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1. INTRODUCTION

On December 27, 1975, the Energy Policy and Conservation Act (Public Law 9 4— 163)

was passed by Congress requiring all automobile manufacturers to achieve a schedule of

improved fuel economy for new car sales in the United States. The Act requires that

the fleet-weighted average fuel economy, in miles per g lion, for each manufacturer,

meet or exceed a specified minimum standard that increases over time. The new

minimum standards require that the fleet-weighted average fuel economy nearly double

over roughly a ten year period. Table 1-1 gives the standards initially established in the

Act.

TABLE 1-1 FLEET-WEIGHTED FUEL ECONOMY

OF NEW CAR SALES

Actual 1974 14 mpg.

, 1978 18 mpg
*

1 1979 19 mpg
Required 1980 20 mpg

1981-84 build up to the 1985 standard

to be determined by the Secretary
of Transportation

1 1985 27.5 mpg

This study is concerned with the extraordinary commercial risks placed on the

automobile manufacturers by the addition of these regulatory requirements. The

problem of evaluating the risks inherent in these regulations is approached through the

use of a methodology commonly known as risk analysis.

Risk analysis is a systematic approach which can be used to analyze complex decision

situations involving uncertainty. Risk analysis, in its mast simple form, involves a

computer simulation of the business environment for the purpose of evaluating a

specific strategy explicitly taking into account the most important uncertainties. The



uncertainties are combined using Monte Carlo simulation techniques to obtain risk

profiles, or probability distributions, of key summary measures of performance. Thus,

one of the contributions made by this study is methodological in nature, as the study

should be helpful in understanding how to apply risk analysis to other similar situations.

The main purpose of this study is to develop a risk analysis model of the automobile

industry in order to assess the impact of the Automotive Fuel Economy Standards

(AFES) on each of the manufacturers in the industry. Data that approximates the

characteristics of each of the U.S. automobile manufacturers are used to illustrate the

application of the model. The chief contribution of this study is to take different bits

and pieces of data, mostly from several different reports written or sponsored by DOT,
1

and to use these data to arrive at an analysis of the impact of the AFES on the

automobile industry. This approach serves to highlight the fact that in order to analyze

the impact of the AFES, one must understand the various interrelationships among the

different components of the situation under study and the various pieces of data

available. This study formulates several of these interrelationships in mathematical

terms and integrates them into a risk analysis model to analyze the impact of the AFES.

The results yield some insights into how different aspects of the situations interact with

one another.

In order to structure the risk analysis for the automobile industry, uncertainty has been

categorized into two classes: contextual (or exogenous), and endogenous. The

contextual uncertainty arises from two sources: (l) economic conditions (overall

business), and (2) marketing environment (automotive sales). The sources qf endogenous

uncertainty include technology, warranty*, and manufacturing conditions. While there

are several areas of uncertainty, the overall impact of all of these results in financial

performance. The objective of this analysis, therefore, is to assess the effect of the

AFES on the financial performance of each of the manufacturers, while taking into

account the uncertainties mentioned above.

In this study a conditional risk analysis is carried out. That is, each situation is

analyzed conditional on the contextual uncertainty being resolved. Fixeq values are

assumed for the variables whiqh are the source of the contextual uncertainty; that Is,

* Warranty risk has been excluded from the analysis since it was not possible to find
any data on warranty costs. However, given such data, it is fairly simple to introduce
warranty risk into the analysis.
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economic and market variables. Setting the values of these variables is called "defining

a scenario." Conditional on each scenario, several different cases can then be examined

under certainty using sensitivity analysis. This involves changing the assumptions

concerning the values of the variables which are the source of the endogenous

uncertainty and analyzing the impact. In addition, it can also be assumed that only the

probability distributions of the variables, which are the source of the endogenous

uncertainty, are known; this case is called the "probability case." The model then

produces risk profiles, or probability distributions, for various summary measures of

performance for each manufacturer. The reason for carrying out the analyses

conditional on a scenario is so that the contextual uncertainty does not swamp out the

risks imposed on the manufacturers that directly result from attempting to meet the

AFES.

The first step in the approach is to formulate a set of relationships, or a model, to

determine the financial performance of the manufacturers, given certain assumptions

about their strategy for meeting the AFES, their current and future environments, and

other factors beyond their control. In other words, the risk analysis model is designed

to estimate the manufacturers' performance, given assumptions about their specific

strategy, and about the resolution of the contextual and endogenous uncertainties.

Designing such a model requires a large amount of data. It should be emphasized that

the objective of this study is not to generate data, but rather to develop a model and to

perform a risk analysis using the data already available. Thus, almost all the data used

in this study is from reports written or sponsored by DOT. Some data is based on
2 3 4 5

publicly available documents ’ ’ ’and ’ and on consultations with industry acperts.

In order to give some of the spirit of the risk analysis model that is developed in

Sections 2 and 3, some of the underlying assumptions of the approach are pointed out

here.

1.1 Market Demand and Consumer Preferences

In the analysis, the aggregate demand projections, by model size, from 1976 to 1985, are

3



forecast by the Wharton Econometric model of the U.S. automobile Industry. These

projections account for demographic variations in the U.S, population over this period,

which result in a slight upward movement in the desired size of cars. The Wharton

projection does not anticipate any increase in "fuel economy consciousness” on the part

of the consumer, which would be manifested as a greater preference for smaller cars

6
than projected by the WEFA model.

1.2 Inflation

The analysis is carried out in 1976 dollars. This is equivalent to assuming that price

adjustments for wages, capital goods, materials, services, and final product prices are

uniform. That is, inflationary increases in any factor are passed through uniformly.

1.3 Manufacturing Costs

Manufacturing costs are assumed to conform with the industry’s historical experience,

except for increases due to the adoption of new technological options to improve fuel

economy. Increased manufacturing costs resulting from other regulatory requirements

such as pollution control and safety are not included except in that they reduce fuel

efficiency.

1.4

New Technologies to Improve Fuel Economy

9
Each manufacturer is scheduled to introduce technologies to improve fuel economy

according to a time table suggested in U.S. Department of Transportation data.
7

These

are all available technologies including downsizing, material substitution, improved I

power train components, lubricants, accessories, aerodynamic body configurations, new
j

tires, and so forth.

1.5

Fuel Economy

4



The corporate fleet-weighted average fuel economy achieved by each manufacturer is

determined by the size of cars produced, and the technological options implemented.

The mix of cars produced for sale each year is adjusted by the risk analysis model to

strictly meet the legally required fuel economy level for that year. The model assumes

that each manufacturer will satisfy the AFES in every year. The mix of car sizes

produced by each manufacturer starts in 1977 with his historical product mix. The

model determines the amount of mix shift, if any, that is needed to meet the legally

required fleet-weighted average fuel economy for each year.

1.6 Vehicle Price

The sale prices of various size-class cars are computed by the model, with the

assumption that the price differential between the various size-class cars is such that

the market is cleared. It is assumed that the average car price is constant over time,

with some qualifications which are discussed later. Both these assumptions, which are

congruent with the WEFA model, are discussed in greater detail in Section 2.

However, it should be pointed out here, that it is possible to make alternative

assumptions about the pricing process. For example, one could assume that General

Motors sets the prices for the various size-classes on a cost plus mark-up basis, and the

other manufacturers set the same prices as General Motors. That is, General Motors is

assumed to be the price leader of the industry. This assumption would not be consistent

with the WEFA model. Since the demand projections from the WEFA model are used, it

is appropriate, in order to be internally consistent, that the assumptions about the

pricing process be congruent with the WEFA model.

1.7 Profit and Financial Ratios

Given production volume, sales mix, manufacturing overhead and fixed cost, and sales

prices, the model computes after-tax profit for each manufacturer. Cash flow is

determined by capacity expansion (if any), investment in new technological features,

depreciation, debt charges, and so forth. Long-term debt is allowed without limit to

5



balance the cash requirements. For this reason, the long-term debt position provides a

useful overall indicator of a given manufacturer’s risk position.

The four major U.S. automobile manufacturers are obviously very complex

organizations. It is clearly impossible to capture the full complexity of their operations

in a model of any reasonable size. However, the main difficulty in designing a model

such as the one developed for this study is that all the relevant data is not available.

Much of the relevant data is confidential and not released by the companies.

In this study four major U.S. automobile manufacturers labelled G F C and A are

considered. Manufacturers G F C and A are as close approximations to the North

American passenger car businesses of General Motors, Ford, Chrysler, and Ajnerican

Motors respectively, as possible, given the data available to us and the objectives of the

study.

Because of the approximations made in the data input to the model, the results

generated by the model should be interpreted with some caution. The model developed

in this study should be used to analyze the relative impact on the manufacturers due to

the AFES, given certain assumptions about the environment faced by the manu-

facturers. "Relative impact” refers to either the impact on a manufacturer relative to

that of the other manufacturers or its own initial position.

The foreign manufacturers who market cars in the U.S. have been aggregated and are

considered as just one manufacturer. No attempt is made to assess the impact of the

AFES on the foreign manufacturers. For all the manufacturers considered in this

analysis, the concern is only with their U.S. passenger car operations, and not the whole

corporation. For the sake of semantic simplification, the term "manufacturer" is used

to mean the U.S. passenger car operations of the automobile company.

An overview of the AFES model and most of the basic data are described in Section 2

while a more detailed description of the model including the appropriate equations is

given in Section 3. The AFES model has been written in FORTRAN and is implemented

on the Harvard Business School PDP-10 computer. The computer output from one

particular scentfrio is given in Appendix A. Some instructions for using the computer

6



program are given in Appendix B. The data files in the format required by the

computer program are given in Appendix C. Finally, the computer program itself is

given in Appendix D.

In Section 4, several cases under the Nominal scenario are analyzed, that is, the

scenario uses the one-point currently available estimates for the values of the

contextual variables. In Section 5, several alternative scenarios are analyzed in an

attempt to understand the effects of different AFES, market, and economic conditions.

7



2. OVERVIEW OF THE AFES MODEL

2.1 General

The objective of the AFES model is to estimate the financial performance of each of

the manufacturers, given assumptions about their strategy for meeting the Automotive

Fuel Economy Standards (AFES), and about the resolution of various contextual and

endogenous uncertainties. In order to accomplish this objective, specific relationships

among a large number of variables and parameters have to be identified and formulated.

These relationships can be conveniently categorized into seven modules. The modular

design of the AFES model makes it easy to change, if required, the relationships

embodied in the model.

In this section the assumed manufacturers' strategy is described, and then a brief

overview of each of the modules is presented in turn. The purpose of this section js to

develop an intuitive understanding of the approach and data assumptions, while a more

detailed description of the model is contained in Section 3.

2.2 Assumed Manufacturers' Strategy

It is assumed that the manufacturers will implement various technological options in

g
order to meet the AFES. These fuel economy measures include downsizing, material

substitution, and technological improvements in transmissions, lubricants, accessories,

and aerodynamic drag. The schedules for implementing these measures are manu-

facturer specific and are given in Tables 2-1 to 2-3. If the fleet-weighted average fuel

economy (in mpg) for a manufacturer, after implementing the above fuel economy

measures, is equal to or exceeds the AFES for that year, then the manufacturer is

assumed to have produced the same product mix as in the previous year. However, if

the fleet-weighted average fuel economy is below the AFES for that year, then the

manufacturer is assumed to have changed the product mix so as to just meet the AFES.

That is, the manufacturer will produce a larger proportion of small cars in order to

8



meet the AFES. Since the consumers may prefer a different product mix from the one

actually produced by the manufacturers, it is assumed that the manufacturers will have

to change car prices, either directly or indirectly, in order to sell the product mix

actually produced.

TABLE 2-1. SCHEDULE FOR DOWNSIZING

Year of Downsizi lg

Full-size Mid-size Compact Subcompact

Company G 1977 1978 1979 1980
Company F 1979 1980 1978 1979
Company C 1979 1978 1981 —
Company A — 1978 1980 1979

Source: Based on "Data Analysis for 1981-1984," Document 2, Vol. I.
9

TABLE 2-2. SCHEDULE FOR MATERIAL SUBSTITUTION

Year of Implementing Material Substitution

Full-size Mid-size Compact Subcompact

Company G 1982 1986 1984 1986

Company F 1984 1985 1983 1984

Company C 1986 1983 1986 1983

Company A —

—

1984 1985 1986

Q9
Source: Based on "Data Analysis for 1981-1984," Document 2, Vol. I.'

9



TABLE 2-3

SCHEDULE FOR IMPLEMENTATION OF TECHNOLOGICAL IMPROVEMENTS

Percentage of Cars Manufactured with the Improvements

1981 1982 1983 1984 1985

Company G

Automatic transmission* 20 40 65 90 93
Manual transmission 7 7 7 7 7

Lubricants 20 40 60 80 100
Accessories 20 40 60 80 100
Aerodynamic drag 60 70 80 80 80
Rolling resistance 20 40 60 80 80

Company F

Automatic transmission* 23 40 50 75
•

85
Manual transmission 5 10 15 15 15
Lubricants 20 40 60 80 100
Accessories 20 40 60 80 100
Aerodynamic drag 60 70 80 80 80
Rolling resistance 20 40 60 80 80

Company C

Automatic transmission* 0 10 15 70 85
Manual transmission 0 5 15 15 15
Lubricants 20 40 60 80 100
Accessories 0 20 40 60 80
Aerodynamic drag 30 60 70 80 80
Rolling resistance 20 40 60 80 80

Company A

Automatic transmission* 0 0 0 25 40
Manual transmission 0 0 5 10 13
Lubricants 20 40 60 80 100
Accessories 0 0 20 40 60
Aerodynamic drag 20 40 60 70 80
Rolling resistance 20 40 60 70 80

Source: "Rulemaking Support Paper"^
*(TCLU

)
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There are a few other alternatives available to the manufacturers which are not

directly considered in the above assumed strategy. (1) Reduction in acceleration

performance could also be used to improve fuel consumption. This will probably take

place on average with a move toward smaller engines, but no data are available to

estimate that effect. (2) If the manufacturers have to change their product mix, they

would use increased promotion and advertising, in addition to pricing, to sell the

changed product mix. This would have the effect of increasing the revenues while

simultaneously increasing the costs. Assuming that the gross margins woulc remain

about the same, our conclusions would be unchanged. (3) The manufacturers could

pursue technological options such as the diesel or stratified charge engines;^ however,

in the time frame of this analysis, the market penetration of these alternatives is

assumed to be quite limited.

To the extent that a manufacturer does produce cars with diesel or stratified charge

engines, his product mix will have to be changed less than the change predicted by the

model. At the same time, this would have an effect on his capital costs and

manufacturing costs. For Companies G and F, which would probably produce their own

engines, this would have the effect of increasing their capital costs. While for

Companies C and A, which might buy the diesel or stratified charge engines, this

alternative could have the effect of decreasing their capital costs at the expense of

increasing their manufacturing costs. Since data is not available on schedules for

implementation of these options, it is not possible to include them in the model.

However, given the implementation schedules and cost data, it would be straightforward

to extend the model to consider diesel and stratified charge engines.

The final element of the assumed manufacturers' strategy is that there will be no

•increase in equity financing. (In fact, Chrysler Corporation is attempting to raise

equity capital at this time; however, it is not as yet clear whether or not it will be

successful.) Thus, the capital investment for implementing the fuel economy measures

and other capital investments are assumed to be financed out of retained earrvngs and

increases in long-term debt. If a manufacturer generates more cash than he usas. then

the net cash inflow is used to retire long-term debt. If there is no long-term debt, then

the net cash inflow is assumed to be invested in interest bearing securities. In reality.



an automobile manufacturer will undoubtedly neither reduce long-term debt very much

nor invest the excess cash flow in securities. If one division of a corporation is a net

generator of cash, then that cash will most certainly be used to finance investments in

other programs throughout the company maintaining the debt/equity ratio for the

company close to its historical level. However, since this analysis considers only the

U.S. passenger car operations for each automobile manufacturer, the above treatment is

a reasonable way of keeping track of the cash use/cash generation ability of a company.

The reduction in long-term debt and the investment in interest-bearing securities should

be thought of as investment in future technologies or other programs within the

company.

2.3 Overview of the Model

The model has been designed in a modular fashion to facilitate changing the assumptions

employed in any of its parts. There are seven main modules, each of which is described

below. The seven modules and the flow of information between the modules are

schematically represented in Figure 2-1.

It should be pointed out that the information flow depicted in Figure 2-1 is from the top

down without feedback loops requiring the complex simultaneous solution of different

modules. The basic assumption of the AFES model is that the industry responds to

market demand as much as possible, given the constraint imposed by AFES, and that the

price differentials between different size-class cars are determined by a market

clearing process. The prices of various size-class cars sire adjusted to sell the product

mix that is produced in order to meet the AFES. This assumption is explored in greater

detail later when the Price Module is discussed.

12
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2.4 Marketing Module

The input to the Marketing Module consists of the total U.S. automobile demand and

foreign market share by year (Table 2-4), foreign product mix (Table 2-5) and the

domestic manufacturers' market shares (Table 2-6). It is assumed that the foreign

manufacturers' product mix and the domestic manufacturers' market shares remain

constant over the years. This assumption has been made because there are no estimates

available as to how these factors might change over time; and also, this assumption

appears to be a reasonable approximation. However, given such estimates, it would be

straightforward to change the model to eliminate this assumption. Moreover, one of the

scenarios analyzed in Section 5 is, in fact, one in which the foreign manufacturers

change their product mix. The output from this module consists of the sales volume for

the foreign manufacturers and fot each domestic manufacturer by year.

2.5 Fuel Economy Module

The Fuel Economy Module takes in as input the following data for each manufacturer:

previous year’s product mix (Table 2-7 for year 1976), current fuel consumption by size

class (Table 2-8), and schedule for implementing the various fuel economy measures.

The parameters input to this module are: the impact on fuel consumption due to the

various fuel economy measures (Table 2-9), the schedule of AFES, and the schedule of

impacts on fuel consumption due to emission control and safety regulations (Table 2-10).

ihe module calculates the fleet-weighted average fuel economy for each manufacturer

using the previous year’s product mix. If a manufacturer meets the AFES for that year,

his product mix is not changed from the previous year's product mix. If the

manufacturer does not meet the AFES for that year, his product mix is changed to

meet the AFES. It is assumed that the manufacturer will want to minimize the change

necessary in order to comply with the AFES. Furthermore, it is assumed that the

proportion shifted from a given size class to the next smaller size class is the same for

all size classes. The output from the Fuel Economy Module is the new product mix for

each manufacturer by year.

14



TABLE 2-4. U.S. AUTOMOBILE DEMAND AND FOREIGN MARKET SHARE
BY YEAR

Year
U.S. Automobile

Demand*
Foreign

Market Shar

1977

(million units)

11.3 20.0%
1978 11.6 19.4
1979 11.5 18.8
1980 11.7 18.2
1981 12.7 17.6
1982 12.5 17.0
1983 12.2 16.4
1984 12.3 15.8
1985 12.4 15.2

O
From the Wharton EFA Automobile Demand Model.
Based on remarks in ’’Data Analysis for 1981-1984,

Passenger Automobile Fuel Economy Standards, ’’

Document I.

TABLE 2-5. FOREIGN PRODUCT MIX

Full-size Mid-size Compact Subcompact

Nominal Scenario 0 0 .2 .8

TABLE 2-6.

Company G

MARKET SHARES OF THE DOMESTIC MANUFACTURERS

Company F Company C Company A

56.48% 25.77% 15.39% 2.36%

15



TABLE 2-7. PRODUCT MIX
(in %)

(Year 1976)

Full-Size Mid-size Compact Subcompact

Foreign 0.0 0.0 20.0 80.0

Company G 27.42 41.06 18.2 13.32

Company F 23.72 23.82 22.4 30.06

Company C 13.38 24.72 36.1 25.78

Company A 0.0 14.78 66.55 18.67

Source: "Data Analysis for 1981-1984," Document 2, Vol. I.
9

TABLE 2-8. CURRENT FUEL CONSUMPTION
(in mpg)

Full-size Mid-size Compact Subcompact

Company G 18.0 19.0 21.0 25.0
Company F 16.5 17.0 20.0 24.0
Company C 15.5 16.0 18.0 31.0
Company A — 16.0 19.0 23.0

Source: "Data Analysis for 1981-1984," Document 2, Vol. i.
9
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TABLE 2-9. FUEL ECONOMY GAINS FROM TECHNOLOGICAL IMPROVEMENTS

Gain
Nominal Optimistic Pessimistic

Option values* values** values**

Automatic transmission 10% 11.1 % 6.88%
Manual transmission 5 5.63 4.38
Lubricants 2 2.25 1.0

Accessories 2 2.63 1.37
Aerodynamic drag 4 4.25 2.33
Rolling resistance 3 3.85 2.22

From "Rulemaking Support Paper," NHTSA,
Based on judgment of an industry expert.

July 1977.
7

TABLE 2-10 REGULATORY STANDARDS

Year
Automotive Fuel

Economy Standard*

Penalty due to

Emission

Standards**

Penalty due to

Safety

Standards**
(in mpg) (in %) (in %)

1977 17.0 0.0 0.0

1978 18.0 0.0 0.0

1979 19.0 0.0 0.0

1980 20.0 0.0 0.0

1981 22.0 0.0 1.0

1982 24.0 0.0 1.0

1983 26.0 0.0 1.0

1984 27.0 0.0 1.0

1985 27.5 0.0 1.0

. - 7
From the "Rulemaking Support Paper," NHTSA, July 1977

7

Based on remarks in "Rulemaking Support Paper", NHTSA, July 1977*

17



2.6 Variable Costs Module

The input to this module includes the following information for each manufacturer:

material cost per pound (Table 2-11), direct labor cost per car (Table 2-11), and the

schedule for implementing the various fuel economy measures. The change in variable

cost due to implementing the technological improvements (Table 2-12) is also input to

the module. In addition, the outputs from the Marketing and Fuel Economy modules are

used by this module to calculate the total variable cost for each manufacturer by year.

TABLE 2-11 MANUFA "TURING COSTS DATA

Material Labor
cost cost

Company G
per lb.

0.5093
per car

11?5.0

Company F 0.715 775.0

Company C 0.8305 1050.0
Company A 0.858 713.0

Source: From "Monthly Prog ess Report No. 4," HH Aerospace Design Company, Inc.,

under contract No. D )T-TSC-1333, December 1977.
11
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TABLE 2-12 COSTS RELATED TO FUEL ECONOMY MEASURES

(Nominal Data)

Capital cost Additional Variable

per car manufacturing cost

Downsizing 1000 *

Material substitution 50 *

Automatic transmission 500 45
Manual transmission 25 25

Lubricants 0 5

Accessories 25 10

Aerodynamic drag 0 10

Rolling resistance 0 35

Effect on manufacturing costs depends on the weight reduction achieved.

Source: "Rulemaking Support Paper", NHTSA, July 197 7
7

Data regarding the effect of car size on material cost per pound was not available. Nor

was it possible to obtain data about the effect of downsizing and material substitution

on material cost per pound. After consultation with industry experts and TSC, it was

decided to make the following assumptions concerning variable material costs: for a

given manufacturer, the material cost per pound is the same for all size-classes of cars,

but the material cost per pound is different for different manufacturers. Downsizing

does not change the material cost per pound, but material substitution increases the

cost per pound by 7 percent.

As for labor costs, once again, the effect of car size on labor costs is not documented.

After consultation with industry experts, it was decided to assume that the direct labor

cost for a subcompact car is nine-tenths of that of a full-size car, with the other size

classes in between.

19



tiodule calculates the total variable cost for a manufacturer to be the sum of

al costs, direct labor costs, and the additional variable costs for implementing

the various fuel economy measures.

2.7 Capital Costs Module

The capital costs module calculates the total capital investment related to fuel

economy measures for each manufacturer by year. Fuel economy measures include

downsizing, material substitution, and technological improvements in transmission,

lubricants, accessories, and aerodynamic drag. The inputs to this module include the

schedule for implementing the fuel economy measures for each manufacturer, and the

capital cost per car for implementing these measures (Table 2-12). The outputs from

the Marketing and Fuel Economy modules are also used.

The module calculates the capital cost of, say, downsizing, by multiplying the number of

downsized cars produced by the capital cost of downsizing per car. The justification for

this procedure is not that there do not exist economies of scale, but rather that the

economies of scale are exhausted before the production levels achieved by any of the

manufacturers. The capital costs for any of the measures probably behave as illustrated

in Figure 2-2. That is, once the number of cars produced reaches x, the capital cost per

car decreases very slowly as the number of cars produced increases. The assumption is

that the economies of scale at the margin are not significant for the capacity

modifications represented by the model.

DOT, in its reports, assumes that the capital cost per car of implementing any of the

fuel economy measures is the same for all manufacturers. This is not really the case

since different manufacturers have different degrees of vertical integration. A

manufacturer with a low degree of vertical integration will have lower capital costs but

higher variable costs of production. Since data on the tradeoff relationship between

capital costs and variable production costs is not publicly available, DOT’S assumption

of equal capital cost per car for all manufacturers was adopted. However, while the

results of the model are intepreted, it should be remembered that a manufacturer has

the option of reducing capital investment at the expense of increasing the variable cost

of production.

20



CAPITAL
COST

PER CAR
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I

i

X CARS PRODUCED

FIGURE 2-2. CAPITAL COST CURVE

2.8 Price Module

The aim of the Price Module is to calculate car prices by size class by year. First, it

should be noted that car price means the base sticker price plus the sticker price for

options sold on an "average” car in that size class. It is also assumed that the prices by

size class are the same for all manufacturers.

Almost all of the concepts, assumptions and data used in this module are adapted from
g

the WEFA model . The central assumption is that the price differential between

different size classes is determined by consumer preferences. Consumers prefer a

product mix which changes over time, and is determined by various demographic factors

(e.g., age distribution of the population, number of families with more than a certain

number of children), and economic factors (e.g., income of an average household). The

product mix preferred by consumers for the next several years is that predicted by the

WEFA model (Table 2-13). If the manufacturers collectively produce a product mix

21



which is the same as that demanded by the consumers, then the price differential

between size classes is as given by the WEFA model. However, if the product mix

produced is different from that demanded by the consumers, then the price differential

needed to sell this product mix is different and can be calculated using a set of

equations contained in the WEFA model. These equations pertain to the price cross-

elasticities between size-classes.

TABLE 2-13 PRODUCT MIX DESIRED BY CONSUMERS

(in %)

Year Full-size Mid-size Compact Subcompact

1976 24.676 30.895 21.065 23.673
1977 30.539 28.284 20.803 22.853
1978 34.329 27.420 19.896 22.470
1979 33.890 25.244 20.966 22.696
1980 33.308 25.363 21.899 21,288
1981 33.696 25.830 22.970 19.605
1982 34.069 25.680 22.710 19.843
1983 34.727 25.815 22.740 19.160
1984 35.397 25.960 22.670 18.570
1985 35.945 25.777 22.388 18.280

fi

Source: The Wharton EFA Automobile Demand Model.

The exact mathematical procedure for using these equations is rather complicated and

is explained in detail in Section 3. Here an attempt is made to describe the procedure

in brief, intuitive terms. First, however, the concept of "capitalized cost per mile"

must be introduced.
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A person buying a car will pay, over the life of that car, for items such as: initial price

of the car, financing charges, insurance, gas, maintenance, parking and tolls, etc. The

discounted present value of all these costs is called the capitalized cost for the car.

Similarly, the person will drive the car a certain number of miles per year over the life

of the car. The WEFA model calculates the discounted present value of the miles

driven by using a "social discount rate." Then dividing the capitalized cost by the

discounted present value of miles driven yields the "capitalized cost per mile." It is

obvious that the capitalized cost per mile is differnt for different size cars, that larger

cars have higher capitalized cost per mile.

It follows from basic economics, that if the capitalized cost per mile for a particular

size-class of cars is increased relative to the other size-classes, then the demand for

that particular size-class of cars will decrease. The equations from the WEFA model

are used to calculate the increase or decrease in the capitalized cost per mile of each

size-class car such that the quantity produced is equal to the quantity demanded for

each size-class of cars. Given the increase or decrease in the capitalized cost per mile,

it is possible to calculate the required price of a new car for each size-class.

One more assumption is needed to make this procedure work. The equations from the

WEFA model yield results about price differentials, that is about the price of a new car

in a given size-class relative to new car prices for other size-classes. To be able to

calculate the price of a new car for each size class, the average car price for each year

12
in the analysis must be estimated. It is assumed that the average car price remains

constant over time. That is, if large cars become more expensive, then the small cars

will become less expensive. This assuption is congruent with the assumptions made in

the WEFA model. The WEFA model assumes that car prices change only because of

inflation. Since, in this analysis, inflation is not considered, this is equivalent to

assuming that average car prices remain constant over time.

It is also assumed that the increase in manufacturing cost due to other regulatory

requirements, say for pollution control and safety, is passed on to the consumer; that is,

the car prices are increased by an amount equal to the increase in cost of manutacture

due to these regulations. It is also necessary to assume that this increase in car prices
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does not decrease the total demand for cars. This assumption is required because of the

nature of the WEFA model. The WEFA model considers the average car price as being

given exogenously and then projects the total automobile demand assuming this given

average car price. While making assumptions about the average car price? it does not

consider the impact of government regulation regarding pollution control and safety.

To summarize, the Fuel Economy module calculates the product mix for each

manufacturer such that the AFES are met; by aggregating across the manufacturers,

the product mix produced by the industry can be obtained. The WEFA model estimates

the product mix desired by consumers based on demographic and economic factors.

Then, using equations involving price cross-elasticities from the WEFA model, the Price

module calculates the new car prices by size-class such that the product mix produced

by the industry is just sold.

2.9 Financial Module

The objective of this module is to calculate for each manufacturer various financial line

items, such as total capital investment, depreciation, amortization, and dividends paid.

Total capital investment is the sum of capital investment related to fuel economy

measures, which is calculated by the Capital Costs Module, and other capital

investments. It is assumed that "other capital investments" for a manufacturer are

constant over time. This assumption is in keeping with the spirit of some of the work

done by DOT which assumes that the total capital investment for each manufacturer is

13
constant over time. It would be preferable to use a more sophisticated projection of

capital expenditures; however, such projections are not available.

It should be emphasized that financial data in this module pertains only to the U.S.

passenger car operations of the automobile companies. Since such data is not released

by the companies, the data has been collected from various sources
14

’ 15> 16
’
17 and

18>
including DOT reports

13 and 19
and reports sponsored by DOT.

11
In addition, some

of the required data was derived from the 10K Reports of the companies.
20

24



Assets have been classified into four categories: (1) land and buildings, (2) machinery

and equipment, (3) toolings, and (4) other. The "other" category is intended to cover

essentially working capital, which is assumed to remain constant over time. Land and

buildings and machinery and equiment are depreciated on a straight line basis; while

toolings are also amortized on a straight-line basis. In reality, the manufacturers

undoubtedly use some form of accelerated depreciation for tax purposes, but straight

line depreciation is appropriate for shareholder reporting. In addition, any increase in

accuracy that would result from a more complex treatment of depreciation would not

be sufficient to warrant the increased complexity.

Liabilities have been classified into equity capital, retained earnings, and long-term

debt. As mentioned earlier, equity capital is assumed to remain constant over time. In

addition, it is assumed here that dividends are paid on equity capital and remain

constant over time; the dividend rate is different for different manufacturers. Interest

is charged on long-term debt. If the manufacturer has retired all long-term debt, and

has invested in interest bearing securities, then this module calculates the interest

earned. In some of the computer reports, investment in securities appears as negative

long-term debt. The financial data used to initiate the model is given Table 2-14 and

that used for future projections is given in Table 2-15.

TABLE 2-14 FINANCIAL DATA*
(as of December 31, 1976)

Company

(million $)

G Company F Company C Company A

Book value of land

and buildings 1639.0 869.0 517.4 43.6

Book value of M/C
and equipment 2146.0 1143.8 307.3 80.1

Book value of

tooling 391.2 451.2 320.4 20.9

Book value of other

assets 3796.0 1923.6 1271.2 197.1

Equity capital 393.8 121.7 233.7 39.2

Debt capital 551.2 726.9 650.5 91.3

Retained earnings 7027.0 3538.8 1514.1 211.4

*For U.S. passenger car operations only.

Source: Derived from 10K Reports issued by the companies. 70
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TABLE 2-15. FINANCIAL DATA
(Used for future projections)

(million $)

Company G

Annual investment in

land and buildings 154.7

Annual investment in

M/C and equipment 278.0

Annual investment in

tooling 460.0

Depreciation rate for

land and buildings 4 %

Depreciation rate for

M/C and equipment 8.3

Amortization rate for

tooling 50.0

Interest rate on
debt capital 7.8

Effective tax rate 46.9

Dividend rate 208.5

Source: Based on 10K Reports issued

Company F Company C Company A

31.4 19.3 4.3

87.4 39.4 10.7

136.0 72.3 16.0

3 % 3 % 3 %

6.66 7.69 7.0

33.3 33.3 25.0

7.8 7.8 7.8

45.6 39.3 30.0

111.5 5.0 12.0

the companies
20

•
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2.10 Proforma Generator Module

This module takes as input the output from all the previous modules. It calculates the

various costs which are usually classified as being fixed costs. Interest, depreciation

and amortization are calculated using straight-line depreciation by the Financial

module. Retirement and non-income taxes are considered to be fixed for each

manufacturer. Selling and Administration, Research and Development, and Mainten-

ance, Repair and Rearrangement are considered to be semi-variable that is, they each

have a fixed component, and a variable component which depend on the sales volume.

The fixed and variable components were estimated for each company based on historical

data using simple regression.

Revenue for a manufacturer is equal to the selling price of the car minus a dealer

margin. Income tax is calculated by using an effective tax rate on the net profit before

tax figure; the tax rate is different for different manufacturers. If the manufacturer

makes a loss, income tax is considered to be negative. This approach was taken for two

reasons; First, the "manufacturer” in this analysis is really just a part of a company.

Therefore a loss in one division of a company can be used to offset a gain, for tax

purposes, in another division. This is equivalent to the loss-making division paying a

negative income tax. Second, this assumption simplifies the analysis since it is not

necessary to consider carrying forward losses for tax purposes.

This module uses several accounting identities to prepare the followng financial

statement: (1) Income statement, (2) Cash Flow statement, (3) Balance sheet. It can

also prepare a summary statement which includes only some of the items from the

financial statements.

2.11 Assessing Risk

In order to assess the risk along a given dimension, the change in financial performance

is observed as the values of the variables describing the given dimension are varied.

Economic risk can be assessed by varying the total demand for cars. Marketing risk can

be assessed by varying foreign and domestic market shares, foreign product mix, and
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price cross-elasticities between size classes. The economic and the marketing

uncertainties are the contextual uncertainties.

Technological risk can be assessed by varying the fuel economy gains from the various

fuel economy measures, and the impact on fuel economy due to emission control and

safety regulations. Risk in manufacturability can be assessed by varying the capital

costs, and the increase in variable cost of production due to implementation of the fuel

economy measures.

Finally, the financial risk faced by the manufacturer is the synthesis of all the above

risks.

In this study all analyses are performed under the assumption that the scenario is

defined. Thus the results of the analyses are valid only if the scenario defined

reasonably describes the environment. This approach is tremely important since, if

the analysis were not conditional on the contextual uncertainty being resolved, the

contextual uncertainty would tend to swamp the risk due to having to meet the AFES.

Regarding the endogenous uncertainties (i.e., technological and manufacturability), two

alternative approaches are used. In the first approach, fixed values are assumed for all

the variables which describe these two dimensions. In these cases, the model is used to

estimate the financial performance of each manufacturer under the assumption that the

values assigned to these variables are the true values. In the second approach, fixed

values are assumed for only some of the variables while, for the rest, it is assumed that

only their probability distributions are known. In these cases, the model is used in a

Monte Carlo simulation to derive risk profiles for each of the manufacturers. For the

probability case, the model has the capacity to handle truncated Normal distributions

and Uniform distributions. The model produces risk profiles for four different summary

measures of performance: (1) after-tax profit, (2) retained income, (3) long-term

debt, (4) fuel economy without mix shifts. All four summary measures reported are

for the last year of the period under analysis. A more detailed description of the

method for obtaining the risk profiles is given in Section 3.
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A typical line from the risk profile calculated by the model looks like:

Fractiles

0.10 0.25 0.50 0.75 0.90

After-tax

Profit 1.0 1.3 1.8 1.9 2.0

(Billion $)

This is to be interpreted as follows: there is a 0.1 chance that the profit will be less

than or equal to $1.0 billion; a 0.25 chance that it will be less than or equal to $1.3

billion; a 0.5 chance that it will be less than or equal to $1.8 billion; and so on.

Similarly, it can be inferred that there is a 0.5 chance that the profit will be between

$1.3 billion and $1.9 billion and a 0.8 chance that it will be between $1.0 billion and $2.0

billion.
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3. DETAILED DESCRIPTION OP THE APES MODEL

3.1 General

In this section, a detailed description of the model is given. The model determines the

performance of each manufacturer, given all the required data, for one year at a time.

Starting with the first year in the period under analysis, the model progresses forward in

time, calculating the performance for each manufacturer for each year in the period

under analysis.

A detailed description of the modules which constitute the model is given below. The

description given is for determining the performance of each manufacturer for one year

only. The method for determining the manufacturers’ performance for several years is

a straightforward extension of the description given below.

3.2 Marketing Module

The inputs to this module are the total U.S. demand, the foreign market share and the

market shares of each of the four domestic manufacturers. The module calculates the

sales volume for the foreign manufacturers and each of the domestic manufacturers.

The mathematical equations are:

s. = market share of domestic manufacturer, i

Sj. = foreign market share

D = total U.S. demand

S. = sales volume of domestic manufacturer, i

Sf = sales volume of foreign manufacturers

Sj. = Sj. . D

Sj = Sj . (1 - s
f
) . D
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It is assumed that s^. is constant over time while s^. and D vary over time. Actually, s^ is

a function of several factors including the manufacturers' performance in the recent

past. Since such a relationship is extremely difficult to formulate quantitatively, some

simplifying assumption about the behavior of over time is essential.

3.3 Fuel Economy Module

The aim of this module is to calculate the product mix produced by each manufacturer.

Since the product mix produced by any manufacturer has no effect on the product mix

produced by the other manufacturers, the procedure is described for just one

manufacturer. First, the fuel economy by size-class is calculated considering the effect

of weight reduction measures such as downsizing and material substitution (see Tables

3-1 to 3-3). Let

w^ = curb weight of car in size-class k

w'^ =curb weight of car in size-class k in 1977

e^ = fuel economy of car in size-class k

e'^ = fuel economy of car in size-class k in 1977

TABLE 3-1 CURB WEIGHT
(in lbs.

)

(Year 1977)

Full-size Mid-size Compact Subeompact

Company G 4158 4073 3395 2587

Company F 4675 4217 3274 2508

Company C 4564 4184 3556 2200

Company A - 4107 3331 2970

Source: "Data Analysis for 1981--1984," Document 2, Vol . I.
7
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TABLE 3-2 CURB WEIGHT AFTER DOWNSIZING

Full-size

(in lbs.

)

Mid-size Compact Subcompact

Company G 4158 3345 2838 2229

Company F 3837 3525 2899 2192

Company C 3911 3547 2956 2200

Company A - 3439 2864 2000

Source: "Data Analysis for 1981--1984," Document 2, Vol. h 7

TABLE 3-3 CURB WEIGHT AFTER MATERIAL SUBSTITUTION

Full-size

(in lbs.

)

Mid-size Compact Subcompact

Company G 3645 3118 2629 2123

Company F 3556 3280 2673 2077

Company C 3661 3286 2956 2050

Company A - 3239 2549 2000

Source: "Data Analysis for 1981--1984," Document 2, Vol. I.
7

Then e. and e'. are related as follows:
k k

0.575 + 0.425
e\
k

w. + 300
k

3.471

w
R

+ 300
0.320

w\ + 300
k

w'
k

+ 300
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This equation is an approximation based on two equations in the WEFA model which give

the relation between fuel economy and various characteristics of a car including the

car's inertia weight.

Next, the fleet weighted average fuel economy is calculated for the manufacturer

considering the effect of the technological improvements on fuel economy, the

penetration of the technological improvements, and the effect of the emission control

and safety regulations. To do this, the previous year's product mix is used.

a = fleet weighted average fuel economy using previous year's product

mix

c'
k = proportion of cars of size-class k produced in the previous year

g. = fuel economy gain due to technological improvement i

p. = penetration of technological improvement i

P
g

= decrease in fuel economy due to emission control regulations

P
g

= decrease in fuel economy due to safety regulations

a= (^'k
- e

k
)(1 +I

i

gi- p
i

)< 1 ' P
e‘

P
s

)

If the fleet weighted average fuel economy using the previous year's product mix is

greater than the AFES, then the new product mix is the same as the previous year's.

A = the automobile fuel economy standard

c
k = proportion of cars of size-class k produced in the year under consideration.

If a _> A, then c
k

= c'
k

-
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However, if the fleet weighted average fuel economy using the previous year's product

mix is less than the AFES, then the product mix is changed. The product mix is changed

in such a manner that the proportion of cars shifted from a size-class to the next

smaller size-class is the same for all size-classes.

This concept is illustrated by an example. The first line in Table 3-4 gives the product

mix in the previous year for a manufacturer. Assume that a 10 percent shift in the

product mix is needed to satisfy the AFES. Therefore, 10 percent of the consumers in

each size-class shift away from the size-class to the next smaller size-class. The

second row in Table 3-4 gives the proportional shift away from each size-class; it may

be noted that this proportion is zero for the subcompact class since there is no smaller

size-class than the subcompact. Proportional shift away from a size-class is equal to 10

percent of the product mix in the previous year; except, of course, for the subcompact

class. Proportional shift to a size-class (see the third row in Table 3-4) is equal to the

proportional shift away from the next larger size-class. The proportional shift to the

full-size class is, of course, zero since there is no larger size-class. Finally, the product

mix in the current year is equal to the product mix in the previous year minus the shift

away from a size class plus the shift to a size class.

TABLE 3-4 PRODUCT MIX CHANGE

Full-size Mid-size Compact Subcompact

Product mix in

previous year 0.10 0.30 0.40 0.20

Shift away from
a size-class 0.01 0.03 0.04 0.00

Shift to a size

class 0.00 0.01 0.03 0.04

Product mix in

current year 0.09 0.28 0.39 0.24
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If size-class 1 is full-size, size-class 2 is mid-size, and so on, and x is their proportional

shift in the product mix, then:
t

c
1
= (1 - x)c

x

I t

c
2

= xc
1
+ (1 - x)c

2

t f

c
3
= xc

2
+ (1 - x)c

3

c
4

= c’
4

+ xc'
3

A = ( l c
k • v (1 =

? g; • Pi>
(1 - Pe - P

s
)

k i

Thus, there ar five equations in five unknowns, and the equations can be solved to

obtain the new product mix, i.e., c
,
k = 1

, 2, 3
,
4.

K

3.4 Variable Manufacturing Costs Module

Since the variable manufacturing costs for any manufacturer have no effect on the

costs for other manufacturers, the equations contained in this module are described for

just one manufacturer.

m = material cost per pound in 1976

1 = direct labor cost per car in 1976
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o. = variable cost per car for implementing technological improvement

i

m^ = material cost per pound for car in size-class k in the year under

consideration

S = total sales volume for the manufacturer

Then m. = m if material substitution has not been implemented for size-class k, and m
K

21
= 1.074m if material substitution has been implemented for size-class k.

k

Total material cost =
it
m
k

• c
k>

• s

Total direct labor cost = (l.OSe^ + 1.02e
2
+ Q.99c^ + Q.95c^) . 1 . S

Additional variable cost

of the technological improvements = (

z

o. . p.) . S

i

The total variable cost of production is equal to the sum of the material cost, direct

labor cost, and the additional variable cost of the technological improvements.

The parameters m, 1 and
p^

are different for different manufacturers. But, since DOT

assumes that the cost of implementing the technological improvements is the same for

all manufacturers, the parameters o. are the same for all manufacturers.

3.5 Capital Costs Module

The aim of this module is to calculate the capital costs related to the fuel economy

measures for each manufacturer; the fuel economy measures are: downsizing, material

substitution, and technological improvements. Since these capital costs for one

manufacturer do not affect the costs for other manufacturers, the module is described

for only one manufacturer.
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C
0 = capital cost of implementing the technological improvements

k. = capital cost per car of implementing technological improvement i

S = sales (in units) for manufacturer in year under consideration

S' = sales (in units) for previous year

Pj = penetration of technological improvement i in year under

consideration

p'- = penetration of technological improvement i in previous year

C
o i

(Pj • S -
P’i

• S') •*,

In order to calculate the capital cost of downsizing, a dummy variable d^ must be

defined. Let the year under consideration be year T. Then define d^ as:

dk

O If size-class k has not been downsized before or in

year T

if size-class k is being downsized in year T

if size-class k was downsized before year T, i.e., in

year (T - 1) or before

Then C^, the capital cost of downsizing for year T, is giv n by

c
d =H- K

where K = capital cost per car of downsizing.

The calculation of capital cost for material substitution is identical to that for

downsizing. Let C m be the capital cost of material substitution in year T. Then the

total capital cost in year T related to fuel economy measures is = c
0

+ * cm -
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3.6 Price Module

The objective of this module is to calculate the new car prices by size-class. It is

assumed that for a given size-class, all manufacturers receive the same price per car.

The basic assumption in this module is that the price differentials between size classes

are determind by the interaction between the product mix supplied by the industry and

the consumer preferences via a price-clearing mechanism. It is thus impossible to

consider one manufacturer at a time; rather, it is necessary to take into account the

product mix produced by each manufacturer simultaneously. The product mix supplied

in the market given each manufacturer’s product mix is calculated first.

f^ = proportion of cars of size-class k produced by foreign manufacturers

y. = proportion of cars of size-class k supplied in the market

= proportion of cars of size-class k produced by manufacturer j

\ = f
k

• s
f

+
j

(1 - s
t
) • s

j

• k

In order to use the equations involving price cross-elasticities given in the WEFA model,

’’capitalized costs per mile,” as defined in the WEFA model, must be used. A detailed

6
description of this concept can be found in the report on the WEFA model . Here, the

concept is described only briefly. A person buying a car will over the life of that car

pay for items such as: initial price of the car, financing charges, insurance, gas,

maintenance, parking and tolls, etc. The discounted present value of all these costs is

called the capitalized cost for the car. Using a special discount rate, the discounted

present values of miles driven can be obtained. The ratio of the above two discounted

values is called the "capitalized cost per mile.” Obviously, the capitalized cost per mile

is different for different size-class cars.

In this context, the realtionship between the price of a new car and the capitalized cost

per mile is required. Using the data and assumptions from the WEFA model, the

following equations can be derived:
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= 0.14049 + 6014wj

a
2
= 0.13367 + 5316w

2

a
3
= 0.12439 + 4399w

3

a. = 0.10761 + 3887w.
4 4

where,

a
k

= capitalized cost per mile for size-class k (size-class 1

is full-size, size-class 2 is mid-size, and so on)

= price of a new car is size-class k

The following four equations are derived from the WEFA model:

c2i =

1 - cy
x

a
2
y
2

+ a
3
y
3

+ a
4
y
4

y 2
+ y

3
+ y 4

Cy
2 =

i - cy
x

6
2

cy
3

+ Cy
4 =

1 - ey
3
- cy

4

®3

!i. = s
4

*3

where c, g , 8 2 > 83 and

^2
a
l
y
l

+ a
3y 3

+ a
4y 4

y
l

+ y
3

+ y
4

a
3 y 3

+ a
4y 4

y3
+ y 4

a
l
y
l

+ a
2y 2

y
l

+ y 2

- 11.9101

84 are some constants.

- 8.84702

- 1.98095

- 2.75703
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The WEFA model uses these four equations differently than this analysis. In the WEFA

model, 6 j, $
2

>
an<^ ^4 are determined by various demographic and economic factors,

and, in the present context, are known. The costs a^ a
2

>
and a^ are also assumed to

be known. The WEFA model is then aimed at determining the desired product mix: y^,

y 2 , y^, and y^. (Actually, since c is also unknown, one more equation is needed. The

fifth equation used is a normalizing equation, y^ + y^ + yg + y4
= 1 .)

However, in this analysis y^, y2 » y^, and y^ are known, since they constitute the product

mix supplied in the market. The capitalized costs per mile, a^, a
2 , a^, and a^, need to

be determined. Another difference is that in the WEFA model, yk
are actually shares of

the total stock of cars, while here, y^ is shares of new car registrations. However, that

is a reasonably good approximation.

First, from the results of the WEFA model for the year under consideration, the desired

mix is obtained, as well as the capitalized cost per mile (associated with this desired

mix) by size class. Using this data, 3^, $
2

, 3g
and can easily be calculated in the

above equations.

Now, the equations are used in the analysis. The values of y^, y^, yg, and
y^

are found

by aggregating the product mix for each manufacturer using the equation given earlier

in this module. There are four, nonlinear, simultaneous equations in five unknowns: a^,

82 , a^, a^ and c.

In order to obtain a single solution, a^ is arbitrarily fixed to be the same value as the

capitalized cost per mile for size-class 4 in the WEFA model. This approach is for

computational reasons only and ultimately the new car price will be normalized such

that the average car price is constant over time rather than a^.

After a
4

is arbitrarily fixed, four nonlinear equations in four unknowns remain. A

search method is used for solving these equations. It is expected that it has a value

near 1.0. A search for c is conducted over the range 0.7 to 1.4 to obtain a solution to

the four equations. The search is carried out in two stages. First, there is a search

over the range 0.7 to 1.4, and c is incremented by 0.1 at each step. Suppose that from

this search it is found that 0.9 is the best value for c. Then there is a search for c in

the range 0.8 to 1 .0
,
and c is incremented by 0.01 at each step. Thus, the procedure for
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solving the four nonlinear equations is quite accurate. The values of a^, a
3
an^ c, in

addition to a
4 , are now known.

When the equations relating price of a new car to its capitalized cost per mile are used,

the new car prices, w'p Wg, w'^ and w’
4

are obtained. These prices must now be

normalized such that the average price is constant over time. If:

w
k = new car prices, which are the output of this module

wj^ = unnormalized new car prices (obtained above)

A = average price per car (which is constant over time)

Then:

constant

Using the above equations the new car prices are obtained which satisfy the two

conditions: (1) average car price remains constant over time, and (2) the price

differential between size-classes is such that the product mix supplied to the market is

just sold. That is, at this price differential, the consumers demand a product mix which

is identical to the one actually supplied.

3.7 Financial Module

Capital assets are divided into four classes: (1) land and buildings, (2) machinery and

equipment, (3) tooling and (4) other. The "other" capital assets remain constant over

time since there is no additional investment or depreciation for this class of capital

asset. This module keeps track of the book value of the first three classes of capital
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assets. It is assumed that of the fuel economy related capital investment (which is the

output from the Capital Cost module), 5 percent goes into land and buildings, 35 percent

into machinery and equipment and 60 percent into tooling. Besides the fuel economy

related capital investment in each of these three categories of investment, it is

assumed that there is a constant annual capital investment in each of these three

categories of investment. The capital assets (except for "other" capital assets) are

depreciated on a straight line basis; the rate of depreciation is different for the

different categories. For a given category, the rate of depreciation is different for

different manufacturers. Then, for a given class of capital investment, the new book

value is equal to the book value in the previous year plus the investment in this year,

and minus the depreciation.

Interest is calculated on the outstanding long-term debt using a constant rate of

interest; the rate of interest may be different for diiferent manufacturers. Dividend

paid out is calculated on the equity capital using a constant rate. Since, by assumption,

the equity capital is constant, the dividend paid is constant for each manufacturer over

time. The dividend rate may be different for different manufacturers.

3.8 Proforma Generator Module

The aim of this module is to generate the income statement, the cash flow statement

and the balance sheet for each manufacturer. Since the financial statements for a

manufacturer can be generated without considering the other manufacturers, the

module is described with respect to just one manufacturer.

z,
'k

dealer's margin for a car in size-class k

c
k

proportion of cars of size-class k produced by

the manufacturer

w,
k

new car price for size-class k (determined by the
Price module)
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s sales volume of the manufacturer

Revenue = w
k
(1 - z

k
]

S

Next, the module calculates the "fixed costs." However, this is somewhat of a

misnomer since not all "fixed costs" are really fixed: some are semi-variable, some are

calculated for each year and the rest are fixed. Selling and General Administration,

Research and Development, and Maintenance, Repair and Rearrangement are semi-

variable; that is, they have a fixed component and a component which is proportional to

revenue. Interest, depreciation and amortization are calculated for each year by the

Financial module. Retirement fund and non-income tax costs are fixed and remain

constant over time.

Before-tax profit is calculated as revenue minus variable costs of production minus the

fixed costs. Finally, income tax is calculated using an effective rate of taxation, which

is constant over time.

The cash flow statement and the balance sheet are generated using the information

calculated thus far and the usual straightforward accounting identities. The sources of

cash are net after-tax profit, depreciation, and amortization. The uses of cash are the

total capital investments made (in that particular year) and dividends paid. The

difference between the sources and uses of cash gives the net cash inflow. The net cash

inflow is used to retire long-term debt. If the net cash inflow is negative, then the

long-term debt is increased.

In the balance sheet, the book values of the four classes of assets are obtained from the

Financial Module. The liabilities are: equity capital, long-term debt and retained

earnings. By assumption, the equity capital is held constant. Long-term debt is equal

to the long-term debt in the previous year minus the decrease in long-term debt (which

is equal to the net cash inflow). The retained earnings are equal to the retained

earnings in the previous year plus the net after-tax profit in the current year minus the

dividends paid.
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3.9 Use of the Model to Generate Risk Profiles

In the equations used in the model described above, it is assumed that all the variables

and parameters are known with certainty. However, actually, all the parameters are

not known with certainty. In particular, there is uncertainty connected with the fuel

economy related parameters: the capital cost per car for downsizing, material

substitution and the technological improvements, additional variable costs for the

technological improvements, and the fuel economy gains from the technological

improvements. Suppose that instead of the above being known, only a probability

distribution for each parameter is known. Further, it is assumed that these probability

distributions are independent of one another.

One way to approach such a situation is to analytically determine the probability

distributions for the output variables of the model. However, given the complexity of

the model, this approach is i npossible to implement. Another, and more feasible

approach is to use Monte Carlo simulation.

The procedure is described with respect to just one random variable. Since it is

assumed that the random variables are independently distributed, it is possible to repeat

for each of the random variables, the procedure to be described for one random variable

at a time. Let the random variable be, say, the capital cost per car for downsizing, K.

(The tilde on the variable is to denote that the variable is a random variable.) It is

assumed that a density function f(K) for the variable K is known.

A random number generator is used to determine a value of K according to the

probability density function f(K). Say that it generates the number 1125. This number,

1125, then becomes the capital cost per car of downsizing. Similarly, the values of the

other random variables are generated. The performance of each manufacturer is

determined by using these values and the model. This constitutes one trial in the Monte

Carlo simulation. To get a probability distribution of the performance of each

manufacturer, the procedure of generating values of the random variables is repeated,

and the model is used to determine the performance wilh those values, by taking several

trials in the simulation.
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If the performance is measured by the financial statements over time, the probability

distributions obtained would be very complex multivariate distributions. Therefore,

attention must be concentrated on a few summary measures of performance. In this

analysis, after-tax profit, long-term debt, retained income, and fuel economy without

mix shifts, all in the last year of the period under analysis, are routinely given. In the

output of the model, the probability distribution is represented by the values of five

standard fractiles: the 0.1, 0.25, 0.5, 0.75, and 0.9 fractiles.

The model, as it is programmed now, can handle two types of probability distributions:

truncated normal distribution and uniform distribution. The uniform distribution is

specified by two parameters: the minimum value and the maximum value as given in

Figure 3-1.

F(X)

X X
MIN MAX

FIGURE 3-1. UNIFORM DISTRIBUTION BY MINIMUM AND MAXIMUM VALUE

A truncated normal distribution is depicted in Figure 3-2 in dark lines. Four parameters

are needed to specify a truncated normal distribution: the minimum value, the

maximum value, the mode (i.e., the most likely value), and the standard deviation of the

normal distribution. (Note that the standard deviation of the normal distribution is

greater than the standard deviation of the truncated normal distribution.) In a

truncated normal distribution, the area from the tails is distributed proportionally over

the range of the distribution, that is, between the minimum and maximum values. If the

minimum and maximum values are the same for a uniform distribution and a truncated

normal distribution, then the uniform distribution is more dispersed. In other words, the

uniform distribution has a higher variance than the truncated normal distribution. This

results in the distribution of the performance measures having a larger variance also.
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FIGURE 3-2. TRUNCATED NORMAL DISTRIBUTION
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4. NOMINAL SCENARIO

4.1 General

In this section, the nominal scenario is analyzed. "Nominal" means that the one-point

estimates generated by DOT are used. It may be noted that all the data in DOT reports

is in the form of one-point estimates. Nominal scenario means that all the data, except

the data related to fuel economy measures, is set at nominal values or most likely

values. Within the nominal scenario, four cases are examined. In the first case, the

Nominal case, nominal data is used for the fuel economy related variables also. The

next two cases use optimistic and pessimistic values for the fuel economy related

variables. In the fourth case, it is assumed that the fuel economy related variables are

uncertain and that there are probability distributions for them.

In the above analysis the joint impact of technological and manufacturing uncertainty is

assessed. In the last part of this section the impact of technological uncertainty is

separated from that of manufacturing uncertainty.

4.2 Nominal Case

The computer printed results for this case are given in Appendix A. However, the

detailed financial statements for each year have not been included in order to save

space. Here the results are presented in graphical and tabular form and some comment*

are offered about them.

Figure 4.1 indicates the fuel economy achieved by the four manufacturers if they

implemented all the fuel economy measures as per the schedules assumed, but

maintained their product mixes the same as those in 19 7 6. None ot the manat acturorN

will be able to meet the AFES after 1981 without changing the product mix. Thus, the

manufacturers have to produce more small cars and tewer of the larger cars. 1 u> oa

be seen by comparing the mix produced in 1985 with that produced in 19, , (966 Table 4

1). The effect of this on the price differential between size-classes would bo to make
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FIGURE 4-1. NOMINAL CASE - FUEL ECONOMY ACHIEVED
WITHOUT MIX SHIFTS
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the larger cars more expensive and the smaller ones less expensive.

This effect is reinforced by the changing consumer preferences. By comparing the mix

desired in 1985 with that in 1977, it is seen that consumers prefer a larger proportion of

the larger cars in 1985 than in 1977. This change is due to the changes in the

demographic characteristics of the population. For example, the average age of the

population is higher in 1985 than in 1977, and since older people tend to prefer larger

cars, a larger proportion of larger cars is desired in 1985 than in 1977. Thus, the two

factors, change in mix produced (induced by AFES), and change in mix desired (induced

by demographic changes), both have the same effect on car prices: the larger cars

become more expensive and the smaller ones less expensive. The results of the model

indicate that this indeed does happen, as can be seen by comparing the prices in 1985

with those in 1977 (see Table 4-1). The behavior of the car prices over the period 1977-

85 is represented in Figure 4-2.

TABLE 4-1 NOMINAL CASE MARKET CHARACTERISTICS

Full-size Mid-size Compact Subcompac t

Mix produced in 1977 0.19 0.27 0.23 0.32

Mix produced in 1985 0.11 0.23 0.25 0.40

Mix desired in 1977 0.31 0.28 0.20 0.23

Mix desired in 1985 0.36 0.26 0.22 0.18

Price in 1977 7924 6315 4747 3866

Price in 1985 9569 7184 4947 3689

The difference between the number of full-size cars desired and actually produced as a

fraction of the total demand is the fraction of consumers who have switched from a

full-size car to a smaller car due to the changed price differential between the size

classes. Similarly, the difference between the number of subcompaet cars desired and

actually produced as a fraction of the total demand is the traction of ronsi e > ,s e
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have switched from a subcompact car to a larger car. Since the number of subcompact

cars demanded is less than actually produced, this fraction is negative. Figure 4-3

depicts the behavior of these two fractions over the period 1977-85.

Figure 4-4 gives the after-tax profit and the net cash inflow for each of the four

manufacturers for the period 1977-85. Under the assumptions made in the model,

Company G performs very well: its after-tax profits and net cash inflow are positive

throughout the period and increase steadily. Company F performs well with increasing

after-tax profit and positive cash inflows except for one year, 1979. Company C,

however, makes a loss almost throughout the period, though its losses decrease fairly

steadily. In 1985 it does make a slight profit; its return on sales is less than 1 percent

(see Table 4-2). Its cash inflows are significantly negative throoughout the period,

except for a small postitive inflow in 1985. From this it would seem that Company C

has to find some way of raising significant amounts of capital; Company C would

probably reduce the amount of capital required by reducing investment (i.e., reducing

with respect to the assumptions made in this model). Company A fares even worse,

making significant losses throughout the period 1977-85. Unlike Company C, Company

A exhibits no trend towards profitability. Its cash inflows are significantly negative

throughout this period.

From the return on sales in 1985 (see Table 4-2) it can be seen that Company G and

Company F are both in very healthy positions; both have generated significant amounts

of cash (since their long-term debt is negative) which must have been invested

elsewhere by these corporations. Company C has a debt/equity ratio of 3.0 which is

clearly impossible, considering industry practice. Even if Company C does not need as

much capital as predicted by this model, it seems that it would still have to raise

significant amounts of capital. From the capital structure predicted by the model, it

appears that Company C would have to raise at least some equity capital of some for n

or another. As for Company A, the capital structure predicted is clearly an untenable

position. Retained earnings are negative, that is, the stockholders' equity is negative;

long-term debt is very high. It is extremely unlikely that Company A would ever

actually achieve such a position. What would undoubtedly happen is that before 1985.

Company A would have to take some actions to raise equity capital in some form or

another, cut down on investments and losses, sell other assets, or close down operations.

51



52

FIGURE

4-3.

MARKET

INDUCED

SWITCHING

IN

CONSUMER

BEHAVIOR



AFTER-TAX PROFIT NET CASH INFLOW

(BILLION*) (BILLIONS)

COMPANY G

1.2

0.5
0.6

0.7

0.9
l.l l.l

1.2
l.l

'77 '78 ‘79 '80 *81 '82 '83 '84 '85

AFTER-TAX PROFIT

(BILLION S)
COMPANY F

FIGURE 4-4. NOMINAL CASE RESULTS - FIN ANCIAL

PERFORMANCE 1977-1985 ( SHEET I OF 3)

53



COMPANY

C

m
CD

1
caj

£ •

; i
2 -1

°
ÔD
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It is not possible to use the model to predict what action Company A will take; but the

model does indicate that some drastic action will be essential.

TABLE 4-2. NOMINAL CASE
FINANCIAL POSITION 1985

Company
G

Company
F

Company
C

Company
A

Sales (million cars) 5.9 2.7 1.6 0.25

Breakeven (million cars) 2.7 1.4 1.5 0.35

Revenue (billion $) 29.9 11.9 7.2 0.87

After-tax profit (billion $) 4.3 1.2 0.05 -0.06

Return on sales % 14.4 10.1 0.7 -6.9

Equity capital (billion $) 0.39 0.12 0.23 0.04
Retained earnings (billion $) 27.1 10.8 0.59 -0.30

Long-term debt (billion $) -15.2 -4.7 2.5 0.88

4.3 Optimistic and Pessimistic Case

The cases when the variables related to fuel economy measures assume optimistic and

pessimistic values are now considered. In the optimistic case, it is assumed that the

fuel economy gains achieved from the various technological improvements are higher

than predicted by DOT, and that the costs, both manufacturing and capital investment,

are less than those predicted by DOT. In the pessimistic case, the fuel economy gains

are less and the costs are higher than those predicted by DOT. The actual values used,

were decided upon in consultation with industry experts, and are given in Tables 4-3 and

4-4. All the data, besides that for the fuel economy related variables, are set at their

nominal values.

Tables 4-5 to 4-8 compare the optimistic, nominal, and pessimistic case results for each

of the manufacturers. It is noted that for each manufacturer, the fuel economy without

mix shifts improves in the optimistic case (with respect to the nominal case), but not as

much as it worsens in the pessimistic case.
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TABLE 4-3. COSTS RELATED TO FUEL ECONOMY MEASURES
(Optimistic Data)

Capital cost Additional variable

per car manufacturing cost

Downsizing 875 *

Material substitution 43.8 *

Automatic transmission 438.0 40.0
Manual transmission 21.88 22.2
Lubricants 0.0 4.73
Accessories 21.88 8.75
Aerodynamic drag 0.0 8.75
Rolling resistance 0.0 30.63

Source: Based on judgment of an industry expert.

TABLE 4-4 COSTS RELATED TO FUEL ECONOMY MEASURES

(Pessimistic Data)

Capital cost Additional variable

per car manufacturing cost

Downsizing 1550 *

Material substitution 77.5 *

Automatic transmission 775.0 57.5

Manual transmission 38.8 27.8

Lubricants 0.0 5.28

Accessories 38.8 15.5

Aerodynamic drag 0.0 15.5

Rolling resistance 0.0 54 .

5

Source: Based on judgment of an industry expert.

*Effect on manufacturing costs depends on the weight reduction achieved.
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TABLE 4-5. POSITION IN 1985, COMPANY G

Optimistic Nominal
case case

Fuel economy without mix shifts

(mpg)
25.75 25.2

Sales (million cars) 5.9 5.9

Breakeven (million cars) 2.7 2.7

Revenue (billion $) 29.7 29.9
After-tax profit (billion $) 4.2 4.3

Return on sales % 14.1 14.4

Equity capital (billion $) 0.39 0.39
Retained earnings (billion $) 27.4 27.1

Long-term debt (billion $) -16.1 -15.2

TABLE 4-6. POSITION IN 1985, COMPANY F

Optimistic Nominal
case case

Fuel economy without mix shifts

(mpg)
25.7 25.1

Sales (million cars) 2.7 2.7
Breakeven (million cars) 1.4 1.4

Revenue (billion $) 12.1 11.9
After-tax profit (billion $) 1.3 1.2
Return on sales % 10.7 10.1

Equity capital (billion $) 0.12 0.12
Retained earnings (billion %) 11.1 10.8
Long-term debt (billion $) -5.4 -4.7

Pessimistic

case

23.8

5.9

2.8

30.5
4.2

13.8

0.39
24.8

-10.6

Pessimistic

case

23.8

2.7

1.6

11.5
0.89
7.7

0.12
9.2

-1.9
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TABLE 4-7. POSITION IN 1985, COMPANY C

Optimistic Nominal Pessimistic

case case case

Fuel economy without mix shifts

(mpg)
26.0 25.4 24.1

Sales (million cars) 1.6 1.6 1.6
Breakeven (million cars) 1.6 1.5 1.4

Revenue (billion $) 7.1 7.2 7.5
After-tax profit (billion $) 0.01 0.05 0.15
Return on sales % 0.1 0.7 2.0

Equity capital (billion $) 0.23 0.23 0.23
Retained earnings (billion $) 0.65 0.59 0.27
Long-term debt (billion $) 2.3 2.5 3.4

TABLE 4-8. POSITION IN 1985,

Optimistic

case

COMPANY A

Nominal
case

Pessimistic

case

Fuel economy without mix shifts

(mpg)

24.6 24.2 23.2

Sales (million cars) 0.25 0.25 0.25

Breakeven (million cars) 0.33 0.35 0.43

Revenue (billion $) 0.88 0.87 0.84

After-tax profit (billion $) -0.05 -0.06 -0.10

Return on sales % -5.7 -6.9 -11.9

Equity capital (billion $) 0.04 0.04 0.04

Retained earnings (billion $) -0.25 -0.30 -0.51

Long-term debt (billion $) 0.80 0.88 1.22
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Considering the financial performance of the manufacturers. Company G's profit

position is essentially unchanged in all the three cases. However, if the long-term debt

in 1985, which can be thought of as an indicator of cumulative performance for the

period 1977-85 is looked at, it can be seen that Company G is better off by 5.9 percent

in the optimistic case compared to the nominal case. But in the pessimistic case, it is

worse off by 30.2 percent compared to the nominal case. These results may be

interpreted that the nominal case gives the best one-point predictions given the best

one-point estimates of the relevant data. If the fuel economy related variables are

realized with optimistic values (i.e., higher gains and lower costs), the financial

performance would improve slightly compared to the nominal case. While, if the fuel

economy related variables are realized with pessimistic values, the performance would

be significantly worse than in the nominal case. In other words, the down side risk is

high. Shortly, it is shown that these remarks about the down side risk apply to the other

three manufacturers also.

In the case of Company F, the after-tax profit in 1985 exhibits the similar effect of

high down side risk, though not in as pronounced a manner as that for long-term debt in

1985.

The profit position of Company C exhibits an apparently counter-intuitive result.

Company C makes less profit in the optimistic case than in the pessimistic case.

However, this is due to the fact that the fuel economy without mix shifts is higher for

Company C than for the other three manufacturers. Thus, in the pessimistic case, the

other three manufacturers are forced to resort to greater mix shifts (i.e., greater

compared to that for the nominal case) than is the case for Company C, with the result

that price differentials determined by the Price module favor Company C more in the

pessimistic case than in the nominal case. Thus, the revenue for Company C is higher in

the pessimistic case than in the optimistic case, which accounts for the behavior of the

after-tax profit figures. However, the long-term debt figures exhibit the high down side

risk behavior similar to the other manufacturers.

The results for Company A are as expected. The profit figures exhibit a high down side

risk in as pronounced a manner as do the long-term debt figures.
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4.4 Probabilistic Case

The probabilistic case comes from the premise that the values for the fuel economy

related variables are not known with certainty; rather, probability distributions for each

of these variables are known. The probability distribution assumed is a truncated

normal distribution for all the probabilistic variables. The parameters of the

distribution are based on the judgment of an industry expert, and are given in Tables 4-9

and 4-10. The probability distributions are given in Tables 4-11 to 4-13. The computer

results for this case are given in Appendix A.

There is a remarkable correspondence between the results obtained in this case and the

expectations based on the earlier analysis of the optimistic, nominal and pessimistic

cases. It is worthwhile comparing the results for the long-term debt position. (See

Table 4-14). The 0.1 fractile corresponds fairly well with the optimistic case, while the

0.9 fractile corresponds to the pessimistic case. Thus, the range of values of the long-

term debt is roughly the same whether the estimate comes from the probabilistic case

analysis or the pessimistic and optimistic case analyses. Also, as would be expected

from the earlier remarks about high down side risk, the median values (i.e., 0.5 fractile

values) are well above the nominal case values. That is, the probability that the long-

term debt for any company is greater than or equal to the nominal case value is

significantly greater than .5.

TABLE 4-9. FUEL ECONOMY GAINS FROM TECHNOLOGICAL IMPROVEMENTS

(Probabilistic case)

Minimum
Option value

Automatic transmission 3.75%
Manual transmission 3.75

Lubricants 0.0

Accessories 0.75

Aerodynamic drag 0.67

Rolling resistance 1.3

Source: Judgment of an industry expert

Most likely Standard Maximum
value deviation value

10% 3 % 12.2 %
5 0.63 6.25

2 0.6 2.5

2 0.63 3.25

4 1.67 4.5

3 0.85 4.7
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TABLE 4-10. COSTS RELATED TO FUEL ECONOMY MEASURES

(Probabilistic case)

Capital cost per car
Minimum Most likely Standard Maximum

value value deviation value

Downsizing 750 1000 550 2100
Material substitution 37.5 50.0 27.5 105.0

Automatic transmission 375 500 275 1050
Manual transmission 18.75 25.0 13.75 52.5
Lubricants 0.0 0.0 0.0 0,0
Accessories 18.75 25.0 13.75 52.5
Aerodynamic drag 0.0 0.0 0.0 0.0
Rolling resistance 0.0 0.0 0.0 0.0

Additional variable manufacturing cost

Automatic transmission 35.0 45.0 12.0 70.0
Manual transmission 19.4 25.0 2.8 30.6
Lubricants 4.45 5.0 0.3 5.55
Accessories 7.5 10.0 5.5 21.0
Aerodynamic drag 7.5 10.0 5.5 21.0
Rolling resistance 26.25 35.0 19.4 74.0

Source: Based on judgment of an industry expert.
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TABLE 4-11. FUEL ECONOMY GAINS FROM TECHNOLOGICAL IMPROVEMENTS
PROBABILITY DISTRIBUTION

Frac tiles

Option 0.1 0.25 0.5 0.75 0.9

Automatic transmission 6.16% 7.57% 9.31% 10.6% 11.59%
Manual transmission 4.29 4.62 5.0 5.4 5.77
Lubricants 1.15 1.50 1.85 2.15 2.35
Accessories 1.29 1.62 2.0 2.4 2.77
Aerodynamic drag 1.76 2.46 3.27 3.92 4.30
Rolling resistance 2.04 2.48 3.0 3.54 4.05

Source: Computed from Table 4-9.

TABLE 4-12

CAPITAL COSTS RELATED TO FUEL ECONOMY MEASURES PROBABILITY DISTRIBUTION

Capital cost per car

Frac tiles

Option 0.1 0.25 0.5 0.75 0.9

Downsizing 852 989 1220 1501 1753

Material substitution 43 49 61 75 88

Automatic transmission 426 489 610 750 877

Manual transmission 21 24 31 38 44

Lubricants 0 0 0 0 0

Accessories 21 24 31 38 44

Aerodynamic drag 0 0 0 0 0

Rolling resistance 0 0 0 0 0

Source: Computed from Table 4-10



TABLE 4-13. ADDITIONAL VARIABLE MANUFACTURING COSTS
RELATED TO FUEL ECONOMY MEASURES

PROBABILITY DISTRIBUTION

Cost per car

Frac tiles

Option 0.1 0.25 0.5 0.75 0.9

Automatic transmission 37.9 41.8 47.8 54.5 60.9

Manual transmission 22 23 25 27 28

Lubricants 4.7 4.8 5.0 5.2 5.3

Accessories 8.5 9.9 12.2 15.0 17.5

Aerodynamic drag 8.5 9.9 12.2 15.0 17.5

Rolling resistance 29.8 34.6 42.8 52.7 61.6

Source: Computed from Table 4-10.

TABLE 4-14. LONG-TERM DEBT IN 1985
(billion $)

Probabilistic case

Frac tiles Optimistic Nominal Pessimistic

0.1 0.25 "O 0.75 0.9 case case case

Company G -15.7 -14.0 -12.7 -11.1 -9.7 -16.1 -15.2 -10.6

Company F - 4.7 - 4.0 - 3.5 - 2.7 -1.9 - 5.4 - 4.7 - 1.9
Company C 2.4 2.8 3.1 3.4 3.8 2.3 2.5 3.4
Company A 0.87 0.95 1.04 1.11 1.23 0.80 0.88 1.22
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4.5 Technological and Manufacturing Risk

The risk due to the uncertainty in the fuel economy gains achieved from the various fuel

economy measures can be thought of as a technological risk. Manufacturing risk can be

thought of as being due to the uncertainty in the costs, both variable cost of production

and capital costs, of implementing these measures. In the analysis above, the fuel

economy gains and the costs of the measures have been varied simultaneously. Thus,

the joint impact of the uncertainties in the technological and manufacturability areas

have been assessed. In this section, an attempt is made to separate the two impacts.

It must be assumed that the costs related to the fuel economy measures are realized at

their nominal values, while, first, the fuel economy gains are realized at the optimistic

values, and then at the pessimistic values. Next, it is assumed that the fuel economy

gains are realized at their nominal values, while the related costs are at the optimistic,

and then pessimistic values. Thus, there are four cases. The results of these four cases,

along with the results of the first three cases analyzed earlier, are presented in Table 4-

15. Only the long-term debt position in 1985 in these comparisons is considered, since

that is probably the best overall measure of performance.

From Table 4-15 it is seen that for each manufacturer, the variation in a column is

much less than the variation in a row. The variation in a column is the variation in

performance as fuel economy gains vary, assuming that the related costs remain

constant. In that sense, the variation in a column can be considered to be an indicator

of risk due to technological uncertainty. Similarly, variation in a row can be considered

to be an indicator of risk due to uncertainty in the area of manufacturability. It is thus

concluded that the risk due to uncertainty in manufacturing appears to be higher than

the risk due to technological uncertainty.

Fuel economy gains being held constant, each manufacturer performs better as costs

change from pessimistic to optimistic, as is to be expected. Costs being held constant,

as fuel economy gains change from pessimistic to optimistic. Company F and Company

A perform better while Company G and Company C perform worse. It is not easy to see

the cause of this behavior intuitively, since pessimistic fuel economy gains cause larger
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mix shifts which, given the current mix and fuel economy by size-class for each

manufacturer, favor Company G and Company C. Such behavior is one of the insights

yielded by the model. This result should not be interpreted in an absolute sense; rather,

the correct interpretation is that if fuel economy gains are realized at the pessimistic

values, Company F and Company A are hurt more than Company G and Company C.
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5. ANALYSIS OF DIFFERENT SCENARIOS

5.1 General

In the previous section several situations were analyzed under the nominal scenario.

The values of the variables describing the scenario were fixed, and the values of the

fuel economy related variables were varied. In this section, different scenarios are

examined, while, for the most part, the values of the fuel economy related variables are

assumed to be the nominal values. In the first scenario, it is assumed that the capital

expenditures by the manufacturers are higher than estimated by the nominal data. In

the second scenario, a hypothetical situation is analyzed in which the AFES do not exist.

In the third scenario, it is assumed that the AFES are higher than is actually the case.

The next two scenarios are aimed at analyzing market risk ; in one the effect of the

foreign manufacturers entering the mid-size car market is examined, while the other

examines one case of a shift in market shares of the domestic manufacturers. Finally,

three scenarios are formulated to examine economic risk . In these scenarios, the

projections of total automobile demand are changed.

5.2 Increased Capital Expenditure

22A recent report produced by DOT, and conversations with personnel from the

Transportation Systems Center of DOT, showed that the data input for the Nominal

case discussed earlier might significantly underestimate the capital expenditure of the

manufacturers. Table 5-1 compares the capital expenditures estimates for the period
22

1978-85 based on the above report with the output of the model for the Nominal

case. The revised estimates and the Nominal case results agree to within 5 percent for

Company A; however, for Companies G, F and C the difference is very large. For these

three companies, the revised estimates of capital expenditure are greater than the

Nominal case results by 50 to 100 percent.

The objective of the "Increased Capital Expenditure" scenario is to analyze the impact

of AFES on the manufacturers if it is assumed that their capital expenditures are as

high as the revised estimates given in Table 5-1. In this scenario, all the input data for

68



the model are the same as in the Nominal case except that the data relating to capital

expenditure are adjusted so that the total capital expenditure for the period 1978-85 for

each manufacturer is equal to the revised estimates given in Table 5-1. Figure 5-1

gives the after-tax profit, net cash inflow and the capital investment for each

manufacturer for the period 1977-85 for the "Increased Capital Expenditure" scenario.

Table 5-2 gives the financial position in 1985 for each manufacturer under this scenario.

TABLE 5-1. CUMULATIVE CAPITAL EXPENDITURES FOR 1978-85
(billion $)

Company
G

Company
F

Company Company
C A

Revised estimates*
Nominal case

23.4 12.9 5.04 0.72
15.8 6.56 3.29 0.68

These figures are for North American passenger operations only and are based

on "The Impact of Federal Regulation on the Financial Structure and Perform-

ance of the Domestic Motor Vehicle Manufacturers," U.S. Department of

Transportation, May 1978.

TABLE 5-2. INCREASED CAPITAL EXPENDITURE SCENARIO
FINANCIAL POSITION 1985

Company Company Company Company
G F C A

Sales (million cars) 5.94 2.71 1.62 0.25

Breakeven (million cars) 3.00 1.97 1.87 0.36

Revenue (billion $) 29.9 11.9 7.2 0.87

After-tax profit (billion $) 3.57 0.62 -0.14 -0.07

Return on sales (%) 11.9 5.2 -1.9 -8.0

Equity capital (billion $) 0.39 0.12 0.23 0.04

Retained earnings (billion $) 22.75 7.26 -0.52 -0.33

Long-term debt (billion $) -7.41 2.07 4.5 0.93
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When the results of this scenario are compared with the Nominal case, it is seen that

Companies G, F and C are significantly worse off under this scenario, while Company A

is only marginally worse off. This is to be expected since the capital expenditure for

Company A was increased by only about 5 percent, whereas for Companies G, F and C,

the increases were 48, 97 and 53 percent respectively. The revenue for each

manufacturer is the same under the two scenarios, since only the data relating to

capital expenditure were adjusted upward in the "Increased Capital Expenditure

Scenario." Thus, for the same revenue, Company G's after-tax profits decreased by 17

percent, Company F’s by 48 pes 3ent, Company C’s by 380 percent and Company A’s by

10 percent under this scenario. Another finding worth noting is, that while under the

Nominal case Company C exhibited a trend towards profitability over the period 1977-

85, it exhibits no such trend unde" this scenario.

Considering the capital structure in 1985 under this scenario, it is seen that Company G

is in a strong position. It has liquidated all its debt and has built up a credit balance of

$7.4 billion. Company F is also in a strong position; its debt/equity ratio is a healthy

0.28. Companies C and A are both in clearly untenable positions. Both have negative

retained earnings. Both the companies would have had to take some drastic actions to

avoid reaching such a position.

5.3 "Ideal” Scenario

In this section a scenario is analyzed which is ideal from the perspective of the

manufacturers. In this scenario, the AFES is not enforced; thus the manufacturers do

not have to
,
but may, implement the various fuel economy measures. It is assumed that

a manufacturer will implement a particular fuel economy measure only if it is

economically profitable for him to do so. Then, under the assumptions made in the

model, the manufacturers will not implement the technological improvements in

transmission, accessories, lubricants, aerodynamic drag, and rolling resistance because

all these options involve increased capital and manufacturing costs with no

compensating increase in revenue. The manufacturers will not, of course, under the

assumptions of this model, change their product mix, since they do not have to meet any

fuel economy standards. Regarding downsizing and material substitution, however, the

situation is not so clear cut. Both these alternatives involve increased capital costs but,

at the same time, decrease variable manufacturing costs.
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The objective of analyzing this scenario is to determine how much better off the

manufacturers are under this ideal scenario compared to the Nominal case. The

analysis also determines whether it is economically profitable for the manufacturers to

implement downsizing and material substitution. Two cases are considered under this

scenario. In the first alternative, it is assumed that the manufacturers implement both

downsizing and material substitution. In the second alternative, it is assumed that the

manufacturers implement downsizing but do not implement material substitution.

Tables 5-3 and 5-4 compare the results of these two cases with the Nominal case from

the previous section.

TABLE 5-3 MARKET CHARACTERISTICS IN 1985

Full-

size

Mix in Nominal case 0.11

Mix in "Ideal" scenario 0.20

Price in Nominal case ($) 9569

Price in "Ideal" scenario 8225

Mid-
size Compact

Sub-

compact

0.23 0.25 0.40

0.28 0.23 0.29

7184 4947 3689

5567 4990 3900
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TABLE 5-4. FINANCIAL POSITION IN 1985

(billion $)

Com- Com- Com- Com-
pany pany pany pany

G F C A

1 Nominal 4.3 1.2 0.05 -0.06

After-tax profit < Ideal scenario* 3.9 1.5 0.06 -0.01

I Ideal scenario** 3.8 1.5 0.06 -0.02

1 Nominal -15.2 -4.7 2.5 0.88

Long-term debt / Ideal scenario* -16.6 -6.5 1.8 0.64

/ Ideal scenario** -16.3 -6.6 1.8 -0.64

Alternative 1, i.e., both downsizing and material substitution are implemented.

** Alternative 2, i.e., only downsizing is implemented.

When the "Ideal Scenario, Alternative 1" is compared with the Nominal case, it can be

seen that Companies F, C and A are in a better profit position in 1985 while Company G

is worse off. This result should be interpreted in a relative sense, that is: not imposing

AFES benefits Companies F, C and A more than it benefits Company G. As far as the

1985 debt position is considered, all of the four manufacturers are better off without

AFES, as is to be expected. The debt position for Companies G, F, C and A is better by

9.2, 47, 28 and 27 percent respectively.

It is interesting to compare the "Ideal Scenario, Alternative 1" case with "Ideal

Scenario, Alternative 2" case. Between these two cases, there is virtually no difference

in the profit position or debt position for any of the manufacturers. The only difference

between these two cases is that the first alternative implements material substitution

while the second does not. From this, one can conclude that, under the assumptions of

the model, downsizing is economically profitable while material substitution has no

significant economic impact on the manufacturers. That is, for material substitution,

the capital cost is almost exactly offset by the decrease in material cost.
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5.4 Higher AFES

In this scenario, everything is the same as in the Nominal case except that the schedule

of AFES is different. Here it is assumed that the AFES is the same as in the Nominal

case for the years 1977-83; in 1984 it is 28.5 mpg instead of 27.0 in the Nominal case),

and in 1985 it is 30.0 mpg (instead of 27.5 in the Nominal case). Results of the higher

AFES case are compared with the Nominal case in Tables 5-5 and 5-6.

TABLE 5-5 MARKET CHARACTERISTICS IN 1985

Full- Mid- Sub-

size size Compact compact

Mix in Nominal case 0.11 0.23 0.25 0.40

Mix in "Higher AFES" case 0.07 0.19 0.26 0.48

Price in Nominal case 9569 7184 4947 3689

Price in "Higher AFES" case 10782 8719 5085 3665

TABLE 5-6. FINANCIAL
(billion

POSITION
$)

IN 1985

Com- Com- Com- Com-
pany
G

pany
F

pany
C

pany
a'

(
Nominal 4.3 1.2 0.05 -0.06

After-tax profit )

) Higher AFES 4.8 1.2 0.16 -0.09

( Nominal -15.2 -4.7 2.5 0.88

Long-term debt
1 Higher AFES -14.3 -4.6 2.8 0.92
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TABLE 5-7. HIGHER AFES SCENARIO
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Imposing higher AFES decreases the proportion of larger cars produced making the

larger cars more expensive (see Table 5-5). The profit position in 1985 (see Table 5-6)

shows that Companies C and G are better off with higher AFES, while Company A is

worse off. Once again, it is emphasized that this result should be interpreted in a

relative sense. From the 1985 debt position, it can be seen that all the manufacturers

are worse off with the higher AFES, which corresponds with one's intuition. The debt

positions for Companies G, F C and A are worse by 6, 2, 12 and 5 percent respectively

under the "Higher AFES" scenario.

Under this scenario, it is next assumed that the fuel economy related variables are

known only by their probability distribution. If it is assumed that the distributions are

truncated normal and the parameters are as given in Section 4, then there is a case

which is comparable to the probabilistic case discussed under the Nominal scenarios.

The results of the probabilistic case discussed under the Nominal scenarios. The results

of the probabilistic case under the higher AFES scenario are given in Table 5-7. When

the results for these two cases are compared, the same conclusions as just stated above

follow.

5.5 Foreign Penetration of Mid-size Car Market

In this scenario the product mix of the foreign manufacturers is changed as follows:

Large Mid-size Compact Subcompact

Nominal scenario 0.0 0.0 0.2 0.8

Scenario under
consideration

0.0 0.1 0.3 0.6

Under this scenario two cases are discussed: First, the nominal values for the fuel

economy related variables; second, the probability distribution for the fuel economy

related variables.
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Table 5-8 compares the nominal cases under the Nominal scenario with that under the

"Foreign Penetration of Mid-size Car Market" scenario. Companies G, F, and C

perform worse in "Foreign Penetration" scenario, with Company G being the most

affected. Company A is relatively unaffected by the foreign penetration into the mid-

size car market. This is understandable since in the "Foreign Penetration" scenario, the

competitive pressure in the smaller car market is reduced; and since Company A is

mostly in the smaller car market, Company A is thus not hurt by this move by foreign

manufacturers.

TABLE 5.8 FINANCIAL POSITION IN 1985

(billion $)

After-Tax
profit

Long-term
debt

Company G Company F Company C Company A

Nominal 4.3 1.2 0.05 0.06

Foreign

penetration

3.9 1.1 0.01 0.06

Nominal 15.2 4.7 2.5 0.88

Foreign
penetration

12.7 4.4 2.9 0.90

Table 5-9 gives the results of the probabilistic case under the "Foreign Penetration"

scenario. When this is compared with the Nominal case under the Nominal scenario, the

same conclusions just stated above are arrived at.

The impact on financial performance considered in this scenario can be viewed as one

form of marketing risk, since the penetration of the mid-size market by foreign

manufacturers changes the competitive pressures in the market.
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TABLE 5-9. FOREIGN PENETRATION OF MID-SIZE CAR MARKET SCENARIO

POSITION AT END of year 1985

0,10

Company G
DEBT -13657,
RET INCOME 21470,
AFT-TAX PROF TT 3516.
FUEL ECONOMY WITHOUT
MIX SHIFTS 24,12

Company F
DEBT -4571,
RET INCOME 8845,
AFT-TAX PROFIT 916,
FUEL ECONOMY WITHOUT
MIX SHIFTS 24,11

Company C
DEBT 2645.
RET INCOME -508,
AFT-TAX PROFIT -140,
FUEL ECONOMY WITHOUT
MIX SHIFTS 24,45

Company A
DEBT 871.
PET INCOME -537.
AFT-TAX PROFIT -95,
FUEL ECONOMY WITHOUT
MIX SHIFTS 23.52

fpactiles
0,25 0,50 0,75 0,90

12495.
22134.
3651 .

•11257,
23721 .

3791 .

• 8978 ,

24636 .

3969,

•7886,
25134,
4090,

24,44 24,69 25,13 25.36

•4191 ,

9227 .

945 .

-3529.
9941 .

1020.

-2520,
10247,
1096 .

-1 798 ,

10511,
1137,

r+)

•
CM 24.66 25,08 25,32

2926,
-324,
-89.

3221 .

10.
•30.

3750,
251 ,

11 .

4036 .

380,
98 ,

24,78 24.99 25.42 25.63

909,
-480.
• 8 8,

1013.
• 394.
•75,

1128,
-339 ,

• 6 4,

1235 ,

• 314,
•61,

23.65 23.86 24,13 24,22
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5.6 Change in Market Shares

Another way to examine market risk is to change the market shares of the domestic

manufacturers. Here one scenario is examined in which Company C's share is decreased

by 1.5 percentage points, Company G's share is increased by 1 percentage point and

Company F's share is increased by 0.5 percentage point. As expected, Companies G and

F perform better, and Company C performs worse, as is shown in Table 5-10.

• TABLE 5-10. POSITION IN 1985

Com- Com- Com- Com-
pany pany pany pany
G F C A

\

1 Nominal 4.3 1.2 0.05 -0.06

After-tax profit <

|
Changing share 4.34 1.25 -0.014 -0.059

|

f Nominal -15.2 -4.7 2.5 0.88

Long-term debt <

* Changing share -15.6 -4.96 2.77 0.87

5.7 Economic Risk

Using this model, economic risk can be assessed by changing the values of the total

automobile demand over the period of analysis. In the Nominal case the WEFA model's

projection of U.S. automobile demand is used.

Here, three scenarios obtained by changing the demand projection are analyzed. In the

first scenario, it is assumed that the demand in each year is 5 percent more than that

predicted by the WEFA model. In the second scenario, the demand in each year is 5

percent less than that predicted by the WEFA model. Finally, in the third scenario, it is

assumed that the demand is more cyclical than predicted by the WEFA model.

Specifically, the following demand projection is assumed in the third scenario:
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Total

Year Demand

(million cars)

1977 11.3

1978

1979

1980

1981

10.6

12.7

12.7

11.5

1982 11.5

1983 12.2

1984 13.3

1985 12.4

This demand projection is obtained by taking the demand projection from the WEFA
model as a base and superimposing on that a cyclical pattern similar to the one observed

during the last ten years. More specifically, the cyclical pattern superimposed is such

that the difference between the peak and trough of a cycle is 2 million cars. It should

be noted that the average demand per year under this scenario is the same as that under

the Nominal scenario. In all the three scenarios, all data besides the total demand is

the same as in the Nominal case under the Nominal scenario.

In order to better capture the effect of cyclicality, a small change was made in the

model when the cyclical demand scenario was analyzed. In this model, some of the

costs are semi-variable; these costs are: Selling and General Administration, ’teseareh

and Development, and Maintenance, Repair and Rearrangement. In reality, such costs

tend to be semi-variable upwards but fixed downwards. That is, when revenues go up,

these costs also go up (though not proportionally), but when revenues go down, these

costs tend to remain fixed. This behavior is particularly significant in a cyclic a!

demand situation. Therefore, this feature was incorporated in the model only for

cyclical scenario. To that extent, the results of the cyclical scenario are not strictly

comparable to the results of the other scenarios. However, because the do ms. v -
: v

other scenarios has very little cyclicality, this feature would not significantly affect

their results. Therefore, the results of the four scenarios are fairly comparable.
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TABLE 5-11. COMPANY G POSITION IN 1985

Nominal
High

Demand
Low

Demand
Cyclical

Demand

Sale 5.9 6.2 5.7 5.9

Breakeven 2.7 2.7 2.6 2.7

After-tax profit 4.3 4.6 3.9 4.3

Long-term debt -15.2 -17.4 -13.0 -15.0

Retained income 27.1 29.4 24.7 26.9

TABLE 5-12. COMPANY F POSITION IN 1985

High Low Cyclical

Nominal Demand Demand Demand

Sale 2.7 2.84 2.58 2.71
Breakeven 1.4 1.45 1.39 1.42

After-tax profit 1.2 1.32 1.11 1.21
Long-term debt -4.7 -5.47 -4.08 -4.67
Retained income 10.8 11.5 9.97 10.7
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TABLE 5-13. COMPANY C POSITION IN 1985

Nominal
High
Demand

Low
Demand

Cyclical

Demand

Sale 1.6 1.70 1.54 1.6
Breakeven 1.5 1.55 1.50 1.6

After-tax profit 0.05 0.08 0.02 0.04
Long-term debt 2.5 2.38 2.62 2.63
Retained income 0.59 0.76 0.42 0.53

TABLE 5-14. COMPANY A POSITI )N IN 1985

Nominal
High
Demand

Low
Demand

Cyclical

Demand

Sale 0.25 0.26 0.24 0.25

Breakeven 0.35 0.35 0.35 0.37

After-tax profit -0.06 -0.06 -0.07 -0.07

Long-term debt 0.88 0.85 0.90 0.93

Retained income -0.30 -0.26 -0.34 -0.34
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Tables 5-11 to 5-14 present the results of the three scenarios analyzed here and of the

Nominal case. As is to be expected, all manufacturers perform better under high

demand scenarios and worse under the low demand and cyclical demand scenarios. The

results yield another, and more interesting conclusion. Table 5-15 gives the change in

long-term debt position in 1985 under the various demand projections compared to the

Nominal case. It can be seen that Companies G and F are not affected very much by

the cyclicality in demand. For Companies G and F, the effect of a persistently low

demand is much more significant than that of cyclicality; the effect of low demand is of

the order of 13 to 14 percent, while that of cyclical de mand is only about 1 percent.

For Company C, the effects of low demand and cyclical demand are equally significant;

both worsen the debt position by 5 percent. While f )r Company A, the effect of

cyclical demand (6 percent) is more significant than that of low demand (2 percent).

TABLE 5.15 CHANGE IN LONG-TERM DEBT POSITION IN 1985, COMPARED

TO THE NOMINAL CASE

High
Demand

Low
Demand

Cyclical

Demand

Company G -14% 14% 1%

Company F -16% 13% 1%

Company C -5% 5% 5%

Company A -3% 2% 6%
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APPENDIX A

Results under the Nominal Scenario

The computer printed results of two cases under the Nominal scenario are presented:

the Nominal case, and the Probabilistic case. In the Nominal case, the full financial

statements have been printed out only for 1977 and 1985, while a summary of the

financial statements has been printed for each year.
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Probabilistic Case

POSITION AT END OF YEAR 19*5

fpacTiles
o9c 0,25 0.50 0,75 0,90

Company G

DEBT *15704, -13973. -1 2676

•

-11121, •9700,
RET INCOME 23680, 24302. 25723. 26319, 27535,
A F T - T A X PROFIT 3852. 3972. 4168 • 4277. 4396,
FUEL ECONOMY WITHOUT
MIX SHIFTS 24,11 24,32 24.67 25.12 25.34

Company F

DEBT -4608. •4031 , -3502. -2698, •1948.
PET INCOME 9063. 9451 . 10028, 10299. 10704,
AFT-T A Jf PROFIT 957. 1018, 1079. 1124, 1184.
FUEL ECONOMY WITHOUT
MIX SHIFTS 24.10 24,31 24.64 25.07 25,29

Company C

DEBT 2356. 2769. 3125. 3364. 3782.
PET INCOME • 136. 25. 312. 508, 727,
AFT-TAX PROF IT •86 , -39. 40a 107, 149,
FUEL FCONOMy WITHOUT
MIX SHIFTS 24.41 24.63 24.97 25.36 25.61

Company A

DEBT 874. 948. 1042. 1106. 1225.
PET INCOME •5 36 . -471 . -406. -347. -309,
At T-TAX PROFIT • 100. •90, *81 . •73. •64 ,

FUEL ECONOMY WITHOUT
MIX SHIFTS 23.45 23.59 23.84 24,04 24.21
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Nominal Case

Company G

TNCOME STATEMENT FOR YEAR 1977
SALES REVNUE
VAR TABLE COSTS
(• I XED COSTS

S p: l * A I.) M

RES A, D K V

MAIN, HEP, f. REA,
RETIREMENT
NON -INCOME TAX
DEPRtC l AT TON
AMORT 1 SAT TON
interest

PRE-TAX INCOME
income Tax
AFTER -TAX INCOME

2536 b ,?
1 5898 ,

3

7 7 9.1
761 .8

1431.5
4 9 7.0
6 45.0
317.3
H 4 S ,6
221 . H

549q ,

?

3977,8
1963.2
2109.5

SOURCES
MET XNCOMR
DfcPRECIAT ION

AMORTISATION
TOTAL

CASH FLON

2109.5
3 17.3
R45 ,h

3272.4

STATEMENT FpR
USES

CAP I N

v

dividend
DEPT RED

TOTAL

YEAR 1077

??92 .7

H 2 I . t

15 8,8
3272.4

LAND <*HLOG
M/C <*EQPT

TOOLING
other assets

TOTAL

BALANCE SHEET FOR YEAR 1977
1799.2 EQUITY TQl.y
2671.3 DEPT TR2.6
945, 6 RETAINED INCOME M15.4

379o.O
9 101 ,fl TOTAL 9101 ,9
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Oonpany F

INCOME STATEMENT FOR YEAR 1977
SALES REVNUE 10689.5
VARIABLE COSTS 7801,8
FIXED COSTS

SEL & A DM 466,1
RES NDE V 3 1 6 e 1

MAIN, REP, & REA • 338.4
retirement 155.3
non-income tax 247.7
depreciation 109.0
AMORTISATION 195.5
interest 76.6

1904,6
PRE-TAX INCOME 983.0
INCOME TAX 448,3
AFTER-TAX income 534.8

CASH FLOW STATEMENT FOR YEAR 1977
SOURCES USES

NET INCOME 534,8 CAP INV 254.7
DEPRECIATION 109.0 DIVIDEND 135.8
amortisation 195.5 DEBT RED 448.8

TOTAL 839.3 TOTAL 8 39.3

balance SHEET FOP YEAR i<?77
LAND fcBLDG 873.3 EQUITY 121 .8
M/C 6EQPT 1149.2 DEBT 278.1
tooling 391 .? retained income 3937.8
OTHER ASSETS 1 923.6

TOTAL 4317,7 TOTAL 4337.7
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Corrpany C

T u c 0 M K

SALKS RFVNUP
V ART ABLE COSTS
PlXFP COSTS

SEL b AOM
R P S «k D P V

MAIN, R L P , s REA.
ret i rfml.nt
N 0 N • I N C 0 M p; VAX
np.PREC i at ton
A PORT I SA T T ON
I M rtRf-'ST

PRE-TAX f r- C 0 v K

I N C 0 M E TAX
A K T K R • T A X 1 NCOMfv

S T A f P' M p". N T FOR YF.AR 1077
b 1 15,0
5490,3

223.3
135.4

2

1.5 .

9

no,)
111.8
4 1.2

1 27.0
b 2 • 2

l 0 2 9 , R

-404 .7
- 1 5 H ,

9

•7 45 ,4

SOHRCKS
DEPHt-C I AT ION
A*PR TISATIUN
PERT INC

total

cash flow

4 3.2
1 27.9
2 3 2.

4

40 3.5

STATEMENT FOR YFAR
"SR S

MPT I,OSS
CAP l * V

n i v T Pt- no
TOTAL

1 Q77

7*5.4
I 4 b . 5

I I .7

40 3 ,b

LAND (.BLDG

M/c iEQPT
TOOL I NG
OTHFR ASSETS

TOTAL

BALANCE SHEET FOP YFAr \ 01 1

b?1 ,
3 EQUITY 7 3 1.4

3

2b, 0 PERT *47.4
2S6.1 RETAINED INCOME 1?S7.o

1/71.2
2373.7 T0TA1 237 3.»
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Company A

r M p ( P' r'.

SA l.F.S HUM 1 K
VARIABLE COSTS
FIKFD costs

SFI, Si Al-M

RES M'M
MAIN, L E L . S H l< ^ ,

PE f I RE '

"r h \

l-iQlv® I f,COMfr 1 A <

OEPPEC I ATION
A M n P T 1 s A T T o M

T N r F, P F :j 1

PRETAX I ( CoML
I n c n m e r a *

AFTKP- 1 AX 1 NCOMF

STAJ»FMT EUP YEAR 1977
8 61 , 0

7SR 0 7

92 »H

? 4 ,0

/ o , R

lx.x
17.4
7.8
0 . 3

9.5
t 9 R .<»

*105,?
® 3 1 , b

•73,7

snmcFS
CASH I I/O* S T A T F M F_ 0 T 1 HR YEAH

USES
1 Q77

DEPPECI A I 1 ON 7.8 r F 1 fjOvSo 73,7
amortisation 9.3 cap nv 31,1
debt T fJ c 92,4 DTVTOEL t> 4,7

TOT A I. 10 9,4 TOT All 10 9,1

BALANCE SHEET FOP year 1 Q 7 7

LAND U*LDG 4 h , 5 EQUITY 39 .?
M/C S.EQP 1 81.5 PELT 1 p 3 . v

tooling ? 7 ,* pf 7 aimed Income I 73.0
OTHER ASSETS 5 97.1

TOTAL 355,4 total 355.9
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SUMMARY STATEMENT FOR YEAR 147 7

LA POE M I D-SIZE COMPACT S U R C 0 M P A f T

MI X PRODUCED 0 , 1
H9 0,268 0,225 0,317

MT X desired o
, 3 0 5 0 , 2 8 3 0 , 2 OR 0.224

NE w PRICE 7 9?1, 8 315. 47 47 . 3968 .

Co. G Co. F Co. C Co. A

SALE (MILLIONS) 6 , i no 7,33 0 1,390 0,213
BREAKEVEN mil.) 2 .964 1 .537 2,299 0,455

REVENUE 25 368 . 1 06 90 . 6 116. H h 1 g

NET INCOME 2 10 9, 5 35 .
-2 45 .

-74 ,

CAP INV (IDT) 229 3 . 255 . 146. 31 .

CAP INV (ALES) 1 4 00 ,
o

• 1 6 0 .

NET CASH FLOW 1 S 9 , 4 49 ,
-2 32 . -92 .

DEBT 34 3 , 7 7 P ,
84 3 . 1 H 4 ,

RET INCOME 4 3 15. 3934 ,
1257 , 13 3,

FUEL EC 0 N

n

m Y WITH'

MIX SHIFTS
OUT

19,49 19,66 70,62 19.30

S ! 1

M

M A fv Y S T A TK .
MF NT

MIX PRODUCED
MIX desired
NE# PRTCE

large
0,191
0,34 3

820b ,

M 1 D • S 1 z *

0,270
H , 2 7 4

6 13 7.

Co. G CO. F

SALF (MILLIONS)
BREAKEVEN (Mil,)

5.281
3.082

2,4 09
1 .563

K Ci H YEAR
COMPACT

0 .226
0 , 1 9 9

46 9;) .

Co. C

I.Jlt
’2,07s

1 9 7 «

s i I B C n p Af I

0.714
0,7 25

3 .

Co. A

o ,?21

REVENUE
NET INCOME
CAP INV (TOT)

CAP INV (AKES)
NET CASH FLOW
DEBT
ret income

fuel economy without

MIX SHIFTS

2 8 10 1, 1 t 0 8 S

,

2333, M'O,

11)4, 744,

?218, 540,
114. 77.

279. 201.
OH?H, 1403,

20,49 19,46

93

6249 .
4 7 8,

-2 1 s ,
-6 0 ,

4 99 . 6 4,

3oP . 33 .

« 4 4 B , -12 3,

1370, 10 7 .

10 31 . 46 .

20,74 19,47



SUMMARY STATEMENT FDR YEAR 1979
LARGE mid-size compact surcompact

MIX PRODUCED 0,192 0,272 0.226 0,310
MIX DESIRED 0,3 39 0,252 0,210 O 0 227
NEW PRICE H 290 « 5663. 4919. 4015.

Co. G CO. F Co. C Co. A

SALE (MILLIONS) 5.274 2,406 1,436 0,220
BREAKEVEN (MIL.) 3 , 0 0 7 1,531 1 ,970 0,329

revenue 25705. 1 1 074, 6309 • R99 o

NET INCOME 2365 , 725, -155. -54,
CAP INV (TOT) 1 853, 1*549, 323 . 72.
CAP |NV (AEES) 960, 1 294 , 1 92 e 41s
NET CASH FLOW 1 291 , -312, -2 45 9 -99,
debt -1012® 513, 1615. 406,
RET INCOME 11372. 4992. 9 6 4 * -lie

FUEL ECONOMY WITH
MIX SHIFTS

'HIT

20 e 7 5 20,53 20,90 20,13

SUMMARY
LARGE

MIX PRODUCED O.J 94
MIX DESIRED 0,3.0
NEW PRICE 9?u2,.

Co. G

SALE (MILLIONS) 5,405
BREAKEVEN (MIL.) 2.90*

REVENUE 26295.
NET INCOME 2625,
CAP INV (TOT) 1 7 27 ,

CAP INV (AEES) H 3 4 ,

NET CASH FLOW 1593,
DEBT -2604.
RET INCOME 13176,

FUEL ECONOMY WITHOUT
MIX SHIFTS 20.94

STATEMENT FOR YEAR 1980
MID-SIZE compact SURCOMPACT

0 , 2 7 4 0,2 26 0 , 3r»7

1

1

, 2 5 4 0,219 0,213
5 b 7 4 . 4991 . 3984.

Co. F Co. C Co. A

2,466 1.472 o ,22ti

1,436 1,789 0.275

11324, 6472. 928 ,

914, -126. -35,
9 8 8 , 154. 193,
b 3 3

,

23. 152.
559, -79. -165,
-4b, 1694. 571 ,

5770, 727 . -50,

20,81 20,90 20,86



MIX produced

SUMMARY STATEMENT
large MID-SIZE

o . t 9 4 0,27s

FOR YEAR
COMPACT

0.224

19*1
SURCOMPACT

0 . 3n*
MIX OFS 1 RED <>.337 0.75R 9.2 10 0,196
NEW PRICE «1 47. 57 37 . 5 044 . 3913.

Co . G Co. F Co. c Co. A

SALE (MILLIONS) 5.911 7 , 6 9 7 1 , b 0 9 0,247
BREAKEVEN (Mil,,) 3 . 0 3 1 1,4*2 1 « b 7 R 0 , 2 7 H

REV I NUE ? ft K 1 4 , 1 2 3 h 1 . 7 0 5 2 , 99 1,
NET INCOME 3 0 22, 1 p 5 4 . -34. -23 ,

CAP INV (TOT) 2 0 ? 9 . * 39 ,
floo . 69,

CAP INV (AM'S) 1 1 36 • S* 4 ,
bb 9 , 3 * .

NET CASH FLUX 1755. 7 54 . -5 07 , - 3 * .

DEBT - 1 3 6 0 , — R 00 , 2 7 01 ,
b 09 ,

RET income 1 S 3 7 7 , iilHfi
,

b * 1 , -7H .

FUEL ECONOMY WITHOUT
MIX SHIFTS 2 7 , 0 0 n .95 2 1 . b 2 71 ,

P 2

5 1 1

M

fv A k Y STATE M F N T fdr year 1 9R?
LARGE MID-SIZE COMPACT SilRCOMPAC

MIX PRODUCE

D

(
> , 1 7 * D , 7 b 9 0 ,2 2b 0,327

MIX n E SIRED 0,341 p.757 0,227 0.19H

NF w PRICE *39?, 5 9 0 h , 5 0 2 7 . 3 P P 0 .

Co . G Co. F Co. C Co. A

SALE (MILLIONS) S , PhD 2 ,
b 7 4 1 ,6 9b 0 ,245

BREAKEVEN (mil.) 2 .
* 9 7 1 ,40 4 1 , bbO 0.290

REVENUE 7 H H 1 2 , 1 71 9 7, 6911, 9 3*),

NET INCOME 3315, l 1 P9 ,
- 37 . - 32 .

CAP INV (TOT) 1 729 , 5 3 3 . 29Q , *5 .

CAP T N V (AH£S) W 37 , 27*. 1 bR , 54 ,

NET CASH FLOw 7 29 6. 1 oS 3 ,
-79 , -bl .

DEBT — b b 5 6 , -1*53. 2 2)0, b 7 0 ,

RET INCOME 17*71 ,

FUEL ECONOMY WITHOUT

7 b b 1 .
h IS , -114,

MIX SHIFTS 7 3 , 0 0 2 7 . b * 2 2 , 4 3 71,39
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SUMMARY STATEMENT FOR YEAR 1983
LARGE MID-SIZE compact subcompact

MIX PRODUCED 0.150 0,256 0.2 35 0.359
MIX desired 0.347 0.258 0.227 0.192
NEW PRICE 8835 . 6367 , 5002. 3786 .

Co. G CO. F Co. C CO. A

SALE (MILLIONS) 5 . 7b 1 2.628 1 ,569 0.241
BREAKEVEN (Mi?,,) 2.789 1 .365 1 ,606 0.317

revenue 28772. 11861, 6731 . 857 ,

NET INCOME- 3561 . 1150, “19, -49,
CAP INV HOT) 1917. 541 . 3 t 4 , 77,
CAP INV (API'S

)

1024 . 287 . 183. 46,
NET CASH FLOW 2399. 1 0 4 H , "44 • -6 9,
DEBT -9055 . “2901 . 2274. 739.
RET INCOME 206 1 1 . 8675 . 607 , • 168,

FULL economy without
MIX SHIFTS 23.97 23.47 23,37 21 .90

SUMMARY S r ATE' ME NT FOR YEAR 1984
LARGE MID-SIZE compact SUBCOMPACT

MIX produced 0.1 30 0,245 0,244 0.380
MIX DESIRED 0.354 0 ,260 0,227 0.186
NEW PRICE 9197. 6794 . 4952. 3715.

Co. G Co. F Co. C Co. A

SALE (MILLIONS) 5.849 2.669 1 ,593 0.244
BREAKEVEN (MIL.) 2.789 1 ,427 1.673 0.345

revenue 2941 J . 1 1880, 6929. 860,
NET INCOME 3832, 1136, •41 , •60 ,

CAP INV (TOT) 2077. 832. 604 • 67,
CAP INV (A1-ES) 1185. 577 . 473 . 36,
NET CASH FLOW 2595, 784 , -298 . -72,
debt -1 1650, -3685. 2573, 811 ,

RET INCOME 23622, 9675 . 554. -233 .

FUEL ECONOMY WITHOUT
MIX SHIFTS 24.92 24 .59 24,94 22.84
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Conpany G

INCOME STATEMENT P' n R year
SAIFS KtVMIE
VARIABLE COSTS
FIXED COSTS

S E ! -• *• A I.) M « 5 R , 3

RES NnE V 8 17.7
MAIN, PEP, 6 REA. 163 be 5
RETIREMENT 4^7,0
NON-INCOMF tax 84 S .0
DEPRECIATION 55 3.1
AMORTISATION 93 r ,5

OPERA r INC, profit
INTEREST earned
PRE-TAX INCOME
Income TAX
net INCOME

1 9 8 5

79893,3
1 67/9 ,?

5914,1
7770.0
800 ,

0

8070.0
1781 .4

4758,6

SOURCES
NET INCOME
DEPP EC I AT I ON
AMORTISATION

TOT A I

CASH FLOW

4 25 8 ,6

551,1
9)8,5

5718,7

STATEMENT Fnp YFAE
USES

CAP l N V

DIVIDEND
DEPT RED

TOTAL

1985

1 39 3.7

821.1
3533.5
6748.2

LAND kBLDG
M/C fa, F. Q P T

TOOLING
other assets
CREDITS

TOTAL

BALANCE SHEET FOR V R A R iqRS
2679,6 F 0 1

1 I T Y 393.8
4856.1 RETAINED iNfO^ 77069.
9 38.5

3 196 .0

15183,6
?7453. i total 07453.3
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Company F

income statement FOR YEAp
SALES PEVNlie
VARIABLE COSTS
FIXED COSTS

SEX & ADM
RES fcOEV
MAIN, PEP, & PEA,
RETIREMENT
NON-INCOME TAX
DEPRECIATION
AMORTISATION

OPERATING PPfiETT
INTEREST earned
PRE-TAX INCOME
INCOME’ TAX
NET INCOME

474.2
36 4.6
360 , 4

155.3
247.7
198.0
i 9 1 .9

I 985
11945.5
7758,7

2192.1
1994,7
241 ,9

2236 .6

1019,9
1216.7

CASH FLOW STATEMENT FOP YEAR 19R5
SOURCES

NET INCOME
depreciation
AMORTISATION

TOTAL

1216,7
198,0
39 1.9

1806,6

USES
CAP INV
DIVIDEND
DEPT RED

TOTAL

583.8
1 35.8

1087.1
1 806.6

LAND fcBLDG
M/C N EUPT
TOOLING
OTHER ASSETS
CREDITS

TOTAL

BALANCE SHEET fop year 1985
1097,2 EQUITY
2300,0 retained income
784,9
1923.6
4772.4
10878.0 TOTAL

121,8
10756.2

10878.0



Gornpany C

I M C 0 M E vS T A T E M E to T F 0 R Y r A R

SALES BEVNUF,

VARIABLE COSTS
FIXED COSTS

SE! & ADM 2 41.0
RES NDFV 149.3
MAIL. HEP, n rfa. 240.

0

RETIREMENT 110.1
NON*InCOmP' tax 1 1 1 . H

DFPREC I at TOM 99.0

amort I SATTON 231.1

ini E REST 22 3.6

PKF-TAX INCU M K

INCOME TAX
AFTER-TAX INCOME

1 9 H 5

7 1 rj ft ,
1

5 ft 7 S .9

1 4 0ft .0
H4 .2

53.1
SI .1

CASH F LUw

SOURCES
NET INCOME S 1 . 1

DEPRECIATION q 9 .n

AMORTISATION 231.1

TOT A I 3 HI, 2

S I A T F. M F N T FOR YEAR iqp 5

USES
CAT 1NV 294.4
DIVIDEND II. 7

DEBT RED 75.1

TOTAL 3R 1 . 2

BALANCE SHEET FOR YEAR 19RS

LAND &BLDG h4 1 * ?

M/C NEUPT 949.9

TOOLING 462.9

OTHER ASSF TS 1 27 1 ,
7

TOTAL 3325,2

FOUJTY 2 H, a

D F B T 2 4 9 7.7

RETAINED INCOME 5 9 3 . A

TOTAL 4425.2
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Company A

INCOME STATEMENT for tear 1985
SALES RE VN"E 871 .5
VARIABLE COSTS 659,0
FIXED COSTS

SEL k ADM 93.2
PES fcDEV 24.1
MAIN, REP, b. REA. 21 .0
retirement 16.5
NON. INCOME TAX 17.3
DEPPECI ATTOM 18.8
AMORTISATION 39.8
interest 67.8

298.4
pre-tax income -85.9
INCOME TAX -25,8
after-tax income -60,1

CASH FLOW STATEMENT FOP YEAR 1QP5
SOURCES USES

DEPRECIATION 18.8 MET LOSS bO.J
amort ISA l ION 19,8 CAP 1 N V 58.2
DEBT INC 6 4.4 DIVIDEND *,7

total, 123,0 TOTAL 12 3.0

BALANCE SHEET FOR year I9R5
LAND *BLDG 8 5 ,0 EOI.IT TY 39.2
M/c fcFQPT 215.4 DEBT 875.2
TOOLING 119.3
OTHER ASSFTS 197.1
RETAINED LOSSES 297 .

b

total 914,4 TOTAL 914.4
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SUMMARY S T A T E M E N T FOR YEAR 199s
large m 1 D-ST ZR Co * P a C T SUhfOHPAC

T

MI X PRODUCE D o
. 1 1 4 '> .703 o . 2 5 ? 0 , 4 n 2

MI X D F S I R t 1
'

() , 3 5 o 0 ,758 0,224 0.1*3
NKw PRICE 95*9. 7 18 4. 4 9 4 7. 3 5*9 .

Co. G Co. F CO. C Co. A

SALE (MILLIONS) S .9 19 2,710 1,517 0 .74*
BREAKEVEN (Mf?,) 2,582 1 ,419 1 .5 25 0,348

revenue 70893, 11945, 7 1 bb • P 7 1 ,

NET INCOME 4259 , 171/. 5 1 • •O'),

CAP INV (TO!) 13 9 4, 58 4 , 294 • 54 .

CAP INV (AKES) Si) 1 , 3 79 . 1 h 3 t
2-7

.

NET CASH FLOW 3b 3 4 , 10 8 7 , 75 • -54 ,

DEBT -1 S 1 44 , -177? , 7 4 op •
a 75 ,

PET INCOME 27<>M» . 1 <)7 55 ,
5 04 t -798 ,

FUEL F.CONnMX WITHOUT
Mix SHIFTS 75,15 75,11 7b, li 7 \ . 1 9
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APPENDIX B

Protocols for the Computer Program

To facilitate usage, the computer program has been written such that it can accept

some data interactively, i.e., by the user inputing the data at the computer terminal

rather than through a data file. When the program is run, the computer asks the user to

specify some data. With reference to Protocol 1, the first four requests for data are

self-explanatory. "Number of technological options" means measures such as improved

lubricants, accessories, etc., but not downsizing and material substitution. In this

context, there are six such options? automatic transmission, manual transmission,

lubricants, accessories, aerodynamic drag and rolling resistance. Next, the computer

asks whether the user requires deterministic analysis, as opposed to probabilistic

analysis. If deterministic analysis is required the response is "Yes." The next three

questions are self-explanatory.

If the user requires probabilistic analysis, he should respond "No" to the question

"Require Deterministic Analysis?" In that case, the computer continues requesting data

as in Protocol 2. The number of runs in the simulation is the number of separate trials

in the Monte Carlo simulation. It was found that 50 trials are adequate. The odd

integer number is to initially start off the random number generator. Next, the

computer needs to know the distribution of the various fuel economy related variables.

If the user responds "Yes," the computer assumes that the data is distributed according

to a truncated normal distribution. If the user responds "No," the computer assumes

that the distribution is uniform. Finally, there is a computer data file which contains

the parameters of the distributions of the various variables as subjectively assessed by

an industry expert. If the user responds "No" to the question "What to change data?"

the computer will use the parameters from the available file. However, the user can

change the parameters by responding "Yes" to the above question.
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Protocol 1

RUN AFES

SPEC I FV OUTPUT DEVICE (5 FOR TTV,
3 FOR LPT) : 3

SPECIFV THE FIRST VERR OF RNALVSIS : 77

SPECIFV THE LAST VEAR OF RNfiLVSIS: 85

SPECIFV SALES IN UNITS FOR GM, FORD, CHRVSLER, AHC
IN THAT ORDER FOR VEAR 1976 : 4. 883E6, 2 228E6, 1 33E6, 0 284E6

SPECIFV THE TOTAL NUMBER OF TECHNOLOGICAL OPTIONS USED : 6

REQUIRE DETERMINISTIC ANALVSIS? VES

FINANCIAL STATEMENTS FOR NHICH FIRMS: ALL

FINANCIAL STATEMENTS FOR NHICH VEARS: 77, 85

SUMMARV STATEMENTS FOR NHICH VEARS: ALL

EXIT
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Protocol 2

RUN RFES

SPECIFY OUTPUT DEVICE <5 FOR TTY,
2 FOR LPT) : 2

SPECIFY THE FIRST YEAR 0F ANALYSIS : 77

SPECIFY THE LAST YEAR OF ANALYSIS: 85
i

SPECIFV SALES IN UNITS FOR 6M, FORD, CHRYSLER, AMC
IN THAT ORDER FOR YEAR 1976 : 4. 882E6, 2. 228E6, £. 22E6, 0. 204E6

SPECIFV THE TOTAL NUMBER OF TECHNOLOGICAL OPTIONS USED : €
\

REQUIRE DETERMINISTIC ANALYSIS? NO
|

NUMBER OF RUNS IN THE SIMULATION : 56

SUPPLV ANY ODD INTEGER NUMBER : 579221

FUEL ECONOMY GAINS FROM TECHNOLOGICAL OPTIONS
DISTRIBUTED NORMALLY ? YES

WANT TO CHANGE DATA? NO

ADDITIONAL MANUFACTURING COSTS &UE TO TECHNOLOGICAL
OPTIONS DISTRIBUTED NORMALLY ? YES

WANT TO CHANGE DATA? NO

CAPITAL COSTS FOR TECHNOLOGICAL OPTIONS
DISTRIBUTED NORMALLY ? YES
.

WANT TO CHANGE DATA? NO

CAPITAL COSTS FOR D0NNSIZIN6 DISTRIBUTED NORMALLY? YES

MANT TO CHANGE DATA? NO

CAPITAL COSTS FOR MATERIAL SUBSTITUTION DISTRIBUTED NORMALLY? YES

WANT TO CHANGE DATA? NO
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APPENDIX C

Computer Data Files

The computer program for running the model requires six data files. The files are:

Name of Data File Modules to which the file supplies data

MARKT.DAT Market

FUELE.DAT Fuel Economy

COSTS.DAT Capital Costs, and Variable Manufacturing
Costs

PRICE.DAT Price

FINAN.DAT Finance, and Proforma Generator

RANDM.DAT Used only in the Probabilistic Case
(contains the parameters of the

probability distributions)

The data files in the format required by the computer program are given in this \ppendix.
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iM&RKT.EAT

0 . 0 , 8 . 0 , 0 . 2 , 0 . 8
8. 5648, 0. 2577, 0. 1538, 0. 02359
76, 10. 2E6, 0. 2
77, 11. 3E6, 0. 2
78, 11. 6E6, 0. 194
79, 11. 5E6, 0. 188
80, 11. 7E6, 0. 182
81, 12. 7E6, 0. 176
82, 12. 5E6, 0. 170
83, 12. 2E6, 0. 164
84, 12. 3E6, 0. 158
85, 12. 4E6, 0. 152
86, 12. 2E6, 0. 150
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FUELE.DAT

4 8 0.. 19. 0, 21. 0.. 25. 0
16. 5- 17. 0 .• 20. 0.' 24 0
4 5 5, 16. 0, 18 0, 31. 0,

0 . 0 , 16 0 ,. 19 0 .. 23 . 0
0. 2742, 0. 4106, 0. 182, 0. 1332
0. 2372, 0. 2382, 0. 224, 0. 3006
0. 1338, 0. 2474, 0. 361, 0. 2578
0. 0, 0. 1.478, 0. 6655, 0 1867
77, 78, 79, 80
79, 80, 78, 79
79, 78, 81,

0

0, 78, 80, 79
4158 . 0, :45 0 .» cl

'83-

;
jlj 0, d ' d:29 . 0

3837 . 0, 35 25 0 1 g 5' 9 . 0, 21 92 0
3911 . 0, 3547 0

•“

:95>6 0, d d '. 00 0
4000 . 0, 34 39 0 v 86 4 0, 2000 0
82 , 86 4 , 86
84 , 85i, 8 7** 84
86, 83 , 8 6, o “•

0 , 84 , 85 o f,

3645 . 0, 311 . 8 . 0 . c!62 9 0, 2123 0
3556 . 0, — cl. 80 0. • d. 67 0, 20 7 <' 0,

3661 . 0, S cL 86. 0 95 6. 0 2050 0

4 000 . 0, -• d. 39 0 54 .9 0, 2000 0

4 4 . 58 . 0, 407 S. 0,, 3
'

3-9 5 . 0 • 25W r* 0

4 675 . 0, 4217 0, I-;! < 4 0, 2508 0
4564 . 0, 4184 . 0, 55 6. 0, u-*‘ Cl. 00 0

4 000 . 0, 41 07 . 0, 1. 0, 2370 0

0. 10, 0 05 , 0. 0 2

,

0 02 , 0 0 4 , 0 0

77 , 17 0 , 0 0, 0 0

0 0, 0 0 , 0 0, 0 0 , 0 0 , 0 0

0 . 0 , 0 0 , 0 0, 0 0 , 0 0 , 0 0

0. 0, 0 0 , 0 . 0, 0 0 , 0 0 , 0 0

0 0 , 0 0 , 0 0, 0. 0 , 0 0 , 0 . 0

78 , 1.8 0 , 0 . 0, 0 0
0. 0, 0 0 , 0 0, 0 0 , 0 0 , 0 0

0. 0, 0 0 , 0. 0, 0. 0 . 0 0 . 0 0

0. 0, 0 0 , 0 0, 0. 0,, 0 0 , 0 0
0 0, 0 0., 0 0, 0. 0., 0 0 , 0 0

79 , 19 0 . 0 0 . 0 0
0. 0, 0 0 0. 0, 0. 0.• 0. 0 , 0 0

0. 0, 0 0 0. 0, 0 0 0 0 0. 0

0. 0, 0. 0.,, 0. 0, 0. 0 . 0 0 • 0 0

0. 0, 0. 0,, 0. 0, 0. 0, 0. 0 . 0 0

80 , 20. 0, 0. 0, 0 0 '

0. 0, 0. 0, 0 0, 0 0. , 0. 0 0 0

0. FJ, 0. 0, 0 0, 0 0,, 0. 0 • 0. 0

0. 0, 0. 0, 0. 0, 0 0, 0 0 . 0 0

0 . 0 • 0

.

0, 0 0, 0. 0, 0. 0 . 0 0

84. Cl. d . 0, 0 0, 0 01
0. 2, 0. 07, 0 2.0 2 , 0 6;, ei 2
0. 25, 0 05, 0 2, 0 2, 0 6 • 0 2
0. 0, 0 0, 0 2, 0. 0. 0 3 • 0
0. 0, 0. 0, 0 2, 0. 0 0 2> 0
C

I

:, 24. 0. 0 0. 0 01
0. 4, 0 07, 0 4.0 4 • 0 7 , 0 4
0. 4, 0 10,0 4 . 0 4 , 0 7 • 0 4

0 1, 0. 05, 0 4.0 2 , 0 6 , 0 4

0. 0, 0 0,0 4.0 0. 0 4 . 0 4
83 , 26. 0 • 0 0, 0 0:1

0. 65. 0 07, 0 6 0 . 0 60

.

0 8- 0
0. 5, 0 15, 0 6, 0 6 • 0 8 0 F.

0. 15, 0 1 5 0 6 • 0 4
? 0 6

0. 0. 0 05, 0 6, 0 2 • O 6 . 0 6
84 f d. t . 0.0 0.0 01
0. 9, 0 07, 0 8 0 8 • 0 8 • 0 §
0. 75, 0 15, 0 8 0 !8- O 8, 0 8
0. 7, 0 15, 0. 8, 0 6 . O 8 0 8
0. 35, 0 . 10, 0 8, 0 -^ .< 7 > i0 7
85 1 1 » 5. 0 0. 0 01
0. 93, 0 07, 1 00. 1 0 - 0 9 • 0 8
0 85 , 0 15 1 0-1 0,0 8-0 8

0 85,

0

15,

1

0 8
0 4.0 1

“
• 1 0,0 6,0

107



COSTS .DAT

j 000 . 0 , 50 0 .. 500 . 0 . 25 . 0 • 0 0 .- 25 . 0 -> 0 . 0 > 0 . 0
0

. 5093 ,. 0
. 715 .. 0 8305 . 0 . 858

1175 . 0 . 775 . 0 . 1050 . 0 .. 713 . 0
45 . 0 ' 25 . 0 .. 5 . 0 . 10 . 0 .. 10 . 0 .. 35 0
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PRICE . DAT

5.488. 0, 6534 . 0 , 5316. 0, 4686. 0, 4030 0
76, 0 24676, 0 30895, 0 21065, 0 . 23673
??, 0. 30539, 0. 2! 8 2!8 4 0 20803, 0 22853:
7 8 , 0 343289 r* .• 0 2742 , 0 19896 , 0 2247
79 , 0. 3389,

0

cl*.52441, 0. 2096 6, 0 . 2! 2‘ 9 4.

80, 0. 33308

,

0. 25363, 0 21899, 0 21288
8 1 , 8. 33696 0 2583,

0

2! 297, 0. 1 9 6 0 5
82. 0. 3 4 0 6 9

,

0 256798 , 0 2271, 0 19848
83.. 0. 34727, 0 25815, 0. 2274

0

1916
84, 0. 35397, 0 2596,

0

. t~ 2 6 7 .

0

1. 857
8 8

, 0. 35945, 0. 2! 5 7 7 7

,

0. 22388, 0 1828
8f, , 0 3 5 2 7 3 6 , 0 . 26:1.47 7 • 0 2235 0 1876
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FINAN.DA.T

1. 639 E9, 869 0E6, 517. 4E6, 43. 656E6
2. 146E9, 1143. 8E6, 387. 3E6, 80. 109E6
391. 2E6, 451. 2E6, 302. 4E6, 20 994E6
3. 796E9, 1923. 6E6, 1271. 2E6, 197. 119E6
0. 3938E9, 121 76E6, 233. 76E6, 39 18E6
0. 5512E9, 726. 97E6, 650 48E6, 91. 288E6
?. 027E9, 3. 5388E9, 1514. 06E6, 211. 39E6
154. 7E6, 31. 36E6, 19. 275E6, 4. 313E6
278. 0E6, 87. 37E6, 39. 38E6, 10. 71E6
460. 0E6, 136. 0E6, 72. 27E6, 16. 06E6
0. 04, 0. 03, 0. 03, 0. 03
0. 0833, 0. 0666, 0. 0769, 0. 07
0. 5, 0. 333, 0. 333, 0. 25
0. 078, 0. 078, 0. 078, 0. 078
0. 469, 0. 456, 0. 393, 0. 3
2 085, 1. 115, 0. 05, 0 12
760. 0 E 6 , 358. 8E6, 225. 75E6, 96. 75E6
707. 0E6, 414. 69E6, 145. 2E6, 24. 3E6
1510. 0E6, 326. 37E6, 235. 5E6, 26. 4E6
497. 0 E 6 , 155. 25E6, 110. 25E6, 16. 5E6
645. 0E6, 247 71E6, 111. 75E6, 17. 3E6

'

0. 0, 0. 3, 0. 4, 0. 56, 0 67
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RANDM.DAT

fi. 83 751 i 0 . 1 , 0 . 03 0 . 1 d. d.

fi. 03751 fi 051

.• 0 010 62 5 , 0 0 62 5
fi 0 ,. 0 0 •”«

^ 0 0 0 6 , 0 0 c
._i

£i 0 0 75 0 . 02 .. 0 0 0625 .. 0 0 325
fi. 0 067 0 04 .. 0 0 1 .67 .. 0 0 45
fi. 01 s .» 0 0 J*. .» 0 00 & 5 . 0 04 7*

35 . 0 , 4 5 0 , 1 d 0 ., 7 0 . 0

1 9 4 d.
cr 0 . ’d

“•
0 .

ft

4. 45 cr
.* -J 0 ,. 0 .

. 5. 5 Cj

f 5, 1.0 0 ,

cr
•J

.

cr
.j 21 0

r
e
_l .» 10 0, 5. 5 .. 2:1 0

? € . d 5, Tf 5. 0.. 1 9 4 .. 74 0

75 0. 0, 1 . 0 0 0 0 55 0 0 .. d10 0 0

l' 5 , 5 0 0 .• d f’

cr
1 . 05 0

I*‘

lT
0,

c*
. i 00 0 . cl.

“7 C
r 0 • 1 050 0

:1 8 \

cr
. i i

•“»

5. 0, 1 ( 5 .. 5 "I cr
,_i

0
. 0.. 0 0 , 0 0 . 0 0

:1 8 . r 5.. d. 5. 0, 1.
T;* Cj

.. fi 'd 5

fi. 0 ., Cl 0 , 0 0 0 0
fi. 0, 0

.

0 , 0 0 0 0
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APPENDIX D

Computer Program
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c
c

c

1500

751

750

3000

752

500
C

601

1501
C

550
C

590

AO 11-' INDUSTRY hISK mi (MS
FRF M m 1 nar i i A a i i.il rflt'Kt T f. i |il!|,fc

' 1 (• s I /! ( » ) ,u'i,VipF ( 4 ) , «,AL K( 4 ) , PRhSAl,( 4 ) , APM- SA ( 4 )

b I M fjSiH") 1 PR ( l p ) , JpRt 4 ) , 1 SUN < l 0 ) , ArrA Y ( l 00 ,

b I M’ NS 1 U'-i S r Ht V I ( I’M# 4 ) , I Uf T U A V ( <4 ) , FM E LM J ( | (j ) , K 1 1 K I.
4 A C I tj 1 ,

9AC-! 1 1^1 i Ui ) r AC^-r » 1 ( it.. ) ,CCM Uj J ( 1 0) ,C C MA A.L ( Uj) #I«0 -»mn ( 1 ) ,

9b!inpKV ( j 1 , Sfnfrh i , ) ,Si!h|>h V(
, ) ,

[)L)Wmi N( ] ) , OUwmAX( 1 ) ,

9SULM |M 1 ) , .Sbfi rl A A f 1 )

I
• A f A IwPlIf

IM R A !'••• S 1

iM M K Is ) u

'« F bl.L = 2 1

VPK J CKs<? 3

u F I > = 7 4

C A I t P R F b A I ( I,* i r , l Fp , JPF , I 3 1 1 .V

9,NoTAM, O M
,
PRF’SrtL, lOP T, ll.)M )

I’O l5 n 0 0=1,4
X P R t S A U I ) =P'-> SA L ( .1)

') I F'F A- SI ON FG-if. A •«'(
| 0), F (il)F V ( \ b ) . iiCOMw < | O ) , ACODF V ( | <j ) ,

9 C C o m m i‘j) , croon m ( u./

1

IF ( LbF ] - l ) / y' , /b | , 7 r,,,

b
| l *fc,= l

GO ru 75?
CM L FFILO (nrA 0, * FA Ml) I-

, PA I * )

HP Ab ( NRAb , 300b I ( F "t I ,t~. r ( I ) , F G"iEAfi (L) , FGHEV ( L) ,

9F J F„
L

*’ A ( L l ,
I s | ,

'“(.ip l ) , ( A

C

f i I F I ( lj ) , AC"

(

l, ) , ACODEV ( L ) ,

9 AC'AgU ( L ) , I -1 , pijft J , OO.vHiM ,
I'UwbN

, OnwPF, V , DO*M AX ,

9

S

1 1

n

M I 9 , 6 HU "K
(•;

,
j>

b

0 0 P v , S Urn 1 A A

9, f CC*' 1 N l ( I, l , CCOMw I i,

)

, C C b 0 F v fl ) ,CC *AX I ( G) , IJ= 1 , NOP r )

F (IH^AT r 4F' )

CALL PRF1 IF ( M'J Uip, l X , F GF F Ah, F Gl'fcV ,1)FSUMN, Dfc S* 0V,
9 A COM N , ACHO’V /CC'IMN,CC'JOF. V , J F M , l D N , T A C 1 • N

, I C C 0 f 1

#

90"* # l>0 vP ! N
,

I UwA A X
,
SUHb IN

,
SUtiWA A , DOF»Ot >/ , 100» N ,

9 c, !J H M M , SUMOKV , 1 S"tf N , F Ufct.A I , FUFLMA, ACM 1 H 1 , ACMAX 1 ,

9CC b 1 N I » C C ' A x r ,
.'i()P7 )

on lo mt»i #»-7 if-:k

CALL. IF ILF' (NMK I ,
# M A F 1 K T , L> A T #

)

p f

a

u (Nmf r,soj)F,siZF:,i) xyhpF;

F I’FMA r ( 4F /4F
)

P Hfe L I
m 1 9 a P K PARI "F’ F'UFjL F.CONO"¥ MJnilLE

b I PiFJNSlOL CEllFl l 4 , 4) ,i' Tlb*T( 1, 4 ) , AlfVI( 4 , 4 ) , NTIPMt ( 4 , 4 )

9, 1.

1

MTL( 4 ,

4

) , wF 1 GHTL 4 , 4 ) , F Oe LGA ( 1 0 ) , TECFlOP ( 1 0 ,

4

)

9,CRMTX( 4, 4 ) , XOF’bJXU, 4 ) , t*Fl)EL( 4 ) ,PRF TECM 0, 4 ) # XCP^IX( 4 , 4 )

Call ifilf ( aflp::l, 'fhf:lf.,lat' )

READ ( wFHF;L,601 ) C F UF L , C Pi” I X , Ml Mi4T
, w T DM , NT I M T ,

9*1 M TL# TGH1 ,
(KUfc LGA ( WON' ) # NUM*1 , NOPT)

F OHMAT(H ( 4F / ) , 4 ( 4 I / ) , 4( 4F / ) , 4 ( 41/ ) , 8 ( *}F / ) , 15F )

Ufi I 501 Jsl , 4

UP 150 1 Fa 1,4
XCPMIXCF I ) sC pM I X l K # il

)

preliminary pari up thf capital custs mopulf
L 1 MENS 1 LIN CCCLS f ( 1 ) ) ,CAPFF l 4 )

CALL IF ILF. (NCOS I# 'COSTS, HAT* )

RR AO (NCOST,55rt) CCOOOw #CCOMTL , (CCUST l NUm ) , N(r'« 1 , M'PT)

FORMAT ( 1 5 F )

PRELIMJNAPV PART OF IMF, M A UpF ACTOR 1 Nfi C"STS HOUULE
DIMENSION ACOSTll i)l » XMC0S1 (4 1 #*LC08T( 4)#TVABC0(*)
RE AD ( N C U S T , 5 9 0 ) XMCOST , X l .COST r ( ACOSK^lIM » , NU M « 1 , NOPT )

FORMAT (4F/4F/15F)
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c

700
c

710
C

3001
720

753

75b

755
757
760

759
761
763

762
758
764
771

770
111
77 4

773
C
C
754

8

790

25
504

PRELIMINARY PART OK THE PRICK MODULE
DIMENSION XMKTMX(*),CURPRC(4)#ACTMIX(4)» ACTPRC(4),
90LDCPM(4) , ACTCPM(4)
call if ilk (lprice, 'price, datm
READ fN§>PfCE ? 700) AVPKC,CURPRC
FORMAT (5F)
preliminary part of the exnancial module
DIMENSION bVLNB(4)»DVMNE(4),BVTOULC4)#EQUlTY(4)»DEBT(4)f
9ANNLNBL 4) , ANNMNEI4) , AN NTOL ( 4 ) , DEpLNB ( 4 ) , AMOPER ( 4 ) , RETPRO ( 4 )

,

9ntPMNfc (4nRATlNl(4) ,TAXRAT(4 ) jDIVDND(4) ,0THCAP(4)
9,SlM0EB( 100,4),SIMRFTZ( tOP,4) ,SIMPRQ( 100,4)
Call ie ilk (nfin, 'fjnan.datm
RK AD (NK I n,7 I U)MVLimu,bvmnk,BVTOOL»OTHCAP, EQUITY, DEBT, RETPRO,
9ANNLNB, A fiNMME, AN NTOL, UKPLNB,DEPMNE, AMOPER, RATI NT,
91 AXRAl ,DIV«>no
FORMAT (lot 1E/),5(4F/),4F)
PRlLlMJNAWr PART OF THE PROFORMA GENERATOR
dimension s ja

(

4 ) , rndi 4 ) , xmrr( 4) ,RET(4 ) ,othtax( 4 )

read ( N F 1 N , 7 2 0 ) SNA,RND,XMRR,RET,OTHTAX
t-ORMAT (5(4K/))
IF ( IDfcT-1 ) 753,754,753
Oil 758 N U M s 1 , N 0 P f

IF ( I K N ® 1 >755,756,755
Call gauss ( i x

,

fqdfv ( numj , fgmean (num> , fuelmi (Num>
9, h UKLMA ( NID«) , FUELGA( NUM) )

GO lu 757
Call iimn ( ix,fuelma(Num),fuelmI(Num),fuelga(nijm))
ip ( 1 ACMN-l >759,760,759
CALL GAUSS f l x, ACODEV( NUM) , ACOMN(NUM)
9, ACMTL I ( -OM) # AC MAX I ( NUM) , ACUST(NUM) )

G n I o 7 6 1

C AIL UN IF n
( I X , ACUXT. ( NIJM) , ACMIlvI (NUM) , ACOST( NUM) )

II ( ICCON-i >762, 7 o3,7b?
CALL GA"SS (IX, CC O D E V ( N UM ) , CCOMN ( NUM ) , CCM IN I ( NUM ) ,

9 c C M 6 A J ( NUM > ,CCOS I ( 'MIIM ) )

Go TO I S H

CALL 1.1 N If O (I X ,CC* AA 1 ( mIJM ) ,CC-MIN [ ( NUM) , CCOST I N JM ) )

CON 1 1 NUF
U ( I DU* tv - | >770,77 1,770
C A I L GAUSS ( I X ,

l>t)*DE V
,

i>r> aiH N , »0 w M I N , DOwM A X , CCODOW )

(in To Hi
CALL I'Mhl ( 1 a , OOaMA x , DOwM) N,CCOi>OW)
j f. ( IS'IBM- t ) 77 3,77 4,773
Cal(. gauss < i x, suboev , surmn , subm j. n,submax,ccomtl>
GO TO 754
Call umfo i iy, submax, suhmin,ccomtl)
CONlKOLLMG PaRI of the PROGRAM
im i i al i sai me
DO n Jr I,

4

Dn H
| T ls 1 , unpl

PRK 1 EC t L 10, j)-o
u 0 7 9 0 J = 1 , 1

ppf S A 1(1 )

r

a OP FS A ( J )

DO 7 9 0 Ml
,
A

CPM1 X ( E , J »s<CPM J X ( K , ,1 )

DO 1() N V EARshsTAR'I , ’IF ‘U>

CALI OAP'P K i (
i'j p k T , L w R t ,

Pi VEAR,K SaLE , SALE »

D

M SH RE , #25 , TSALE

)

GO 10 5

* R I T E ( N N r r , 6 0 4 ) ! i i F A R

FORMAT ( ' DATA Fur year 19»,J2, # Is NOT AVAILABLE')
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GO TO 2000
5 CM, l FUEL ( «?5,CFHFL,CPMX,NTlMwT,rtTDN,NTlMMT,WTMTL,

9*F.U;HT,KHF:LGA,teCH0p,.'«EUEL
i N*RT,rtYEAK,XNPMIX,N0PT,HYPUA /, XO J

I /. )

CM,L CAPOS ( l-^h 1 ,CAPFE, TEC HOP, SALE, PRETEC, PRES AL,CC05T ,

9xnPm TX,CC0')tu, L I l hut, k TIN MT,CC0MTl, f N YEAR, N0PT,CPM I X )

CM, l MARCOS ( rjwn
| , 0 ( EAR , h I IN* r, n T [Mmj, WEIGHT,

4r T i > |J , w I'm r|, , Xr-.'Pt*’ 1 < , SALE, ACCOST.# XLCOST ,

9mOP r, ACOST ,TEC mOP, I V Ah CO )

CALL PH I C E ( »i*s#"‘P«ICK, OYKAH,MwHT,FsaLE, FSt/F,
Oa^T-MT A , SM> ,CURPRC, AC fPRC, A VpEC, TSALE, ACTMIX, Amk T'M ,

on h jsi r 4

Cali finamc ( bv l *b,capfe, a n m l n » , b v m m p , annmne,
9 B V I OT’L, AON nil , OEM 1 , OEPLNH, LF pMNE f AMOPEH , RAT 1 NT
9, FOOT l If ,0.1 Vr>MI>, Dfc’.P, AMORT, ENTRSI ,DIV, J, NwRT)

b Call prof pa
( j,«wrt, xnpmix, ac rPRC,SNA,m v,sale,

9RnD, XMRR, hF T f
PIH I.AX/OLP, AMORT, ENT«ST, TV ARCO#TAXRAT,

9 C A P F E , A i i 0 LOB, AN OHOt:, AOnT0L,UEH T , N Y EAR, EQUITY, OTHC A

P

, RETPRO ,

9 B V L N H , b V 11 N H , B V TOOIj, l PR , J PR , 1 SUM , AC TM 1

X

, XMKTM

X

, NEND ,

9 I I)tT,vSlM0EH, si tiRET, SI^PRD, NT, HyPOAV, S I M H V P )

C RETAINING PREVIOUS I e a r o a t a

U 0 bo J S I ,

4

PRESAL ( J ) so A LE ( J I

no «1 K s l ,

T

81 C P <•-’ 1 X ( K
, , n ) s XN PM I X ( K , J )

on R 0 1 T 0 s
1 ,0 p p

T

80 PRETfcCC I m, 1 ) s TEC HOP ( lTl),J)

io continue
IE ( 1DET ®

\

) 1 900,2000,1 900
1900 nhITE ( N h R I , 1 9 0 i ) N F : N I)

1901 format uhi,t?o/ position AT EMI UF YEAR 19', 12///
9 110 #

'EE AC TILES */H y
, *0. 1 '-*,1 4 0, '0.25 #

, 150, *0.50*,
9 I hi), ' 0 , 7 5 ' , T 7 0 ,

' 0 , 9 (> ' / / )

L> r
i 2800 J = l , 4

GO TO ( 1902,190 3, 1904,1 905 )J

190? WRITE (9wRr,29C2)
290 ? FORMAT (T?, 'GENERAL TUTORS')

GO TO 1100

1903 write ( n to h T » 2 9 0 3 )

2903 FORMAT (T2,'F0RL'>
Go TO 1900

1904 write (NwR 1,2904 )

2904 format cm, 'Chrysler')
Gn ro 190h

1905 WRITE (NwRT,?905)
2905 FORMAT (12,'AMC')
190fe On 1907 NXsl,NTIME
1907 ARRAY ( NX )=S IMOEHt iMX,J )

CALL S1 m U 1,A (NTIME, ARRAY, FRA10,FKA25, FRA50,FRA7b , ,
;

WRITE ( N w W 1 , 1908) ERAlO,EHA25,FRA50,F'RA75,FRA90

1908 FORMAT ( 17, 'DEBT', T27,F8,0,T37#F 8,0, T47,F8,0,
915/,FO,0,T65,F8,0)
Of) 1909 MXa1,NTIME

1909 ARRAY(NX)sSfMRfcT(NX,J)
CALL SIMULA ( NT I ME , ARE A i , FR AH 0 , FR A25 , FRA5 0 , FR A75 , F R A 9 o

)

WRITE (NWRT,191o)FRA10,FRA25,FRA5o,FRA75,FRA90

1910 FORMAT (T7,'RET INCOME', T27,Fr,O,T37,F8.0,T47,LS.B,
9T57,F0,O,T65,F «.°)
On 191* N X * 1 , NT I ME

19H ARRAY (HX )«S1MPR0(NX, J)

CALL SIMULA (NTI mK,ARRAY,FRA10,FRA25,FRA50,FRA75,F9A9v
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"Ml F. (‘4ftRT« 191 2)F’MA1 0» FPA2S,fKAb0#FRA75#FPA90
|9i? FORMAT < 1 7 f *AF1-rAX PROF H #

, T 27 , Fr , U , T 37 , Fa , 0 , T 47 , Fd . 0 ,

9l57#FB.»>,T85 f F K'i)
on 19 V) ^ Xa t , M 1 Mb /

i 9 30 A MH A Y ( ‘M x ) ss r * H Y P l r-iX , vJ )

CAM- S e M 1 1 1 , A (N1I^.,ARKAY,FPA10»FNA25,F'PA5 0,FRA75,F'PA9 0)
I 'HnWT, 193* ) FHA PA2bfFHA50,FRA75#FRA90

193s FPW M AT 117,'FMFL fcC'INOM i * I THllUT VT7 ,
# *UX SHIFTS', T27,

9F H . 2 » n 7 , V « . 2 , 1 4

7

,

V

ft * ? , T5 7 , F p

.

2 , TbS , FH

,

2 / / /

)

28 UO CliNTlMlK
2000 S I OF

t !\i n
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103
109
106

107

108
1 1 0

1 1 1

112
113

114

115
117

116
118
119

120

121
1 22

123
125
124

126

127
153

1127

1136
139
150

129
130

128

S’iM Wi.ll'T 1 )F
( Vm-MT, I PR,,)PM, J SUM,

9 6 S 1 A 9 * , ' rr -t r*
, p n t< s A

I , i" ) i
•

| # 1

1

. t f )

0 I
*' ' N s I M ' U l> K s A I ( 1 ) , ) ( 8 ( 1 ) , |

P u ( 1 0 1 , T s 1
1 * ( 1 'I 1

p f

>

m

a

r (•
1 •

!
c f s t. r» f; c 'i PKSpi , f"S‘/# t

* F M F f 5 ,

1

o +, )

{ n p ; a t {• s p ( C l f i 0 1

1

1 P 1

1

r device cs Fn>- in,*/
9* 4 p rjw (,&?) » *, u , $ >

CALL ans^Ex f o , 1 1\ ,
m ,.v tr( )

U ( 1 A • i ) 1 97 , 1 ,H , I o

7

dwITF iH.lon
GO Id t>) 9

M)1U (5,119)
P 0 R "• A T (

* SPf-.Ci* i Ti'K HYPS » Y + A w ijF a > A f , V

|

,«j j
# ,SX,S)

CAM Aw S tv Ox f / , I A
, N S T A 8 I 1

If. (1^-41111,11^111
dl H ( * , 1 <M )

Gn in I'ik

-pm e: isim
FOMMRT f* SPFCM’t '(>*K lost V F A 9 Of- A 0 T L Y S I S :

* , 5 X , S 1

CM L AMpivKX < l M A , rjr ' 1

1

)

IF ( f A - 4 ) t 1 t

,

1

1

b ,1 | I

wp) iRr5,Kid
GO To 112
1 F ( MS I a P r - J U , 1

0

) M h r M 7 , n 7

N£7 A P.T*A'STR '>1 » 1 OOO
Wf. 9U»MKNO» 1 <JO I"!

fJ 1 3 0 ST AIT -1+1 900
wp r i f fcs ,i j <n r

'

t

FORMAT (* S 1, IC1>> SALE'S I
1 MMI'S FOp i.M , Fnpo,

9 CpYStKP, A"C */* ft r'lAT '»M)KP F.tp YEAR j*,tX,S)
CAM Af'SwF.y f 7 , 1 A

,
HO); a )

IF ( T A - 4 ) 1 7 o , 1 2 t ,1 ?
'J

WHITE ( 5 , 1 o 3 )

gli ro i • 8

IF (Nnitx.l) 172,12.3,12?
rtpl ii: (5,107)
Gn id 1

1

h

Cam. i n i >

l

r s ( i,

i

.oi h , i a, nonx , ppfsai )

w H M>: ( 5 , 1 ? 4 )

y 0 H M A T ( * s°FCTPV THF TOTAL Mii’M'h OF T I ,C H Adi 0G I C A L

9 opt runs MSFr. i',s*,s)
Call, answfx (2,

1

a, nop n
JF ( J A -4 ) 1 26,177, 1 2 *

W H I T F (5,103)
GO m 1 2*5

WRl IF (5, 15 3)

F 0 R M A T (
0 RFUIIfRb OF I FR ’ 1 M 1 5 T I C A N A I.Y S I S? #

, ) X , $ )

CALL AKSHFX ( 0, J0FT,M)»X)
1 F ( 1DFT-1 * 1 40, 1 I 2 7 , ! m
DO 1 1 )b l al , 1 o

1S" M (L)»F.

J pH (L)«0
mpnEf5» 150)
F O H M A T (

* FINANCIAL STATEMENTS FOP <IHTCH F t Rms |
'

, 3 X , $ )

CALL ANSwFX (7,IA,onp<)
IF ( N n H x ) t?H,l29,t',

«

00 1 30 !» 1 , 1

JPR(1.)«1
GO TO 131

IF (NORX-4) 137,139,137
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.
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137 M« Mk
U. in i *»'

139 Cam ii or rp t r , i a , ' ni x #lino
131 "inf ( s , r s n
151 nil'll (* rp.oCiAi rs kuk wren w ahs : •

,

3 X , $ l

Cam ams* v\ ( /
, i a. "H / )

H ( 1 f •!* X ) tiy.iji. » 1 ?

133 in (t

Gn m lit
1 3? CAM t *•• j > i r 5 r 1 1 • # 7 «

.

,1 A, M/I-X , JAM)

134 * r n » is, is'm
15? r-

1
!>-• a r (

•

5 1
* f n a *• * S' A 'I'M 1 ‘j »• I'fv ", M t r’l

Cam a \s, a. k < 7 , i >\, I ' 1 * )

1 A ( m n 1 • X > i rs
,

i 3r>

,

1
<*.

1 3fe I 5" ’ f ! 1 sv >

CO III 1 4 ii

1 35 CAI l INl'l IS f 1 ( ,7 •
, VO, I A ,

' ii| > , ) S'l ’ )

1 4 0 M 1 III,

A
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78 0

781

78?

785

788

10

1 1

SllMl-nm TNF PP.ET w F (NtIMR, FX,KGMEArJ,FGOKV f DESYMN,oESYOV,
9 A COMM, AC00'r V,CC flMN,CC00FV # IF N, TON, I A COM, ICCON , DO-IMN

,

9rnf,MTN # nnwMAx,S'-'HM Irl, SlJMMAX,On w nEV, ion SN, SIJbMN, RUBDEV,
y 1 SUH»), EUFI.V

1 # F(tFtMA, ACM1 1^7 # ACMAXI r #CC V AX l # NOPT)
0 T MFNSinM EGf- FAN (

1 ')
) , FGOEV f i 0 ) , ACTMN ( U> ) , ACOOFV ( 10 ) ,

9CC0MN (
I «•

) .CCOUEV ( 1 0 ) , Klip; l, P I ( 10) ,FHp:i,MA ( 1 ()) , AC M INI ( 10) ,

9 AC* AX r f 1 0) ,CC fri I i '1 1 f 1 O) #CC0AX1 ( in),DnwM"H 1 ) , DO*BEV( 1 ) ,

95UhMN( 1 ) ,S"HP,F:V ( I ) , now:! 1 lif
, ) # rntWMA < ( 1 ) , S1JHM TNf l 1 ,

9?UBM A X ( I )

w p J 7 K (5,789)
FPP*AT (* NIIMBFP OF mU aIS 1M the SIMULATION t ' * 7 X , 8 )

C A 1 1 1-1 AHSWPU (?, lA,MTF*ifc)
^ P 1 TP (5,781)
FnpMAT (' SWppi.Y AM i ODD INTEGER MJmrEH l',)X,S)
Cam anSv'Fx (?,ia,jx)
*M T F ( 5 ,

7

u ? )

FPP-'AT (' FHKf, PCCirJUf. y (JM r $ P t<0 M I'KPHontjUr IC AL OPTIONS'/
9' PlSTMHIiTPp MOP M Al,l, Y S)
Call ams^FX ( n, I

F

k ,

O

noX

)

CALF. SIIH ! MF ( IMF , F (}M P A 9 , p Gf>p V , Fl'PJl. v 1 , FHKLM A ,
NDPT )

*- I- » T P ( 5 , 7 q S )

FORMAT (' Ani.tlTrO'AL ! A \* 1 1 F A C T 1
1 P J • 1 G COSTS DHF TO TECHNOLOGICAL '

9/' OPTIONS PfST M IHM'IFB NORMALLY ?',*X,$)
Cam ans*fx (<•, i a c o <

,

1 op >

)

c A I I S"B 1 JP f T ACOM, ACO^P f ACnl.p. V, AC'-M M
I , ACMAX 1 , ’JOPT >

mPIH; (5,780)
F rip PAT (* PARTIAL C°SIS POP T FC *0'- PLnC 1C A !. OPT TONS' /

9 ' 0 IS I P I BOTFl !-fi».:MA| f, Y ?',)X,$)
Cali a n S * F

X

('•>, iCCto’, H'Rx )

CALL SUB J OF ( 1CC0 <, CfOP
. „ erp.LP V,rr i

!
m I , cc 'A X 1 ,

UIOT )

4)1) ( * , 1
‘I )

pnp'lAT f * CAPITAL COS • S F0»- I ' o <*r SI Z T *• G I ’

1 B T p T P B T F 0 JOPhA

91 I.Y?*,U,S>
CM i a.nsm:/ i ipow, 'opv

>

L*1
CM I S'.'B l <P ( 1 r PM -

,
I'M .

r.M
0
MP...PF V , I IT • , i » O •, f • AX, 1

)

« P I TP ( 5 , ) 1 )

pOp'AT <• C A 1 1
’< A I POSTS P fi|> "A, IHKIAI, S I ' i* S T 1 T " T I OH I' T S T p I B I

' T P P

9 l lO-'-ALLY?' , )/, <M

PA I I M8r.Fl ( C, TSOI 1,
,

1 0P> I

ijl

Cam sob i jl < i sol ,
sim-“ , S". i

*• v
, si h < t • , s*mr*AX ,

»•

)

i*P turn

11$ ,



Sl»MMlUTI*E SUmTMF ( J » a MfcA ;

'i , I>K V » I N , XM A X # L 1

r* I
M K NS 1 ON l '1 ) , nr V { M > » Xn [ Nf N ) » X ^A X f N 1

2 *(.iif («i,n
I F'CH^AT J

* WANT l' n CHANGE LftTA? #
, 3 *

,

R )

Tam. answfx ro, l ahm, mob m
IF (?nii»*®m,4i2

<$ IF ( T • 1 )F ( f»,S

6 * N I I K ( S » 7 I K

7 FCIP'-'AT f* MEAN VALUER F' )R P A R A MFTFRS j
* , 3 X . $ )

Call aa'Sv-f'x { 7 , f a
t w-'px 1

CALL f w 0 L I S f 1
n , n ,i •, 1 . , T A , F.opx, X 4FAM )

I F ( UOF X* ' In . m ,f>

8 « f» T T F C S .

i

1 i

9 F'OF '
A r ( * RTO. r.iFv, fur PAR A -ir rPILR: ' , 7Xf S 1

CAl L VS>» f-'X f 7 # I A #
r

‘
, !n < >

Call rwurrs r i «,!'/, i .im, r a , f ; n h X # n v j

H (mf>x-nn,3,8
5 4IU f S , 1 o >

t:

10 F f IR *’ A T C VAf.uFS for *
# U,* PAPAMETFPSJ 3X # S )

CAM, AMS >KX f 7 » 1 A # » UMl
r At I. t M)f I R ( 1 ; 1 . lK *3 , l A ,

Minx, X M I M )

If (PPRX® , 1S,||1» £
’

II t» l>1 I'F ( S # | ? I ’ i

12 F|ip • a I I
* MX» VAJI.'FS K n p PAR A'ltTF.RSj 0

. 3 X , s )

CALL a i • S <•'
x r 7, l a , n.ipx 1

Cam. iMprrs r t
A »". '»

i

• ’Rs, m,i 'i H x r x is x >

» f ( n\ P *- * 11 1 , » , 11

3 Hr f uP'i
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sm*hni»T * 'if-' gmissi ix, s, am, xm if

A s ' j . r>

U n 5 n ] s
1 , \

?

CM. I, RA'IIM! IIX,Y)
A s A Y

Vs(A-fe,0)*S*A^
If-' ( V • X ;M N YM , 5 ? # 5 V

Jf- ( V • X M A X IS I, S3, 51

H f. T M P t



St'Mt OUT I Pftdntl (fX.VFL)
I V* I X »b«;^ iQ

5 Iys»if*j43s <)73|j3^74l
6 ifMs I V

Yf* '•J ayp'|J
.»n .91 1 (\ J* w»l <1

1**1 Y

Rt TlJiit

m,



Suhhpmt | nf; mm irtK i x, yt * a * , t m , V )

CAM PMipiff i * , v )

R ^ 1 (J R i'i
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Si m Mil r f ivK (*’ T ( nmK l , , N n AWpF*SM#fc;#5At.*K#l'M3HRe, $ , TS A L£

)

0 » MKM3IMH S&1 Ft 4 > t P ’SHNFf t\ -

RM»> UU^,TSAf> , KM.SHHfr
* OI^AT f

I ,K # F)
IF tNVtAP.Nrhp-) 2b*2,1
f SALFs rSA !,(. hkmSMiM-'

DO 3 181,1
5 A I Hast rSM.F-FS.M.M J )

PR 1 UfH*

pftimtm i



SUBROUTINE FUEL (*,CFUEL,CPMIX,NTIMWT# WTDN,MTtMNT,#THTL#l*etCHT#
9FUKLGA,TECH0p

(
,NFUeL,NWRT,M¥EAB

r XNPMrX,NOPT,
9HYP0AV,XCPM1X)
DIMENSION CFUEl(4,4),NTlMWT(4,4),WTON(4,4),NTIMMT( 4,4)
9 # ^TMTL(4 # 4) #WE!GHT(4,4),FUELGA(lo),TFCHOPno,4),
9CP M IX(4,4),XNPMIX(4,4),HFUEL(4) ,HVpnAV(4 ),XCP M IX(4»4)
READ ( NFUFL,fe02, EPR®27 )NO^ e AFFS,EM1SS,
9SAKETX, ( <TECHnP(NUM, J) ,NUM«l , NOPT) , J*1 , 4

)

FORMAT U,3F/4(6F/),bF)
CALCULATE WEIGHT OF CAR BY SIZE AND BY MANUFACTURER AN"
Fuel consumption considering change tn weight only
IF (NYEAR.NOW) 27,30,20
on bO J*l,4
on 50 Kas ,

4

1 F ( NYEAR«NT1VWT(K ( Jl )3l , 32, 32
IF (NYEAR®NTJmMT(K # J) )33, 34,34
BFUFl.f F )«CFUEL(K, J)
GO To 50
DtlMMYs t WTI>N f k , J ) 30 0.0 ) /( WEIGHT! K ,.1) >300 .0 )

GO To 35
D»JMMY*(WTMTL(K, J) 4 300.0) /(WEIGHT! K, J) 300,0 1

H F UK L C F ) *C F UF L T F , J ) * ( 0 « 5 7 5 ZDU M M y # # o , 4 7 0 7 b fl

9 + o . 1?5 /Dummy# »o . H548

)

CONT f MUE
calcuiatk effect of technological options and safety
AND EMISSION REGULATIONS On FUEL CONSUMPTION
D U M M Y s o

DO L) 1 TOs 1 , NOPT
DUMMY-DUMMY *f mFLG a ( I TO ) #1 EC U 0 P ( 1 TI>, .1

1

DUMMY* ( 1 t ) * ( t .O-SAFF I Y-F.M ISS )

avmjei sO
On 4 1 ws

j ,

4

AyKUELsAVFUFl +BF UF,L( F ) «CPM1 X(K , VJ)

AVFUfcl.sAVFIlFI # 0 U M M

Y

HyPOAVt DsO.O
DO 90 Ksl ,

4

H yPL'AV (-DahYPnAV (0) RFUE1, (
'

1 » XCP M
I X (K#J)

M Y PDA V ( I ) sH YFDA V ( .1 ) y

CovpARF FLEET WEIGHTED AVERAGE FIIKL CONSUMPTION

WITH Si ABOARD SET
IF { AVEUkL® AF FS) 43,42,42
no mix Change
Dn 44 Ksl , 4

X N p V T X l K , 1 ) *C P M t X ( K , J)

Go To tn
calculate urx change
Change* cafes-avf heli /dummy

Do M*C PM 1 X ( 1 , J )
« REUE I.' I l 1 ( C

p

m i x C 1 , J ) -f p 11 X ( 0 , J > 1
1 ^ L 1

94

1

cp 11 i x f ?, i)-cp m
i xr i, J )

)*hfhfi ( n
94CPMIX( 3,>))«pF"EL( 4)

CLAUGFaCH AnGF /I'UM

CALCULATE NEW PRODUCT "’ix FOR * A MHF AC T 'HER

X MP M I X ( 4 . .1 1 *c U A NGEwC PA' I x( 3 , >1 ) C F I K
( -1 ,

’>

X fj P v I X ( 9 , U l sC H A U GE « ( C P ’ l X ( 2 #
D 1 *C P

m

l X ( A »

v

1
> ) 4f p ' l W 1 *

'

XFiP'-IXf 2f HsChANGF »( fPMix ( I ,D)-CF M Xf 2, '"CK’lvc,
X F F n

j x ( 1 , J)*CPA’I x 11 • ') 1 * c 1 ,0»CUANGF )

CONI IN UK
RF TURN
RF TURN 1



c
c

71

c

74

75

175

7 ?

C

77

78

178

76
C
C

70

SUH80M1 1 VK CArCOS ( '-if nt # CA1 FK, I FC HUP , SA LF, PRFTEC , PRESAL , CCOST

,

9«npm? x,ecor>n w , n r > ««t, ntimmt, ccqmtl, nycar,nopt/cpmix)
dimension crns r ( i <>) ,capff i i

) , tec hop (

,

o, 4 > , sai.et 4)

,

9PFETFCC 1 0 , *7 ,PPESALf 4 ) , NT IN’fcTt 4 # 4 > # NTlMMTf 4 , 4) ,

9rPf*lX(4, n,AfjprMX(1, 4)
t >0 7 0
CAPl’NsO
CAPIIPbO
CAP^TsO
Capital cost nf t mpif«*f :n i

»

c technological options fob
manufact u»fp j
HD 7 i I TOa 1 , tipp 1

C A POPaC A pop* ( tFC HOP ( 1 TO, J ) « S A LF C *7 ) •PPKTFC ( TTO , 7

)

9*PRESALU) )*CC0ST(1to)
DO 7? ** ® 1 , 4

Capital cost fop downsizing
IF (NYF AP«FiT|MwT(K f .T) ) 7 2,74,75
C a POnsC apon xnrm i X(H , J)*ralf( j)#Cconrv-.'

GO If) 7?
PUM^YeXAipM r y f k , J) »SAI>;(.I)-CP M I Xf K , J)*PHK5AL(.n
IF ! DI'MM* ) 77,7/ , l 7S
CAPONaC APnrg^f XNPMf X ( F , .J ) #S Al,F ( 0> -C PM T X C K , J 7

9#PRESALf I)7#ccnnnw
Con r i nlf.

CAPITAL COST FOP m

a

I FP T AL SHHST I To T [O n

00 76 ,

4

IF ( NYEAR-MTIPMKK, ,J) >76,77,78
CAPMTsCAP^t^XnP^ IX(K, J)»SALF ( J)*CC0htL
GO To 76
l>|lMMv s XMP'MX( K,,I)«SAl,F(.n-CPOI X( K, >J) # PRFSAI,(J)
IF C DUMMY) 76,76,17*
CAP^ToCAPOTff XNF^t X( K , J )*SAf.F( J)»CPMTXCK , J)

9»PPES A L { .7 ) ) *CC nM Tl,

con r i muf
CALCIOATF TOTAL CAPITAL INVESTMENT »|1F TO FUEL ECONOMY
hfgulai IONS FOR manufacturer J
CAPFF. fJ) sC APOp + C APDA-’ *C APP r

Continue
ret HP

M
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203
202

204

205
206
201

207

200

SHbMlt'TlNF a N C n s ( 1 , n f
w] 1 1. f r 1

« -> T , >*i F T G H T , 9 f D N ,
»• T T I .

9* NpvTX, SM F, X^COST# XI,CDS I . F HP I , ACl.»ST , 1 fe C nnp , 1 V A PCI1
)

n I vr Ngi hm Arps7( i o) , x vchst (

4

> , xi,cost( 4 ) # r v apco( 4 )

,

9 fc r i m w t r 4 , n,M i ( v r ( 4 , 4 ) , * t- j (,h t ( 4 , 4 ) ,
« to n ( 4 , 4 )

,

9*1 w Tf (1,1) , XFP M
I X ( 4 , 4 ) , .K A I., J. (41,1 FfHMPf 1 '», 1 )

on 5 Of' 1,4
TfrCf'STSA

1 PC0ST«°
nn f 0

1

*i

,

1

IF ( myl ap»m rivifti («,>]•)) ?oy , 7a 1 , ?<' 1

IF ( w Y F A P • ty T J V M T ( F , J 1 ) 20 i , ?'>5 , '/US

wl *«F,TGHT(K , J)
Cc in 2^b
«7 ( K , 1

r,n Tn 2 ok
*1«MMTf (K, n#1 , u 7 4 f‘ 7

TVCUSTal MCflST + WT* AN PM I X f F ,,.1 ) »s AF.K (I )* ACCOST ( J)
Cof i iwiiF

1 FCHSTsf 1 , 0 ^#XOPH 1 X ( 1 , J ) 4 1 .02 *Xf. PN U f ? , n * 0 .99
9*X'MP’M X ( 1 , M +o ,95* XUP'-t ( X ( 4 , 0 ) ) * A l. C n S f ( I )*SAI,F ( 1 )

on 207 iin s i,Mnpr
TACOsrsTArOSI *AC»S1 « TTIj )*1> CHOP( i in, , 1 ) •SADF f .1 )

TVAHcnf .i i*tmcost 4( r-cnsT + TACnsi
Copt i n u f

Rf.TUPM

%
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9S
92

94

9$
90

900

97

949

SOMPOttTiWE PpJCE (*,NPRirF#Mri*;AR,NWRT,FSALE,F5lZE,XNPMIX,
9S*L,K r C!)PPRC» ACTPPC, AVPRC,TSALfc, ACTMIX,XMKTMX)
DlMRNSiOW XPKTMX(41#CUPPPC(4)» ACTMlXf4)#ACTPRC(4)#0LDCPM(4>#
9ACTCPP( 4) ,SAL£(4),FSi&F(4) , XNPMIX ( 4 . 4 ) , PUMMIX ( 4 7 , DUMCPM ( 4

>

RFAL Kl # K2 # K3 f P4
CPNST«0,;<)OOlhP51 17
P* AI)(NPPICE#92#FRPeQ3)NOto»XMK1>'X
FORMAT n,4 F

)

IF Ci^yFAP®MOW> 93 r 94,91
Dp 90 K»1 , 4

ACTMIXCK T)3F8ALF>FSIZE(K)
no 9^ j«t # i

ACTHlX(K)aACTMl X ( K ) 4X0PM1X ( K , J7*SAl.E(.J)
ACTMJ X(K JgflCTMl X(K ) /TSALF
01 UCP V C 1 )aO,l ir46«264CHRPPC( I )*COf*ST

OLDCP"( ?}')•! l3b7l‘J8+C'!RPRC(2)*COMST
IM.nCPMC n®0 » ! 243909 + CIIPPMC ( 3 ) *CONST
01 f»CP M ( 4 )af) „ | 07bf'9t •CtlPPRCf 4 1«C0MST
K IsOl.nCPMf 1 )« (XMKTMX(2 ) + XMKTMX ( 3 ) 4XMKTMXf 4 ) 7 /(OLDCP m

( 2 7

9eXMKT^X(7 ) +m,nCP M (3)*XviM v,xr 3)*0LDCP^( n»X”KTMX(4) )

KtsXMKTMXO >#(M»*8.R470?)/(1 ,0-XMKTMX( I ))
K 2 ffiOl,nCPMf 2 )#(XMKTMX( 1 ) *XM T* X ( 3 7 + X MK TM < ( 4 7 ) / rOLPCPM( 1 7

9#XMKTHXfl)+OinCP M (3)*XMKlMxr 3 )4UL0CPM ( 4) *XMKTMX(4 )

)

K2«XMKlMX(?)#(X2»*t.9P095)/(l,O-XMKTMX(2))
xjscoi.nCPMi ^)*x ,j, KTMXf3 7+nrncP f-'( i )#xmkT"*x ( 4 7 i /( xmk fhx ( 3 7

9XPXTMXC4 )

)

K3«F3#( XPKTMXf 1 ) * X»K'T m X( ? ) ) /(OU>CPM( , ) *> Ml<T*‘X( 1 ) +OI*DC V M ( ? )

9«X^KTMX ( ?)

7

K3«CX MKrMX(3WX ,1 KTMXr4))»(K3**2.7s7«,3)/(l,o-X''IKTMX(3>»XMKTWX(4))
K4*( ni.UCP^C 4 ) /OLOCPPf 3))««11,9tul
K4»XMKTMXM)#K 4 /XMKTmx(3)
NUMORPalf.
Ce* 1

» 7

C l N C a 0 ,

1

N|1P*7

EPF Mjm*1 00.0
or* 96
nc» P7 K *1 , 4

DliPM l X ( K ) * AC I’m 1 X ( K ) # C
niiMCP** (

4 jsoi.pcpo f 4 )

ALPHA 3«(n'|MMTX(4)/(nHMM|><3)*M))**(-t.O /II. 9ton
[>»»PCPM( 3 ) a [ ) 1

1

M c P M ( 47/ALPHA4
a 1 .

ph a 1 «(nn«"i x ( 1 ) / r r 1 .o.ohmf 1 x(i <>/&,.« 47 02 )

A L pm A 2» (DUrr-11 X( 2 ) /( I 1 . 0-1 Hf-'p*1 x (2 ) )#K 2 ) .0/1 .980^5 )

THF.T Als( AI.RHA
1
«DUMM f X < 2 7 ) / ( 0U MM X ( 2 7 j X f 3 7 PH KM I X ( 4 ) 7

THt i A?*M PH A
J » (I>iJV'P I X C 1 )*DUPCP M

( 3) nil^’ ^ l X (4)#|)UMCPM(4 ) )

THF U2 = TME 1 A2/( OOMMI X ( 2 1 + 1)10^1 X ( 3 ) + rHO>Mlx (4 7 7

THI- 7 Alaf O0WM1 X f , )4 0(|MV r xr 37 + OHMM 1 x c 4 7 7 / ( ALPH»2*01IMMIX( 1 ) 7

TWK.TA4»*liPMA2*( D!J MM J x ( 3 )*D«U CP* r 3 7 ni|HHIX( 4 )*PLO'CP M C47 7

THF T A 4 alHE'f A 4 / ( A l, PH A? * OHM M 1 X ( 1 ) )

0 U M C P M ( 2 7 s ( 7 1 1 E T A / « M F"*' A .} ) / ( j h F TA3-THF7 A 1 )

Ol*HCP w
C 1 )3 r "FT A 2+1 Ht.TAI *l'ilMrpv

( ? )

pppopai nincpp r 3 )«oiipp 1 x

(

3 ) +

1

umcp m
c 4

7

*r»UHMix

(

4 1 ) *r diimmi xr 1

7

9 P IJ M w | X ( 2 ) )

FpppRsKRROP /( f ni'MCP'-’ ( 1 ) #00 VN I X ( 1 7 +OlIPCP m (27*1*PMMTX(2)>*
9{I'HMP IX( 7 7 40IIMM l X f 4 > 7 7

6 P P I • P a E P P O R - (
(DOOM j x ( 37 I »

1

1 f-i ».* T X ( 4 ) 1 / ( ( 1 . i > - 0 1

1

m M I X f 3 )
—

9D"MMrxr47)«K377**(-1,(»/2.7S7i>3)
IF (FRPnp7949,P5'7#9SO
fc.pP(lP = -FF PUP
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950
98

99
96

902

901

99 1

99 ?

93

IF (F,RPOh.FPPMlii)98#9h#9h
F;pFMjiv)*p;ppQp

Cmj m*c
DO ^ 9 K=1 ,

4

ACTCP^tK )3D"^fPM( K )

CsC+CTNC
IF (NIIMRFR 1 901 #901 ,902
CsC'm r M-0 . 0 8

C 1 'iCsn ,oos
N 1

1

m s 1 ?

ui.iMOFPs-1 0

Gn in 900
AC rP|>C( 1 )3( ACTCPMM ) •() . 1 40/lFW?h ) /C’NSl
ACT PRC (2 )3( AC TCP *( 2 1 - ' . 1 3 3h7 1 9H ) /CONST
ACT! !ir( 3 )a( ACTCP'M 1) .n . 1 243909 ) /CfVJST

ACT Ppf ( 1 ) sf AC TCP'1 ( * 1 -<» , 1 t)7b09 1 ) /Cnr, ST
O'jOMyeO ,0
Dl.) 991 K s | , 1

P II w m y s D 1 1 ^ •« Y A C 1 M r * (
K

) • A C. T P P C ( )

On 992 1=1,1
AC I PRC ( K ) sA VO PC* AC TP PC ( K ) / 1 n i m *• Y

PK ’I ilpn

f V H |J M 1
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Sl'HPOM UN£ F | M ft ^ C ( hV!,i.'W, CArF F # AO'lLMR , B VMNR, ANNMNE,
9H vinnij r amn ri.n,# nfc'inT# ntf.JMjf.. b f m- pbwf ,a^opf;h # mattwT
9 » f ut.i f i v , i>t vpf n, dep, a

^

nur
, kmtksi , n l v , J , nwpt)

I)
I MKnS I OU HVI.nh ( 4 1 , HVMNF.t -4 ) , H V TOOL ( 4 ) # KUII 1 T V ( 4 ) , HFBT ( 4 ) ,

9ANWi,Mb( 1
« , A ft K- M N F f 4 > , A N m T

0

I
. ( 4 ) * DEPl. 4 R ( 4 ) , AMOPEH ( 4 ) ,

9Pf P^iF( 4 4 # RA T 1 N 1 ( 4 > , I'A.^ATf 4 V, 01 Vl>MO( 4) ,OTHf AP(4)
9,CAPFF ( 4

t

M Vl Nn ( J )rMVUIM< » ) «• o,'>s *C A PFF ( .» ) A NNf,F| B ( 0>
BV'-'Hf. fJlsHV"WF( J ) 4 <>. *S *CAPKE( J)*ANNMNEf J)
nvriifif.r Manviooif >n u,h #CAPFFf .n

+

ann rm,( j

)

Off Slit*'Pl,tV9 ( 1 ) «hVl,.JM ( .1 ) +0F pH |-F ( .! ) HVMME ( >M
a

T

s a

M

npii*w
j j)«HVT'»ni.j( Ji

Eul PSTsMAT I 91 ( J ) « ( HER r U) fCAPFF ( J ) A M<v LinB l J >

9 A n N Nt MF ( J 1 A M M TO I ( . J ) )

nt VsFO'i Tj)f( t) h n r VDNIHJ )

«VI.'H(.J)*OVM"M(0)*(
I ,o-OFP|,f,H( J ) )

M V M J t ( 1 ) *B V ( J ) * f l • OOFPMNF ( J ) )

mv roriM i )

*

m vtool ( J

)

*( i ,o-amopk«( J)

)

RFTIH'N
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800

5001

5002

5003

5004

5005

811

012

815

1891

SUBROUTINE PRnFRM ( J , N WRT , X NPM T X , AC TPPC , S>U , D I V , g A LE , R ND

,

9XMRR f RET,0THTAX,DEP # AMOPT t ENTRST,TVA»Cn,TAXPAT,CAPrE,
9ANNI.NB, ANNMNE, ANNT0I,,DEHT,NY ,

9EAP # FUUlTY,riTHCAP,«ETPRn # HVLNB,BVMNE.
98VT0OL, IPR, JPF, ISIJM, ACTMIX,XMKT*X, NFNO, IDET,
9S1 ^nEb,SIMRET#SI^PRO # NT,HYpnAV,SlMnYP)
DIMENSION XNpvi X( 4#4 ) , ACTPRCf 4 ) ,SNA( 4 ) , PNOf 4 1 # Xmrr( 4) , RET( 4 )

,

90THtAX( 4) ,TVARC0(4) , T A X p A T f 4 ) , C A PFE ( 4 ) , ANNLNB( 4)
9, ANNMNF(4) , ANMTOLI 4 1 , D F. B I ( 4 1 , FQU TTy f 4 1 ,0IHCAP( 41 , RETPRO( 4 ) ,

9BVLNR(4),BVMNE(4),BVTOUI ( 4 1 , SA LE ( 4 ) . I PR ( 4 1 , JP8 (

4

9) ,XSUM(43 # rfvnUE(4 ), ATPPFT(4),CAPINV( 4) ,

9CSHFI.0( 4 ) , XDEBTf 41 ,XRF rPR ( 4 ) , HRF. A A ( 4 ) , X S Al.F ( 4 1 ,X 8 REAK( 4 1

9 f ACTMIX(4) f XMFTMXf4)*5fM0EB( 1 00 « 4 ) , Si MREl ( 1 00 , 4 1 , SI MPRO( 1 00 , 4

>

9 # H Y prj A V ( 4 ) # S l B H Y P ( 1 0 U » 4 1

RfVMUF.C J laO
Zb 0 1 7 8

00 800 K s

1

9 4

R F V N u E ( vM a R E V N U E ( .1 ) 4 XNPM I X ( K , J ) « ACTPRC ( K 1 *Z*SALE ( .1

)

ZaZ40,O3
GO TO (5001 ,5002,5003,5004 )J
SNA( J)»3. 352FR41 •75K«?»RFVN|JE( J)

PNl>(kJ)#4, 40PFH4 1 ,234F-2#REVNUF ( J)
XMRP( VJ)»2 .876FP44 ,529E-?«RFVmiE( J)

Gn TO 5005
SNA( J)s3.97 4Fft4 6,420F-3«PS VMUE( J)
PND(,ns-97.07E6t3,8h5E»2*8EVNUE(J

)

XMPP f I)al ,509FH + 1 ,75 4E-2*RFVNIIE (0 1

GO TO 5 "05
S N A ( J ) s 1 . 70 1 F H 1

.hp7E-2*PEV.lUF(.J)
H u I) ( J 1 s 5 « 45F7 * 1 , 3 2 3 E • 2 * R F V n 1

1

E ( J )

XMRP ( 1)*7 ,515F7 4 2,2^BE-2«PEVNUF( J

)

Gn to 5005
SNA(J)»fi.7fl7F743.4filF*2»FEVMiMJ)
RND(k11 *l ,#»75F7 48«4F»3*PEVMJF( J1

X M R P ( J ) *6 # 3 1 F f, I • 0 7 9F- 2 *P E V N U F ( J 1

FI xCOSsSN A ( 1) 4 RND( J ) + X vl RR (kl ) 4Rt T ( ,J ) *n TH 1 AX ( M + ntPfMJHT
IF (FNTPST 1 0

1

1 , 0 I 2 # R 1

7

oppoft«pevnue( ( j j-rvARCO(,.n-F ixms
pm I AXsOPROFT.KMTRSI
1 AX*TAXRAT( 1 ) * p R E T A X

ATPPFT(iMaPRFTAX-TAX
GO TO RlS
F 1 XC 0S«E 1 XCOS 4 FN rRS T

0PP('FT»PFVNilF(-J)«IVARC'H,l)»FfXCOS
IAX*TAXPAT( MbOPPOFT
A 1 PRFT(k) ) aOPRuF T«1 AX

C AP I N V ( -J ) «C A PFE C 'J ) 4 Ail 'JLNM ( .| 1
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APPENDIX F

Report of New Technology

This study develops a risk analysis model of the automobile industry in order to assess

the impact of the Automotive Fuel Economy Standards (AFES) on each manufacturer in

the industry. The study makes a methodological contribution by illustrating how to

analyze a rather complex situation characterized by uncertainty by applying risk

analysis. In the context under study, various pieces of data, mostly drawn from several

different reports written or sponsored by DOT, are used to analyze the impact of the

AFES on the automobile industry. The results yield some insight into what the probable

impact of the AFES will be.
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