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EXECUTIVE SURlMARY 

This document reports applications of the Wharton EFA Automobile 

Demand Model by federal agencies in policy analyses related to the motor 

vehicle transportation system. It was prepared by staff of the Policy 

Analysis Division of The University of Michiganls Highway Safety Research 

Institute as part of a larger project enti t led,  l lAnalyt ica l  Study of 

Mathematical Models of the Motor Vehicle System." 

The Wharton EFA Automobile Demand Model was developed b y  

W har ton Econometric Forecasting Associates, Inc. for the U.S. Department 

of Transportation's Transportation Systems Center in 1976. It is one of 

the more prominent analytic tools that  have been developed for use in 

policy analvses related to the motor vehicle transportation system. 

The major objectives of this study were to identify the agencies that 

have used the Wharton EFA Automobile Demand Model, to determine 

what policy issues have been evaluated using it, to investigate how the 

model has been used, and to  determine, to  the extent possible, how 

effectively and appropriately the model has been applied. 

A companion HSRI studv has analyzed the model and is r e ~ o r t e d  

separately under the t i t le ,  An Analysis of the Wharton EFA Automobile 

Demand Model. This analys is  found much in t h e  model t h a t  was 

innovative, but also documented significant weaknesses that  limit i ts  

usefulness as a policy analysis tool. The model was found t o  reproduce 

trends in the total  demand for automobiles, bu t  d id  not reflect  very 

accurately specific levels of demand. The model proved to  be weak even 

in es t imat ing  t rends  of disaggregated demand by type of car. Its 

forecasts were found to  be insufficiently sensitive t o  changes imposed 

from the outside, including the very policy changes it had been designed 

to evaluate. 
The information for the present survey was assembled through personal 

contacts w i t h  the authors, sponsors, and users of t h e  model and by 



reviewing the relatively small body of written documentation covering 

policy applications of the model. Some sixty-five persons in t wen ty-nine 

federal agencies and nine nongovernmental consulting and research groups 

were contacted to determine where and how the model had been used. 

'Most respondents were interviewed over the telephone. Personal meetings 

were also held at agencies where particularly significant work with the 

model was identified. The interviews and meetings concerned applications 

of the model from the spring of 1977 (the time of its first known uses) to  

March 1979. 

The most significant findings are: 

1. The Wharton EFA Automobile Demand Model has been used as 

a policy analysis tool by a number of key governmental units. The 

mos t  f r e q u e n t  use  ha s  o c c u r r e d  in t h e  D e p a r t m e n t  of 

Transportation and particularly in the National Highway Traffic 

S a f e t y  Administrat ion (NHTSA), the  Off ice  of Intermodal 

Transportation, and the Transportation Systems Center. Other 

agencies that have applied the model include the International 

Trade Commission ( ITc )  in s tudies  for  t he  Sena te  Finance 

Corn mitt eel the Environmental Protection Agency, the Congressional 

Office of Technology Assessment, the  Council of Economic 

Advisors, and the Department of the Treasury. 

2. A variety of major policies have been analyzed, the most 

prominent being policies related to energy issues. Specifically, the 

model has been used by several agencies to study the economic 

impact of proposed automobile fuel economy standards and of the 

llgas guzzlerff tax proposals. Additionally, the model has been used 

to analyze the impact of vehicle safety proposals (such as passive 

restraints) and of vehicle emission control standards. It has also 

been used to study the potential market impact of battery-powered 

automobiles. 

I t  a p p e a r s  t h a t  the  model output  has influenced t he  

formulation of policy i n  several instances. There is, however, a 
wide variance of opinion on just how important the role of the 

model has been in these specific applications. 



3. The lluses of the modelv ranged from actual operation of the 

rnodel on a computer by policy analysts to the employment of 

selected output by policy analysts who did not have direct contact 

with the model. The most common mode was found to be use of 
model output without direct access to the model. This was the 

case even in such important applications as the NHTSA analysis of 

fuel economy standards and the ITC studies of gas guzzler tax 

proposals. 

4. The limitations of the model have not been fully appreciated. 

Few analysts actually exercised the model directly or had time to  

s t u d y  and become famil iar  w i t h  i t  in deta i l .  Incomplete 

understanding of the model bv analysts appears to have led t o  

excessive reliance on or inadequately qualified prominence accorded 

to some results. This is particularly true of those that depend 

heavily on the forecast shares of the automobile market by car 

type or on the split between foreign and domestically produced 

shares  of the  market .  Neither of these facets of the model 

functioned well in the early version of the model that was used in 

all but one of the applications examined. (The most recent known 

application involved use of a newer version of the model in which 

a t  l eas t  the  foreign-domestic share equations have been made 

functional.) 

5. The important issue of forecasting accuracy received very 

limited attention in the applications reviewed. For example,  

fo recas t  differences in automotive sales of approximately two 

percent led to opposite conclusions in two of the studies included 

in this  survey. The NHTSA study of fuel economy standards 

concluded that a difference of this size was insignificant, while 

results of similar magnitude from the ITC study of gas guzzler tax 

proposals apparently impressed the Senate Finance Committee as 

being significant. Without some measure of forecasting accuracy, 

there is little objective basis for judging which conclusion is more 
valid. In general, serious doubt about how to interpret the meaning 

of model forecasts correctly will remain until the problem of 



measuring forecasting accuracy is solved and dealt with more 

explici tlv. 

The  number and var ie ty  of applicat ions of the  Wharton E F A  

Automobile Demand Model identified in this survey are illustrative of the 

growing use of com plex econometric models in federal policy analyses. 

The purported capability of this and similar models to approximate the 

complex relationships of real-world systems, to process large amounts of 

data, and to produce detailed forecasts of policy impacts is likely to 

increase reliance on this type of analytical tool by policymakers. In light 

of this, the most important conclusion of this study i s  that policy 

analysts and decision-makers need to understand better the nature 
and limitations of the models they employ. Only in this way can 

misuse of models be guarded against and the full potential of these 

analytical tools to enhance the policymaking process be realized. 
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1.0 INTRODUCTION AND BACKGROUND 

This report presents the results of a study by the Highway Safety 

Research Institute (HSRI) of The University of Michigan to investigate the 

use of the Wharton Econometric Forecasting Associates Automobile 

Demand Model (Schink and Loxley 1977) as a policy analysis tool by the 

federal government. The study was completed for the most part between 

February and June 1978, with a follow-up survey occurring in early 1979. 

It was pa r t  of a l a rger  p ro jec t  sponsored by t h e  Motor Vehicle 

Manufacturers Association: llAnalytical Study of Mathematical Models of 

the Motor Vehicle System," initiated early in 1977. 

The use of complex mathematical models to  estimate, forecast, and 

evaluate the impacts of existing or proposed public policies has become 

common in r e cen t  years.  Given the complexity of the real world, 

decision-makers face great difficulties in arriving a t  important policy 

decisions because many interrelated factors must be taken into account to 

produce a "bestu solution. Mathematical models at tempt to  distill the 

significant relationships among various factors into a systematic and 

explicit reflection of the real world and to  reduce large masses of data 

t o  key numbers and s t a t i s t i c s .  Because of this they have obvious 

attractions to policymakers. 

One sector that has been the subject of extensive development of 

models is the motor vehicle transportation system. Models have been 

developed t o  assist  in resolving a series of complex national issues 

involving the motor vehicle and the motor vehicle industry. These issues 
have included the development of a viable national transportation system, 

problems of highway safety and environmental pollution, and most recently 

t h e  energy crisis .  The extensive  use of models in t he  Pro jec t  

Independence Evaluation System (PIES) studies (.Jack Faucett Associates 
and Interagency Task Force on Energy Conservation 1974) and by the 

Federal Task Force on Motor Vehicle Goals Beyond 1980 (u.S. Department 



of Transportat ion 1976) to produce forecasts of automobile demand, 

vehicle miles traveled, and gasoline consumption are among the more 

notable examples of recent applications. 

In 1975 the Department of Transportation (DOT) con t rac ted  with 

Wharton Econometric Forecas t ing Associates,  Inc. to  develop an 

econometric model of automobile demand that could be used by DOT in 

policy studies related to vehicle regulation. The first documented version 

of the model was reported to DOT in March 1977, and the first identified 

uses of it occurred in the spring of 1977. HSRI selected this model as the 

subject of its first examination of the  applicat ion of large-scale 

econometric models of the motor vehicle transportation system because of 

its prominence. 

In the remainder of this first section the background and objectives of 

the study are discussed, and a brief description of the model is presented. 

Section 2 describes the study approach. The results of the survey of 

applications are presented i n  Section 3. Section 4 presents the study 

conclusions. Appendix A is a list of references, and Appendix B contains 

a more complete description of the Wharton EFA model than is included 

in Section 1.3. 

1.1 The HSRI "Analytical Study of Mathematical Models of the Motor 

Vehicle System" 

Recogni t ion t ha t  models a r e  prol i fera t ing and tha t  they a r e  

increasingly being applied to solve critical problems of national policy led 

the Highway Safety Research Institute in 1976 to initiate a preliminary 

inquiry into the use of models in federal policy formulation. This study 

identified approximately thirty models dealing with vehicle production and 

resource accounting, vehicle miles traveled, automobile sales and pricing, 

simulations of vehicle fleet attributes, and energy factors. 

By the end of this inquiry it was apparent t ha t  the  universe of 

relevant models related to the motor vehicle transportation system was 

considerably larger than was possible to encompass in the initial effort. 

Fur thermore ,  the  number of models was continuing to grow. Early 

consideration of how to evaluate models effectively led to the conclusion 



that i t  would be necessary to  exercise or operate models if definitive 

conclusions about their capabilities and limitations were to be made. 

The Motor Vehicle Manufacturers  Associat ion,  recognizing the 

importance of this new type of policy analysis tool, agreed to  sponsor a 
more extensive effort aimed at expanding the original inventory of models 

and undertaking detailed analyses of selected models. This larger study, 

entitled, "Analytical Study of Mathematical Models of the Motor Vehicle 

System," began in ear ly  1977. By the  end of June 1978,  some  

seventy-eight models had been selected and summarized for inclusion in 

the f irst  published version of the inventory of models related to  the 

motor vehicle transportation system (Richardson et al. 1978). 

The Wharton EFA Automobile Demand Model was chosen to  be the 

f i rs t  subject of a detailed analysis. This choice was made because the 

Wharton EFA model had gained the reputation of being a state-of-the-art 

analytic tool and because i t  was known to be in use for policy analysis 

purposes. The complete program of the model was obtained in July 1977 

from the  Transportation Systems Center of the U.S. Department of 

Transportation. An extensive study was undertaken of the conceptual, 

structural, and operational characteristics of the model, and the model 

was tested in actual operation. The repor t  of th i s  analysis  is  in 

preparation (~o lomb et al. 1979). 

In the course of research for the inventory and the early stages of the 

Wharton EFA model analysis, it became evident that a full examination of 

the model ought to  include assembly of information on model applications 

and a critical evaluation of the ways in which the model was being used 

in policy formulation processes. In la te  1977, plans were developed to 

parallel the technical analysis of t he  Wharton EFA model with an 

investigation of its applications in federal policy studies. Work was begun 

in February 1978 and was completed in March 1979. The present  

publication is the report of this applicetions study. 

1.2 Objectives and Focus of the Wharton EFA Automobile Demand Model 

Policy Applications Study 

The Wharton EFA model was created not as an academic exercise but 



for  the  spec i f i c  purpose of providing federal policymakers with an 

advanced analytic tool for evaluating and aiding the formulat ion of 

important public policies. It was developed by W harton Econometric 

Forecasting Associates, Inc., in 1975-1976 under a contract from the  

Transportation Systems Center, the research arm of the U.S. Department 

of Transportation (DOT). The first documented version of the model was 

reported to DOT in March 1977, and the model has been applied in a 

number of federal policy analyses since that time. The model is widely 

considered to be among the most advanced econometric tools available 

specifically for studies of the automobile sec tor of the economy. 

The general objective of this applications study has been to determine 

where and how the Wharton EFA model has been used in studies related 

to national policy. The specific objectives have been: (1) to identify 

federal agencies that have used the model; (2) to determine which policy 

questions have been analyzed using the model; (3)  to ascertain how the 

model has been used operationally; (4) to assemble information concerning 

the  importance of the  role t ha t  the  model has played in policy 

formulation; and ( 5 )  to  develop--to the extent possible--conclusions 

concerning whether the model has been used effectively and appropriately. 

Because this investigation was planned as a first and exploratory 

effor t ,  primary emphasis has been placed on developing as broad and 

comprehensive a picture as possible of the types of uses t h a t  have 

occurred and the  policy issues that have been addressed. In-depth 

analysis of each use has been of secondary concern, although a number of 

details have been brought to light and are covered at  appropriate points. 

Two term~-~policy~ and Tfmodel useff-need to be defined to clarify the 

focus of this investigation. The primary concern of this study is with 

public or governmental policy a t  the federal level, specifically those 

policies related to the motor vehicle and the vehicle manufacturing sector 

of the economy. 
Federal  policy is most concre te ly  expressed i n  specific rules, 

regulations, legislation, or executive directives. Therefore, for practical 

purposes, the policy analyses that are focused upon are mostly those 

related to the formulation or evsluation of rules, regulations, legislation, 



or executive directives. The analyses may be conducted by the staff of a 

federal agency or by a nongovernmental research or consulting group 

under contract to a federal agency. The analyses may occur in the 

process of developing policy recommendations, or may be aimed a t  
defining the policy and selecting among alternatives. Alternatively, they 

may be aimed only a t  providing support for or evaluating a previously 

selected policy. 

Model use or application, as used in this report, refers to any use of 

the results of running a mathematical model in the course of an analysis 

or study related to the policy formulation process. The use may involve 

actual manipulation of the model by the analysts performing the study, or 

it may involve analysts using only selected results of the model which 

they excerpt from already existing output or reports prepared by others. 

As long as the model can be identified definitely as the source of the 

numbers that are used, an application of the model is considered to have 

occurred. 

1.3 The Wharton EFA Automobile Demand Model: A Brief Overview 

This section presents a brief summary description of the wharton EFA 

Automobile Demand Model. As noted previously, Appendix B contains a 

more detailed introduction to the model. Those who would like to study 

the model in depth should see the Wharton EFA documentation volumes 

and the HSRI analysis report (Schink and Loxley 1977; Golomb e t  al.  

pending) . 
The  Wharton EFA mode l  i s  a l a rge  system of in te r re la ted  

mathematical equations that forecasts long-term automobile demand. The 

in i t ia l  version of the  model contained almost  4 0 0  mathematical 

statements, involving over 600 variables. An expanded version is now 

being developed by Wharton EFA to include light trucks and vans as a 

separate market class, thereby permitting a more complete ~nalysis of the 

motor vehicle population. 

The major outputs  of t he  model a r e  forecasts  of the size and 
composition of U.S. automobile demand (sales) and total stock, given 

projected vehicle characteristics and general economic and demographic 



conditions. Other significant outputs that may be derived with additional 

assumptions include forecasts of fuel consumption, industry employment, 

and tax revenues flowing directly from sales and vehicle operations. 

Although the Wharton EFA model is complex and contains significant 

innovations, the basic theory underlying it is typical of that employed in 

automobile demand models constructed over the last twenty years. The 

central concept of the model is that the automobile market operates by a 

stock adjustment process. The basic assumption is that demand for a 

commodity such as automobiles can be calculated as the difference 

between a "desiredw or target stock and the stock already in existence, 

taking into account scrappage, i.e., the need to replace old stock as it 

wears out. 

Desired stock is the key concept in a stock adjustment model. It is 

defined as the long-run "steady staten or equilibrium number of units that 

would exist i f  all the factors that affect  automobile demand, such as 

population characteristics, income, tax rates, and costs were held constant 

in the  future ,  allowing any existing discrepancy between supply and 

demand to be resolved by normal market forces. The desired stock of 

automobiles and the desired shares within the total stock for each defined 

class of vehicles (five size classes in the initial version of the model) are 

the numbers of vehicles that would be in existence i f  the consuming 

public owned and operated all the automobiles i t  needed, wanted, and 

could pay for under prevailing price and income conditions. 

Desired stock and desired shares by type of car are derived within the 

m ode1 from historically determined relationships between key demographic, 

household income, and vehicle cost variables, on the one hand, and the 

number of vehicles i n  operation on the other. Note that a fundamental 

assumption of this model and others like i t  is that the future will be 

essentially similar to the past. Specifically, the model assumes that the 

dominant economic, technological, and demographic factors or forces that 

have influenced automobile demand in the past will continue to do so in 

the future. It is also assumed that the relationships among these factors 
and automobile demand will remain basically the same. Only if these 

assumptions are largely true is the model valid. If these assumptions are 



incorrect, the model is likely to produce misleading or meaningless results. 

The demographic variables in the Wharton EFA model include number 

of households and number of licensed drivers per household. Vehicle costs 

include both the costs of initial purchase and the stream of operating 

cos t s  that occur over the average useful life of a vehicle. Without 

reference to any particular formuletion, it appears reasonable that the 

public should want cars in numbers directly proportional to the actual or 

projected number of licensed drivers and to the ability to pay represented 

by income and inversely proportional to the cost of owning and operating 

a vehicle. Given the desired target and a number of vehicles already in 

being and subtracting out vehicles that are wearing out or being scrapped 

for other reasons (e.g., accident damage), the difference is intended to  

represent likely new car sales. Desired stock, however, in the Wharton 

EFA model, is fitted to data from a cross-section of states. This is an 

impor tan t  weakness of the model because of the low state-to-state 

variation in price. 

In simplest terms, the Wharton EFA model calculates new car sales as 

described above. Its complexities come from the fact that  the system it 

is representing is exceedingly complicated. The relationships among the 

parts of the system are not simple, and many of the elements a re  highly 

interdependent. 

1.4 The Wharton EFA Automobile Demand Model: Some Limitations 

The Wharton EFA Automobile Demand Model, as i t  existed when all 

but one of the applications discussed in this report were investigated, had 

significant limitations that are discussed extensively in the HSRI analysis, 

and the interested reader is referred to that report. 

It is not the purpose of this report to analyze these limitations, nor to  

comment on the validity of the uses of the model provided here. Three 

important limitations of the model are: 

(1) The model operates with reasonable accuracy in simulating historic 

trends in total  new car registrations, scrappage,  and vehic le  miles 
traveled, but i t  is much less accurate in tracking the specific levels of 

these variables. That is, the model can re-create increases, decreases, 



and changes in  direction of movement over the historical period, but is 

less successful in re-creating year-by-year figures. It is unlikely that the 

model will be more accurate i n  forecasting the unknown future than it 

does in "predictingu the past to which it was fitted. 

( 2 )  Focusing on the disaggregated forecasts, as distinguished from 

totals, the model is weak a t  accurately simulating even the historical 

t rends ,  much less the levels, of the major segments of the market, 

especially the subcompact and compact shares of the market, two size 

classes that are of particular importance in the policy analyses considered 

in the present study. Further, as Wharton EFA itself notes in the model 

documentation, no workable way had been found to simulate the split 

between the foreign and domestically-produced shares of the market. In 

fact ,  the Wharton EFA modelers had to project these shares exogenously. 

The basis for these projections is, unfortunately, not explained. In sum, 

the HSRI analysis indicated that the disaggregated outputs of the 1977 

version of the model should be used only with great caution, if at  all. 
( 3 )  The f ina l  resul t  t o  be noted here concerns the  long-run 

insensitivity of the model. The HSRI analysts found that significant 

changes in exogenous variables such as income, car prices, and operating 

costs produced little or no effect on the new-car market after  several 

years. Substantial near-term increases or decreases in  sales rapidly 

balanced out to near zero. With respect to many of the  po ten t ia l  

components of change, such as gasoline, insurance, and maintenance costs, 

the HSRI analysts concluded such a result was reasonable. In the case of 

income, however, the analysts noted that the inelasticity of sales with 

respect to changes in consumer income was inconsistent  with most 

previous work. This raises a question concerning whether the income 

factor had been properly interpreted in the model. 

The limitations and characteristics of the Wharton EFA model cited 

above are clearly important in considering the use of the model in policy 

studies. It is also important to recognize that few of these attributes 

are easy to identify or to evaluate without a detailed examination or 

exposition of the model. 



2.0 STUDY APPROACH 

Several factors conditioned the approach followed in this study. First,  

because t he  primary objective was to  find the maximum number of 

policy-oriented applicatioqs of the Wharton EFA Automobile Demand 

Model within the time available, emphasis was placed on covering as 

many agencies as possible. In-depth probing of de ta i l s  r e la ted  t o  

individual applications was accomplished as a secondary objective and only 

as time allowed. 

Second, because t he  Wharton EFA model was of recent origin, 

relatively little about its applications could be expected to have surfaced 

in published literature or readily available reports. Furthermore, it was 

anticipated that some applications would be part of staff studies which 

often are summarized only in internal memoranda and are not reported in 

public documents. This was t he  basis fo r  an t i c ipa t ing  t h a t  most  

information would have to be gathered through personal contacts with the 

model authors, sponsors, or users. 

Third, again because of the newness of the model, it was expected 

that users would not have become well known to each other; that  is, a 

network of mutually aware users would not as yet be highlv developed. 

Thus, any effort to  identifv users and gather information from them 

would have to involve extensive searching. 

Finally, the time allotted for this initial investigation was relatively 

shor t .  Given time and resource constraints, a formal questionnaire 

survey, which otherwise might have been an efficient method, was judged 

to be impractical. 

The procedure followed to  gather information for this report involved 

beginning with the known and branching out from that  base. Several 

r epo r t s  discussing early use of the model had been identified in the 

process of preparing for the detailed analysis of the model. These were 

reviewed. In addi t ion,  con t ac t  was made with the Department of 



Transportation's Transportation Systems Center (TSC) in Cambridge, 

Massachusetts, which had funded development of the model. Whart on 

Econometric Forecasting Associates, Inc., the creators of the model, was 

contacted, as were several key people a t  the National Highway Traffic 

Safety Administration, where early application of the model was known to 

have occurred. On the basis of these early contac ts  and of s ta f f  

estimates of where use of a model like the Wharton EFA one would be 

most likely to occur, an initial list of agencies and persons to  be 

contacted was prepared. 

A n  outline of questions to be used in gathering information was 

developed. These questions were not to be used rigidly; they were 

intended ra ther  to serve as a guide to ensure that key points were 

covered. The general questions covered during contacts included the 

following: 

1. What was the level of acquaintance the respondent had 

with the Wharton EFA Automobile Demand Model? 

2 .  What uses, if any, had been made of the model in the 

respondent's agency, particularly in the area of policy 

analysis ? 

3 .  If the model had been used, what operational mode had 

been employed, e.g., ac tua l  running of the model, 

analyses of outputs received from a source outside the 

subject agency, or u e  of a preexisting report of model 

results ? 

4. How significant or important a role had model results 

played in reaching analvtic conclusions related to policy 

development? 

5 .  What, if any, were the planned or prospective uses of 

the model? 

In addition to  these questions, a request was made for written 
documentation of applications where these were identified. Several 

significant documents were found in  this process. These were reviewed 

alone; with the written material already in hand. 

The great majority of contacts to gather information were made by 



telephone.  A lesser number of contacts took the form of in-person 

meetings. These were generally of a follow-up nature and were limited 

to individuals found to have had particularly significant experiences with 

the model. Several of the phone contacts were lengthy. In some cases 

they included two or three separate conversations totaling more than an 

hour of discussion concerning the model. 

As noted above, the process of gathering information started with an 

initial list of agencies and persons identified in early model-analvsis 

research. During each contact,  respondents were asked specificallv to 

identify other agencies or individuals whom they considered worthwhile to  

query because they were known by the respondent to  have used the 
Wharton EFA model, were known to be interested in models of this type, 

or were likely to know of others who were using the Wharton EFA or 

similar models. 

Time constraints caused a cut-off to be imposed. However, toward 

the end of the process, most respondents were referring back to others 

who had already been contacted. This fact  provides some reasonable 

basis for concluding that most of the significant users and uses of the 

Wharton EFA model had been identified. 

Except for  prel iminary con t ac t s  made as ear ly  as  July 1977, 

information for this study was gathered for the most part in the period 

February through June 1978. A brief updating survey was conducted in 

early 1979. Sixty-five persons in twenty-nine federal agencies and nine 

nonqovernmental consulting and research groups were contacted. Table 

2-1 presents a list of the organizations contacted. 

Several limitations of the study need to  be noted. First, because of 

time constraints, i t  was not possible to  explore any application of the 

model in great depth. Respondents were generally cooperat ive  and 

forthright with both facts  and opinions about applications of the model. 

There was insufficient time, however, to do much cross-checking of 

viewpoints. Nor was t he r e  t ime to  trace the flow of reports and 

recommendations based on the modelts output through various stages and 

levels of the policy-formulating process. 

A second limitation is that  heavy re l i ance  had t o  be placed on 



TABLE 2-1 

ORGANIZATIONS CONTACTED 

Federal Governmental Contacts 

The Congress 
Congressional Budget Office 
Congressional Research Service 
Joint Congressional Committee on Internal Revenue and 

Taxation 
Office of Technology Assessment (2)* 
Senate Finance Committee 

Council of Economic Advisors 

Department of Commerce 
Bureau of Domestic Advisors 
Bureau of Economic Analysis (3) 
Office of the Chief Economist 
Transportation and Capital Equipment Division, Bureau 

of Domestic Business Development 

Department of Energy 
Energy Division, Oak Ridge National Laboratories 
Energy Information Administration 
Office of Conservation and Solar Applications (2) 
Office of Energy Research 
Office of Policy and Evaluation (2)* 

Department of Transportation 
Federal Aviation Administration 
Federal Railway Administration 
National Highway Traffic Safety Administration (9)* 
Office of Intermodal Transportation (6) 
Transportation Systems Center (4)* 
Urban Mass Transportation Administration 

Department of the Treasury (2) 

Environmental Protection Agency 
Motor Vehicle Emissions Laboratory (5) 
Noise Abatement Office 
Office of Economic Analysis 
Office of Mobile Source Air Pollution Control 



Research Center, North Carolina 

General Accounting Office (2) 

International Trade Commission (2)* 

Other Contacts 

Energy and Environmental Analysis, Inc. 

Massachusetts Institute of Technology Energy Laboratory 

Mathtech, Inc. 

Michigan Energy and Resource Research Association 

Operations Research, Inc. 

Purdue University 

SRI International, Inc. 

Technology and Economics, Inc. 

Wharton Econometric Forecasting Associates, Inc.* 

Numbers in parentheses indicate number of individuals contacted if more 
than one within the organization. 

Asterisks (*) indicate in-person visits; all other agencies contacted only by 
telephone. 



respondents1 memories. In some cases documentation of the results of 

analyses was found in formalized reports that had been published or were 

made available. Even where documents were found, however, relatively 

few details were usually provided about exactly how the model was used. 

The path from model output to conclusions was most often not clear, and 

information on final policy results and the significance of model outputs 

in achieving these results were not covered. 

A third limitation is that the Wharton EFA model had been operational 

only since early 1977. While there had been time for some uses to be 

publicized, there was insuff ic ient  t ime  fo r  information about al l  

s ignificant  uses t o  become widely known. Similarly, as had been 

anticipated, a network of mutually aware professionals with a technical 

interest in the model had not been fullv developed. The existence of 

such networks increases the probability that all the significant uses of a 

new technology will be identified once one or two important users have 

been located. That this had not yet happened with the Wharton EFA 

model meant t ha t  more time had to be spent in search activity to 

minimize chances of missing significant uses. 

The final limitation is that the Wharton EFA model is still a new 

analytic tool, and a certain amount of controversy surrounds its use. In 

some instances those most directly involved in the first round of analysis 

and development of policy recommendations were reluctant to accord 

much influence to model results in the shaping of decisions. The validity 

of these stated low estimates is questionable, given the prominence of 

model resul ts  in available writ ten documents covering these same 
applications. Possibly the somewhat controversial nature of the new 

model may have led some respondents to be guarded in their comments 

and opinions. 



3.0 APPLICATIONS OF THE WHARTON EFA 

AUTOMOBILE DEMAND MODEL 

This section summarizes information assembled during this study on 

uses of the Wharton EFA Automobile Demand Model. Table 3-1 lists the 

agencies and the policy issues that have been studied using the model and 

provides an overview of applications. In the following subsections each 

identified user agency is discussed in turn. 

3.1 Department of Transportation (DOT) 

Among t he  agencies  surveyed,  t he  g r ea t e s t  single number of 

applications of the Wharton EFA model were found within the Department 

of Transportat ion (DOT). This result is not surprising, inasmuch as 

development of the model was funded by DOT'S Transportation Systems 

Center for the specific purpose of providing the department with a means 

of assessing and forecasting the most significant long-run economic 

impacts of changes in government policy relative to the automobile and 

the automotive industry. 

It is also no surprise that  the most numerous and best-documented 

uses in DOT (and, indeed, in other agencies)  have r e l a t ed  t o  fue l  

conservation and energy policy, because the model was developed to assist 

DOT to establish automotive fuel economy standards required by the  

Energy Policy and Conservation Act of 1975. However, the model can be 

used to test major auto-related economic impacts of any policy proposal 

that can be translated into cost or price terms or fuel efficiency (miles 

per gallon) numbers. Thus, while uses related to fuel economy have been 

predominant in DOT, applications related to  safety standards have also 

occurred. 

Four constituent agencies within DOT account for all identified uses: 

the National Highway Traffic Safety Administration, t he  Of f i c e  of 

Intermodal Transportation within the office of the Assistant Secretary for 



TABLE 3-1 

AGENCIES USING WHARTON EFA MODEL AND POLICY 
ISSUES ANALYZED 

Agency Policy Issues 

National Highway Traffic 1981-84 fuel economy standards 
Safety Administration Gasoline tax proposal 

Gas guzzler tax 
Passive restraint 

Office of Intermodal 
Transportation 

1981-84 fuel economy standards 
Gasoline tax proposal 
Passive restraint 
55 mph speed limit 

Transportation Systems Center Electric car 

Federal Railway Administration Gasoline Price Increase Affect 
AMTRAK Travel 

Senate Finance Committee1 Gas guzzler tax 
International Trade Commission 

Office of Technology Future of the automobile 
Assessment/SRI International, Inc. 

Electric Power Research Electric car 
InstituteIMathtech, Inc. 

Environmental Protection Agency Vehicle emission standards 

Department of Energy Advanced vehicle power plants 

Council of Economic Advisors President's energy program 

Department of the Treasury Gasoline tax proposal 



Policy and International Affairs, the Transportation Systems Center, and 

the Federal Railway Administration. 

3.1.1 National Highway Traffic Safety Administration (NHTSA). The 

most prominent application of the Wharton EFA model made by NHTSA 

during the period of this study related to establishment of the 1981-1984 

passenger automobile fuel economy standards. The Energy Policy and 

Conservation Act of 1975 (EPcA) required mandatory fuel economy 

standards to be met by automobiles manufacturered in the United States 

or imported into this country. Congress set  specific standards through 

1980 and for 1985, but l e f t  to  t he  discre t ion of t he  Secre ta ry  of 

Transportation the exact level of standards for the years 1981 through 1984. 

The standard for a given year refers to the average fuel economy of 

all automobiles produced by each manufacturer in that year. The law 

requires penalties to be assessed against any company if the average 

miles per gallon for a l l  ca r s  produced by t h a t  company for U.S. 

consumption in any model year falls below the standard for that  year by 

a tenth of a gallon or more. The penalty is $5.00 for each tenth of a 

mile per gallon for every car produced by the company, regardless of 

whether a particular car does or does not meet the standard. A credit 

of $5.00 per car per tenth of a mile per gallon is allowed for a year in 

which a company's average miles per gallon exceeds that yearts standard. 

The credit may be balanced against penalties. The target 1985 standard is 

27.5 miles per gallon. The 1981-1984 standards were to  be set so this 

t a r g e t  could be reached in smooth s teps  within t h e  bounds  of 

lttechnological fea~ibi l i ty ,~!  veconomic practicability,?! and the need to 

conserve energy. 

The Secretary of Transportation was required under EPCA to set the 

1981-1984 fuel economy standard no later than July 1, 1977. The setting of 

these standards obviously involved, among other things, estimating what 

costs would be added to new car prices, what the impact on sales would 

be, what average fue l  economy (mpg) would likely result for each 

company, and what overall fuel conservation would occur. 

Because the standards set  in 1977 were of great significance and 



because of the various hearing and noticing requirements, considerable 

documentation exists to explain how the standards were selected and to 

support  the  decision made by the  sec re ta ry .  The most relevant 

documents are cited in the references listed in Appendix A. 

Even a cursory perusal of the documents supporting the 1981-1984 

standards substantiates the assertion by NHTSA staff that an enormous 

amount of data and analysis was involved in the rule-making process and 

that, in terms of the total effort,  the Wharton EFA model occupied a 

relatively small part. The development of technological information, cost 

data, information concerning manufacturing feasibility, and da t a  on 

probable fuel economy by car type, for example, did not involve the 

Wharton EFA model. In fact,  all of these analyses had to be in place 

before the model could be used. 

The same documents, however, do make it evident that the model was 

relied upon to produce key es t imates  of economic impacts .  The 

documents also show that alternate sets of standards were run through 

the model, although it is not determinable either from these documents or 

from conversations with NHTSA staff to what degree the anelyses derived 

from the model influenced the final selection. 

In particular, the model was exercised to develop forecasts of new car 

sales and sales by type of car for each year, 1981-1984. Additionally, the 

model produced estimates of the average fuel efficiencies that would be 

achieved, given the number and mix of cars in  the forecasts. Together 

these outputs were intended to make i t  possible to estimate how sales 

would be affected by the proposed standards and various a l ternates .  

These impacts were measured against what would occur under a "baseline" 

case in which no stringent fuel economy standards were imposed. 

Having developed sales est imat es and comparisons against a baseline 

case, it was possible to derive estimates of impacts on employment, auto 

t ax  revenues,  and foreign trade. The sales plus scrappage estimates 

permitted estimates of overall f ue l  savings. A l l  of these  impact  
es t imates  were relevant both to determining a "bestn set of yearly 

standards and to providing an explicit justification for the promulgated 

standards. 



To i l lus t ra te  the  cha r ac t e r  of the predictions derived from the 

Wharton EFA model, the NHTSA impact analysis forecast, on the basis of 

model runs, that imposition of the proposed standards would cause a 

decrease of 210,000 in sales of new cars by the 1984 model year. This 

short-fall represented 1.8 percent of the 1984 total sales forecast to occur 

if no new standards were imposed. NHTSA also forecast a decline of 47 

billion gallons of gasoline over the ten-year lifetime of the cars sold in 

this period, representing a twenty percent savings in fuel. This estimate 

was based on the forecast mix of cars to  be produced and sold. It is 

obvious that the modest decline in sales and the substantial saving of 

gasoline as projected by the model were important underpinnings to the 

arguments for the standards. 

Apart from the fuel economy standards, NHTSA has used the Wharton 

EFA model in studies of a t  least three other policy issues. None of 

these have been documented in writing, so that little can be said about 

them in detail. TWO of the applications involved energy-related matters. 

The model was employed to study the impacts of the president's proposed 

gasoline tax and the various versions of t he  "gas guzzleru  tax  on 

fuel-inefficient automobiles. Details of the gas guzzler tax proposals are 

outlined in Section 3.2,  where the well-documented International Trade 

Commission study of alternatives for the Senate Finance Committee is 

reported. The gasoline tax proposal, which was killed ear ly  in the  

Congressional consideration of the energy plan, called for a tax increase 

of five cents per gallon in any year when national consumption exceeded 

a targeted conservation level. 

Both the gasoline tax and gas guzzler vehicle tax proposals translate 

readily into changes in car prices or operating costs. This would enable 

the Wharton EFA model to be applied to study impacts on sales, overall 

fuel consumption, employment, and the like. In the case of the gas tax 

proposal, the model could also be used to forecast fuel consumption and, 

therefore, to indicate when the additional tax would be triggered. 

The final NHTSA use identified was in the safety area, in a study of 

the impact of introducing the passive restraint air bag. The cost of the 

a i r  bag sys tem,  once determined, can be fed into the model as an 



automobile price increase, with the model then generating sales and other 

impact changes. Of note is that this application is one within NHTSA 

where i t  was specifically reported that another model, the Faucett 

Automobile Sector  Forecas t ing Model ( ~ i f i g l i o  19761, was used 

concurrently, to provide a cross-checking of forecasts. 

In none of the above applications was the  model run by NHTSA 

personnel. According to staff reports, the actual runs of the model took 

place at  the Transportation Systems Center in Cambridge, Massachusetts, 

and were performed by Center s taf f .  No remote terminal capability to 

run the model was put in place a t  NHTSA in Washington, although this 

was technically feasible. NHTSA staff indicate that remote capability is 

to be introduced at  NHTSA and plans exist to train agency staff to run 

the model. 

The lack of in-house capability to run the model is significant. When 

an analyst has to depend upon others to run the model, this limits his 

opportunity to experiment with i t  and to gain an understanding of how 

the model works. A thorough understanding of the model, based on 

detailed study of its structure and sufficient experimentation, is crucial to 

valid interpretation of its outputs. However, NHTSA staff reported that 

the pressures of work had made it impossible for them to undertake such 

an analysis. 

Lack of d i rec t  contact with the model or of a detailed analytic 

investigation of its workings by the analysts using Wharton EFA model 

results is a circumstance that will be noted repeatedly in the descriptions 

of applications by other apencies. In exceptional instances this was not 

the case. 

It was difficult to determine what weight was given to the Wharton 
EFA model results, relative to the many other factors taken into account 

in the various analyses. Agency staff stated that to date the model has 

influenced rulemaking and other policy decisions in only a minor way. 

However, only in the case of the 1981-1984 fuel economy standards is 
written documentation available to provide some objective check on the 

validi ty of this repor t .  It is possible that model output was not 

considered important i n  the selection of the standards, as has been 



asserted. From the documentation, however, it seems reasonably clear 

that model output-in particular, forecasts of sales and derived estimates 

of fuel consumption--provided prominent supporting justification for the 

standards that were selected. Therefore, i t  seems fair to  conclude that 

the use of the model i n  this instance was important in the policy-making 

process. 

With respect to the appropriateness and effectiveness of the way 

NHTSA used the model, certainly it was used to  analyze issue questions 

within its capacity to  produce relevant predictions. Whether the model 

was used most effectively, however, may be questioned. The NHTSA 

s t a f f  apparent ly  did not  have a deep understanding of the model's 

workings. This may account for the reluctance of NHTSA staff to  admit 

that much weight was attached to model results, despite the apparent 

prominence of outputs in such documentation as exists. 

Finally, a question needs to  be raised concerning how the inherent 

uncertainties of the model outputs were dealt with. This matter is of 

general concern and will be noted in a number of other instances below. 

It seems clear that NHTSA staff were and are aware that the Wharton 

EFA model is only an approximation of reality and that its forecasts have 

a degree of uncertainty associated with them, The uncertainty inherent 

in the forecasts is referred to at several points in the documentation for 

the fuel economy standards. However, these references are  general and 

brief. There is no quantification of ranges of estimate within which 

forecast numbers might be expected to fall under t he  principles of 

statistical probability. Such ranges (or confidence bands) are difficult to 

establish because of t he  mathemat ica l  complexity of t he  model. 

Nevertheless, because the arguments in support of one set of standards 

over another a t  times rely on differences as small as a few tenths of a 

pe rcen t ,  the  question of how accurate the forecast numbers are is 

important. 

One example of a troublesome conclusion is the NHTSA statement 

concerning the estimated impact of fuel economy standards on automobile 

sales. Using the Wharton EFA model, NHTSA forecast that the 1984 

standard of twenty-seven miles per gallon would lead to 210,000 fewer 



new car sales than if the 1980 standard of 20 miles per gallon were 

maintained. This difference was 1.8 percent of forecast 1984 sales.  

NHTSA labeled this difference as "insignificant, given the difficulties of 

projecting the sales initially" (NHTSA 1977b). Without some measure of 

the statistical variability of the forecast, there is no objective basis for 

determining the correctness of the conclusion. 

The question of forecasting accuracy is clearly important, because on 

it turns the judgment whether key differences are sufficiently meaningful 

(i.e., significantly different from zero in the statistical sense) so that 

they consistute a valid basis for formulating decisions. It is likely that 

most of the  policymakers who reviewed the fuel economy standards 

documents and made decisions based on them were l imi ted in thei r  

knowledge of mathematical models and statistics. These individuals would 

have been able to assess the modeling results better if the question of 

the  uncer ta inty  of the  forecasts had been handled more explicitly. 

Failure to deal sufficiently with the question of accuracy has been a 

serious weakness of this and many other applications of complex models. 

3.1.2 Office of Intermodal Transportation (OIT). The Off ice  of 

Inter modal Transportation is within the Office of the Assistant Secretary 

for Policy and International Affairs. Two OIT functions are to perform 

analyses of proposed policy actions for the top administration of DOT and 

to check on major analyses, such as policy impact studies, performed by 

constituent agencies of the department. These analytic functions are 

largely the responsibility of the Division of Forecasting and Evaluation 

within OIT. 

For some time energy policy considerations have dominated OITfs 

analytic work. It is therefore not surprising that the Wharton EFA model 

was used a number of times. Because the work of OIT is generally for 

internal consumption, no written documentation of analyses employing the 

model or its output is available. All the information presented here is 

based on information provided by OIT staff. 
Four speci f ic  applications and two attempted applications of the 

Wharton EFA model were identified by OIT respondents. OIT analysts ran 



the  model to check the NHTSA impact analysis of the 1981-1984 fuel 

economy standards described in the previous subsection. The model was 

also used to study the probable economic and fuel consumption effects of 
the president's proposed gasoline tax and the gas guzzler tax. Finally, 

the economic impact of the passive restraint air bag system was analyzed 

using the Wharton EFA model. In this last case the model was reported 

to have been particularly useful, since it is designed to allow for explicit 

integration of projected insurance savings, a capability not handled as well 

in other available models. 

The two unsucessful attempts to use the model involved evaluations of 

the fifty-five mile per hour speed limit and the pending fuel economy 

standards for lightweight trucks and vans. The speed limit analysis was 

dropped because it was impossible to determine a supportable relationship 

between aggregate vehicle miles traveled and fuel efficiency (i.e., miles 

per gallon) or to differentiate fuel economy achieved from lowering the 

speed limit, reduction in travel, and vehicle fuel efficiency improvements. 

The light truck and van analysis was outside the explicit capabilities of 

the current Wharton EFA model, and the attempt to assume similarity 

between the automobile sales and the sales of trucks and vans proved to 

be questionable. 

With respect to the mode of operation, the OIT analysts, like those in 

NHTSA, did not manipulate the Wharton EFA model directly; they were 

supplied with output from the Transportation Systems Center. Thus they 

operated with the same constraints on flexibility of use as did the NHTSA 

analysts. The OIT staff apparently had considerable understanding of the 

general workings and key characteristics of the model but ,  a s  w i t h  

NHTSA, they had not studied it in detail prior to using it. 

What is particularly notable about the OIT applications is that  in most 

instances the Wharton EFA model was used along with two other models: 

the Faucett model (Difiglio and Kulash 1976) and the Automotive Fleet 

Fuel Consumption model (Horton 1977). Parallel forecasts were produced 
from the three models, even though the staff believed that the Wharton 

EFA model was, in general, the most valid model. Their explicit purpose 
was to  deal with the uncertainty inherent in all  t h e  models. Such 



parallel applications allowed for cross-checking of results. The divergent 

forecasts that resulted from the several models were also used to provide 

some sense of a likely range of estimation. The procedure thus provided 

some protection against the pitfall of using a single-point estimate of 

undetermined accuracy. 

No information is available about exactly how OIT analyses were 

employed in specific policy formulation processes. It was reported that 

the Wharton EFA model was the preferred model to employ and that OIT 

analyses are drawn upon by the DOT secretary's office in the preparation 

of policy statements and decisions. It is known that OIT acts as a 

cross-check on significant analyses performed by other parts of DOT. 

Therefore, it is reasonable to conclude that the Wharton EFA model has 

had a reasonably di rect  role of some significance a t  t h i s  high 

administrative level within DOT. In what specific ways and to exactly 

how great a degree could not be determined on the  basis of the  

information available. 

Turning to a consideration of the appropriateness and effectiveness of 

OIT applications, apparently there were attempts to apply the Wharton 

EFA model in situations beyond its capabilities, as in the light truck and 

van study and the attempt to evaluate the fifty-five mile per hour speed 

limit. This may have been done as a result of an erroneous assumption 

concerning the capabilities of the model. However, one respondent 

indicated that it was done because an attempt with l i t t le  chance of 

success was considered to be better than no attempt at all. 

3.1.3 Transportat ion Systems Center (TSC). The Transportation 

Systems Center (TSC) sponsored and funded the original development of 

the Wharton EFA model. It has continued to support Wharton EFA in 

work currently aimed a t  improving weaker par ts  of the  model and 

modifying the model to include light trucks and vans. TSC has recently 

approved the first federally sponsored in-depth evaluation of autorn otive 
demand models. Although the exact content of this study is not yet 

known, it is certain to include the Wharton EFA model. Finally, during 

the time period covered by this study, TSC was the major operator of the 



model for other parts of DOT, providing them with outputs on request. 

None of this can be classified, strictly speaking, as model application. 

Only one instance of direct TSC use of the model for analytic purposes 
was identified. In this case the model was not run a t  TSC, but was run 

by a TSC contractor a t  its own facility. Given that TSC does engage in 

research, both in-house and through contractors, i t  is doubtful that all 

TSC applications of the Wharton EFA model have been identified. It is 

unfortunate that more examples of Wharton EFA model use were not 

identified in TSC, because i t  appears that the analysts with the greatest 

knowledge of the model in the federal government are on the TSC staff. 

The single ident i f ied  application directly linked to TSC was an 

extension of an analytic study conducted by a private research firm for a 

nongovernmental customer. The study was done by Mathtech, Inc. for the 

Electric Power Research Institute (EPRI). It involved developing a 

forecast of the potential impact that introduction of electric vehicles 

would have on the demand for utility-generated electric power. This 

study is discussed more fully in Section 3.4. 

The work Mathtech performed for TSC involved taking the Wharton 

EFA model as modified for the EPRI study and running it under a set of 

vehicle operating characteristics and cost assumptions specified by TSC to  

forecast the demand for electric battery-powered vehicles under normal 

market conditions and under ten different types and combinations of 

subsidies. Because of the constraints imposed by TSC in terms of 

limitations on vehicle range and high cos t  r e la t ive  t o  t r ad i t iona l  

automobiles,  very limited demand for electric vehicles was forecast 

through the end of the century without a major subsidy being provided. 

This result was a t  considerable variance with the result produced in 

the analysis that Mathtech performed for EPRI. The TSC forecast was 

for 279,000 electric vehicles in operation by 1995 without subsidy. The 

most pessimistic 1995 forecast in the EPRI study was for 4.2 million 

vehicles. In the EPRI analysis, electric vehicle operating characteristics 

and costs were calculated from a special design submodel. This led to  a 
less conservative and constrained composite picture of battery-operated 

vehicles than the single characterization imposed on the model in the TSC 



analysis (Marfisi et al. 1977; Upton and Agnew 1977). 

The study is an example of the potential adaptability and versatility of 

a model like the Wharton EFA Automobile Demand Model. The model 

itself was modified and expanded to incorporate a new class of vehicle. 

Moreover, an extensive variety of policy alternatives was studied in a 

short amount of time (about a month) and at relatively low cost. 

This application also illustrates the general truth that the results of 

any use of a model must be read with careful attention paid t o  t he  

assumptions and constraints imposed on the input side. In this instance 

application of the model produced results that led to estimates of the 

future for electric vehicles quite dissimilar from those of a seemingly 

similar study. This occurred because the key characteristics of t he  

vehicle were defined differently in the two studies. Judgment as to 

which estimate is more valid must depend largely on which input 

specifications for the vehicle are more credible. 

3.1.4 Federal Railway Administration (FRA).  During February 1979 

t he  Federal  Railway Administrat ion sought information from the 

Transportation Systems Center concerning the impact an increase in 

gasoline prices might have on reducing travel by car and diverting this to 

AMTRAK. TSC used the latest version of the Wharton EFA model, the 

Mark 11, to forecast how much vehicle miles of travel would decline if 

gasoline prices were increased by fifty cents a gallon, roughly seventy 

percent above the 1977 average price. This application of the model is 

the most recent known use and the only one that has employed the Mark 

11. 

This use of the model is a good example of both the utility and 

limitations of the model. TSC was able to provide FRA with a forecast 

that total vehicle miles of travel would decline by between nine and 

eleven percent on a year-to-year basis under the pessimistic scenario i t  

used. It could not project how many of these miles would be diverted to 
AMTRAK because the Wharton EFA model does not have the capability to  

generate such modal split data. Therefore, the question of how such a 

drop would affect AMTRAK could not be answered directly by use of the 



model. 

3.2 Senate Finance Committee/International Trade Commission (ITC) 

This use of the Wharton EFA model to analyze proposed energy-related 

legislation represents one of the most interesting cases of application to 

date. This is so f irst  because i t  was possible to gather s ignif icant  

information on the process that led to the selection of the Wharton EFA 

model. Second, the documentation of the analysis was published by the 

Senate Finance Committee, is readily available, and is well reported (u.S. 

International Trade Commission 1977a,b). Finally, i t  was possible t o  

assemble some credible, if conflicting, opinion on the impact of the 

analysis on the opinions of members of this powerful Congressional 
committee relative to an important part of the president's energy program. 

In April 1977, President  Ca r t e r  proposed t o  t he  Congress his 

comprehensive National Energy Act, intended to begin implementation of 

a long-term energy policy for this country. One of the significant parts 

of the president's bill was the Fuel Efficiency Incentive Tax Proposal. In 

general, this proposal called for a schedule of manufacturersf excise taxes 

to  be levied on sales of new automobiles and other light-duty vehicles 

that failed to meet established fuel economy standards. The taxes would 

be graduated according to how much the fuel economy of a vehicle fell 

below the standards established by the Department of Transportation 

under existing legislation. The trigger level at  which the taxes would be 

imposed would increase each year as the miles per gallon standard rose. 

Balancing the penalty of taxation, the president proposed a system of 

rebates to be paid from the general treasury t o  manufac tu re r s  f o r  

passenger automobiles and other light duty vehicles that exceeded the 

applicable standard each year. Manufacturers would be required to  pass 

the rebates on to  the ultimate purchasers of the vehicles. The rebates 

would also be graduated, in th i s  case  according t o  how much t he  

applicable standard was surpassed. 

Both taxes and rebates could be substantial. For 1978 the proposed 
tax would start at $52 for cars achieving less than 18 miles per gallon 

and increase to $449 for cars giving less than I3 miles per gallon. The 



rebate would be $47 a t  19-20 miles per gallon and rise to $473 for cars 

giving 38 or more miles per gallon, By 1985 the maximum tax would rise 

to $2,488 a t  less than 12.5 miles per gallon, and the maximum rebate 

would be $473 at  38.5 miles per gallon or more. The president's plan 

thus constituted a significant "carrot and stickfr method to induce the 

production and sale of more fuel-efficient vehicles. 

In August 1977, the House of Representatives, in passing the amended 

version of the president's energy bill, substituted what became known as 

the Gas Guzzler Tax proposal for the president's taxlrebat e incentive 

plan. The main difference between the two plans was that  the House 

version dropped the rebates and kept only the taxes. The tax proposals 

were similar in concept and differed mainly in details. For example, the 

House bill would impose taxes beginning in 1979 rather than in 1978 as 
proposed by the president. The House also shi f ted  downward t he  

minimum trigger level of miles per gallon at  which taxes would begin. In 

1985 the House bill would impose taxes only below fifteen miles per 

gallon, whereas the  fuel  economy standard that would trigger the 

president's taxes and rebates in that year would be nineteen miles per 

gallon. Balancing somewhat the greater leniency of these provisions, the 

House version called for generally higher tax levels. 

Faced with the two proposals, the Senate Finance Committee asked 

the International Trade Commission to provide a comparative analysis of 

the likely economic and fuel consumption effects of the alternatives. A 

major reason for selecting the ITC to do the analysis was that both 

schemes would apply t o  vehicles of foreign as  well as domestic 

manufacture. Given the fact that foreign cars were dominantly small and 

a l ready f u e l  efficient, a major concern was whether sales would be 

shifted significantly toward foreign manufacturers to the detriment of 

domestic companies and employment. 

Because one purpose of the analysis was to compare the House and 

presidential proposals, the ITC dealt with the president's plan by studying 

the  impact  i n  two ways. It analyzed both the combined taxhebate  

scheme and the tax portion alone, this latter being a close parallel to the 

House version. 



Summarizing the results, the ITC analysis projected a loss in total 1985 

sales of 30,000 units under the president's taxlrebate scheme and 40,000 

under his tax scheme considered alone. This was based on forecast total 

sales of fourteen million units. The House scheme was forecast to have 

no significant overall sales impact relative to the TTbaselinell or nontax 

sales projection. 

While the aggregate sales impacts of even the president's scheme were 
forecast to be small, the domestic to foreign shifts were greater. The 

president 's  combined tax  and rebate scheme was projected to shift 

approximately 300,000 units from domestic (united StatesJCanadian) to 

foreign manufacturers ,  while his tax scheme considered alone was 

projected to lower domestic sales by 140,000 and increase foreign sales by 

100,000. In contrast, forecasts of the House plan indicated 300,000 more 

domestic units and 200,000 fewer foreign would be sold than under the 

president's taxlrebate plan in 1985. 

In terms of employment, the ITC analysis forecast 21,000 automotive 

jobs lost during 1985 if the taxlrebate scheme were implemented and 

9,000 lost if the president's tax plan went into effect without the rebates. 

The House scheme was projected to have a negative employment impact 

of only 2,000 jobs. 

Finally, with respect to fuel economy, the ITC analysis concluded that 

the House plan would be less  e f f ec t i ve  in de te r r ing  demand for  

fuel - ineff ic ient  automobiles.  However, i t  also concluded that the 

taxlrebate scheme ''would not contribute meaningfully to the domestic 

industry's ability to meet the fuel economy standardsfT (u.S. International 

Trade Commission 1977a, p. 6). Neither proposal, therefore, was foreseen 

as promoting the goal of achieving significantly lower fuel consumption. 

The central analytic tool used by the ITC staff in this study was the 

Wharton EFA model. The model was used to  project automotive sales, 

product mix, and retail prices of vehicles, Although the model produces 

no direct forecast of employment, the ITC analysts used projections of 

sales in combination with a well-established w orker-to-vehicle production 

ratio to  generate estimates of domestic employment. Differences in the 

forecast of these factors among the alternatives studied and the baseline 



case were the focus of the ITC evaluation. It is fair to say, therefore, 

that the Wharton EFA model played a central role in this policy-related 

study. 

The ITC approached the selection of the Wharton EFA model with 

considerable care. The economist leading the  study reviewed t he  

significant available models, including those developed by Jack Faucett 

Associates; Charles River Associates; Data Resources, Inc.; and Chase 

E c o n o m e t r i c s ,  and he read t he  t h r e e  volumes of Wharton EFA 

documentation. Concerning his study of the Wharton EFA model, this 

economist  reported that ,  as in most other analyses discussed in this 

report, no in-depth study of the logic and structure of the model was 

made, largely because of time constraints. Thus, even in this instance 

where considerable care was taken in selecting the Wharton EFA model as 

an analytic tool, the analyst involved was not completely informed about 

the detailed workings of the model. He did, however, gather opinion and 

recommendations from some thirty different sources, including other users 

of the model and automotive company economists. His selection of the 

Wharton EFA model was based on his own s tudy,  t he  weight of 

recommendations, the availability of the model, and the relative cost of 

using it. 

Operationally, the runs of the model for the ITC study were done by 

Wharton EFA itself, so that in this case also the analysts did not work 

directly with the model. The ITC analysts did not employ the normal 

procedure of having required forecasts of general  economic t rends  

including employment,  gross national product, gas price levels, and 

disposable personal income (i.e., exogenous variables)  fed in to  t he  

automotive demand model from a run of the Wharton Macroeconomic 

Model or some similar aggregate econometric tool. Instead, t he  ITC 

analysts provided their own set of entry or exogenously determined values. 

This procedure requires care and economic skill, since these exogenous 

variables are  functionally interrelated (e.g., growth of GNP is associated 

with changes in employment levels). Any set  of values used for these 

exogenous variables must be internally consistent, or forecasts produced 

by the model will not be meaningful. 



The central role of the model in the analytic process has already been 

noted. However, more can be said about t he  s ignif icance of t he  

application in this case. Two quite different opinions of the impact of 

the study were expressed by respondents in this study. The ITC staff 

were of the opinion that the results of their analysis had little impact on 

the Senate Finance Committee. From their several observations of 

committee debate, they concluded that the members' positions had been 

fixed from the start of the hearings, and no amount of analysis was going 

to change votes. 

The committee staff person who worked with the ITC had an opposite 

view. He contended that the majority of the committee was inclined to  

favor some kind of gas guzzler tax proposal a t  the start, but that the 

ITC analysis was greatly instrumental in shi f t ing sen t iment  t o  t he  

negative. The study indicated t o  the committee, he said, that both the 

presidential and the House proposals would do l i t t l e  t o  fos te r  f ue l  

economy, while both would cost at least some automotive jobs, shift sales 

to foreign manufacturers, and add another tax that was likely to anger 

voters. 

If one places more weight on the opinion of someone who was in close 

and continuing contact with the committee, then there is evidence in this 

case that  an analysis based predominantly on Wharton EFA model output 

had a noticeable impact in  a major policy formulating process, a t  least in 

the early stages of consideration. 

Given evidence that use of the Wharton EFA model in this application 

led to  a significant impac t ,  t he  question of how e f f ec t i ve ly  and 

appropriately the model was employed is of particular relevance. It has 

already been noted that the model was studied with some care, although 

not in great depth, by the ITC staff.  It has also been noted that the 

staff did not run the model themselves. The comments made in previous 

cases with respect to  the limited understanding and the loss of flexibility 

these circumstances produce are also applicable in this instance. 

The ITC staff was careful in specifying their particular assumptions. 

They also warned explicitly that  the projections produced by the model 

could not be read as being exact. The following quote is exemplary, and 



stands as a good example of the least that ought to be said in all reports 

incorporating model results, given the present state of the art: 

As in the use of any econometric model which attempts to 

project the future, there may be a significant margin of error 

inherent in estimating the impacts of the House proposal and 

the Administration proposal on the future U.S. passenger 

automobile industry. While a uniform methodology was 

applied to the Commissionts projections, i n  certain cases the 

margin of error may be as great as the projected differences 

between the impacts of both proposals. (u.S. International 

Trade Commission 1977b, p. 3.) 

Having made the point about the "inherent errorsft of estimates, the 

report nevertheless focuses on differences which sometimes appear large 

in terms of absolute numbers, but are very small in percentage terms. 

For instance, the estimate that in 1985 the House proposal would cause 

300,000 more domestical ly produced vehicles to be sold than the 

president's plan actually amounts to a d i f fe rence  between t he  two 

projections that is only slightly more than two percent of total estimated 

sales. How meaningful the two percent difference actually is cannot be 

evaluated with any accuracy, because no range or error of estimate is 

provided. That is, this apparent difference may not be suff ic ient ly  

different from zero in statistical terms because of the errors of estimate 

in the two forecasts. If this were so, no firm conclusion could be based 

on the difference. 

It is notable that in this case a two percent difference was apparently 

viewed as significant by the policymakers involved. Yet in the NHTSA 

study of fuel economy standards discussed previously, a difference in 

forecast sales of about the same size was judged to be insignificant. 

Without some measure of variability, there is little objective basis for 

determining the significance of either difference. The conclusions drawn 

depend primarily on the point of view or bias of the person interpreting 

the results. 

The question of how the projections of foreign versus domestic sales 

were generated exemplifies a different type of problem. The ITC reports 



s ta te  that the Wharton EFA Model was the source of these forecasts, and 

the ITC analysts report they believed the forecasts were generated by the 

model, i.e., were endogenously computed. In fact, however, the model 

equations to produce forecasts of the foreign and domestic split on new 

car sales for subcompact, compact, and luxury cars were incapable of 

generating statistically supportable projections. These spl i t s  were 

therefore set exogenously by the Wharton EFA analysts and were not 

computed within the model. The aggregate foreign and domestic split was 

also largely determined exogenously and varied only slightly as the desired 

size-class of cars (in which domestic and foreign ca r s  a r e  grouped 

together) shifted over time. 

Establishing the foreign and domestic splits as exogenous to the model 

was not in and of itself bad practice. I t  is a cause  for  concern,  

however, that this was not more fully discussed by Wharton EFA and that 

no source for the projected splits is given. Thus, it is not surprising that  

the ITC analysts were unaware of this fact. It is suprising that they were 

not told of the exogenous nature of these key variables by the Wharton 

EFA staff who exercised the model to produce the forecasts. 

That the exogenously set splits appear questionable is further cause for 

concern. The Wharton EFA-projected splits were kept constant for the 

years past 1980 and were the same for the baseline case and for the 

t h r e e  versions of t he  t ax  proposals analyzed. This hardly seems 

reasonable. Furthermore, what this did was to  impose the assumption 

that the several alternatives would not redistribute market shares within 

the main size classes between foreign and domestic producers. Yet this 

was one of the significant impacts the model was being run to evaluate. 

Because the shifts in sales and employment to foreign producers played 

a particularly important part in the ITC analyses, the clouded situation 

surrounding these forecasts is particularly unfortunate. I t  serves  t o  

illustrate, however, the crucial point that  in the present stage of rapid 

development of models, i t  is impor tan t  t h a t  t he  capab i l i t i e s  and 

limitations of any version of a model be made very clear by the model 

authors. It also should serve as a warning to analysts to  take particular 

care to determine exactly the operational status of complex models at  



the time they are being applied. Failure to do this can only weaken 

analyses, damage the credibility of analytic efforts, and confound the 

policy formulation process. 

3.3 Office of Technology Assessment (oTA) 

The Office of Technology Assessment (oTA) is a research arm of the 

Congress whose primary mission is to project and evaluate likely future 

technological developments. In 1976 OTA initiated a study of the likely 

future of the automobile transportation system. The major objective of 

this study was to evaluate the effectiveness of alternative federal policies 

associated with the automobile and to project the economic, social, and 

environmental impacts of these policies. As part of this study, OTA 

awarded two parallel contracts to research organizations to perform the 

essential forecasting and analytic work. Both studies involved use of 

econometric demand models to provide several quantitative forecasts. 

One of these  e f fo r t s  was performed by SRI International, Inc., and 

involved use of the Wharton EFA model. 

This application of the Wharton EFA model is less directly related to 

the policy formulation process than most of the uses discussed in this 

report. Furthermore, although the technical work using the model has 

been completed, the results are  still under consideration by OTA. No 

deter minations have been made public, no recommendations have evolved, 

and additional work may yet be undertaken which could substantially al ter  

what has been done to date. Therefore, no conclusions can yet be drawn 

concerning the impact of the application or the operational significance of 

this use of the Wharton EFA model. 

In implementing its study, SRI created three alternate scenarios of the 
potential future of the automobile and its use. The three futures were 

described in general  t e rms  as  "high economic growth," "economic 

frustrationv (i.e., relative stagnation), and "changing values.tt The last 

scenario postulated a significant change i n  life styles, moving generally 

away from the present domination of the traditional work ethic and more 

toward individual self-fulfillment. 

OTA staff  commentary on the total effort has been that the use of 



the models in the two contractual efforts was helpful, but that the role 

the models played was minor. The SRI report lends support to this in the 

case  of the Wharton EFA model. Most of the report deals with the 

scenario development; it covers an immense amount of techhnological and 

socia l  prognostication that does not involve use of the model. The 

Wharton EFA model was exercised to forecast the size and character of 

the auto f leet ,  vehicle sales, miles of auto travel, and fuel consumption 

to the year 2000 under each of the three scenarios. However, l i t t le  of 

the discussion involves these estimates, and i t  is not easily discernable 

what part they played in the total study or how the model was used. 

Perhaps the relative lack of prominence given to the model results 

comes from the fact that the difference between the highest and lowest 

estimates for the most significant variables to the year 2000 is on the 

order of ten percent, except for level of gasoline consumption, for which 

the difference is about twenty percent. While these differences are not 

trivial, they are small, given the great uncertainties that at tach to other 

factors considered in the scenarios and the extended time frame. SRI is 

careful to note t ha t  t he  d i f fe rences  a r e  questionable,  given t he  

uncertainty inherent in the model itself. 

The most interesting aspects of this application of the Wharton EFA 

model relate not to  its impact or importance, but to  the way i t  was 

applied. This is one of two applications so far  identified where t h e  

model was actually brought in-house and run by the analytic research 

team. Possibly because the model did not play a c en t r a l  ro le ,  t he  

documentation of i ts  application provides only limited detail on how it 

was used. Nevertheless, it is clear from what is included that the SRI 

analysts developed a deeper understanding of the model than appears to 

be the case in other applications covered in this study. One evidence of 
this is an appendix that presents a concise but informative explanation of 

the model's structure and operating characteristics, and more importantly, 

contains significant critical commentary that informs the reader of some 

key strengths and weaknesses of the model. For instance, comment is 
made about the weakness of the model in handling imports and taking 

transit into account. In general, the report provides considerable evidence 



that the analysts interacted closely with the model and were aware of 

limitations in the accuracy of its outputs. 

3.4 Electric Power Research Institute/Mathtech, Inc. 

The E lec t r i c  Power Research Ins t i tu te  (EPRI) i s  a r e s e a r c h  

organization cooperatively funded by the electrical utility companies to 

perform studies of concern to the total industry. In mid-1977 EPRI 

con t rac ted  with Mathtech, Inc., to forecast the impact of electric 

vehicles on the demand for electricity to t he  year 2 0 0 0 .  Mathtech 

employed a modified version of the Wharton EFA model as a major part 

of the larger forecasting model created to conduct the study. 

In strictest terms, this application is somewhat outside the scope of 

this investigation, because EPRI is a nongovernmental agency and not 

within the federal policy-making establishment. As reported in Section 

3.1.3 above, however, one extension of this study was a smaller analysis 

conducted f o r  the  DOT Transpor ta t ion Systems Center, using the 

EPRI-funded model as the analytic tool. In any case, certain unusual 

charac te r i s t i c s  of the  Mathtech work are worth noting and justify 

coverage in this report. 

To summarize the Mathtech effort, the central analytic approach was 

to create as detailed a model as possible for forecasting the sales, growth 

of total stock, and electrical power requirements of battery-operated 

vehicles to the year 2000. To do this, Mathtech developed a cluster of 

models on the supply side to project the likely design and operating 

characteristics of electric vehicles, given present knowledge of probable 

battery technology. This supply side also included models that projected 

electricity operating costs and the costs of purchasing and operating 

battery-powered vehicles. Because several types of battery technology 

could reasonably be expected to become available a t  different times, the 

supp ly  mode ls  w e r e  cons t ruc ted  to  genera te  d i f f e r en t  vehicle 

configurations, each internally consistent in its characteristics, and to  

output appropriate cost and operating values for each. 

The Wharton EFA model was used as the basis for developing a model 

to forecast sales and growth of vehicle stock. These forecasts then fed 



into a module that estimated electricity consumption. Mathtech had to 

make significant changes in the Wharton E F A  model, in pa r t i cu la r  

modifying the  whole vehicle-type share  s t r uc tu r e ,  to permit the 

forecasting of desired shares for electric vehicles and the resultant sales 

and growth of stock. This was done by creating a cost structure for 

electric vehicles and developing cross-elasticities of demand between 

electric vehicles and other types of automobiles. The more limited range 

of the electric vehicle was taken into accour~t in the cost structure by 

building in a penalty cost for annual miles that could not be driven. This 

took the form of an opportunity cost penalty (i.e., an added cost) to  

allow for longer trips that would be impractical to make in electric cars 

because of the long recharging time required by batteries, but which 

would be practical to make in a traditional gasoline-powered vehicle. 

The details of this analysis are worth studying, and the ca re  and 

creativity with which the Wharton EFA model was employed is notable. 

The Mathtech report presents the details of the study in exceptional 

detail and includes the full computer program that was created. An 

in-depth discussion of the details is beyond the scope of this report, but 

the interested reader is urged to  secure a copy of the Mathtech report 

(hilarfisi et al. 1977). 

Two substant ive  points are worth noting. First, the forecast of 

electric vehicles in operation by the year 2 0 0 0  ranged from 11.0 to 12.5 

million, depending on whether a pessimistic or optimistic scenario was 

followed. Even with this substantial number of vehicles, representing 

about nine percent of projected total  stock, the impact on electricity 

demand was forecast to be negligible, i.e., less than one percent of total 

peak demand. 

Secondly, as noted previously the estimates of electric vehicle sales 

produced by the model in this study were significantly different from the 

estimates produced for the TSC analysis, described in Section 3.1.3 above. 

In the TSC analysis the baseline projection was for an on-the-road stock 

of less than 300,000 vehicles by 1995. Even under heavily subsidized 

conditions the maximum estimated stock was about 9.3 million. The 

comparable 1995 optimistic and pessimistic figures in the EPRI study are 



7.4 million and 4.2 million, neither of which involves any subsidy. 

The reason for the great difference is that  the TSC analysis assumed 

more severe constraints on the characteristics of the electric vehicle than 

d id  the EPRI study. These included significantly higher costs, lower 

operat ing character is t ics ,  and a more pessimistic estimate of when 

advanced battery technology would become available. In the EPRI study, 

cost and operating characteristcs were estimated within a design model 

that built up values for operating range, electrical consumption, and cost 

from forecasts relating to each of the major technological components. 

In the TSC study, the necessary values were predetermined by TSC staff  

on the  basis of the i r  estimates. The importance of constraints or 

assumptions imposed on a model is dramatically i l lus t ra ted  by t h e  

differences in results from the two studies. 

The operational approach of the Mathtech application was notable in 

several respects. First, the analysts developed a detailed knowledge of 

the model. This was obviously necessary if they were to adapt i t  to 

their particular needs and to rewrite parts of the program. Second, this 

is another case in which the analysts themselves ran the model in-house. 

Direct operation was required if the newly written program was to be 

developed and debugged effectively and efficiently. 

This is also a case where the question of the sensitivity of the model 

was dealt with explicitly. Direct operation of t he  model ce r ta in ly  

facilitated this. Several runs were made to test how much forecasts 

would change as a result of altered values for key input variables, such 

as  t rends  i n  gasoline prices and electricity costs. The report also 

comments on the need to use resulting numbers with caution, given the 

probable uncertainty of estimate inherent in the model. 

It is clear that the Wharton EFA model played an important role in 

this analytic ef for t ,  although there is no way now of judging what the 

impact of the analytic resu l t s  will be. The s ignif icance of this  

application is that it illustrates how adaptable the Wharton EFA model 
(and others like it) is to a variety of uses. The detailed documentation 

that is presented should stand as an example for other analysts to follow 

in reporting their applications. 



3.5 Environmental Protection Agency 

The Environmental Protection Agency (EPA) has funded another 

application of the Wharton EFA model that results in a further expansion 
of its capability. In October 1976, EPA funded A.T. Kearney Associates, 

Inc., with Technology and Economics, Inc. as a subcontractor, to develop 

an analytic methodology for forecasting the impacts of new emissions 

standards on the automotive industry and specifically on automotive 

demand. The Wharton EFA model was selected by the contractors and 

the EPA as a central tool for the methodology that was developed. 

As of this writing, the final report on the EPA project has not yet 

become available. From the information available in the draft final 

report i t  is clear that this EPA adaptation of the Wharton EFA model 

represents an important step in expanding its potential for  use. A 

procedure was developed to calculate the costs per vehicle of controlling 

emissions from mobile (i,e., vehicle) sources and stationary (i,e., vehicle 

and supplier manufacturing plant) sources. Changes in operating costs due 

to changes in fuel economy and maintenance costs were also estimated. 

These costs were then converted to incremental costs per mile of vehicle 

operation. These costs were then ,usable as policy-induced changes to  be 

evaluated by the Wharton EFA model. 

In general, the approach here appears to be similar to that employed 

in the EPRI study of electric vehicles and in the DOT air bag studies. 

All of these illustrate the versatility of the model. As long as valid 

vehicle cost data can be developed relative to  a proposed policy, the 

model can be used to forecast the impact of the policy. 

While adaptations on the cost input side are interesting, the extensions 

on the output side appear unique and of greater potential importance. An 

additional model was created to take the sales forecasts and from these 

c r e a t e  p r o  f o r m a  balance sheets for each of the major automobile 

companies. This was done to  enable the forecasting of impacts on the 
financial condition, profitability, and competitive position of the several 

companies. 

From the draft report, i t  is clear that this application has involved 



careful use of the model. Extensive sensitivity tests were carried out to 

determine how much results would vary under a variety of different  

exogenous economic assumptions. Particularly notable is the explicit 

recognition that the emission control costs, the impact of which the  

model was used to evaluate, are estimates subject to error. The analysis 

included separate forecasts based on costs thirty percent above and 

f i f t e en  percen t  below the  cost  f igures generated from a detailed 

technological and financial study. These higher and lower figures were 

selected because they were believed to be reasonable upper and lower 

bounds. They thus permitted a range of estimate--that is,  a rough 

confidence band-to be estimated in the forecasting process. 

In general, the model forecasts indicated that the emission control 

standards currently in effect  should have no significant adverse impacts 

on automotive demand, employment, or corporate financial stability. In 

the  shor t  t e rm,  i.e., t h e  f i r s t  two years, the $300 price increase 

estimated to result from the added costs of meeting emission control 

requirements was predicted to have some significant negative effects. 

New car registrations were forecast to drop three to four percent and 

employment in the industry to decline 1.5 to 2.5 percent. In the longer 

run, however, the cumulative e f f e c t  on new ca r  reg i s t ra t ions  and 

employment was forecas t  to be a decline of less than 0.5 percent. 

Counterbalancing these adverse impacts, in addition to cleaner air, would 

be a forecast two percent improvement in the average fuel economy of 

all cars in use and a two percent reduction in gasoline consumption 

(amounting to about 1.7 billion gallons in 1985). Both of these effects 

would result largely because of trading down from larger to smaller, more 

fuel-efficient cars. 

None of the alternate forecasts that were run, using higher and lower 

emission control costs or alternative trends for such exogenous factors as 

gasoline prices and unemployment, produced results that were greatly 

different from the ones just cited. The analysts concluded that  t he  

results appeared likely to hold true under a wide range of foreseeable 

circumstances. A question not considered was whether this stability of 

model results was reasonable to expect or whether it might be due to 



unrealistic insensitivity of the model. The question of insensitivity was 

touched on in Section 1.4 of this paper. The importance of resolving this 

question is apparent in the results of this EPA use of the Wharton EFA 

model. 

As of the last opportunity to check  a arch 1979), this EPA version of 

the Wharton EFA model had not been used for  any speci f ic  policy 

application. Therefore, nothing can be said yet about its operational 

importance, i ts  impact on policy, or the appropriateness of i t s  use. 

Changes to  the Clean Air Act of 1963 as amended that encompass vehicle 

emission standards will be up for consideration in about a year. It is 

probable that this expanded version of the Wharton EFA model, updated 

to incorporate the latest version of the automobile demand model, will be 

used to evaluate proposals to be considered at that time. 

According to  reports from EPA staff this initial industry financial 

model is a first approximation and is relatively crude. As is noted in 

Section 3.10 below, further work on this financial model is now being 

funded by NHTSA in the Department of Transportation. 

3.6 Department of Ene ra  

Only limited information is available about applications of the Wharton 

EFA model in the Department of Energy (DOE). No documentation has 

been uncovered, and only very general information about the uses has 

been obtained from personal contacts. The most s ignif icant  f a c t s ,  

t h e r e fo r e ,  a r e  t h a t  uses a r e  repor ted  t o  have occurred and that 

significant issues can be identified as having been addressed. 

The Office of Conservation and Solar Applications has used output 

from the Wharton EFA model as well as from the Faucett model in i ts  

analyses of the possible impacts of introducing gas turbine and Sterling 

engines in automobiles. DOE staff are  also reported to  have been the 

initiators of the request that  led to  the Mathtech work on the electric 

vehicle, sponsored by TSC. They are also familiar with the study done by 

Mathtech for EPRI. However, the Wharton EFA model does not yet 
appear to have been used directly in policy determination. 



3.7 Council of Economic Advisors 

The Council of Economic Advisors1 (cEA)  use of the Wharton EFA 

model occurred in the spring of 1977 as part of the work to prepare the 

administration's national energy program. This is the program that the 

president presented to the Congress in April of that year. It included the 

gasoline tax and gas guzzler tax and rebate proposals discussed at several 

points above. 

Reportedly, the CEA staff that used the Wharton EFA model selected 

it after studying other available models. The choice was made because 

this model was judged to be conceptually sounder in key respects, notably 

in the data base employed to build the model and in its use of cross 

sectional data. The respondent reporting on the CEA use did state that 

the full documentation on the model was not available to him at the time 

the application was conducted. Because the impact on imports of the 

proposed program was reported to have been a primary concern and 

because the init ial  version of Wharton EFA model was weak in its 

handling of the domestic/import shares split, it is unfortunate that greater 

detail is not available concerning how the forecasts pertaining to imports 

were generated and whether the model was appropriately employed in  this 

respect. 

On the basis of what has been reported about this application, the 

most significant information appears to be that the model was employed 

in the initial formulation of import ant presidential legislative proposals. 

This differentiates the CEA application from several of the applications 

noted above. In those the model was used to study the impacts of 

previously defined policy proposals. 

3.8 Department of the Treasury 

The Wharton EFA model was used by the Department of the Treasury 

as part of the process of evaluating elements of the president's proposed 

energy bill. The specific use reported was in the evaluation of the 

president's proposed gasoline tax. In this instance forecasts of car sales 

and fuel consumption derived from the model were used to estimate what 

revenues would accrue to the federal  government i f  the tax were 



imposed. The significance of this application is, as in other instances, 

that it occurred at a high executive level i n  one of the senior cabinet 

departments. 

3.9 Instances of Negative Results 

In the course of this study, the chain of referrals led to two instances 

in which one or more respondents indicated that applications of t h e  

Wharton EFA model might have been expected t o  occur,  but no 

applications could be identified. The most significant of these was the 

Department of Commerce (DOC). Although checks were made with the 

DOC Bureau of Economic Analyses, several industrial analysis units, and 

the Office of the Chief Economist, no application of the Wharton EFA 

model or any similar automotive demand model was uncovered. Because 

this department does extensive economic and industrial research and, in 

fact, is a major source of industrial and economic statistics, the absence 

of any readily identified application is notable. 

A considerable amount of work with forecasting models has occurred 

in the General Accounting Office. In fact, the Program Analysis Division 

has been carrying on a project on Program Evaluation Methodologies 

which was previously called Large Scale Model Evaluation. So far no 

application or evaluation of the Wharton EFA model has occurred in this 

agency, although there is an awareness of the model. 

3.10 Current Developments 

To this point the applications of the Wharton EFA model that have 

been discussed are ones that have either been completed or are in the 

f ina l  repor t ing s tage .  This sect ion turns  t o  a brief summary of 

developments reported to be in progress. These developments indicate 

that substantial work is being done to  improve, adapt, and expand the 

scope of the Wharton EFA model. They imply that  a new round of 

potentially significant applications may be expected in the near future. 

First, i t  must be noted that  Wharton EFA under t he  continuing 

sponsorship of TSC is currently expanding the scope of the model to 

include light trucks and vans. Additionally, several weaker elements in 



the original model are being reconsidered and improved. 

As mentioned previously, the EPA-sponsored development of an 

industry financial model grafted on to the Wharton EFA model is now 

being carried further under the sponsorship of NHTSA. This is being done 

so that this agency can better fulfill i ts responsibility to evaluate the 

impact of proposed rule-making on the compet i t ive  aspec t s  of t he  

automotive industry. 

In a second NHTSA-sponsored effort, H.H. Aerospace Design Co., Inc., 

is developing a risk analysis model. One segment of this is a Price 

Module that derives car prices and the product mix of demand by using 

the Wharton EFA model. The purpose of th is  e f fo r t  is to  permit  

quantified estimates of the major marketing, technological, manufacturing, 

and financial risks imposed on the automobile companies by proposed fuel 

economy standards. 

In another recent development that will involve the Wharton EFA 

model, Purdue University has received federal funds to establish an 

automotive and surface transportation research group. One of the initial 

projects of this group is to develop an econometric model t ha t  will 

encompass both energy conservation and environmental aspects and be 

usable particularly for analysis of the potential for electric-powered 

vehicles. The aim is to develop a single model usable by the three major 

federal agencies involved, DOT, DOE, and EPA. The first stage of this 

project includes careful evaluation of three existing models, one of which 

is the IVharton EFA model. On the basis of this evaluation, an improved 

model-either a composite or a new one-is to be created. 

A final development planned by the Transportation Systems Center is a 

contract effort to evaluate the major automotive demand models. On the 

basis of this detailed evaluation, an improved model is to be developed 

either by altering an existing model or creating a new version. Since the 

contract for this work has only recently been awarded to Charles River 

Associates as of this writing   arch 19791, it is not known what specific 
direction the study will take. It is known that the Wharton EFA model 

will be among the several given most attention. 



3.11 Summary of Findings 

The survey of applications of the Wharton EFA Automobile Demand 

Model provided the following major findings: 

1. The model has been used in policy-related studies by 

significant units of the federal government in both the 

executive and legislative branches. The most frequent 

use has occurred in the Department of Transportation, 

which sponsored the development of the model. Use of 

the model was also identified in the  Depar tment  of 

Energy, t he  Environmental  Protect ion Agency, the 

Pres ident ' s  C o u n c i l  o f  Economic  Adv i so r s ,  t h e  

Department of the Treasury, the Office of Technology 

Assessment, and the Senate Finance Committee. 

2 .  The model has been used t o  project  key economic 

impacts of various policy issues related mainly t o  energy 

questions. The specific energy policies analyzed have 

included proposed automobile fuel economy standards, 

several versions of the so-called "gas guzzleru tax, and 

the president's gasoline conservation incent ive  tax .  

Other policies analyzed have included vehicle emission 

control standards and safety proposals, such as passive 

restraints. 

3. S t a t emen t s  of survey respondents d i f fered on the 

question of t he  r e l a t i ve  importance assigned t h e  

forecasts of the model in policy studies where the model 

was used. Model results are prominent in several of the 

r epo r t s  reviewed, and in one case, the International 

Trade Commission s tudies  for  t h e  Sena te  Finance 

Com mittee, a credible report asserts that model results 

were a major influence in the policy-making process. 

Model results have been prominent and appear to have 

influenced conclusions in some of the applications studied. 

4 .  With respect to how analvsts worked with the model, the 

dominant mode was to rely on computer output produced 



by sources outside the analysts1 agency. In only two 

documented cases  did the  analys ts  involved i n  an 

application operate the model directly. 

5 .  Few analysts who used the Wharton EFA model results 

appear to have had a deep understanding of the model, 

including some of its significant limitations. This is 

especially true for analysts who did not directly operate 

the model. In most instances, lack of time was given as 

a reason for not being able to study even the model 

documentation in detail. The HSRI analysis  of the  

model demonstrates, however, that the documentation, 

while voluminous, was not complete enough to enable a 

reader to understand the model fully. 

6 .  Lack of familiarity with details of the model appears 

re la ted  to  inappropriate and inadequately qualified 

prominence being accorded to some model results. This 

is particularly true for studies that placed emphasis on 

projections of market sales by car type and on projected 

splits between foreign and domestic car sales. The HSRI 

analysis of the model showed that the former projections 

were subject  t o  significant error. The foreign and 

domestic shares are actually set exogenously and are not 

computed by the  model, a f a c t  t ha t  is obscurely 

indicated in the Wharton EFA documentation. I t  is 

notable that in the two reported cases where analysts 

operated t he  model d i rec t ly ,  i.e., the  s tudies  by 

Math tech ,  Inc., and SRI Internat ional ,  Inc., such 

limitations of the model' were recognized and discussed 

as study results were reported. 

7 .  The general lack of adequate attention to the question 

of forecasting accuracy constitutes a major weakness in 
the applications studied. Sensitivity analyses were used 

in some instances to indicate how much forecasts, e.g., 

of sales, would vary if key exogenous assumptions, like 



the growth ra te  of gross national product, were changed. 

In other cases, one or more other models were used in 

conjunction with the Wharton EFA model, to provide a 

cross-check and t o  gain some idea of how much 

e s t ima t e s  might vary. These a r e  only par t i a l  and 

approximate answers t o  t he  question of how much 

variability is inherent in the point estimates generated 

by the model. Without some measure of accuracy, there 

is l i t t le  basis for judging whether forecast differences in 

the impacts of two or more policy alternatives are large 

enough  t o  be  s t a t i s t i c a l l y  and thus p rac t i ca l ly  

meaningful. The cases of the NHTSA fuel  economy 

standards analysis and the TTC study of the gas guzzler 

proposals illustrate how similar differences can be read 

differently. In the absence of some objective measures, 

there is l i t t le  basis for determining which of the two 

conclusions is more valid. 





CONCLUSIONS 

A wide variety of federal agencies have used the Wharton EFA 
Automobile Demand Model in important policy-related studies. While it 

has not been possible to determine precisely how much reliance has been 

placed on model results in formulating policy, nevertheless, based on the 

breadth of use and the prominence of results in several important studies, 

it is clear that the Wharton EFA Automobile Demand Model has become 

a significant policy analysis tool. 

Further, dependence on this type of analytic tool in evaluations of 

proposed governmental policies related to the motor vehicle transport at  i on 

system will likely increase. The use of econometric models to evaluate, 

support, and criticize a wide range of proposed and existing governmental 

policies is a rapidly expanding phenomenon. There is every reason to 

believe that policy analysis related to a sector  of the economy as 
important as the motor vehicle transportation system will share in this 

increasing emphasis. 

Because of this, it is important to note two major concerns about how 

the Wharton EFA model was used in its early applications. First, because 
many analysts who used the model appear to have had an incomplete 

understanding of it, undue and inadequately qualified prominence has been 

accorded  some model resul ts ,  in particular the projections of 
disaggregated size-class shares and the foreign and domestic split of the 
market. By contrast, the most self-critical and creative uses of the 

model have occurred in cases where analysts actually ran the model and 

studied it in detail. 

The reason most frequently given for limited understanding was lack of 

time. As one respondent put it, "We simply could not afford the luxury 

of taking the time to analyze the model.tf Yet it seems clear that taking 
the time to understand the model cannot be considered a luxury. Al l  

analysts involved in using the models for policy-evaluation purposes need 



an adequate understanding of the models being used, if inappropriate 

applications and interpretations are to be avoided. 

Second, it seems clear that modelers and users gave only limited 

attention to the question of the accuracy of the model forecasts. Yet an 

adequate  in te rpre ta t ion  of ana ly t i c  resul ts  and the credibility of 

recommendations based upon them hinge heavily on this issue. While 

numbers produced by the model appear to be precise, they are actually 

estimates of unknown true values which, with specified probabilities, lie 

within ranges about the forecast values, Thus, in forecasts of the 

impacts of two or more alternate policies, apparent differences may have 

l i t t le  real meaning because they are too small to be statistically different 

from zero. This problem is compounded in long-run forecasts like those 

produced by the  Wharton E F A  model, because the uncertainty of 

estimates tends to become greater as the projections are extended in time. 

Po l i cy  a n a l y s t s  need  t o  give more prominent and complete  

considerat ion t o  the  question of t h e  a c c u r a c y  of f o r e c a s t s .  

Decision-makers who use the policy analysts1 reports are unlikely to be 

statistically sophisticated; and unless analysts s ta te  clearly the cautions 
that need to be observed in using the numbers produced by the models, 

the danger exists t ha t  invalid conclusions will be drawn, fu r the r  

confounding the already difficult policy-making process. 
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APPENDIX B 

DESCRIPTION OF THE WHARTON EFA AUTOMOBILE DEMAND MODEL 

This section presents a general overview of the logic, operational 

characteristics, input, and output of the Wharton EFA Automobile Demand 

Model. The details of mathematical structure are not dealt with, nor are 

any theoretical questions considered. The reader interested in details of 

the model is referred to the documentation of the model published by 

Wharton EFA and to the HSRI analytic study of the model referenced in 

Appendix A (Schink and Loxley 1977; Golomb et al. pending). 

The Wharton EFA model is divided into six large computational blocks 

of equations. These are: 

Block A, in which fuel efficiency estimates, i.e., miles 

per gallon, are generated for each size class of new car 

and for the total fleet of new cars. 

Block B, in which new car prices are estimated. 

Block C, in which the cost of owning and operating a 
typical car in each size class is estimated, taking into 

account both purchase costs and the stream of operating 

costs over an averaqe ten-year life-span, discounted back 

to current dollar values. 

Block D, in which the desired shares of each class of car 

and for the total stock are estimated. 

Block E, in which actual demand, essentially total new 

car sales, is estimated, along with total scrappape and 

used car sales and scrappage. 

0 Block F, in which actual (as opposed to desired) total  
stock and stock by class shares,  a re  up-dated and 

estimated. 



Figure B-1 depicts the way the blocks are related in the Wharton EFA 

model program and gives a general sense of the structure and flow of the 

model. A further sense of what happens within the model, what the 

model requires, the complexities inherent in it ,  and the range of outputs 

obtainable from it  can be gained from reviewing Table B-1, which shows 

the required informational inputs and the major outputs for each block, 

and Figures B-2 through B-7, which detail the program flow for each of 

the major blocks of the model. 

The Wharton EFA model requires a considerable amount of data to be 

entered before i t  can be run. These exogenous data must be derived 

from sources outside the model. They include information on existing 

conditions, such as current tax levels, forecasts of general economic and 

demographic trends from other models, such as projected gross national 

product from a macroeconometric model, and da t a  t h a t  r epresen t  

essentially speculations based on most-informed opinion, as is the case 

with future car characteristics. 

One additional fact  needs to be noted to highlight the complexity of 

the model. Estimates that are computed within one block as endogenous 

variables are frequently required as inputs or exogenous variables in other 

blocks, including prior computed blocks. For example, the ne w-car-share 

estimates predicted in Block F are needed to  calculate the used car 

prices estimated in Block E. There is, therefore, no simple one-way 

computational flow from a beginning to an end. Within the model several 

iterative calculations occur to bring related estimates into line. 

While exogenous variables are specified from appropriate outside 

sources endogenous variables--those computed internally--are initially 
established a t  some known or previously estimated base year values. In 

the version of the Wharton EFA model made available t o  HSRI for  

ana ly t i c  s tudy,  this  base year was 1974, or, in the case of lagged 

variables, 1973. 
A solution is genera ted  by solving the equations in each block 

sequentially, starting with Block A and ending with Block F. If the  

solution of an equation requires the value of a variable that is actually 

estimated farther down in the program, an exogenously set  base year 
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FIGURE 8 - 3  
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FLOW DIAGRAM OF BLOCK C 
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FIGURE B-5 
FLOW DIAGRAM OF BLOCK D 
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FIGURE 8-7 

FLOW DIAGRAM OF BLOCK F 
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value of that variable is used first. Then the estimated value of the 

variable is calculated. If the new value differs significantly from the 

initialized value, a repeated series of recalculations takes place to bring 

the values into line, i.e., to  within some small difference judged to be 

insignificant. 

In Block A the necessary fuel economy estimates for new cars in each 

of five size classes are generated from preestablished characteristics of 

the vehicles and the relationship of these characteristics to historical data 

on fuel economy. These relationships were developed by the Wharton 

EFA authors on the basis of data drawn from Environmental Protection 

Agency tests and actual driving surveys assembled by Consumers Union. 

Independently of Block A ,  Block B produces estimates of total 

purchase price for each class of new cars and for each of t he  four 

components which make up t h e  purchase price--i.e., base price, 

expenditures for options, transportation charges, and purchase taxes. 

Blocks A and B feed into Block C where the combined cost figures of 

owning and operating a typical car in each size class over an average 

ten-year, 100,000 mile vehicle life are estimated. Operating costs include 

fuel, insurance, maintenance and repair costs, and parking and tolls. 

These are, in effect ,  set exogenously, since they are all forecast on the 

basis of their relationships to the Consumer Price Index. 

Essentially, Block A provides the estimate of the fuel cost component 
of operating costs, given an exogenously set cost per mile of gasoline. 

Block B provides the estimate of purchase or first costs. Because the 

operating costs are projected to occur over a ten-year period, these cost 

estimates are discounted to take into account the economic concept that 

future dollars are perceived by people to be less valuable than presently 

available dollars (this is a sophisticated version of the old adage that a 

bird in the hand is worth two in the bush). Discounting is distinct from 

the  concept of cur ren t  dollar values, which takes estimated future 

inflation into account. All dollars are deflated to current (1974) values. 

The discounting of costs occurs in addition to this. In the case of the 
current Wharton EFA model the discounting factor is 5.5 percent .  

Combined purchase and operating costs are reduced to a per mile basis, 



producing the centrally important capitalized cost per mile estimates for 

each type of car. 

In Block D the desired stock of vehicles and the desired shares of 

stock for each of the five size classes are  estimated. These estimates 

a r e  of critical importance to  the model because they constitute the 

targets toward which existing stock will move in the stock adjustment 

process. The computations to  arrive at desired shares and desired total 

stock are complex. In simplest terms, they are derived on the basis of 

the relative costs of the different classes of cars. Specifically, the 

relative cost indexes are the ratios of the capitalized cost per mile for 

each car type relative to family income, with the new car fleet average 

capitalized cost per mile relative to income taken as a reference point, 

The estimate of total desired stock is computed on the basis of a share 

weighted capitalized cost per mile which is related to estimated family 

income and drivers per family to yield a desired stock per family. 

Multiplied by an estimate of the total number of families, this yields an 

estimate of total desired stock. 

In Block E total new car sales, scrappage, total vehicle stock, and 

total vehicle miles traveled are  estimated. Each of these estimates is 

heavily dependent on the other three; i.e., the estimates are  highly 

simultaneous. In addition, new car sales and scrappage are dependent on 

the  e s t ima t e s  of desired stock derived in Block D, as well as key 

elements estimated in Block F. The strong interrelationship between 

Blocks E and F is indicated by dual arrows on the Figure B-1 flow 

diagram. 

Block F contains two sets of equations, one that predicts the total 

stock of cars by size class and age, the other of which estimates the new 

car market shares and the number of new cars sold by size class. The 

predictions of the total stock of cars by size class and age are dependent 

in part on the scrappage and new car sales estimates which are generated 
in Block E,  because the stock of cars a t  the end of any year is in 

general equal to the stock at the beginning of the year plus the new cars 

sold and minus those scrapped during the year. Separa te  scraDpaqe 
estimates based on a vehicle survival model are made in Block F, using 



historical information on the proportion of cars that have survived one, 

two, three, etc. years in each of the last twenty model years. The two 

estimates of scrappage from Blocks E and F are adjusted to produce a 

single estimate. 

The computation of new car sales and shares by size class draws upon 

the estimates of desired stock generated in Block D and the estimates of 

the actual or existing stock shares generated in Block E. 

In summary, the Wharton EFA model at the completion of a simulation 

produces forecasts of automobile sales year-by-year for the total market 

and for each of the five general size classes distinguished in the current 

version of the  model. Similarly,  i t  estimates the changes in the 

aggregate number of vehicles in operation for each size class and for the 

total  fleet,  taking into account additions from new sales and subtractions 

resulting from scrappage. The model makes these forecasts by tracing 

through the complex relationships that  pertain between the estimated 

prices of new and used cars, the public's available income, and t h e  

public's desire to  own and operate cars. The mathematical statements 

which represent these relationships are  approximations based on best 

available knowledge, historical data, and reasonable assumptions about key 

overall economic and technological trends. 

Based on estimates of fuel efficiency (miles per gallon) for each type 

of car projected into the future, the model forecasts the average fleet 

miles per gallon for  new cars  and for the total  fleet in operation 

year-by-year. 

From the basic forecasts of the vehicle fleet and fuel efficiency 

(miles per gallon), combined with forecasts of total  vehicle miles of 

t r a v e l  t h e  model pe rmi t s  der ivat ion of t o t a l  fue l  consumption 

year-by-year. Addit ionally,  given e s t ima t e s  of t he  product iv i ty  

relationship between number of workers and number of vehicles produced, 

forecasts of employment are derivable from the model. 

In t e r m s  of po l i cy  a n a l y s e s  focusing on t he  motor vehic le  

transportation system, most changes in laws, regulations, or programs 

affect  price or costs and fuel economy. Once the costlprice or fuel 

economy changes that will result from a policy proposal are calculated, 



these numbers can be fed into the model. The model will then produce 

estimates of changes (impacts) on sales, fleet size, overall fuel economy, 

and, by derivation, fuel consumption and employment. 





ABSTRACT 

This report describes how and by 

whom the Wharton EFA Automobile 

Demand Model has been applied in 

policy-related analyses by federal 

agencies from its first known uses in 

the  spring of 1977 t o  March 1979. 

The study was conducted in t h e  

spring of 1978 with a follow-up in 

early 1979. Information was gathered 

from published documents and from 

more than sixty personal con t ac t s  

wi th  t h e  u s e r s ,  po ten t ia l  users,  

sponsors, and authors of the model. 

The model has been applied by 

the National Highway Traffic Safety 

Administrat ion,  the  Internat ional  

Trade Commission, the  Council of 

Economic Advisors, and other federal 

agencies in analyses of energy-related 

i s s u e s ,  vehicle s a f e ty  s tandards ,  

pollution control standards, and other 

issues. The ways in which the model 

h a s  b e e n  u s e d  a n d  h o w  i t s  

capabilities and limitations have been 

dealt with in policy analysis settings 

are reported. 


