839 29.839 0 .O 

TABLE F-71 
MEDIUM CAR FUEL ECONOMY 

CONTROL 
19.600 
20.720 
22.580 
22.540 
24.599 
24.799 
24.899 
24.599 
24 -699 
25.599 

SHOCK 
2 lo700 
22.520 
23.579 
24.539 
26.699 
26.799 
27.799 
26.599 
26.599 
26.599 

DIFFERENCE 
2.100 
1.800 
1 .ooo 
2.000 
2.100 
2 .ooo 
2.900 
2 .ooo 
1.900 
1.000 

TABLE F - 7 2  
LARGE CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
16.590 16.590 0 .O 
17.690 18.590 0.900 
17.590 18.590 1.000 
18.590 19.590 1 .OOO 
19.590 2 1.589 2 .OOO 
20.510 21.509 1 .OOO 
19.530 22 a529 3.000 
20.550 22.549 2.000 
20.770 220569 1.800 
200690 22 0689 2 .OOO 

% DIFF 
4.075 
4.075 
0 .o 
3.900 
7 -262 
6 -8 19 
3.499 
0 .o 
0 .o 
0 .o 

% DIFF 
10.713 
8.687 
4 e428 
8 -872 
8.536 
8 -064 

1 1  e646 
8.130 
7.692 
3.906 

% DIFF 
0 00 
5.087 
5.685 
5.379 
10.209 
4 -875 
15.360 
9.732 
8 -666 
9.666 



YEAR 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

TABLES F-73 TO F-78 
VALGPM PARAMETER CORRESPONDS TO 

AN EXCISE TAX TABLE ZERO POINT OF 20 MPG 
(EXCISE TAX/REBATE OPTION) 

TABLE F-73 
SMALL CAR NET PRICE 

CONTROL SHOCK 
2941.175 2941 0175 
3103.215 3 103.215 
3211 0433 321 1.433 
3269.933 3260.787 
3332 -968 331 1,595 
3358.80 1 3342.555 
3361 -252 3403 0579 
3393.502 3385,494 
3355.304 3367.408 
3344 -952 3349.323 

DIFFERENCE 
0 .o 
0 .o 
0 .o 

-9.146 
-21.373 
- 16.246 

42.326 
-8.009 
12.104 
4.371 

CONTROL 
3894.479 
4073.567 
4207.617 
4 183.926 
4235.738 
4278.621 
4307.875 
4291.027 
4316.762 
4371 -211 

CONTROL 
5531.027 
5702.766 
5678.348 
5738.426 
5737 a582 
5816.355 
5776.1 17 
5850.53 1 
5892.887 
5880 e070 

TABLE F-74 
MEDIUM CAR NET PRICE 

SHOCK 
39090330 
4059.610 
4207.6 17 
4221.438 
4282.957 
4267.172 
4296,516 
4323.930 
4349.621 
4319.820 

DIFFERENCE 
14.851 

-13.957 
0 .o 

37.512 
47.2 19 

- 11.449 
-11.359 

32.902 
32.859 

-5 1.39 1 

TABLE F-75 
LARGE CAR NET PRICE 

SHOCK DIFFERENCE 
5531.027 0 .O 
5702.766 0 .O 
5697.105 18.758 
5757.137 18.711 
5767.773 30.191 
58 16 a355 0 a0 
5853.496 77.379 
5850.531 0 .O 
5892.887 0 .O 
5865.020 -15.051 

% DIFF 
0 .o 
0 .o 
0 .o 
00280 
0 0641 
0.484 
1.259 
0.236 
0.361 
0.131 

% DIFF 
0.381 
0.343 
0 .o 
0.897 
1 .I 15 
0.268 
0.264 
0.767 
0.761 
1.176 

% DIFF 
0 .o 
0 .o 
0.330 
0.326 
0.526 
0 .o 
1 -340 
0 .o 
0 .o 
0 -256 



YEAR 
19 76 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
19 84 
1985 

YEAR 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

YEAR 
1976 
1977 
1978 
19 79 
1980 
1981 
1982 
1983 
1984 
1985 

TABLE F-76 
SMALL CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
24.540 24.540 0 .O 
24.540 24.540 0 e0 
25.540 25.540 0 .O 
25.640 25.540 -0.100 
27.540 26.640 -0.900 
27.860 27 a660 -0.200 
28.580 29.579 1.000 
29,799 29.699 -0.100 
29.6 19 29 -8  19 0,200 
29.839 29.939 0.100 

TABLE F - 7 7  
MEDIUM CAR FUEL ECONOMY 

CONTROL SHOCK DIFFERENCE 
19.600 19.700 0.100 
20.720 20 .620 -0.100 
22,580 22.580 0 .O 
22.540 22 a840 0.300 
24.599 24.999 0 -400 
24.799 24.699 -0.100 
24.899 24.799 -0.100 
24.599 24.899 0.300 
24.699 24.999 0.300 
25.599 24.599 - 1  v000 

TABLE F-78 
LARGE CAR FUEL ECONOMY 

CONTROL 
16.590 
17.690 
17.590 
18.590 
19.590 
20.510 
19.530 
20.550 
20.770 
20.690 

SHOCK 
16.590 
17.690 
17.690 
18.690 
19.790 
20.510 
20.630 
20.550 
20.770 
20.590 

DIFFERENCE 
0 .o 
0 .o 
0.100 
0.100 
0.200 
0 .o 
1.100 
0 .o 
0 .o 

-0.100 

% D I F F  
0 .o 
0 .o 
0 * o  
0.390 
3.268 
0.718 
3.499 
0.336 
0.675 
0.335 

% D I F F  
0.510 
0.483 
0 .o 
1.331 
1.626 
0.403 
0.402 
1.2 19 
1.2 14 
3.906 

% D I F F  
0 .o 
0 .o 
0.568 
0.538 
1.021 
0.0 
5.632 
0 .o 
0 .o 
0.483 



APPENDIX G 

FAUCETT MODEL PROGRAM L I S T I N G :  
8/77 VERSION 





I GPR I C E 1  3 . 2 6 )  
COMNON/L1LIlCK5/OPCALL(26)r OPCARS 1 2 6 )  V M T I  2 6 )  .SRATEf  2 0 ) .  
I SCRAP1 3s 2 6 )  

COMUILN/RLflCKh/FLFFT!3.20l ,FLJEC F C - 1 3 t 2 ~ !  r R F L F E T l  3 . 2 0 1  
C n M f i u N / M L O C K i i N i i E S i Z 6  i . F F C i i E i i 2 6 i I i i M ~ i i P ~ i ~ 0 i  
W M M O N / I 3 L l l C K 8 / F F U E L  1 2 6  ) .APRI C E I  2 6 )  .TARGET 1 2 6 ) .  1 S C R A P I Z b )  
COMMON/ BLOCK9/ N F J  E L E ( 3  ' 2 3  ) 

COMNON 1 1 1  1 ) 11 S  
D I M E N S I O N  A N M I 2 O ) ,  J J G A S I 5 ) ,  AP 1 2 6 )  
D I M E N S I I I N  1  L E R l I l 2 6 J  r l M b ) ( R 1 2 6 )  
D I M E N S I I N  T K P C A R I  3.4)  
D I M E N 5 I O N  ACCT 1 3 0 , 2 6 )  
D I M E N S I O N  K Y E A R 1 2 6 J . P Y  I B I 2 6 . 2 I  . S t l N E W L 3 ) , C S T l 3 1 . F E C I 3 I  
OIMENS I O N  D R I I 2 6 J .  T R B S G S 1 2 6 )  
D I M E N S I O N  G A S T O T l 2 6 ) .  C A R D S L I 2 6 1 ,  i R ~ S L l 2 6 ) r  O I E S E L l 2 6 J  
I N T E G E R  E X T X l 4 0 . 2 6 )  
I N T E G E R  T ~ T T s C S Q  
DATA BOT11/41iUO TH/ 
DATA S E T X / 4 H S E T X /  
D A T A  E X C I / 4 H E X C  I/ 
OATA STAN/CHSTAN/  
DATA Y E S / 4 l i Y E S  / 
DATA D R I / l - U . 0 . 6 Y r  -86 , .91 . -95 , -97s  L - d l ,  

1 1.03.1.02. 1 .0216*1 .03s  I O * l I 0 3 /  
OATA D I E S E L  /0. .0. ,Ow. ,0015,  - 0 0 4 0 .  - 0 0 7 5 .  - 0 1 2 5 .  

1 ,0225. - 0 3 7 5 .  .O575. c O R 2 5 e  - 1 1 2 5 .  -L425a 1 7 2 5 .  
2  - 2 0 2 5 .  - 2 3 2 5 s  1 0 * . 3 0 /  

Ol l lJBLE PKEC I S I O I J  T S C R A P ' S A L E S ,  POP, 0P lARS.TARGET.  SCRAP. 
l F L E € T . R F L E E T r P F L E E T ~ T O R I ~ T S A L E S  

R E A L  NCW.NFUELE.MILES. INCOME 
C  * *+**+***+***4***4+ 

5 0  1 FORMAT ( '  Y  EAR ' v 5 1 1 1 )  
5 0 2  FORMATI  TOTAL S A L E S  ' .5F11.0)  
5 0 3  FI IRNAT 1 '  S M L L  SHARE ' t 5 F l l - 3 )  
5 0 4 F O K M A T I '  M E D I U M  St iARE ' t 5 F 1 1 - 3 )  
5 0 5 F O R M A T l '  L A R G E S H A K E  ' . 5 F l 1 . 3 1  
5 0 6  F O R M A T I '  CARS I N  U S E  * . 5 F l L . O )  
5 0 7  FORMAT I S M A L L  SHARE '. 5F 1 1 - 3 1  
5 0 8 F O R M A T I a  H E D I U M  S H A R E  ' , 5 F 1 1 - 3 1  
5 0 9  FORMAT1 * LARGE SIIARE ' 1 5 F  1 I- 3  1 
5 1 0  FORMAT I' SCRAPPAGE ' . 5 F L I . O 1  
5 1  1 F D R M A T I  I H l  8 2 O A 4 1  
5 1 2  FORMAT 1 2 0 4 4 )  
5 1 3  FORMAT 1 1 x 1  1 5 . 3 F l l - 0 1  
5 1 4  F O R M A T I '  U S E 0  P R I C E  ' ,5F 11.3) 
5 1 5  FORMAT I* G A S  P R L C E  ' . 5 1 ' 1 1 - 3 1  
5 1 6  F O R M A T I '  VMT * . 5 F l I . O 1  
5 1 7  F O R M A T I '  CAR G A S  CONSUMED ' 1 5 F  11.0) 
5 1 8  F O R i 4 A T I *  F L E E T  HPG a . 5 F 1 1 . 3 1  
5 1 9  FORMAT1 * AVG. GEN- P R I C E  * ,5F 11.0) 
5 2 0  FORMAT( '  AV2. N W  CAR MPG ' r  5 F I L - 3 )  
5 2  1 FOKMAT I ' SMALL # P C  ' , 5 6 1 1 . 3 1  
5 2 2  FORMAT ( *  MEDIUM MPG * ~ 5 F 1 1 . 3 1  
5 2 3  F O R M A T ( *  LARGE MPG . 5 F L l - 3  1 
5 2 5  FORMATI  1 x 1  
5 2 6  FOHHAT I* LK) Y:IU M A N 1  T t f  S E C I I N D A R I  U U i P U T ?  t l x m ~ . .  YES OR NO : * )  

5 2 1  FORMAT I TRUCK G A S  * r S F 1 1 . 0 )  
5 2 8  FORMAT la CAR D I E S E L  * ~ 5 F 1 1 - 0 )  
5 2 9  FORMAT I *  TRUCK D I E S E L  ' , 5 t 1 1 . 0 )  
5 3 0  FORMAT( 3 4 4  I 
5 3  1 F l I R M A T l / / / / / 3 0 X , *  t X C  I S E  TAX T A B L E  * / / )  
5 3 2  F O R M A T I 1 8 m L 3 1 5 )  
5 3 3  F O R M A i I / / / / *  YEAR',  1 4 1 5 1  
535 FORMAT!  / I / / / / / / / / / / / / !  
536 i O F ( n A i  is i u i a  LONSMP * . Y 11- 01 
537 FORMATI* T O T A L  DIESEL ' , 5 F 1 1 - 0 1  
5 3 8  F O R M A T I *  T O T A L  G A S  I H R L I  ' . 5 F 1 1 . 3 )  
5 3 9  F O R M A T I '  T O T A L  GAS I Q U A D S J ' m 5 F L L . 3 )  
5 4 0  F O R M A T I '  O I E S E L  I M B L )  * . 5 F l l r 3  1 
5 4 1  F O R H A T I '  D I E S E L  I O U A D S J *  m S F 1 1 . 3 )  

5 4 2  FORNAT I' P L E A S E  T Y P E  R W  I D E N T  I F I C A T  I O N * )  
5 4 3  FORMAT I ' YEAR AUTO NEW CAH G A S O L I N E  O I E S E L *  I 

I '  G A S O L I N E  './ 
2  a S A L E S  S A L E S  n T 0  - A U r O  FUEL-AUTO.,  
3  ' TOTAL ' . /  
4 a ( U N I T S )  F U E L  ELON I M B L / D )  1 t 1 8 L / 0 )  *. 
5 *  I H B L / D I ' . /  
6 s I M P G ) '  ./) 

5 4 4  F O R H A T  l l X . 1  l O ~ F l 0 ~ 0 . 4 F 1 0 . 3 1  
5 6 0  FORMAT I l H 1 .  / / / / )  
5 6 1  FORMAT I//) 
5 6 3  F O R M A T I F 3 . 0 )  
5 6 4  FORMAT I F2.O 

5 6 5  F O R M A T I '  00 YOU H I S H  T O  P R I N T  E X C I S E  TAX T A E L E ? ' )  
5 7 0  FORMAT 1' F I N A N C I A L  IMPACTS: * 1 
5 7 1  F O R H A T I '  TAX/REBATE:SMALL , 5 F 1 1 . 4 J  
5 7 2  F O R M A T I '  T A X / R E B A T E :  MED. ' m5F11.31  
5 7 3  F O R M A T I '  i A X / R E B A T E : L A R G E  - . 5 F L 1 . 3 1  
5 7 4  F O R M A T I *  T O T A L  EX. T A X E S  ' , 5 F  11 -3 1 
5 7 5  F O R M A T [ *  T O T A L  R E B A T E S  ' .5F11,3J 
5 7 6  FOHHAT I' N E T  T A X / R E B A i E  ' .5F 11-3 1 
5 1 7  F O R H A T I .  P E N A L T I E S :  SMALL , 5 F 1 1 . 3 1  
5 7 8  FORMAT1 * P E N A L 1  IES:  HEO- '. 5 F 1 1 . 3 )  
5 7 9  F O R M A T ( '  P E N A L T  I E S :  L A R G E  ' ' 5 F l 1 . 3  J  
5 8 0  F O R M A T ( '  T O T A L  P t N A L T I E S  ' . 5 F 1 1 . 3 )  
5 8 1  FORMAT4 '  P R I C E  A N A L Y S I S m / *  S M A L L  C W S ' )  
5 8 2  FORMAT1 B A S E  P R I C E  ' m 5 F 1 1 . 0 )  
5 8 3  F O R M A T I *  T E C H -  ADD-[INS ' . 5 F 1 1 . 0 1  
5 8 4  F O R M A T I '  P O L I C Y  ADD-ONS * .  5 F  11 -0 
5 8 5  F O R M A T ( '  N E T  CAR P R I C E  .5F  11-01 
5 8 6  F O R H A T I *  M E D I U M  C A R S *  I 
5 8 7  FORMAT1 B A S E  P R I C E  ' . 5 F 1 1 . 0 )  
5 8 8  F O R t l A I I g  TECH. ADD-ONS * . 5 F l l r 0 )  
5 8 9  F O R M A T I '  P O L I C Y  ADD-ONS , 5 F 1 1 . 0 )  
5 0 0 F O R M A T I '  N E T  CAR P R I C E  * , K l l . O J  
5 9 1  F O R M A T I *  LARGE C A R S '  1 
5 9 2  F O R H A T I *  B A S E  P R I C E  * . 5 F 1 1 . 0 )  
5 9 3  FORNAT I' TECII ,  A O l t O N S  * , 5 F  11.0 1 
5 9 4  F O R M A T I  ' P O L I C Y  ADD-ONS ' . 5 F  1 1 . 0 )  
5 9 5  F O R M A T I '  NET CAR P R I C E  ' ~ 5 F l l . O )  
5 9 6  F O R M A T I *  MPG OF L E R l l  TAX ' , 5 F 1 1 , 0 )  
5 9 7  F O R H A T I *  MPG O F  MAX R E B A I E . . % I l . O )  
5 9 8  F O R M A T I *  P L E A S E  S E T  P R l N i E R  10 R L C E I V E  O U i P U T l O P T I O N A L )  ')  

5 9 9  FORMATI  / / / / / / I  
6 0 5  FORMAT l Z X . 5 F 5 . 2 )  
606 F O R M A T I Z X . 3 F 6 . 3 ~ 2 1  1 X , 3 F b b  3 )  1  



6 0 8  F I I R M A T I *  M A X I M U M H E H A T E  ' ~ 5 F l l - 3 )  
6 0 9  FORMAT I* E X C l  S t  TAX SCHEL)UL C *  ) 

1x1 9 9  I = 1 1 2 6  
C A R O S L I I )  = 0- 
T R 0 5 L I  I 1  = 0- 
L A S T O T  I 1)  = 0- 

99 C O N T I N U E  
I S =  1 4  

N L = 2 6  
N = 15 
I P - I  9 7 5  
IYCAR = 1 
WRI l E 1 1 5 . 5 6 2 )  
R E A O  I 5 . 5 1 2 ) I A N M l L )  .L-1.18)  
J J =  1 
C A L L  P C I L I C Y I  PY T 8 , k X T X r  APOL. I ZFRO. I N A n R .  N,MPGGPM 1 
T- 2 
O P C A R S I I I = O .  
nrr LOO C=1.3 
UD 100 N = l .  I S  

1 0 0  O P C A R S I I  J = O P C A R S I  1) +FLEET I C  ,MI 
N E u I  1.1 1 = , 2 5 0 0  
N E H 1 2 . 1 1 = . 2 4 5 0  
NEW1 3 , 1 ) = . 5 0 5 0  
E C I I N I  l r 1 1 = 2 2 - 3  
l C O N 1 2 . 1 ) = 1 5 . 3  
fCL lN I  3 .1 )=12 .6  
P C A R 1 1 . 1 ) = 3 0 0 0 / 1 . 4 7 7  

cI.1 P C A R I  2 . 1 ) - 3 5 9 0 1 1 . 4 7 7  
0 P C A R I 3 .  1 ) = 4 6 5 4 / 1 , 4 1 7  
OI A-0, 

D I J  1 0 5  C - 1 . 3  
P R I C E I l l = A + P C A R I C .  1 l * I J E W I C t  1 1  
A=PR I C E (  1 1  

1 0 5  CON1 I N l J t  
00 11 0 C = I  .3 

1 1 0  O P N E W ( C ) = P G A S I  L I / E C O N I C I 1 l  
C * COMPUTE T t IE  MARKET WEIGl I1F .D  A V E R A G t  N O H  

UPCE s r  I I I =o. o 

A - U P C E S T I  1) 
1 1 5  OPCtSTIl)=A+NEHIC.I)*OPNEHIC1 

A P R I C E I  l ) = O P C E S T I I ) * 5 2 8 5 3 + P R I C E I  1) 
J J = l  
N X X = N + l  
00 1 3 0  KKM=Z.NXX 
I T  I 1  1=KKM 
T = T I I  1)  
QQQ-PGASIT  I 4 1 . 4 7 7  
SIiNEbdI I ) = N k W  I 1  .T-1 1 
SI iNEWt 2 1 z N E H I  2 t T- 1) 
S I I N E W I 3 1 = N E W I 3 . T - l )  
C A L L  S E T P R I  T .QQO. PYTB.EXTX. SIINEW.APCIL. C S r  .FEC. IMAXR. I ZERO. 

+ ACCT.MPG;PM) 
D O  1 2 0  C = l , 3  
P C A R I C . l ) = C S l I C  1 / 1 . 6 1 2  

1 2 0  E C O N I C . 1 1 - F E C I C I  
C A L L  R E T l K E  
C A L L  T O T A L  

C A L L  SHARE 
S A L E S I K K M I  = S A L t S I K K M ) * 3 R I I K K M 1  
CALL v M r s  
C A L L  G A X L I N  

1 3 0  C O N T I N U E  
N V L = N + I  
rn 1 5 0  I = ~ , N V Z  
ACCT17.1)=ACCT~7~I)*l1612*SALESI I) 
P G A S I  I ) = P G A S I I  ) * 1 . 4 7 7  
A P R I C E l I ) = A P R I C E (  I ) * L . 6 1 2  
GAS1 I I = C A S l  I 1 * 1 . 1 4  
00 1 3 5  J = 1 1 3  
MEH=ECONI  J , I ) * O - 5  
A C C T I  J I I ) = N E W I  J . I 1 * S A I I E S I  I ) * E X T X I M E M s  1 -1  1 
A C C T I J t 3 .  I J = A C C T I J + 3 , I  ) W E H I . I .  I ) + S A L t S (  I 1  
P C A R I  J , I ) = P C A R I J , I  ) * L . 6 1 2  

1 3 5  GPH I C E I  J. I ) = G P R I C E  ( J r I  ) * l a b  1 2  
00 I 4 0  I J = 1 . 7  

A C C T I Z Z .  I1=O,O 
A C C T I  20,I )=0.0 
00 1 4 5  I J = 1 . 3  
I F I A C C T I I J , I ) . G T . O . O )  A C C T I 2 0 .  1 1 = A C C I I 2 O . I 1 + A C C l l 1 J .  I) 
I F I A C C T I I J .  I),LT.O.O1 ACCTl21.I1=ACCII2L.I)tACCTI I J . 1 )  

1 4 5  ACCT12211~=ALCl122,1)tACClI IJ, I 8 
1 5 0  C O N T I N U E  

WRI T E I  1 5 , 5 9 8 1  
R E A D 1  5 . 5 2 5 1  
W R I T E l 1 5 . 5 6 0 )  
JJ=IIIPtl)/IYEAR1*IYtAR-IP-ItIYtAR 
1 F I J J . E Q . I Y E A R  J J J = O  
00 1 5 5  L Y = L , 2 6  

1 5 5  K Y E A R l  L Y ) = I  P + L Y - 1  
L Y = O  
L 3 = I Y  E A R  
GO TO 160 

1 6 5  H R I T E I l 5 . 5 9 9 )  
160 L Y = L Y + l  

L l = J J + Z + I L Y - I ) + I Y E A R * 5  
I F I L 1 - G T - N X X I  G O  10 2 0 0  
L Z = L  1 + 4 * 1  Y E A R  
I F  IL2 .LE .NXXI  GO TO 1 7 0  

L Z = N X X  
1 7 0  C O N T I N U E  

H R I T E I 1 5 1 5 1 1 1  I A N H I L ) . L = I . 1 8 1  
H R I  T E I  1 5 . 5 6 1 )  
U R I T E I 1 5 t 5 0 1 1  I K Y E A R I L  ) . L = L I . L Z . L 3 )  
W R I T E I  1 5 . 5 0 2 1  I S A L E S I L ~ . L = L L S L 2 . L 3 )  
H R I T E I  1 5 . 5 0 3 1  I N E H I  l . L ) ,L=L  I . L Z . L 3 )  
H R I T E I  1 5 . 5 0 4 )  I N E W I 2 . L  ).L=L L I L 2 . L 3 )  
W R I T E 1  1 5 . 5 0 5 )  I N E H I  3 . L ) . L = L l , L 2 . L 3 1  
W R I T E I 1 5 . 5 2 0 1  I F F L I E L t L  ) .L=Ll .L 2 , L 3 )  
H R I T E I  1 5 , 5 2 1 1  I E C O N l l . L ) . L = L I . L 2 , L 3 )  
H R I T E I  1 5 . 5 2 2 )  I E C O N I 2 . L ) , L = L l . L Z . L 3 )  
W R I T E I  1 5 . 5 2 3 )  I L C O N I 3 , I . ) . L = L  L r L 2 . L 3 )  
H H I  T E I  1 5 . 5 0 6 )  I O P C A R S I  L l  r L = L L , L 2 , L 3 )  
W K l T E I  1 5 . 5 0 7 1  I O P C L A S I  I . L l . L = L  L . L Z . L 3 1  
W I l T I  1 5 . 5 0 8 1  ( O P C L A S I  2.L) .L=L I . L 2  . L 3 1  
W R I T E 1  1 5 , 5 0 9 )  I O P C L A S I  3 . L I . L = L  1.L2 . L > )  
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R t A L  NEW.NtUkLC,MILES.  INCflMT 
R f  A L  K2.KSUi4.KSUHL 
IF lT  ECER T, TT 1 C  
L)OUDLE P R t C I  5 1  O N  TSCRAP.5 ALES .POP. CPLARS. TARGET. SCRAP. 

I F L E E T . R F L € E r  
r = T T I l l  
KSUpC;O. 
O P C A R S I T J - 3 .  
D O  3 9  C=1,3 
0PCLASLC.T J=O,O 
no 3 9  M=L.IS 
D P C L A S I C , T ) = O P C L A S i C , T ) + F L E E T I C , M )  
O P C A R S I T J = O P C A R S I T  ) * F L E E T I C , M J  
K 2 = K S U M  
K S U N = K 2 + i F L E t T I C . M ~ / F U E L F C I C I M l )  

3 9  C O N T I N U E  
O P C A L L I  T J = K S U M * P G A S I l l  / O P C A R S I  1 J  
DO 4 0  C=1,3 

4 0  f l P C L A S I C . 1  J=OPCLAS I C . 1  I / O P C A R S  I T  I 
A=-52979.8+150.37 .  *ALOG 1 0 4 0 1  S I N C I T )  1 - L 2 0 4 . 2 4 * A L O G l O I  O P C A L L I T  1  

1 + l o o -  J  
VMTI T I  =A*POPI  T  )+6337.68*11PCARS I T )  
V M T I T  J = V M T I l  J * 0 . 0 0 0 0 0 1  
RETURN 
END 
S U B R W T I N E  GASCON 
C O M M ~ ~ N / H L O C K I / P G A S i Z O )  . P O P t 2 6 1 .  D I S  I N ( r I 2 6 )  . C P I t  2 6 )  
COMMON/ i lLOCKZ/PCARi  3 . 2 6 1  .€CON(  3 . 2 6 ) .  I N C G M E I  1 0 . 2 6 )  
CI1MtiUN/BLOCK3/ OPNEW 13 ).OPCESTI 2 6  1  , O P L L A S ~  3,26).NEWI 3 . 2 6 )  
C O M M O N / ~ I L O C K ~ / G A S [ L ~ J ~  P U S E D I 2 6  1 , S A L E h I 2 6 )  ' P R I C E 1  2 6 )  rn 

1 G P R I C E  i 3 t  2 6 1  
C O M ? ~ I I N / ~ ~ L O C K ~ / O P C A L L I ~ ~ ~ I  OPCARS 1 2 6  J. V M T i  2 6 )  . S R A T E i  2 0 ) s  

L S C R A P I  3.26) 
C I )MYON/BLOCKl / I . ( ILES 1 2 6 1 . F E C O N I  2 6 1  I U N ~ M P R I  2 6  1  
C O N M O N / B L O C K 6 / F L E E T i  3 .20)  . F l J C L E C I 3 . 2 0 )  . R F L E E T I  3 1 2 0  I 
COHMON/ IVOCK9/F IFUEL E I 3 . 2 0  ) 
CnblMN/[ ILl lCK8/FFUELI26 J,APRICEI26IrTARGETIZ6). T S C R A P t 2 6  J  
COMMON T T I l l r l S  
R E A L  K,MlLES. NUMERIKMILES IJ 
R E A L  NFLl . tJFUELEtM1 LESm INCOME 
I N T E G E R  T.Tl .C 
D O U B L E  P R E C I S I O N  T S C K A P . S A L F S t P O P . O P I A R S . T A R G E T . S C R A P .  

1 f L E E T . R F L E E T  
U I N t N S I O N  N U H E H I 2 O J . D E N O M I Z O J  
T = T T I  I )  
J J = I S - 1  
MI 40 M = l . J J  
J- M 
P H I L  ES=O* 
DO 4 0  C = 1 * 3  
K M I L t S = t L € E T I C , H ) * I  1 7 - 9 7 2 9 - I 9 -  5 7 8 4 l * A L O G l O I  J )  I I 
M I L F S I  t41 = P M l L t S + K H i L L S  
P M I L E S = H I L F S I H )  

4 0  COFlr I N U E  
P H I  L E  S=O. 
DO 4 1  C=1.3 
K M I L E S = t L L E T i C .  IS~*iL77972Y-i995148L*ALOG10115~O~ )I 
M I L E S I  I S J = P M I L E  S 1 K N I L E S  
P M I L E S = M l L E S  I I S  J  

4 1  C O N T I N U E  

T O T M I = O * 0  
DO 4 2  M = l . I S  

4 2  T O T M I = T O T M l  + M I L E S (  MJ 
A = T O l M  I 
T O T M I = V M I  I T )  / A  
M 4 3  M = l .  I S  

4 3  M I L E S I M I = i 4 I L E S  I H I * T O T M  I 
EC! 4C % = I * :  S  
NUHERIM)=O.O 
D E N I I H I  H l=O.  
m 4 4  c=1,3 
I A = N l ~ M E R I M I  
B=DENOMtM)  
N U M E R I M ) = I A + F L E E l I C , H )  
DENOMI M J = B + I P L E E T  I C , M ) / F J E L E C I  C,M) I 

4 4  C O N T I N U E  
G A S I T ) = O .  
DO 4 5  M = l . I S  
F E C f l N I H ) = N U N E R  I MJ / D E N O M  
B = G A S I  T I  
G A S I T ) = B + I  H I L E S L M 1 / F E C O N I M ) 1  

4 5  C O N T I N U E  
F F U E L I  TI=O.O 
D O  4 8  C i i l . 3  

48 F F U E L i T l = F F U E L I T J + N E H I C . T ) / E C O N I C , T )  
F F U E L I  T) =L. / F F  U E L I  T I  
RETURN 
END 
SUBROUTINE P O L I C Y I P Y T B . E X T X , A P O L . I Z E ~ O W I M A X R ~ N U M R Y ~  

+ MPGGPMJ 
C O M M O N / B L O C K l / P G A S I 2 6 J  , P 0 P I 2 6 1 , 0 I S I N ~ 1 2 6 1  , C P r t 2 6 J  
COMMON/LILDCK2/PCAR 13.261. €CON( 3 . 2 6  ). INCOME I 1 0 . 2 6 1  
D I M E N S I O N  P Y T B i 2 6 t Z J  . P R i 3 J ,  E C I  3 )  
D I M E N S  I O N  I Z E R O I 2 6 l r  I M A X R I 2 6 1  
I N T E G E R  E X T X i 4 0 . 2 6 )  

R E A L  INCOME 
DOUBLE P R E C I S I O N  T S C R A P . S A L E S ~ P O P . O P L A R S .  T A R G t  T.SCRAP. 

1 F L E E T . R F L E E T  
5 6 5  FORMAT t I 4  ) 
5 5 4  F f l R M A T i '  D O  YOU W I S H  T O  CHECK I N P U T  t n R  S T A N U A R D S ? ' )  
5 5 5  F O R M A T I / / / *  YEAR STAPIDARD P E N A L T Y  ) 
5 5 6  FORMAT ( *  D O  YOU W I S I t  T O  CHANGE I N P U T  FOR STANDARDS? ' )  
5 5 7  F O R H A T I *  A R E  G A S O L I N E  P R I C E  I N P U T S  C t A N G I N G  A 1  A  C f l N S T A N T * .  

1' GROWTH R A T E ? ' )  
5 5 8  F O R H A T I *  I N P U T  1 9 7 6  G A S O L I N E  P R I C E  AIUD GROWTH R A T E ' )  
5 5 9  F O R M A T I  * I N P U T  G b S O L I N E  P R I  C E S  S T A R i  I N G  W  I T h  1 9 7 6 '  J  
5 6 6  t O R M A T I I 2 .  1x1  1 2 )  

5 0 0  FORMAT ( 3 A 4 )  
5 0 1  F O R H A T i / / / / '  Y E A R * ,  1 4 1 5 1  

5 0 2  FORMAT I I 8 . 1 3 1 5 J  
5 0 5  F D R Y A T  i 1 8 . 2 F 8 - 2 )  
5 4 5  FORMAT I' P L E A S E  S P E C I F Y  P n L  I L Y  ' I 
5 8 0  F O R M A T I *  I N P U T  Y E A R  AND NEW CAR P R 1 C t S . S M A L L .  MEDIUM.AND *. 

1 * L A R G E * / '  S r A R T I N G  X I T H  1 9 7 5 '  I 
so I FORHATI* I r w u T  Y E A R  AND NEW CAR ~ U E L  ECO~~OMIES,SMALL, *. 

1 'MEn lUM.AYD L b K C € . / '  S T A R T I  NG W I T H  1 3 7 5 '  J  
5 8 2  F n R M A T I '  00 YOU W I S t t  T O  CHECK I N P U T  P R I C E 5  AN0 f U t L  * .  

1.FCONOMlES' I 
5 8 3  T O R M A T I '  00 YCIU W I S H  TO CHANGE I N P U T  P R I C E S  OR F lJEL * .  

1' ECONOM1tS1 I 
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FOOTNOTES 

1. There is some debate about the declining relationship between fuel 
economy and veh ic le  age .  In his review of the topic of fuel 
economy, Murrell (1980) no t e s  t h a t ,  under cohs t an t  opera t ing  
condi t ions ,  t h e r e  is a smal l  and positive relationship between 
odometer mileage and fuel economy. However,  when vehic le  
lifetime usage pat terns (vehicle travel generally decreases with age 
of vehicle) are considered, "relative mpg rises initially, reaches i ts  
peak in one t o  two  yea r s ,  and dec l ines  thereaf ter"  (p. 236). 
(Relative mpg relates the particular mpg to  a base mileage mpg 
t h a t  is  e s t i m a t e d  a f t e r  a break-in period.) In their new-car 
operating cost study, the  Hertz Corporation (1979) allows fo r  a 
"sl ight  reductiontt  in fuel  efficiency over time, even under the 
assumption of tlfull, complete, and proper maintenance." Tha t  
re la t ionsh ip  between fuel  economy and vehicle age is based on 
Hertz's proprietary cost data and estimates. 

The Federal Highway Administration data series on vehicle operating 
costs contains cost estimates for standard, compact and subcompact 
automobiles, but not all three for each year. Only standard-size car 
cost estimates are provided by Cope and Liston (1968) and Cope and 
Gauthier (1970). The later reports (Liston and Gauthier 1972; Liston 
and Sherrer 1974; and Liston and Aiken 1976) provide cost est imates 
fo r  a l l  t h r e e  s i z e  c lasses  of cars.  These costs are  based on 
Baltimore area prices. The cost est imates do not include finance 
charges, nor a r e  the costs discounted t o  obtain a present value. 
The costs are only those expected t o  be incurred durinq a 100,000 
mile, 10 year life of the car. To perform the correlation, the HSRI 
staff pooled the 1968, 1970, 1972, 1974 and 1976 observations. This 
produced 11 observations. The correlation between gasoline costs and 
the sum of all operating costs excluding gasoline costs is 0 .902.  
The correlation between the logs of those 2 data series is slightly 
lower, 0.894. 

3. The fuel economy/cost relationships used in the original version of 
the model were modified for the later  versions of the model t o  
account for the increasing impact of diesel engines on fuel economy. 

4. The range ($0-$600) of the potential add-on costs does not imply 
that  the model cannot simulate negative taxes (rebates). This is 
because the relationship between costs and fuel economy ratings is 
de te rmined  in such a way t h a t  t h e  r a t e  a t  which costs a re  
minimized depends on the absolute value of the potential policy 
add-on costs. 



5. Another problem is that an approximation value (VALGPM) is used 
to scale the units in which additional costs are calculated in the 
generalized-cost-minimizing algorithm. For the Excise TaxIRebate 
option, this value is set to $350, and corresponds to a fuel economy 
rating of 18.7 mpg during the additional cost calculations. This is 
an inflexible and questionable assumption. A better assumption 
would be to  set  the value of VALGPM so that this fuel economy 
rating is the rating a t  which excise taxes are zero (which varies 
with the user's specification of excise taxes and rebates), For both 
options (StandardIPenalty and Excise TaxIRebate) this fuel economy 
rating is best set  a t  the level of the standard. These changes have 
been made in later versions of the Faucett model program. 

6. The appropriate test to determine if an additional sample of m 
observations (where m is less than the number of parameters, k) 
may be considered to  come from the same population is as follows 
(Johnston 1972, p, 207): 

( e l e  - e;el)/M 
F = % F(m,n - k) 

e l e ( n  - k )  
1 

where 
1 e .  e  is the residual sum of squares from the least-squares 

regression over the first n observations (n > k) 

e ' e  i s  t h e  r e s i d u a l  sum of s q u a r e s  f rom t h e  
least-sqauares regression over the n+m observations. 

The 5% and 1% points for the distribution of F(1, 10) are 4.96 and 
10.04, respectively. The test of the omission of 1968 yielded an F(1, 
10) = 0.2235. The hypothesis that the 1968 observation is from the 
same population as the 1960-1967, 1969-1973 observations cannot be 
rejected a t  the 95% level of confidence. The test of the addition 
of 1973 yielded an F(1,lO) = 11.1. The hypothesis tha t  the  1973 
o b s e r v a t i o n  is  from the  same population as the  1960-1972 
observations is rejected at the 99% level of confidence. 

7 .  For fur ther  evidence concerning the problems of this type of 
stock-adjustment approach, see the analysis of the Wharton E.F. A. 
Automobile Demand Model by Golomb, Luckey, Saalberg, Richardson, 
and Joscelyn (1979). Wharton's t ime-series application of a 
cross-sectionally estimated desired (target) stock equation required 
major revisions to the calculated stock time series. Those revisions 
to the historical stock time-series were performed to improve the 
explanatory power of the new-car-sales equation. That the Wharton 
desired-stock equation with its relatively numerous demographic and 
economic variables produced a stock time-series requiring substantial 
revision, suggests that such a cross-sectionally estimated equation 
cannot simply be applied to time series data. 



8. There  a r e  add i t iona l  problems with interpreting b i  as a price 
elasticity if relevant explanatory variables a re  omitted from the 
equation. If these variables are correlated with the price variable, 
b 1 will be biased. 

9. As an experiment, one-period lagged values of the gap were added 
to the new-car-sales equation and the coefficients were reestimated. 
The results of this experiment are (standard errors in parentheses): 

This formulation improves the s ta t i s t i ca l  s ign i f i cance  of each  
variable and the ~ 2 s  and F stat is t ics increase t o  0.87 and 22.64 
respectively. Both cur ren t  and lagged gaps a r e  s t a t i s t i c a l l y  
significant a t  the 5% level. The negative coefficient for lagged gap 
is not uncommon in distributed lag models of cyclical economic time 
se r ies .  One interpretation of these experiments is that  in this 
formulation the adjustment process is larger than one period. Also, 
t h e  addi t ion of lagged gaps improves the stat is t ical  f i t  of the 
equation and indicates that changes in unit sales a re  more sensitive 
to  changes in average generalized price. Further experiments using 
one- and two-period lags confirmed these results. Finally,  t h e  
addition of a third-period lag added little to the explanatory power 
of the equation. 

10. Dr. Daniel H. Hill of The University of Michigan Institute for Social 
Research  pointed ou t  t o  t h e  HSRI s t a f f  t h a t  t h e  s e m i l o g  
specification is considered by economic theorists to be inappropriate 
for demand estimation because no known theoretically plausible 
preference ordering leads to a semilog demand function. The HSRI 
staff has not determined the extent to which this creates  problems 
for  t he  model, however, the semilog specification does not, on 
cursory examination, appear to  be an approximation to  consumer 
behavior over the relevant range. 

11. Also pointed out to the HSRI staff by Dr. Daniel H. Hill. 

12. The historical period simulation was based substantially on the data 
used to estimate the equations in the Demand Block. Although 1974 
and 1975 data were used t o  estimate the VMT equation, other data 
were not available. This problem is ex-emplified by the price and 
fuel economy data constructed by JFA. In simulations over the 
future period, the model authors chose 1976 as the initial year and 
consequently did not include 1974 and 1975 exogeous data in either 
the computer proe;ram or the documentation. Examples of t h e  
required data a r e  target  stock, baseline vehicle prices, and baseline 
fuel economies. 



13. These sources are: 
U.S. D e ~ a r t m e n t  of Trans~or ta t ion  and U.S. Environmental 
protection Agency. 1974. 'potential for motor vehicle f ue l  
economy improvements. Report to Congress. 

Southwest  R e s e a r c h  I n s t i t u t e .  1974.  T e c h n o l o g i c a l  
improvements t o  automobile fuel consumption. Prepared for the 
U.S. Department of Transportation and the U.S. Environmental 
~rotectibn Agency. ~ e ~ o i t  no. DOT-TSC-OST-74-39. 

Arthur D. Li t t l e ,  Inc. 1974. A s tudy  of t echnolog ica l  
improvements in autobmobile fuel consumption. Prepared for 
t h e  U.S. D e p a r t m e n t  of T r a n s p o r t a t i o n  a n d  t h e  U.S. 
~ n v i r o n m e n t a l  P r o t e c t i o n  ' ~ ~ e n c ~ .  R e p o r t  n o .  
DOT-TSC-OST-74-40, 

Hittman Associates Inc. 1974. A study of industry responses to 
policy measures designed t o  improve automobile fuel economy. 
Prepared  fo r  t h e  Counci l  on Environmental Quality, U.S. 
Department of the Interior, U.S. Department of   ran sport at ion, 
and t h e  U.S. Environmental Protection Agency. Report no. 
HIT-571. 

14. In the DL2 version of the Faucett  model, the generalized price 
minimizing algorithm uses fuel economy standards and penalt ies 
modified to  be compatible with FE. The modifications reflect the 
relationships used to estimate the EPA and OTR fuel economies. In 
the DL2-76 version computer program, this occurs as follows: 

STAN = 1,14(2.34 + .74 x STANEPCA) 

PEN = PENEPCA x STANEPCA/1.14(2.32 + .74 x 
STANEPCA) 

where 

STAN = fuel economy standard in terms of FE 

STANEPCA = fuel economy s tandard  a s  s e t  f o r t h  by 
EPCA (in EPA terms) 

PEN = penalty in terms of FE 

PENEPCA = penalty as set forth by EPCA (in EPA terms) 

The DL2-77 version computer program also contains modifications 
for the appropriate years: 

STAN = 1.14(2.98 + .65 x STANEPCA) 



PEN = PENEPCA x STANEPCA/1.14(2.98 + .65 x 
STANEPCA) 

Note that these modifications are for use under the StandardIPenalty 
option only; the Excise TaxIRebate option was not modified t o  
reflect EPA-OTR differences. 

15, Actual implies those retail prices and EPA fuel economies used to 
estimate the model's demand side equations. See Sections 5.12 and 
5.13 for further discussion. 

15. A related statistical issue is the impact of the rounding errors in 
the data used in estimation on the equations and the resulting 
standard error statistics. In general, ordinary least squares produces 
inconsistent estimates of the equation parameters when there is 
measurement error  in the  dependent variables. Appropriate 
estimation techniques in this situation are instrumental variables or 
weighted regression ( ~ m e n t a  1971, pp. 307-322). 

17. It might be helpful to note that the test statistic for the hypothesis 
that MSEF = MSET was a specific example of a more general test: 

Here all of the symbols are defined as in the text except tha t  
0 = u f / 5 3  . Under the null hypothesis O = 1 and the formula 
reported in the text results. The analogy between this test and the 
ones for correlated means is clear. The earliest references to 
hypotheses test concerning variation using this technique seem to be 
Morgan (1939) and Pitman (1939). 

18. The cost function parameters used in the Faucett model were taken 
from a study performed by Hittman Associates (1976). JFA has 
documented the source of the values of the parameters used in the 
original version of the model (Jack Faucett Associates 1976b). 
However, the values of the p parameter in the original version of 
the model differ from those in all other versions. The derivation of 
the  (3 values for those versions other than the original is not 
documented. 
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