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ABSTRACT

This report describes a computer model for simulating the effects of
uncertainty about future fuel prices and competitors' behavior on the
market shares of an automobile manufacturer who is considering intro-
ducing technology to increase fuel efficiency. Starting with an initial
sales distribution, a pivot-point multinomial logit technique is used to
adjust market shares based on changes in the present value of the added
fuel efficiency. These shifts are random because the model geﬁerates
random fuel price projections using parameters supplied by the user. The
user also controls the timing of introduction and obsolescence of
technology. While the model was designed with automobiles in mind, it
has more general applicability to energy using durable goods. The model
is written in IBM BASIC for an IBM PC and compiled using the Microsoft

QuickBASIC (trademark of the Microsoft corporation) compiler.
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SIMULATING THE MARKET FOR
AUTOMOTIVE FUEL EFFICIENCY:
THE SHRSIM MODEL

David L. Greene
1. THE MARKET FOR FUEL ECONOMY

1.1 INTRODUCTION

The chief source of uncertainty in the energy market is the unpre-
dictable price of oil (Curlee, 1985). This uncertainty is particularly
troublesome for producers of energy using durable goods, such as motor
vehicles. Research, development, and production plans must be decided
upon years)in advance, based on a best guess aboup what the market will
be like when the equipment is offered for sale. From the society's
viewpoint, this equipment will remain in use for ten years or more,
during which time still more fuel price fluctuations are likely.

In 1975 the federal government decided not to leave decisions about
the fuel economy of light duty motorkvehicles to fhe marketplace by
including Corporate Average Fuel Economy (CAFE) standards for automobiles
and light trucks in the Energy Policy and Conservation Act of 1975.

After energy price deregulation, CAFE is, arguably, our Nation's most
significant energy policy. From 1974 to 1985 the efficiency of passenger
cars improved from 14 to 27 miles per gallon (MPG). The direct fuel
savings to consumers has been estimated at over $10,000,000,000 per year,
with a cumulative present value of over $90,000,000,000 in 1984 (1984
$'s, Greene, Meddeb, and Liu, 1986). Yet there is considerable disagree-
ment over what the effect of CAFE has been and whether it is wise to

continue automotive fuel economy standards (e.g., Crandall, et al., 1986;



Greene, 1986). In part, the question of automotive fuel economy policy
depends on the existence of suitable technology for improving efficiency.
The rest hinges on the operation of the market for automotive efficiency
given tremendous uncertainty about the price of fuel. In a pioneering
paper, Ford (1984) explored the effect of fuel price uncertainty on
manufacturers' retooling strategies. Using an econometric model of
automobile type choice and data on the costs and fuel economy benefits of
specific technologies, he calculated optimal 1990 offerings, by size
class, for a hypothetical manufacturer at three alternative fuel price
levels ($0.90, $1.50, $2.10, in 1980 $'s). The problem of fuel price
uncertainty was formulated by Ford as one of planning for the wrong mix
of size classes, or "market mismatch", which occurs when the manufacturer
retools for one price level but is confronted with another in 1990. The
size class distribution of demand was predicted as a function of effi-
ciencies, fuel price, and vehicle price. Ford concluded that the problem
of market mismatch is of little consequence to a firm which has a
monopoly on the market. The consequences of incorrect decisions became
important, however, when a competitor was present. Assuming that
competitors were aware of each other's retooling plans, he found that
copying the competitors behavior was the least risky strategy.

The model presented here builds on Ford's work by using a simulation
approach to allow future fuel price uncertainty to be characterized as a
stochastic process and the consequences of manufacturers' decisions to be
modeled sequentially over time. A model run produces a time series of
expected market shares and variances for the manufacturer in question and

his competitors. The following two sections explain the theory, struc-



ture, and implementation of the SHRSIM model. The paper concludes with
an illustration based on the carlines and technologies available to three

domestic automobile manufacturers.

1.2 THE SHRSIM MODEL

In deciding whether to change vehicle design, introduce new technol-
ogy, or produce new carlines to improve fuel economy, manufacturers
primary concern is how these changes’will affect the success of their
products in the marketplace. Uncertainty about the effects of fuel
economy improvements arises primarily from the difficulty of predicting
four key factors:

1. consumer willingness to pay for improved efficiency,

2. consumer reaction to changes in other vehicle characteristics
which may accompany fuel ecénomy improvements (e.g. weight,
performance, etc.),

3. the price of fuel when the improvements will be introduced,

4. what actions competitors will take to improve fuel economy.
SHRSIM is a simulation’model designed to quantify the influence of three
of these four factoré on a manufacturer's market share. The model
includes willingness to pay, and uncertainty about fuel prices and
competitors' actions but excludes the consumers' valuation of
nonmonetary vehicle attributes (often referred to as hedonic value by
economists).

Although the model was developed with the automobile market in mind,
it could be used for any energy using equipment which can be character-

ized by an average usage rate and an average efficiency, and whose



efficiency can be improved in hedonically neutral (or nearly so) ways,
either by introducing new products or modifying existing ones.

The heart of the model is the trade-off between initial costs and
operating costs. These are translated into present value and used in a
model of consumer choice to predict changes in market shares from an
initial distribution. The model allows considerable flexibility in
structuring the trade-off between initial cost and operating cost,
allowing the user to vary the discount rate, the time horizon over which
future savings are realized, and the rate of utilization.

Other options allow the user to specify random price fluctuations
(up or down) from a baseline price projection, both in terms of their
probability and potential size. The way in which consumers anticipate
future prices based on current and past prices may also be varied.
Finally, the probability that other manufacturers will "follow the
leader" and introduce fuel economy improvements available to them may
also be specified.

SHRSIM predicts both expected market shares and the standard
deviation of market shares for every carline (or product line) and for
each manufacturer. This allows one to explore the different effects of
uncertainty about fuel prices versus uncertainty about competitors'
behaviotr on the risk of introducing fuel efficient technology or product
lines. The return to investments in fuel efficiency can then be evalu-
ated not only based on their expected return, but from the perspective of
entrepreneurs with differing degrees of risk aversion.

SHRSIM has been written in Advanced BASIC for the IBM PC (TM). It

is intended to be executed in compiled form, since this reduces the time



required for Monte Carlo iterations to acceptable levels. The present
version was compiled using the Microsoft QuickBASIC (TM) compiler. Even
in compiled form a problem of moderate size (50 products, 10 technolo-
gies, 10 years, 100 iterations) may require half an hour for execution.
1.2.1 Theory

The essence of the SHRSIM model is the trade-off between the initial
cost of a technology and the stream of operating cost savings it pro-
duces. While this may seem to be a perfectly straightforward calcula-
tion, there are several ways consumers can view this trade-off, with
different implications: for the desirability of fuel economy technology.
These differences and the way they are represented in the model are
explained in Section 1.2.1.1.

The desirability, with respect to fuel economy, of one product line
versus another will be affected by changes in the current and expected
price of fuel, changes in the fuel efficiency of the product line itself,
and changes in the fuel efficiency of other product lines. Since SHRSIM
focuses exclusively on cost differences, it ignores the multitude of
other product characteristics which matter a great deal to consumers. It
does so by assuming that the values of these other characteristics are
captured in the base year shares distributions and that they will remain
constant in the future. An appropriate modeling approach for such a
problem is multinomial logit, pivot-point modeling. This technique is
described in Section 1.2.1.2.

1.2.1.1 Trading-0ff Initial Cost and Fuel Savings

Consumer choice of automobiles is indeed a complex decision involv-

ing psychological, sociological, demographic, and geographic factors, in



addition to economics. Attempts to econometrically model automobile
choice using hedonic demand techniques (Goodman, 1983) and discrete
choice models (Tardiff, 1980 and Mannering and Train, 1985 provide
reviews) have achieved mixed success. Measuring the value of highly
subjective automobile attributes such as performance or luxury has proven
extremely difficult. Since this analysis focuses exclusively on fuel
economy improvements, we will avoid such difficulties by dealing only
with the simple cost efficiency of the choice between higher initial
price and lower fuel costs. In so doing, it is assumed that the consumer
is neutral with respect to all other aspects of the technology (or at
least that he is able to capitalize the hedonic differences and view them
as an asset price difference). Looking at this another way, we are
assuming that manufacturers present consumers with cars which are
identical to previous models in all respects except initial cost and fuel
economy.

Even this simple trade-off problem has been formulated in at least
three different ways, each with different implications for how much
improvement in fuel efficiency consumers are willing to buy (Greene,
1986). The simplest approach results from assuming that all car buyers
are well informed about the fuel economies of new and used cars, and that
the new and used car markets are functioning perfectly. Under these
conditions a new car buyer will believe that when he resells his automo-
bile his investment in fuel economy will be repaid by the present value
of remaining fuel savings (the discounted value of fuel savings over the
remainder of the car's life). The new car buyer will purchase additional

fuel economy improvements up to the point where the additional asset



price, C, equals the sum of discounted savings over his period of
ownership plus what he will receive for the remaining savings when he

resells his vehicle. This equation can be written,

T L
C = JO s exp{-rt} dt + JT s exp{-rt} dt , (1)
present value of present value of
savings to time T . savings remaining at L

where L is the vehicle's lifetime, T the time at which it will be resold,
s the constant rate of savings per time (assuming, in effect, a constant
rate of usage and fuel economy), and r the consumer's discount rate (time
preference rate for money). Integrating equation (1), we can solve for
the rate of return on investment the’consumer will require for‘fuel

economy equipment, s/C,

s/C = r/(1-exp{-rL}) . (2)
The consumer requires ap investment multiplier equal to,

m = 1/(1l-exp{-rL} , 3)

to compensate for the fact that his investment in fuel economy, unlike a
savings account or bond, is sure to depreciate to zero value in L years.
The multiplier can be quite important: r = 0.1 and L = 10 results inm =
1.58. Thus a consumer with a 107 discount rate would act as though he
had a 167 discount rate when buying automotive fuel economy.

It is well known that vehicle usage tends to decrease with vehicle

age. If we assume that this decline is exponential at a rate of 5%,



sy = sg exp{-at} , a = 0.05 , (4)

then it is easy to show that the required rate of return becomes,

so/C = (a+r)/(1-exp{-(at+r)L}) . (5)

Assuming the same values for parameters, the consumer would behave as if
he had a 197 discount rate when buying fuel economy.

An interesting alternative formulation has been proposed by Beggs,
Cardell, and Hausman (1981; also used by Greene, 1983). This formulation
assumes that conusmers do not believe they will receive the discounted
present value of fuel savings for their initial investment in fuel
economy upon resale. Instead, they assume that their investment in fuel
economy will depreciate at the same overall rate as the rest of the
vehicle. The consumer's apparent discount rate for fuel savings is equal
to this actual discount rate {(time preference rate for money) plus the
asset depreciation rate for automobiles. The latter has been estimated
to be in the vicinity of 207 per year (Wykoff, 1970). Thus, the apparent
discount rate for a consumer with an actual discount rate of 107, would
be 30%Z. This can be formulated as an investment multiplier as well, but
the value of the multiplier depends on how long the consumer expects to
hold his vehicle before resale. Let d be the depreciation rate for

automobiles. The investment multiplier can be shown to be,
m = (1-exp{-(d+r)T})/(1l-exp{-rT}) . (6)

For a consumer who intends to resell his vehicle immediately (or at any

moment, i.e. T=0), m can be shown to be equal to (r+d)/r. If the



intention is to hold the vehicle for three years then m = 2.27f
That is, a consumer with an actual discount rate of 10Z, with d = 6.2,
would behave as if his discount rate were 237%.

It is important to remember that the second formulation assumes a
market failure. That is, buyers and sellers do not correctly perceive
the true value of fuel savings; if they did they yould use the first
formulation.

Finally, the fuel economy - operating cost problem has been formu-
lated in terms of payback periods. For example, suppose the consumer
will accept all technologies with a simple payback period of less than T
years, and reject all options with payback periods longer than T. The
payback period is simply the initial asset price divided by the rate of
savings. Thus, an option costing $300 and saving $100/year has a payback
period of 3 vears. This "rule of thumb" decision rule is consistent with
both of the above formulations. Discount rates imply payback periods,
and vice versa.

Of course, it is possible to formulate other decision rules. The
three above have been used in the literature and cover a range of
possibilities from perfectly operating markets to a range of market
failures. Differences between them are questions of interpretation
rather than of results, since discount rate formulations imply a payback
period and payback periods imply discount rates. In order to maintain
flexibility but still keep track of assumptions relevant to discounting
approaches, SHRSIM uses a discounting approach which requires an apparent
discount rate (which could be interpreted to include a multiplier),

consumer time horizon (which could be interpreted as the time to resale
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or the vehicle lifetime), and an average (constant) utilization rate
(variable utilization rates may be added to subsequent versions). This
representation is consistent with all of the above formulations.

1.2.1.2 Modeling Carline and Manufacturer Market Shares

The purpose of the market shares model is to predict changes in
market shares due to changes in the net present value of the asset price
vs. operating cost trade off, and changes due to the introduction or
discontinuation of carlines. Changes in net present value can be caused
by introducing efficiency improvements or simply by changes in the price
(or expected future price) of fuel. Moreover, the market shares of one
manufacturer will be affected by changes introduced by his competitors.

A particularly simple and elegant model for such applications is the
multinomial logit model (MNL).

The MNL model expresses the probability that an individual will
select one of multiple alternatives, i, as a function of the utility, Uj,
he associates with each.

Py = eXP{Ui}/Sf exp{Uj} . (7)
J
If the utility functions, U, exactly represent each consumer's valuation
of the alternatives, then the MNL model also predicts market shares for
the total population.

If the utility function is linear and we are interested only in
changes in one variable (net present value of cost), then a simple
"pivot-point' approach can be used to compute changes from an initial set

of market shares, Si, (Manheim, 1979, p. 145). The new market shares,
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S;', are a function of the base market shares and the change in utility,

88U,

1°*

S;' = 8; - (exp{éUi}/g 85 exp{éUj}) . (8)
J

By accumulating the utility changes from the base year forward, future
market shares for the entire forecast period can be predicted using base
year shares, the change in net present value of operating costs, and the
single parameter of the utility function which translates dollars into
the utility measure. The value of this parameter‘must be specified to
run the model. Fortunately, there are numerous studies in the econo-

metric literature from which estimated values can be drawn.

1.3 IMPLEMENTATION OF THE MARKET SHARES MODEL

SHRSIM quantifies the effects of uncertainty about future fuel
prices and competitor behavior on manufacturers' market shares. It does
this by repeatedly calculating all market shares over simulated forecasts
characterized by random price shocks and random competitor behavior. As
the simulations proceed, SHRSIM compﬁtes the average and standard
deviation of the market share for each carline fo: each forecast year.
Both the expected market share and its variance will be affected by
assumptions the user has made about the likelihood of future price
shocks, their size, and the probability that other manufacturers will
make use of the fuel economy technology available to them.

The iterative structure of SHRSIM is shown in Figure 1. A listing

of the source code is provided as Appendix B.
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ORNL-DWG 87-6373

GETUP -~ = mmmmmmmmmmmmmm KEYBOARD Input
!
i
READ FILES {(~~-~wrrmmmmrm e~ SHARES’ MPG’ 1D
| jmm---- FUEL PRICES
bommmm o TECHNOLOGY
------ >

PRICE EXPECTATIONS
1
|
CAR PRICE, MPG CHANGES
|
!
UTILITY CHANGES
1
!
NEW SHARES
1
]
UPDATE STATISTICS
i
___________ < :
)
CALCULATE MEANS, VARIANCES
1
!
WRITE DISK FILE ----~---~=--~- > SHARES' MEAN, STD. DEV.
1

I
PRINT RESULTS ---=--=~=----- > SCREEN OR PRINTER

Fig. 1. SHRSIM model structure.
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1.3.1 Fuel Price and Expected Fuel‘Price Simulation

The model first prompts the user for information describing the case
to be simulated (Table 1) and then reads data files. Once all data have
been read, SHRSIM begins iterating by calculating a new, random price
projection. For each forecast year a random number is drawn from a (0,1)
uniform distribution. If this number is less than the probability of a
price shock, a price shock is assumed to have occurred. During the SETUP
of SHRSIM, the user supplied the probability (PROB) of at least one price
shock during the NY-year forecast period. This is converted to an annual
probability (PPROB) by assuming that price shocks are independent from

year to year:
PPROB = 1 - ((1-PrOB)(1/NY)) (9)

The size of the price shock is also random. Starting with a usersupplied
maximum percent change, SHRSIM draws another (0,1) uniform

random variable to determine how much of that change has actually
occurred. Prices may go up or down.

SHRSIM next determines whether competitors will also implement mpg
improvements. Again, SHRSIM draws a random number for each carline of
competing firms. If the number is less than the user-
specified probability that other fifms will "follow the leader'", then all
appropriate mpg improvements will be made. If the random number is
between the probability of following the leader and that probability plus
the probability of adopting an alternative path, then the alternative
technology path is chosen. If neither, no improvements will be made.

These are all-or-nothing decisions made independently by each firm. On
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Table 1. Parameters required for SHRSIM execution

w N =
s s e

VTN =

-

.

[e))

~
.

SN

FORECAST PARAMETERS

number of years in forecast (10)

number of iterations to be performed (100)
probability of at least one price shock during
forecast period (0.80)

maximum size of a price shock (in percent) (100)
name of fuel price data file (FUEL)

MANUFACTURER AND TECHNOLOGY PARAMETERS

number of manufacturers (3)

number of carlines per manufacturer (11)
number of technologies per carline (5)

number of alternative technology paths (2)
probability other manufacturers will implement
similar technology (.333 or .90)

probability other manufacturers will implement
alternative technology (.333 or .05)

name of base year sales data file (SHARES)
name of technology data file (TECH)

CONSUMER PARAMETERS

discount rate (decimal) (0.30)

consumers' time horizon for fuel savings (10 yrs.)
average miles driven per year (15,000)

marginal utility of a dollar of increased cost
(-0.0015)

choice of price expectation function (static)
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any iteration a competitor will have either all carlines with MPG
improvements or all without.

In general, car buyers do not know what future fuel prices will be.
They will evaluate the savings of higher mpg based on what they expect
future fuel prices to be. Some recent research on gasoline price
expectations has indicated that consumers base expectations primarily on
the past two years of history (EEA,’1983). For example, it was in 1976,
two years after the 1973-74 price shocks, that consumers generally ceased
to expect further gasoline price increases (Cambridge Systematics, Inc.,
1979). Other work, however, suggests that past experience is used more
in complex ways to evaluate recent price changes (Daly and Mayor, 1983).
SHRSIM offers three choices of simple expectation models with the under-
standing that each is an oversimplification. The first is static
expectations: prices will continue at their present levels. The second
is linear expectations: the average increase or decrease of the past two
years will continue for the length of the forecast. The linear model is
most dangerous in that it could lead to negative fuel prices under
certain, not too unusual conditions. The third option is declining
exponential price change: the expected growth in a forecast year is
equal to the average growth rate of the past two vears, divided by the
number of years ahead. TIf the average rate of growth in the previous two
vears were 57, the expected growth rates in the first, second, and third
forecast years would bé 5%, 2.57%, and 1.67%Z, respectively.

The expected price path constitutes the fuel prices used to compute
the expected savings of mpg improvements for the current year of the

current iteration. For each year of each iteration a new expected price
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path must be computed. Thus, a 10-year forecast with 100 iterations
would generate 1,000 expected price paths. The randomness of these price
paths, together with the randomness of competitor behavior generates the
distribution of future market shares.

1.3.2 Carline Price and MPG Changes

The initial costs and mpg gains of improved technology are computed
next., Initial cost is the sum of the retail markup of all technologies
applied in the specific year by the manufacturer in question. MPG gains
are computed multiplicatively for all applicable technologies.

NT

MPG(i) = MPGG(i) + m (1+DMPG(i,3)/100) . (10)
=1

J

DMPG is the percent improvement in MPG gotten by technology j, applied to
carline i, and NT is the number of technologies applicable. Costs and
mpg improvements differ from year to year because certain technologies
are not available until future years while others become obsolete. They
differ from iteration to iteration because of the random behavior of
competitors.

The dollar costs and benefits are used to compute the present value
of mpg improvements by carline. First, the present value of fuel savings
(PVS) are computed as follows,

PVS = I [(MI/(14DR)I"1) - ((EPG(3)/MPG) - (EP(3)/MPG))] . (11)
J
Note that the change in cost per mile of fuel (EP/MPG) compares the

current year expected cost per mile with the expected cost per mile in
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the base year (base year expected price j years ahead, EPp(j), divided by
base year mpg). This is required by the pivot point technique which
calculates new shares based on the difference in utility from the base
year conditions.

1.3.3 Calculation of Market Shares

The change in utility required to compute new market shares using
the pivot-point technique is gotten by subtracting the present value of
fuel savings from the incremental initial cost and multiplying by a
coefficient representing the marginal utility of a dollar of increased
cost (since increased cost is undesirable, this coefficient will be
negative). This coefficient must be supplied by the user. Sample values
computed from the literature are shown in Table 2.

The pivot point formula (8) adjusts base year market sharés accord-
ing to these changes in utility. Occasionally, new cars will be intro-
duced or older models discontinued. In such cases, the user must include
an estimated market share for new models in the shares data bases. This
estimate will be treated as a base year share. Whether a carline is
introduced or deleted, the pivot-point formula normalizes shares so that
they sum to one in every year. Sums and sums of squares are accumulated
for each carline's market share, and for each manufacturer's market
share. Once the iterations have been completed, these are used in
standard formulas to compute the mean and standard deviation for the
shares by carline and manufacturer.

At the same time statistics for market shares are being computed,
the model also computes the mean and standard deviation of gallons per

mile (1/MPG) for each manufacturer. The printed output includes average



Table 2. Marginal utility of vehicle price:

18

selected values from the literature

Coefficient estimates

Source Typical
(median) High Low

Manski & Sherman, 1980 -0.00056 ~0.00018 -0.00056
Train & Lohrer, 1982

one vehicle -0.00031 -0.00028 ~-0.00038

two vehicle -0.00040 -0.00020 -0.00050
Berkovec, 1985

one vehicle -0.00130 ~0.00065 ~0.00224

two vehicle -0.00070 ~-0.00015 -0.00095

three vehicle -0.00150 -0.00086 ~0.00255
Berkovec & Rust, 1985

model A ~-0.00009 0.00032 -~0.00016

model B -0.00056 0.00075 -~0.00038

model C -0.00100 -0.00011 ~0.00041
Boyd & Mellman, 1980 (logit) -0.00029
Lave & Train, 1979 -0.00070 -0.00030 -0.00080
Beggs & Cardell, 1980

model A 0.00006 0.00015 ~0.00039

model C -0.00056 -0.00047 ~-0.00101
Beggs & Hausman, 1981

ordered logit -0.00020

individual logit -0.00095
Mannering & Mahmassani, 1985 -0.00021 ~-0.00013 -0.00051
Winston & Mannering, 1984 -0.00023 -0.00016 -0.00066
Greene, 1986

weak model ~-0.00142 -0.00029 -0.00205

strong model -0.00179 -0.00038 -0.00210




19

(harmonic mean) MPG and the standard deviation of gallons per mile by
manufacturer, for each forecast year.
Before the program terminates the user is given the option to create

a disk file containing the results before they are printed.

1.4 COMPETITIVE UNCERTAINTY AND RISK: AN ILLUSTRATION

In his analysis of the effect of fuel price uncertainty on manufac-
turers’ fetooling decisions, Ford (1982) assumed‘that the manufacturer
formulating a strategy knew what his competitor's retooling strategy
would be.’ Not knowing what your competitors will do introduces another
dimension of risk whicﬁ can be modeled by SHRSIM. The data fér this
example come from a recent analysis of the capabilities of doﬁestic
automobile manufacturers to improve fuel economy, conducted for the U.S.
Department of Energy (Energy and Environmental Analysis Inc., 1986;
memorandum from Mr. K.G. Duleep of EEA, Inc., April 7, 1986). A listing
of technologies considered is shown as’Table 3. These were organized
into "High" and "Low'" technology strategies, consisting of time-phased
introduction of bundles of options, for each car "platform" (a platform
is a carline, e.g. "Plymouth Reliant," and its "twins," e.g. '"Dodge
Aries"). One such strétegy for Chrysler's X cars is shown in Table 4.
Technologies are listed by number, corresponding to Table 3, the year
given is the first year in which the technology can be used in produc-
tion, cost is tthe consumer's cost in 1981 dollars, and F/E is the
percent improvement in MPG expected.

The parameters used in this example are shown in parenthesis in

Table 1. The fuel price trend is illustrated by Figure 2. The probabi-
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Table 3. Generic fuel economy technologies

01

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

17

18

Emissions penalty

Calibration

Performance increase

Body downsize

Body upsize

Body drop

Front wheel drive

Tires I II III

Oils I IT III

Accessories I II

Material substitution I II III
Aerodynamics I II IIIX

Torque converter lockup

AXOD or A40D

Electronic transmission control
Continuously variable transmission
Manual overdrive (MOD)

Engine drop

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Lean burn

Fastburn combustion
Overhead cam engine

Roller cam folowers

Engine friction reduction
Intake valve control
4valve/4 or 4V/6 cylinder
4-6-8 Variable displacement
Throttle body fuel injection
Multipoint fuel injection
Turbocharger

Diesel

DI diesel

Turbo diesel

Shift indicator light
Supercharger

Engine downsize/upsize

4 Wheel drive

Electronic engine control
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Table 4., High and low technology paths for
Chrysler's K-car

Manufacturer: Chrysler

Size Class: Compact ~-> Intermediate (89)
Body Code: K
1985 Base Price: $6,030
1985 Base F/E: 29.3
Technology Year Cost F/E
High
23, 27 1986 68 5.
5, 8, 9, 11, 12, 13 1989 140 0.
8, 9, 11, 12, 14, 15 1993 345 16.
24 1995 40 2.
Low
23, 27 1986 68 5.
5, 8, 9, 12, 13 1988 80 -3.

8, 9, 12, 15 1993 70 6.
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Fig. 2. Baseline gasoline price forecast,
DRI spring 86 U.S. long term.
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lity of at least one price shock during the ten-year forecast period is
0.8, so the independent probability in any given year is about 0.149.
Price shocks may be up or down with a maximum size of 1007 (thus an
average size of 507). This is about twice as large as recent experience,
but was chosen to exaggerate the variance of market shares forecasts. A
sample of randomized price paths is:illustrated by Figure 3.

Manufacturers had three alternatives: 1) adopt the high technology
path, 2) choose an alternative, lower technology path, or 3) do nothing.
In the equal probability case, probabilities of 1/3 were assigned to each
of these. In the '"nearly certain' case, it was assumed that the other
two firms would adopt the path chosen by the "leader" firm with probabi-
lity 0.9, but might pick one of the other paths with probabilities 0.05
and 0.05. Results of several model runs for each of the three domestic
manufacturers are illustrated in Figures 4-11. The presence of foreign
competition was ignored, obviously somethingvthe domestic manufacturers
cannot afford to do. |

For the largest manufacturer, increased certainty about competitors’
actions reduces uncertainty about future market shares but only a little.
This is true whether the high of low technology option is pursued.
Uncertainty increases markedly after 1991 (most of the improved technol-
ogy for this manufacturer is added after 1990). The largest manufacturer
tends to lose expected market share in all cases, but especially in the
high technology case when its competitors are nearly certain to follow.

The smaller manufacturers suffer the greatest uncertainty about
their future market shares. Faced with uncertainty about fuel prices and

competition, both face, at least hypothetically, the possibility of being
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nearly wiped out. These ranges of uncertainty are nearly cut in half by
knowledge that their competition will almost certainly follow the same
fuel economy improvement path. On the positive side, both have increas-
ing expected market shares with or Qithout knowledge of competitors'
plans.

This example suggests a striking asymmetry in the market. If the
largest manufacturer sneezes, the others catch a cold, but not the
reverse. Perhaps most imﬁortant is the clear indication that'the effects
of fuel price and competitive uncertainty depend greatly on the specific
market position of the firm: how many and what types of carlines it
markets, what fuel economy improvements it plans to introduce, when, and
on which carlines, as well as what its initial market share is. This
simple example indicates how much remains to be learned about the complex

workings of the market for automotive fuel efficiency.
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APPENDIX A. INSTRUCTIONS FOR RUNNING THE SHRSIM MODEL

SHRSIM can be run either as an‘interpreted or compiled BASIC
program. Experience suggests that the compiled version will execute
approximately 15 times faster than the interpreted version. Use of the
compiled version is strongly recommended for all but the smallest

simulation problems.

A.l1 Required Data Files

The user must create three data files, in addition to the key
assumptions supplied during a model run. Sample files are shown in
Appendix C. Any name desired can be given to these files, the names
shown in Table 1 are merely illustrative. The first (SHARES.DAT)
contains base year sales (or shares), the years in which the carline is
introduced and discontinued, its base-year miles per gallon (mpg), and
manufacturer and carline identifiers. For the shares and technology data
sets the principal manufacturer (the one whose behavior is not to be
random) must appear first. The second data set, FUEL.DAT, contains the
base fuel price forecast. FUEL.DAT must begin two years before the base
year to permit fuel price expectations to form. Fuel prices must be in
constant dollars, consistent with the cost of fuel economy improvements.
The third data set, TECH.DAT, contains technology data sorted by carline
and manufacturer. The initial cost; percent impfovement in fuel economy,
year of ihtroduction, and year of obsolescence must be provided for each
technology. In this vérsion of SHRSIM, technologies are assumed to be
unique to’carlines. Thus, if there are 3 manufacturers, 11 carlines per
manufacturer, and 5 technologies per carline, TECH.DAT would contain 165

records.
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SHRSIM allows multiple "technology scenarios" to be considered. If,
for example, "high'" and "low" technology scenarios were being considered,
the technology data file would need twice as many records {3 manufac-
turers, 11 carlines each, 5 technologies per carline, and 2 technology
scenarios for a total of 330 records). The records for second technology
scenario must have the identical structﬁre as the first and must be
appended directly to the end of the records for the first. The user must
specify the number of scenarios interactively or in a data file.

Both the SHARES and TECH data bases are assumed to be balanced.

That is, every manufacturer has the same number of carlines, every
carline has the same number of technologies. Since this is not likely to
be the case in general, '"missing" carlines or technologies must be filled
in with zeros for each variable (except the identifiers, which can be
anything BASIC allows for a character variable). In both the SHARES and
TECH data bases the principal manufacturer's carlines must appear first.
Furthermore, the order of carlines must be the same in both data sets.
Which manufacturer is the principal manufacturer can be easily changed by

rearranging the SHARES and TECH data files.

A.2 Running the Model

SHRSIM can be run in either compiled or interpreter BASIC. In
either case, both the program and data files should be on the same
diskette (or hard disk) which should be the default drive. This simpli-
fies the specification of files and greatly reduces the chance of errors
in file specification. To run the compiled program, type SHRSIM <enter>

at the DOS prompt. To run the interpreter version, the BASICA inter-
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preter must be in core. Type LOAD'"SHRSIM <enter> and then type RUN
<enter>.

SHRSIM prints a sign-on message and then asks whether the parameters
needed to make a model run are to be entered from the keyboard or are on
a disk file. For the initial run, parameters should be entered from the
keyboard. SHRSIM lists all the required parameters and then prompts the
user for each one.

Once all parameters have been entered, the user is offered the
opportunity to store them in a disk file for future use. If this is
declined, or after the filename has been given, SHRSIM asks whether the
output is to be sent to the screen or printer. If output is sent to the
screen a hardcopy cannot be created except by sending the output to a
disk file and later printing it. SHRSIM then begins execution. As each
iteration is completed ‘a running count is kept on the screen.

When all calculations have been completed, SHRSIM asks whether the
output is to be sent to a disk file. If so, the user is prompted for a
name. Unlike previous file specifications, a file name, including disk
drive but not extension, must be provided. This done, means and standard
deviations of market shares for each carline and for fuel economy by
manufacturer for each forecast year are sent to the designated device
(screen or printer).

Sample model runs are exhibited in Appendix D. User inputs have
been underlined. The sample data files contained in Appendix C have been

utilized.






APPENDIX B. SHRSIM MODEL SOURCE CODE

1 *SHRSIM CREATED BY DAVID L. GREENE, TRANSPORTATION GROQUP, 0AK RIDGE NATIONAL L
ABORATORY, 0AK RIDBE, TENNESSEE, APRIL 18, 1986, REVISED OCTOBER 29, 1984

4 *

S R KKK UK KRR KRR R F AR AR KB R KKK A AR KRR KR AN KKK KRR KK

6 TEERRRERRERRR AR I RARLARKRERR KR LR AR IR AKX KA AAAS XL ARRKKRARNRARNE

7 >

10 * SETUP . , :
20 DEFINT I-L,N *DEF INE INTERGER VARIABLE NAME CONVENTION
30 NOW=1

3%

40 BOSUB 2000  *SETUP

99 *

100 * READ PARAMETERS

110 B0OSUB 3000 > INPUT FILES OF BASE SHARES & MPG, AND FUEL PRICES

199 ° ‘

200 ° READ TECHNOLOGY DATA )

210 GOSUB 4000 ASSET PRICE, OPERATING COST, APPLICABILITY BY CAR & YEAR
240

243 P REREARARRAREKRLAXALALNE  BEGIN SIMULATION KREEXRAKXRARLATAREREXRS

249

<50 ; FOR L=t TO ITER DO OVER MONTE CARLO ITERATIONS
251

252 NQW=1 TINITIALIZE TIME COUNTER

259 -

260 ’ FUEL PRICE SHOCK GENERATOR

262 GOSUB 4500 *CREATE NEW PRICE SERIES WITH RANDOM SHOCKS

264 7 .

270 7 MANUFACTURER BEMAVIOR GENERATOR

272 GOSUB 4200 'CREATE VECTOR TO RANDOMIZE OTHER MFGRS USE OF TECHNOLOGY
274 ° :

275 K K X X X £ X X ¥ ¥ kDO ONE SIMULATION X % ¥ X % X X & % X X

279 ’

280 FOR K=1 TO NY DO OVER ALL YEARS OF FORECAST
289 °

299 .

300 ° COMPUTE EXPECTED FRICE

310 GOSUE SO00 FROM CURRENT YEAR TO LENGTH OF TIME HORIZON
399

S00 ° COMPUTE MPG AND ASSET FRICE CHANGE

S0 GOSUE 7000 *MPG % ASSET FRICE

A

600 * COMPUTE FPRESENT YALUE AND CONVERT .TO UTILS

&10 GOSUB 8000 'DEL.TA UTILITY

699 7 :

700 ° COMPUTE NEW SHARES

710 GOsSUE 000 TFIVOT POINT SHARES ROUTINE

799 °

800 7 UPDATE STATISTICAL CALCULATIONS

810 GOSUB 10000  *UPDATE STATISTICAL CALCULATIONS

879 °

880 NEXT ¥ TEND OF LOOP OVER YEARS

884 * -

88% X X Xk K K X X X ¥ X x END ONE SIMULATION % X X ¥ £ £ %X ¥ X X %X X
886

889 PRINT Lj;

890 NEXT L PEND OF LOOP OVER MONTE CARLD ITERATIONS
894 -’

895 P KEKXARXXAEAKARXKAAXKNRE  END SIMULATIONS KXAXXKKEXXEXLKKRKXXRRKK
899 ’

P00 * CALCULATE MEANS AND VARIANCES

10 GOSUB 11000 MEANS AND VARIANCES OF MARKET SHARES

920

1000 * OUTPUT A DISK FILE

1010 GOSUB 13000 "DISKOUT

1099 *

1900 * SIGN OFF :

1210 GOSUE 12000 “WRITE RESULTS OF CALCULATIONS AND SIGN OFF
1990 *

1991 END TEND OF MAIN PROGRAM

1992 °

19975 " RREXREXHKRIIOKMOIOR KR K KRR KX KR KR IR RN R R KKK IO KRR R XX K K
1994 " XEXRKKKERK KK IOKAOAKKKERXE R R AR KKK RN R KRR KKK KA KRN K AN K

B-1
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1999 °

2000 TERRERRRARXAKKKERZLAENEX  SUBROUTINE SETUP BSEXRXERIEKEREERXAREEARRX
2001 °

2005 KEY OFFs WIDTH "SCRN31",80

2006 RANDOMIZE TIMER

2009 CLS

2010 PRINT: PRINT® AUTOMOBILE MARKET SHARES MODEL": PRINT
: PRINT® . VERSION 1

2020 PRINT: PRINT: INPUT “Do you wish to input data from the keyboard or file (K
/F) ;A

2023 IF As="K" OR As="i" 30T 2030 ELSE IF As="F" OR As="+{" GOTO 2030 ELSE GOTO
2020
2030 PRINTIPRINT: PRINT"REQUIRED DATA ARE:“3PRINT

2032 PRINT* FORECAST PARAMETERS"sPRINT" 1. # of years in forecast":PRINT"
2. % of Monte Carlo iterations“:PRINT" 3. Probability of at least 1 price

shock during forecast period"”

2034 PRINT” 4. Maximum size of a price shock":1PRINT" S. Name of fuel pri

ce data file":PRINT

2040

2042 PRINT" MANUFACTURER & TECHNOLOGY DATA":PRINT® 1. # of manufacturars"if

RINT® 2. # of carlines per manufacturer':PRINT" 3. Name of base year %al

28 data file”

2044 PRINT" 4. Probability other manufacuters will follow leader”:PRINT”

TJ. Number of technology paths":PRINT" 6. FProbability others will choose alt

ernative path"

2045 PRINT" 7. % of technologies"tPRINT® 8. Name of Technology data file

"1 PRINT

2049

2050 PRINT” CONSUMER DATA"

2032 PRINT" 1. Discount rate (decimal)”sPRINT" 2. Consumer time haorizon

(years) " PRINT" 3. Average miles driven per year" .

2054 PRINT" 4. Marginal utility of a % of increased cost (—)":PRINT" 4.

Choice of price expectation function":PRINT

2060 °

2099 °

2100 ’*KEYBOARD INFPUT

2130 IF As="K" OR As="k" GOTO 2200

2140 * INPUT FROM FILE

2150 INPUT "ENTER COMFLETE FILENAME (extension .DAT & free format assumed)
", B%

2199 GOTO 2600 "END QF FILE INPUT

2200 * INPUT PARAMETERS

2202 INPUT "Starting or base year for this analysis"j;IYR

2203 INFUT "Number of years in forecast";NYy

2210 INPUT "Number of Monte Carlo iterations"; ITER

2220 INFUT "Probability of at least t price shock (decimal)"3FFPROB

2222 ¢ CALCULATE t1-YEAR PROBABLILITY OF SHOCK QCCURKRING

222 PPROB=1-( (1-PFROB) ™ (1/NY)) .

2226 7

2230 INPUT “Maximum size of a price shock (percent)":PSIZE

2235 FSIZE=PSIZE/ 100

2240 INPUT "Name of fuml price data file";FPs$

2250 INPUT “Number of manufacturers"j;NM

2258 INPUT "Mumber of carlines per manufacturer'jNL

2260 INPUT "Name of base year sales data file"j;BYSS

2270 INFPUT "Probability other manufacturers will follow leader (decimal)";FP
ROB

2275 INPUT “Number of technology paths (1 or 2)"; NP

2277 IF NP<2 GOTO 2285

2280 INPUT "Probability others will adopt alternative path (decimal)";APROR
22835 INPUT “Number of technologies”jNT

2295 INPUT “"Name of technology data file";TC$

2300 INPUT "Consumers’ annual discount rate (decimal)";DR

2310 INPUT "Consumer time harizon (years)";NCTH

2320 INPUT “Miles driven per year'"i$MILES

2330 INPUT "Marginal utility of a $ of increased cost (-)";UO0

2240 INPUT "Frice expectation (S=static L=linear D=declining rate)";PEFS$

2399 PRINT:PRINT:PRINT" END OF KEYBOARD INFUT"
2400 °



2410 " SAVE PARAMETERS

2420 INPUT “Do you wish to save these parameters in a file? (Y/N)";FSAVE
2430 IF FSAVS="N" OR FSAVS=“n" BOTO 2600 *DIMENSION VARS

2440 INPUT "Enter complete filename (.DAT will be added) for parameters.";C$
2450 ’ WRITE FILE TO DISK

2460 OPEN Cs+".DAT" FOR GUTPUT AS #1 ;
2470  WRITE #1,1YR,NY, ITER,FPROB, PSIZE,FPe,NM, NL, BYS$, FPROB, APROB, NT, NP, TC$, DR,
NCTH, MILES, U0, PEFS ‘

2480 CLOSE #1

2490 PRINT: PRINT “"Parameters have been written to ";C®;".DAT": PRINT:PRINT:
2499

24600 *DIMENSIONING OF SUBROUTINE VARIABLES

2610 DIM EP(20),EPO(20),PRICE (50) ,MPBN(T0) , DU (S50}, SHRN(50) ,DIB (20)

2620 DIM SH(30) ,MPG(S0),FP(22) ,NCYRS (50) ,NCYRF (%0) , MFG#(50) ,CAR® (S0) ’PARAMS
2630 DIM NTYRS(2,50,10) ,NTYRF(2,50,10),DMPB(2,50,10) ,CO8T(2,%0,10) ’TECHDATA S
us

2640 DIM SUM(30,20) , 386 (50, 20) ,MSUM (S, 20) , MBSA (%5, 20) , EFFSUM (S5, 20) ,EFFSSR (S, 20)
TMEANS AND VARIANCES SuB

2650 DIM SFP(22) 'PRICE SHOCKS SUB

2660 DIM MEAN(Z0,20),STD(350,20) MMEAN (5, 20) ,MSTD(S, 20) , EFFMERN (5, 20) ,EFFSTD(S, 2
Q) "MEAN & STD DEV SUB

2670 DIM IFOLLOW(SO) TMANUFALTURER HEMAVIOR
2699 °*

2700 *DIRECT OUTPUT TQ DEVICE

2710 FPRINT:PRINT: PRINT:

2720 INPUT "Do you want the output printed on the SCREEN (S) or PRINTER (P)";
ors

2730 PRINT:PRINT:PRINT" COLCULATING. ... " s PRINTIPRINT
2799 ° :

2800 T INITIALIZE MEAN AND STANDARD DEVIATION MATRICES

2810 FOR I=1 TO NMXNL

2820 FOR J=1 TO NY

2830 SUM(I,J)=0188Q(1,J)=0:MEANCI, Ji=03sSTD(1,J)=0

2840 NEXT J

2850 NEXT I

285% FOR I=1 TO NM

28&0 FOR J=1 TO NY

28635 MSUM(I,J)=0: MSSQ(1,J)=0: MMEAN(I,J)=0: MSTD(I,J)=0
2870 NEXT J

2875 NEXT 1

2899 -

20 RETURN TEND OF SETUF

2994 ¢

2990 T EKERKE R R KRR KKK KKK KKK IR E SRR A AR AR RN R R AR A AR R KRR KK KK
2999



3000 *ASREXRKASIREXRIRREEY  SUBROUTINE PARAMETERS KEBERREERRRXSEENRRER
3001 °

3010 IF As="K" OR As="k" GOTQ 3100

3020 OPEN B$+".DAT" FOR INPUT AS #1

3030 INPUT #1,1YR,NY, ITER, PPROB,PSIZE,FP$,NM,NL, BYSS, FPROB, APROB,NT, NP, TC$,D
R,NCTH, MILES, U0, PEF$

3040 CLOSE #1

3050 °

3100 *READ CARLINE INTRO YEAR, DISC YEAR, BASE YEAR SHARES, AND MPG
3120 OPEN BYS#+".DAT" FOR INPUT AS #1

312% TOT=0 *INITIALIZE SUM OF SMARES

3130 FOR I=1 TO NMSNL

3150 INPUT #1,SH(I),NCYRS(I),NCYRF{I) ,MPG(I) ,MFG#(I),CARS ()
3160 TOT=TOT+SH (1)

3170 NEXT I

3180 CLOSE #1

3182 FOR I=1 TO NMENL

3184 SH(I)=SH(I)/TOT

3186 NEXT 1

3190 °

3200 *READ FUEL PRICE DATA

3220 OPEN FP$+",DAT" FOR INPUT AS #1

3230 FOR I=1 TO NY+2

3240 INPUT #1,FP(I)

3245 SFP (1) =FP (I)

32%0 NEXT 1

3240 CLOSE #1

3300 GOSUB 5000 *INITIAL EXPECTED PRICE

3310 FOR I=1 TO NY+2

3320 EPO(I)=EP(I)

330 NEXT 1

3400 °

3410 * COMPUTE DISCOUNTED ANNUAL MILES

3420 FOR I=1 TO NCTH

3430 DIS(I)=MILES/ ((1+DR}"~(1-1))

3440 NEXT I

39@0 *

3990 RETURN

3994 CKERREEARRKERRRERRNR KR KRR R KRR I AR AR NN SRR KKK KK KA AR RKR
3999 °

4000 XXXXXXXARARREXAKANCRRL.  SUBROUTINE TECHDATA SAKESEERKEKXKKAAAMKRKEK
4001 °

4010 [F NP<2 THEN APROE=C "CAN’T TAKE ALTERNATIVE PATH IF DOESN’T EXIST
4020 * OFEN TECHNOLOGY DATA FILE

4030 OPEN TC$+".DAT" FOR INPUT AS #1

4100 * READ COST, MPG IMPROVEMENT, YEARS OF AVAILABILITY BY CARLINE BY TECH
4105 FOR IP=1 TO NP

4110 FOR I=1 TO NMSNL

4120 FOR J=1 TO NT

4130 INPUT #1,CDST(IP,I,J),DMPG(IP,1,J) ,NTYRS(IP,I,J),NTYRF(IP, I,
4140 NEXT J

4160  NEXT I

4165 NEXT IP

4170 CLOSE #1

4190 RETURN

4195 T AKKRKERREARE SRR R NS IR R KR E KRR R KKK R R KKK AR E KR KR



4199 °*

4200 ' SXESKXXAXARLEE  SUBROUTINE MANUFACTURER BENAVIOR RAKXESEREXELRE
3201 °*

4210 FOR I=1 TO NL . *MFBR #1 WILL IMPLEMENT TECHNOLOGY
4220 IFOLLOW(I) =1

4230  NEXT I

4240 7 FOR IsNL+1 TO NMENL *WILL OTHER MFGRS?

42%0 * IF RND<FPROB THEN IFOLLOW(I)#i ELSE IFOLLOW(I)=0

4260 * NEXT 1

4300 FOR I=1 TO NM-1

4305  RTEST=RND

4310 IF RTEST(FPROB+APROB THEN IFP=1 ELSE IFP=0

4315  IF RTEST>FPROB AND RTEST< (FPROB+APRORB) THEN I1AP=2 ELSE IAP=1
4320 FOR J=(IENL)+t TO (I+1)$NL

4330 IFOLLOW (J ) =1FP

4340 NEXT J

43%0 NEXT I

4470 RETURN

4480 ' KEXAEBARKANERARERAES AR RARERERKEAERBEREAREKA SR AR AREKXKR AN KARKRE
4490 *

4499

4500 *KXXEFEXREXXERKKELN . SUBROUTINE PRICE SHOCKS SRRERERXSELAXEASRN
4501 *

4505 SFP (1) =FP (1)

4510 FOR I=2 TO NY+2

4520 PG IND=0 *SET PRICE SHOCK INDICATOR

4530 IF RND<PPROB THEN PSIND=1 ’HAS PRICE SHDCK OCCURRED?

4540 SFP (1) =8FP (1=1) $ (FP (1) /FP (I~1)) k(1 +PSINDEPSIZEX( (RNDE2) ~1))
4545 * SHOCKED PRICE = LAGGED VALUE % PREDICTED PRICE GROWTH 3 RANDOM SHOCK
4550  NEXT 1

4560 RETURN

4570 *tn:t:xxx:txx:xxx:xnxx:::txxx:xxt::x:xtxtttxt:xx:tttx:txttztxtxt
4999

SOO0 T RXRKKKXRKEXLKKRKK  SUBROUTINE EXPECTED PRICE XRKRAXKXEKAKERKEL
5001 *

S010  IF PEF$="L" OR PEF$="1" (GOTO S200 *JUMP TO LINEAR FRICE EXPECTATION F
UNCTION

5020 IF FEF$="D" OR FEF$="d“ GOTO S300 TJUMP TO DECLINING EXFONENTIAL
5100 *STATIC EXPECTATIONS

S110 FOR I=1 TO NCTH

5120 EF (1) =SFP (NOW+2)

5130 NEXT I

S$199 GOTD 990

5200 °LINEAR EXPECTATIONS

5210 FOR I=1 TO NCTH

5220 EP(D)=DX((SFF(2+NOW) ~SFP (NOW)) /2) +SFP (1+NOW)

5230 NEXT I

5240 GOTO 5990

5300 *DECLINING EXPONENTIAL EXPECTATIONS

=310 GRAD= ( (SFP (2+NOW) ~SFP (NOW) ) /2) /SFP (1 +NOW)

5315 EP (1) =8FP (2+NOW)

5320 FOR I=2 TO NCTH

5330 EP (I)=(1+(GRAD/ 1)) KEP (I-1)

5340 NEXT I

5990 RETURN

5994

5993

TR KRN KRR KRR KKK KKK KRR KRR KA KKK KRR KR KRE R KKK



B-6

5999 ’

7000 *RREREFREXEXENENNARXEE  SUBROUTINE CHANGE KEXXXXRENEREXRKEXNNNE
7001 ’ -

7100 FOR I=1 TO NMINL 'OVER CARLINES

7110 PRICE(I)=0

7112 IF MPR(I)=0 THEN MPG(I)=100

7114 MPBN(D) =MPG(I)

7120 FOR J=1 TQ NT *OVER TECHNOLOGIES

7122 TEX=] "INITIALIZE TECHKNOLOGY APPLICABILITY INDICATOR
7124 IF NTYRS(IAP,I1,J)> (NOW~1+IYR) THEN TEX=Q "TCO SOON

7126 IF NTYRF (IAP, I,J)<(NOW-1+IYR) THEN TEX=(Q *TOO LATE

7130 PRICE(I)»PRICE(])+COST(IAP, I,J) sTEXXIFOLLOW(I)

7133 IF DMPG(IAP,1,J)=0 THEN DMPG(IAP,I,J) =] *CORRECT O DMPG
7140 MPGN (1) =MPGN(I) 8 (1+ (DMPG(IAP,1,J)~1) *TEXSIFOLLOW(I))

71350 NEXT J

7160 NEXT I

7990 RETURN

7994

7995 TEXKEEXAEANAEARERAELAXRAAREXRER TR EAERRREKERIARSERERRAEAR AT ET KRR
7999

8000 " SXEEXEAAKNEREE4EE  SUBRROUTINE UTILITY CHANGE SESSXBXBREEERRELY
8001 °

8020 FOR I=i TO NMENL

8030 PVS=0Q TINITIALIZE

8040 FOR J=1 TO NCTH

8050 PVYS=PVS+(DIS(J) R ((EPO(J) /MPG (1)) —(EP(J) /MPGBN(I))))
8060 NEXT J

2070 DU (I =UOX (PRICE (1) -PVS)

8080 NEXT 1

8990 RETURN

8994

BI95 "AEREXBEREKKERARERRER KRR KER TR ERRERXSARABEANERKRKERK SRR N RANRRRE KN
8999 °

FOOO "KKEEKEERXRKRRNRXKRKERRE  SUBROUTINE SHARES XEXKASERRRKRXRERELERN
9010 DEN=0Q

100 TEXIST TELLS WHETHER CARLINE IS MARKETED

200 FOR I=1 TO NMINL

202 EXIST=i

F204 IF NCYRS(I) > (NOW-1+IYR) THEN EXIST=0 ’TOO SOON
206 IF NCYRF (1)< (NOW-1+IYR) THEN EXIST=0 >TOD LATE
9210 DEN=DEN+ (SH(I) XEXIST) XEXP (DU(I))

220 NEXT 1
300 FOR I=1 TO NMENL

9310 EXIST=1 "INITIALIZE CARLINE EXISTENCE
320 IF NCYRS(I) » (NOW-1+IYR) THEN EXIST=0O *TOO SOON
F3I30 IF NCYRF (1)< (NOQW~1+IYR) THEN EXIST=0 'TA0 LATE

330 SHRN(I)=((SH(I)¥EXIST) REXP(DU(I)) ) /DEN

P30 NEXT I

P90 RETURN

994 *

FIFT T RKEEEEEAXKEEREERRKRKER LSRN EENRERXERE AN RS E AR ER RN ERA KRR BERRRER KK EK



9999 *

10000
10001
10010
10020
10030
10040
10050
10060
10090
10100
10108
10106
10110
10120
1012%
10130
101490
10150
10152
10154
10160
10899
10900
10990
10994
1099%
10999
11000
11001
11100
11110
11120
11130
11140
11150
11160
11200
11210
11220
11270
11240
11242
11244
11250
11260
11990
11994
11995
11999

PEKERXR

B-7

EXREXEXRXREXRXE  SUBROUTINE STATISTICS SXIKEEBEKRLAXARXNKLILLE

?ACCUMULATE SUM AND SQUARED SHARES
’ LOOP OVER CARLINES
FOR I=1 TO NMENL

SUM (I, NOW) =SUM (1, NOW) +SHRM (1)
SSRA (I, NOW) =SSA (1, NOW) + (SHRN (1) ~2)

NEXT 1 "END LDOP DVER CARLINES
*SUM AND SOQUARED SHARES BY MANUFACTURER
FOR I=1 TO NM ' .
XSUM=O
ESUM=0 ’
FOR J=((I~1)SNL)+1 TO IXNL
XSUM=XSLM+SHRN (J)
ESUM=ESUM+ (SHRN (J) /MPGBN (J))
NEXT J

NEX
* INCRE
NOW=NO
RETURN

PERKKE

TEXRKK

MSUM (1, NOW) =MSUM (I, NOW) +XSUM

MESR (I, NOW) =MSSR (1, NOW) + (XSUM~2)

EFFSUM (1, NOW) =EFFSUM (1, NOW) + { ESUM/ XSUM) ' BALS/MI
EFFSSE (I, NOW) sEFFBSE (I, NOW)+ ( (ESUM/ XSUM) ~2)

T 1

MENT YEAR COUNTER

W+1 TINCREMENT TIME COUNTER

REERKEREKREKKKAARKKRARRE R AR KAEARRAEA R KRR BARAKRKA ISR EXR

XXRXEX  SUBROUTINE MEANS AND STANDARD DEVIATIONS XE¥SEEREKRK

TCOMPUTE BY CARLINE
FOR I=1 TO NMENL

FOR J=1 TO NY ‘
MEAN(T,J)=SUM(I,J) /ITER
STD(I 1) =SER(ABS((SSQ (I, ) —((SUMCI, Jr2) FITER) ) /7 CITER-1))
NEXT J
NEXT I

TCOMPUTE BY MANUFACTURER

[

EFF

N
RETURN

TEEEKK

>

O~ I=1 TO NM
FOR J=1 TO NY .
MMEAN (I, J)=M8UM(I,J) /ITER d
MSTD(I,J)=SRR(ABS( (MSSA(I,J)~C(MSUM(I,J)"2) /ITER)) )/ (ITER~1))
EFFMEAN(I, J) =I TER/EFFSUM (1, J) ' AVERAGE MPG
STD (1,J)=S0R (ABRS ((EFFSSR(I,J)~ ((EFFSUM(I, 1> “2)/ITER))) / (ITER-1))
NEXT J :
EXT I
AEEKRRKE KRR KRR KRR KRR I AR R E KRR ER KRR AR AR RRK RS E



B-8

12000 " XXRXXAXAAEREREXRXSEREK  SUBROUTINE SIGNOFF SESKEEXEXEXTLRBARRRAER

12001
12010 ’PRINT SHARES TO SCREEN OR PRINTER
12020 FDR J=1 TO NY ’L.00P OVER YEARS

12030 IF OP$=“P" OR OF$="p" THEN LPRINT" MARKET SHARES "3J+I1YR ELSE PRINT" M
ARKET SHARES “3J+IYR

12040 IF OPs="P" QR OPs="p" THEN LPRINT" MFGR CARLINE MEAN
STD. DEV." ELSE PRINT" MFGR CARL INE MEAN STD. DEV."
12050 FOR I=1 TO NMENL *LOOP OVER CARLINES

12055 IF OPs$="P" OR OP$="p" THEN LPRINT MFG$(1),CARS(I), €ELSE PRINT MFG$(I),CARS
(1,

12060 IF OP$="P" QR OP$=“p" THEN LPRINT USING " #.####~"~~"3MEAN(I,J),STD(I,J)
ELSE PRINT USING “ #.##8#~~~~"3MEAN(I,J),STD(I,J)

12070 NEXT I
12080 IF OPe="F" OR OP$="p" THEN LPRINT ELSE PRINT
12090 IF OP$="P" OR OPs="p" THEN LPRINT" SHARE STD DEV
MPG STD DEV GPM" ELSE PRINT" SHARE STD DEV MP
G STD DEV GPM"
12100 FOR I=1 TO NM *PRINT MFGR AVERAGES

12110 IF OP$="P" DR OP$="p" THEN LPRINT MFGS{(IXNL), ELSE PRINT MFGE® (IINL),

12120 IF OPs="P" OR OP$="p* THEN LPRINT USING “ #.8###8" "~ "3 MMEAN(],J) ,MSTD(I,J
) ,EFFMEAN(I, J) ,EFFSTD(I,J) ELSE PRINT USING " #.%%#~""~~"JMMEAN(I,J),METD(I,J),
EFFMEAN(I, J) ,EFFSTD(I, J)

12130 NEXT I

12140 IF OPs="P" QR OPs$="p" THEN LPRINT ELSE PRINT

12190 NEXT J

1220¢ ’0OUTPUT TO SCREEN

12210 PRINT:PRINT" CALCULATIONS COMPLETED. "1PRINTz2
12220 PRINT" GCOD BYE!'*"

12230 7

12990 RETURN

12994 °

12995  KERKKEXIXNNTRRERKXNLR KB RANEERERRARRKRBRRXRKCERBRNL KRR AR ES AKX KKK
12996 *
13000 " EXXXXKKXEXXAKEAXKCRAX  SUBROUTINE DISKOUT KXARKEEERXKKKRRXSERLL
13001 *

13010 PRINT: PRINT: ° SEND OUTFUT TO A DISK FILE
13020 INPUT "Do vou want cutput sent to a disk file? (Y/N)"3;DFs$
13030 IF DF$="Y" QR DFs$="y" THEN INPUT "Enter complete filename including ex

tension: " ; DOFNS ELSE GOTQ 173190
13032 FRINT: PRINT "Make sure disk drive is ready."”
13034 PRINT: PRINT "Fress any key to continue."

13034 AAS=INKEYS$: IF AA$="" THEN 130356

13040 OPEN DOFN$ FOR OUTPUT AS #1

13050 FOR J=1 TO NY

13060 FOR I=1 TO NMAENL

13070 PRINT #1,MFG$(I),CARS (I),J+IYR,

13080 PRINT #1,USING" #.####~"~~~"3; MEAN(I,J),STD(I,J)
13090 NEXT I

13100 NEXT J

13110 CLOSE #1

13190 RETURN

13194 °

13195 "ERERKKAREREERREEERAR AR RN KRR KA KA AR KRR KRR KA AR RN BK RN KKK KX KN



APPENDIX C.

Ci\BAS>type shares.dat

571
222
725

a1

1113
400
291
433
599

84
12%
157
148
131
131
312
102
187
264

)
0
0

45
454
284
255
158
368
541

Q

(8]
O

19835
1983
1985
1985
1985
19835
1983
1985
1985
1985
1985
1985
1985
1985
1985
1585
1985
1987
19895

0

0

Q
1985
1985
1985
1985
1985
1985
1985

0

O
0

9999
9999
9999
9999
9999
9999
9999
9999
9999
9999
9999
5999
9999
5999
9999
3999
9999
9999
9999

23.0
21.6
22.5
21.4
26.5
23.6
22.9
28.8
29.2
27.2
32.8
21.3
26.72
26.8
26.9
29.3
27.7

4

3

J

COCOOCNONRUWHUACOOOD

AWM PN NRNR

S COCCCBOUHRWOCOOOO D

GM,
GM,
GM,
GM,
GM,
GM,
GM,
GM,
GM,
GM,
GM,
CHRYS,
CHRYS,
CHRYS,
CHRYS,
CHRYS,

CHRYS,

CHRYS,
CHRYS,
CHRYS,

CHRYS,

CHRYS,
FORD,
FORD,
FORD,
FORD,
FORD,
FORD,
FORD,
FORD,
FORD,
FORD,
FORD,

SHRSIM INPUT DATA FILES

GM20

TGM

XXX
XXX
XXX
FOX
PANTHER
LTD
TBIRD
MUSTANG
TEMPO
ESCORT
XXX
XXX
XXX
XXX



c-2

Ci1\BAS>type fuel.dat
1.24733
1.20200
1.05415
0.97825
1.03009
1.09499
1.16726
1.37270
1.446879
1.5642646
1,69253
1.86009
2.05354
2.29175
2.366764
2.88%504
3.25432
3.56674
3.95194
4,29577
4,63943
S5.06626
S5.49688
5.95312
6.43533
&.91798
7.36765
7.83392



type hltech.dat
145 1,090 (987 9999
30 1.020 1989 9999
JI1% 1,110 1992 9999
0 o] o} 0
“Q B e [o] o]
368 1.200 1986 9999
30 1,020 1989 9999
310 1.110 1992 9999
[ 3 Q ) e}
(o] Q e} 0
300 1.220 1984 9999
8% 1.080 1989 9999
300 1.110 1992 9999
o [n} Q o}
O o 0 0
40 1.040 1986 9999
483 1.220 1992 9999

] (VB o] o)
o] (] &) 0
0 ¢] o] 0

70 1.049 1987 9999
18% 1.110 1989 9959
190 1.110 1994 9999

s) 0 0 0
y) 0 Q o
390.1.289 1988 9999
117 1.06% 1990 9999
200 1.110 1993 9999
s o 0 s}
V) V) I} 0

24 1.0320 19856 9999

40 1.028 1988 9999
I00 1.224 1990 9999
25 1.030 1992 9999
230 1,095 1995 9999

65 1.048 1987 9999

35 1.040 1989 999%
135 1.100 1991 9999
179 1.070 1995 9999

0 o} 0 o

20 1.024 1988 9999
375 1,290 1990 9999

2% 1.030 1993 9999
200 1.103 199% 9999

[s] Q o] o]

7% 1.05% 1988 9999
200 1,132 1991 9999

38 1.04% 1993 9999

Q [n) Q Q
o] 0 0 0
255 1.1460 1986 9999
160 1,130 1989 9999
260 1.170 1993 9999
O 0 0 0
le] O < Q
450 1.270 1988 9999
180 1.095 1990 9999
110 1.080 1993 9999
40 1,020 1995 9999
v] Q O O



CTOLOOCTCTCO0O000OO0O0

C-4

1.050
1.010
1.09%
1.080
1.020
1.030
1.080
1.103
1.110

1.030
1.102
1.145
1.050
1.080
1.058
1.005
1.1463
1.020

1.030
1.040
1.120
1.050
1,020
1.040
1.115
1.050
i.080

0

1.0%58
1.198
1.140

[o <]

e R=RolsNoleNoNoNaNeolloRalaly=ie]

1986
1988
1990
1993
1993
1984
1989
1991
1994

1984
1987
1991
1993
1995
1986
1989
1993
1993

o

1986
1988
1990
1993
1993
1988
1991
1993
1995

(o]

1987
1989
1993

(=N o

QOCOCOCOOLOCTo00000

9999
9999

<O

CCOQCCO0COOOCQOO0O



c-5

165 1.120 1986 9999
285 1.220 1988 9999
55 1.0%0 1991 9999
155 1.080 1994 9999
0 ) 0 0
160 1.110 1986 9999
25 1.027 1987 9999
380 1.240 1991 9999
103 1.070 1993 9999
0 ) 0 0
405 1,184 1986 9999
480 1.028 1989 9999
115 1.080 1991 9999
160 1.060 1994 9999
) 0 0 )
80 1.060 1987 9999
270 1.08% 1989 9999
305 1.224 1993 9999
40 1.020 1994 9999
0 ) o o0
80 1.04% 1986 9999
330 1.250 1989 9999
45 1.070 1992 9999
190 1.110 1994 9999
) 0 o
100 1.080 1988 9999
150 1.100 1991 9999
45 1.0%0 1992 9999
230 1.160 1995 9999
) o o 0
175 1.117 1987 9999
255 1.190 1991 9999
25 1.030 1993 9999
180 1.080 1995 9999

a Q s} Q
v} o 0 0
Q. Q o O
] Q o] O
0 Q O 0
0 Q 0 Q
[s [\] Q Q
¥} Q (o} [3]
Q Q O O
e} (4] 0 (o]
s} o] Q [
[») o} 0 0
0 3] [¥] O
O 0 O ]
0 0 Q Q
v} O [s} 8]
v] Q 0 0
o) O s} Q
(s} s} Q O
(3] 0 0 O
4] 0 0 Q



1.057
1.020
1.047

1.057
1.020
1.047

0o

1.0357
1.050
1.047

1.040
1.100

1.038
1.037
1.057

)
1.092
1.020
1.057

1.020
1.020
1.053
1.030
1.016
1.027
1.040
1.047
1.020

1.020
1.084
1.030
1.030

1.036
1.070
1.030

1.160
1.097
1.070

Q
1.270
1.020
1.047

(&)

1987
1990
1993

o

1986
1989
1992

1987
1989
1992

19856
1992

1987
1989
1994

iqas
1990
1993

1986
1988
1990
1992
1995
1987
1989
1991
1993

Q
1988
1990
1993
1995

1988
1991
1993

1986
1989
1994

Q

1788
1990
1993

(&]

9999
9999
9999

9999
9999
9999

9999
9999
9999

0

9999
9999

9999
9999
9999

9999
9999
999

9999
9999
9999
9999
9999
9999
9999
9999
9999

[a]

9999
9999
3999
9999

9999
9999
9999

0

999
999
9999

9999
9999
9999

(8]



COCCO

COOCoODOOCT

[
N O
ow

23
85
Q

1.0%0
1.040
1.020
1.047

NOCOQCOTOTTOoOOL0OoOCOOCOoOT

i
OO -
L NEREE
~N O

[

<

Cc~7

1986
1988
1990
1993

0

19846
1989
1991
1996

1986
1987

1991

1993
1995
1986
1788
1993

(o]

1986
1988
1990
1993

)

1988
1991
1993
1995

1987

2 1989

1993
Q
o]
0
s
0

CQOTOOT

Q
Q

1984
1989
1992
1994

o

9999
9999
9999
9999

999
9999
9999
9999

(4]}
9999
999
9999
F99%
RS
9999
9999
9999

Q
9999
PP
999
9999

9999
9999
9999
9999

9999
9999
9999

SCOTO0Q o000

0

9999
9999
9999
9999

)



CQCoOCOOO0OCOCOO0OOOCOO

c-8

1.110
1.027
1.037
1.030
Q

1.184
1.020
1.047
1.027
0
1.060
1.037
1.071
0
0
1.045
1.167
1.070
1.077
(4]
1.080
1.0467
1.050
1.040
0
1.117
1.084
1.030
o
0o
0
0
0
0
Q
0

<

CoO00O0OCTCOOCOD

1986
1987
1991
1993

1986
1989
1992
1993

1987
1989
1993

19846
1989
1992
1994

0
1988
1991
1992
1995

1987
1991
1993

QCOCOLCOTOCOLOOCOCOTO0O0OC

9999
9999
9999
9999

9999
9999
9999
9999

9999
999
9999

0
9999
9999
9999
9999

9999
9999
9999
9999

0
9999
9999
9999

SO0 OO0

SCo00OCOOCCOO0OCOO0



APPENDIX D. SAMPLE SHRSIM MODEL RUN

C: \BAS *RUN
AUTOMOBILE MARKET SHARES MODEL

VERSION 1
Do you wish to input data from the keyboard or file (K/F)? k

REDUJIIRED DATA AREs

FORECAST PARAMETERS
1. # of years in forecast
2. % of Monte Carlo iterations
3. Probability of at least 1 price shock during forecast period
4. Maximum size of a price shock
3. Name of fuel price data file

MANUFACTURER & TECHNOLOGY DATA
1. # of manufacturers
2. # pf carlines per manufacturer
3. Name of base vear sales data file
4. Probability other manufacutars will follow leader
S. Number of technology paths
6. Probability others will choose alternative path
7. # of technologiews
8. Name of Technology data file

CONSUMER DATA
1. Discount rate {(decimal) :
2. Consumer time horizon (years)
3. Average miles driven per year
4. Marginal utility of a $ of increased cost (-}
4. Choice of price expectation function

Starting or base year for this analysis? 1985
Number of years in forecast? 10 I
Number of Monte Carlo iterations? 100
Praobability of at least | price shock (decimal)? .8
Maximum size of a price shock (percent)? S0 -
Name of fuel price data file? fuel -

Number of manufacturers? 3
Number of carlines per manufacturer? 11}

Name of base year sales data file? shires

Frobability other manufacturers will follow leader (decimal)? 333
Number of technology paths (1 or 2)7 2 —
Probhability others will adopt alternative path (decimal)? .333
Number of technologies? 5

Name of technology data file? hltech

Consumers® annual discount rate (decimal)? .3

Consumer time horizon (years)? 10 -

Miles driven per year? 15000

Marginal utility of a $ of increased cost (~)7? ~0.0015

Price expectation (S=static L=linear D=declining rate)? s

END OF KEYBOARD INPUT
Do you wish to save these parameters in a file? (Y/NO7? vy
Enter complete filename (.DAT will be added) for parameters.? params

Parameters have been written to params.DAT



Do you want the output printed on the SCREEN (S) or PRINTER (P)? p

CALCULATING....

1 2 3 4 35 6 7 8

23
43
63
83

a8

10

11 12
30 31 32
50 51 82
70 71 72
90 91 92

13

13
33
=1
7%
93

14
34
%4
74
94

33
o3
73
?3

Do you want output sent to a disk file? (Y/N)7?

MARKET SHARES

MFGR

CARL. INE

c

KE

B

Y

A

G

F
GM20
J

P

TGM
MC

EC

H
KCVJ
K

G

P

L

XXX
XXX
XXX
Fax
PANTHER
LTD
TRIRD
MUSTANG
TEMPQ
ESCORT
XXX
XXX
XXX
XXX

SHARE

1986

MEAN
0.46977E-01
0.27135E-01
0.8860E-01
0.5015E~02
0. 1363E+00
0.7332E~01
0.3556E-01
0.5321E-01
0. 7363E-01
0.1030E~01
0.1%547E-01
Q0.1921E-04
0.1812E-01
0. 1560%E-01
0. 1608E~01
0.3837E-01
0.1251E-01
0. QOQOE+OQ
0.3257E~-01
0. QOO0E+Q0
0. 0000E+00
0. QUOCE+0O
0.5512E~02
0.55464E-01
0.3470E-01
Q.3116E-01
Q. 1932E-01
0.4533E-01
0.6712E-01
Q. QQOOE+0Q
0. 0000E+00
0. Q000E+00Q
0.0000E+CO

STD DEV

STD. DEV
0.3821E-02
0. 2433E~-02
0,5910E-02
0.47469E-03
0.2303E-02
0.3017E-02
0,2031E~-02
0.3003E-02
0.4612E-02
0.3123E-03
0.1731E-02
0,1879€-02
0.2423E-03
0.3781E-03
0.4056E~03
0.24463E~-02
0.4840E-03
Q. OQ0Q0E+CQQ
0. 2899E~-02
Q. 0QQOE+00
Q. 0000E+00
Q. GOO0E+QO
0.6667E~03
0, 7049E-02
0, 1382E~02
0.1928E-02
0.2457E-03
0.3517E-02
0.B4&07E~-02
Q. QOOQE+00
0.0000E+00
9. 0OQOE+QO
0. 0000E+00

MPG

0.5883E+00 0.35843E-02 0,2505E+02
0. 1529E+00
0.2588E+00 0.1605E-02

0.4944E~02 0,2729E+02

. 25T9E+02

14
36
Sé
76
9%

17

18

STD DEV GPM
0.2354E~03
0.24431E-03
0.7318E~-03

19 20 2%

40 41
60 61
80 81
100

22
42
&2
82



MARKET SHARES 1987

D-3

MFGR CARL INE MEAN STD. DEV.
GM c 0.6961E~01 - 0.5809E-02
GM KE Q.3107E-01 0. 1364E-02
GM B 0. 1OSOE+Q0 0. 1281E~01
GM Y 0.5654E~02 0. 5722E-03
aM A 0. 1300E+00 0, 1982€-02
GM [<;c] 0, 72%51E~01  0.4345E-02
GM F 0.3493E~01 0. 28558E~02
GM BGM20 0.4960E~01  Q.2643E~02
GM J 0.6842E~01 0.4107E~02
BM P 0.974BE~02  0.2482E-~03
BM TGM 0. 1398E~01 0.2482E-02
CHRYS mMC 0.1971E-Q1 Q. 2614E~02
CHRYS EC 0. 1B22E~01  0.7628E-03
CHRYS H Q. 1591E-01  0.7114E~03
CHRYS KCVd 0.1%63E-01  O.5353E~03
CHRYS K Q.3I726E-01  0.31046E-02
CHRYS [£] 0.1206E-01  0.3552E-03
CHRYS P 0. GOVOE+DQ . 0. QUOOE+0Q0
CHRYS L 0.2981E-01  0.2644E-02
CHRYS XXX 0. CO00E+0O0 ~ O.Q000E+00
CHRYS XXX 0. 0000E+00 : 0. CO0OE+00
CHRYS XXX G.0000E+00 . 0. 00CQ0E+0Q
FORD FOx 0.6631E~02 [ 0.9217E-03
FORD PANTHER 0. 6609E-01  0.9331E~02
FORD LTD 0.3389E-01 Q. 1577&-02
FORD THIRD Q.3123IE-01  Q.2742€-02
FORD MLSTANG 0. 1917E~01 0.441BE-0J
FORD TEMPO 0.417%E~01 0.3187E-02
FORD ESCORT 0.4016E~0L 0.7857E-02
FORD XXX 0. 000O0E+00Q | U. QOOOVE+OD
FORD XXX 0.0000E+00  0.0000E+Q0
FORD xXX 0. Q000E+00Q  0.Q0000E+00
FORD XXX 0.0D00E+D0 O, CGOOVE+00
SHARE §TD DEY MPG STD DEV GPM
GM 0.5928E+00 0. 1068E-01 0,257BE+02 0.7932E~03
CHRYS 0. 1486E+00 O.5618E-02 0,2778E+02 0. S399E-03
FORD 0.2589E+00 0.7703E£-02 O.2617E+02 0.1107E-02
MARKET SHARES 1988

MFGR CARL INE MEAN STD. DgV.

GM c 0,7070E-01 - 0, 43859E~02

GM KE 0.2933E-01  0.221%E~02

GM b:] 0. 10I4E+OQ ~ 0. 951 2E~02

GM Y 0.5272E-02  Q.7976E~03

GM A 0. 1315E+00 0. I504E~02

GM G6 0.6BO3E~01 0. 6B47E~02

GM £ 0. 3462E-01 . 0. .T780E-02

GM GM20 Q. 4983E~01 O, 3492E~02

GM J Q. 6593E~01  0.3809E-02

GM P 0. 9307E~02 0. 1 H1TE~O3

GM TEM 0. 1393E~01 - 0,2887E-02

CHRYS MC 0. 1830E~01 ~ 0.3IS2IE-02

CHRYS EC 0.1741E-0L  0.66FTE-O3

CHRYS H Q. 1325E~-01 O, 6069E~03

CHRYS KEevd 0.1847E~01 & O.1828E-02

CHRYS K 0.3616E-01  0.3I217E-02

CHRYS G Q. 118BE~-01 0.44675E-03

CHRYS e Q. 2086E-01  0.1361E-02

CHRYS L Q.3030E-Q1  0,34621E-02

CHRYS XXX 0. O0000E+Q0 O, GOOOE+O0

CHRYS XXX Q. QOOLUE+QD . 0. 0000E+DO

CHRYS XXX Q. QO00E+00 ' 0. OOUQE+OQ

FORD FOx 0.6171E-02  0,11038-02

FORD PANTHER Q.4444E-01 0. 120%E-01

FORD LTD 0.32156E~01 © 0. 1699E~02

FORD TBIRD 0.3133E~01  0.33ITIE-02

FORD MUS TANG 0.1816E~01  0.6279E-03

FORD TEMPO 0.4041E~01  0O.3173E-02

FORD ESCORT 0.46045E~01 | 0. 11 77E-01

FORD XXX Q. Q000E+00 | Q. CUOUE+QQD

FORD XAX 0.0000E+00 O, 0000E+00

FORD XXX Q. QUOVE+CQ - Q. COGOE+QD

FORD XXX O ODO0E+QOD | O, OOOOE+OD

SHARE . STD DEV MPE STD DEV GPM

GM Q0,.3BIBE+NO  O.1301E~01  0,2647E+02 0, 7646SE-03
CHRYS 0. 1&DQE+0Q 0, 7156E~02 0. 283I7E+02 0. 7894E-03
FORD 0, 28Z71E+00 0. 114SE~DL O, 26BSE+02 0. 1651E-02



' MARKET SHARES
CARL INE

MFGR
GM
GM
GM
GM
GM
on
oM
GM
GM
an
GM
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
FORD
FORD
FORD
FORD
FORD
FORD
FORD
FORD
FORD
FORD
FORD

GM
CHRYS
FORD

MARKET SHARES
CARL INE

MFGR
GM
GM
GM
GM
GM
GM
GM
GM
GM
GM
GM
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
CHRYS
FORD
FORD
FORD
FORD
FORD
FORD
FORD
FORD
FORD
FORD
FORD

GM
CHRYS
FORD

1989

c
KE

XXX

XXX

XXX

FOX
PANTHER
LTD
TBIRD
MUSTANG
TEMPO
ESCORT
XXX

XXX

XXX

XXX

SHARE
0. 3882E+00
0.1617E+00
0.2502E+00

1990

c
KE,
B

Y

A
GG
F
GM20
J

P
TGM

XXX

XXX

XXX

FOX
PANTHER
L.TD
TBIRD
MUSTANG
TEMPQ
ESCORT
XXX

XXX

XXX

XXX

SHARE
0. Z98TE+00
QO 160TE+QOQ
0.2815E+00

MEAN §TD. DEV.
0.6779E~0% 0.6633E-02
0.2812E-01  0.3049E-02
0.9982E-01 0. 1040E-01
0.4987E-02 0.1018E~-02
0.12B1E+00 0.33TBE~-02
0.8473E-01 0.764%E-02
0,3457E-01 0.44%6E-02
0.4912E~01 0.3324E-02
0.6705E~01 0.4520E-02
0.96828-02 0.3219E-03
0.1424E~01 0.3313E-02
0.2070E~01 0.3474E-02
0.1438E-01 0.9630E-03
0.1484E-01 0.46737E-03
0.1311E-01  0.1729E-02
Q.3334E-01  Q.3I3I9GE~02
0.,1183E-01 0,.81469E~-03
0,21098-01 0.1731£-02
0.3017e-01 0.36B7E-02
Q. 0000E+00 O, Q000E+QQ
0.0000E+D0 ©0.0000E+00
0. 0000E+Q00 0. 0000E+00
0.6323E~02 0.14623E-02
0.45103€-01 0.1411E-01
0.3113€~01 0.2253E-02
0,2987€E-01 0.4409E-02
0.1732E~01 0.1130€~02
0.4252E~-01 0.,3428E-02
0.6156E-01 0.1360E-01
0.0000E+00 0.0000E+00
0.0000E+Q0 0.0000E+00
0.0000E+0Q0 0.0000E+00
0.0000E+00 0.0000E+00

STD DEV MPG STD DEV GPM
0.14699E-01 0.2729E+02 0. 1142E-02
0.9319E-02 0,2913E+02 0.1239€-02

0.1624E-01 0.2727E+02

MEAN
0.46526E~01
0.2731E~-01
Q. 10462E+00
Q,45462E-02
0.1348E+00
0.8317E~01
0. 3224E~01
Q.9271E-01
0.5612E~-01
0.9444E-02
0.1826E-01
0.1965E~01
0. 1406E-0OL
0. 1547E-01
0, 1482E~01
0. J0S2E-01
0.1160E~01
0. 2090E~01
0., 3328E~01
0. 0000E+00
. OOO0E+00
0. 0000E+QV
0.56182E-02
0.35571E-0}

«2561E-01
¢.2781E~-01
0.2020E-01
0.4248E-01
0.6347-01
Q, GOQ0E+00
0. OO00E+00
Q. QQOOE+00
Q. 0000E+00

8TD DEV

0.2344E-01
Q. 1137E-01
0.2175E-01

sTD.
0.8127E-02
0.3603IE-02
0.1109e~01
0.1189e-02
0, 6790E~-02

0. 1991E-02

DEV,

©.8306E-02

0.5634E~02
0.41354E-02
0. 3266E~02
0.2277E-03
0.4793E-02
0.3963JE-02
0. 1050E~02
0.1473E~-02
0. 1912€-02
0. 2480E-02
0.7817E-03
0.14135E-02
0. 6649E-02
0. 0Q00E+0Q0
0. 0000E+00
Q. OOOQE+QQ
0.1810E-02
Q.1638E~01
0.7073E~02
Q.4778BE-02
0.3334E-02
Q.4882E-02
0.1344E-01
Q. GOOOE+0Q
0. 0000E+00
0. 00OQOE+QO
0.000CE+00

MPG
0. 2828E+02
0.2987E+02
0.2B01E+02

STD DEV GFM
0.1433E-02
Q.1741E-02

0. 2250E-02



MARKET SHARES 1991

MFGR CARL INE MEAN STD. DEV.
GM c 0.5889E~01 0, 1180E~01
GM KE 0.24%1E-01 0. S019E~02
GM B 0.9901E-01 0. 1418E~01
GM Y 0.3800E-02 0. 14469E~02
BM : A 0. 1320E+00 0. 5152E~-02
GM : 66 0.8%92E-01 0, 1284E~01
GM : 3 0.3914E-01 0.5%938E~02
GM GM20 0.5268E-01 0. 3632E~02
GM : 3 0.8273E-01 0. 163SE~01
GM P 0.89B2E-02 0, 6246E~03
GM : TGM 0.1929€-01  0,7138E~02
CHRYS ; MC : 0.1877€-01 0, 51%6E~02
CHRYS EC 0.1374E-01 0, 1213E~02
CHRYS ‘ H 0. 1489E-01 0, 1948E~02
CHRYS KCVJ ‘ 0.1417E-01 0,2124E-02
CHRYS ’ K : 0.2998E~01 0.2140E~-02
CHRYS < . 0. 1241E~01 0, 1983E-02
CHRYS : P 0.2061E~01 0, 1583E~02
CHRYS : L : 0. 389%E~01 0, 9293E-02
CHRYS ‘ XXX Q. QOUOE+0Q O, COOOE+00
CHRYS : XXX : 0. O000E+00 0. O0OVE+0O
CHRYS : XXX : 0. QOQOE+O0 0. QOOCE+00
FORD FOX 0.5417E~C2 0.2008E-02
FORD PANTHER Q. 4650E~01 0.1942E-01
FORD LTD 0.23857E~01 0, 7340E~-02
FORD TBIRD : 0, 2844E~01 0, &283E~02
FORD ; MUSTANG 0, 1R77E~OL Ol 4417E-02
FORD ' TEMPQ 0. 4307E-01  0.S5547E~02
FORD : ESCORT 0.4974E~01 0.1808BE~01
FORD ’ XXX 0.0000E+0Q 0, OOOUE+00
FORD XXX 0.0000E+00 0, 0000E+00
FORD XXX 0., 0000E+00 0. 0000E+00
FORD . XXX 0.0000E+00 0. 0000E+00

SHARE = STD DEV MPG STD DEV GPM
=1 0.6070E+00Q 0,3449E~01 0.29%1E£+402 0.1B99E~02
CHRYS 0.180%€+00 ' 0. 1 753E~01 O.3045E+02 O, 20%2E-02
FORD 0.232%E+00 . 0.303IFE~-01  0.2862E+02 0.2360~02

MARKET SHARES 1992

MFGR CARL INE MEAN STD. DEV.
6M c U.5453E~01  0.1391E-01
GM : KE C o 0L226BE~01  0.877SE~-02
GM B 0.9341E~01 O.1670E-01
GM 4 0, 3422E~02 OU1BLEFE-02
GM A T 0, 1272E400  O,.8S79E~02
GM 66 0.8311E~01 0. 1346E-01
GM £ QLB7O7E~CL 0. 67I4E-02
GM BM20 0. 6034E~01  0.7810E-02
GM J 0.BIVBE~O1  0.1628E~01
GM P 0.1039E~01 O .8212E-03
GM TGM © 0.201BE~CG1  O.7611E~02
CHRYS MC L 0L1767E~01 O S5886E-02
CHRYS EC 0, 1306E~01 O.1643E~02
CHRYS H OL1S60E~01 0. SOPBE-02
CHRYS LV 0.1410E-01 0.2724E~02
CHRYS K L 0.2890E-01 0. 2S0&E~02
CHRYS G 0. 1208€~01 0. 2IO7E-02
CHRYS [ 0.2188E~01 0, 3123E~02
CHRYS L 0.3610E-01 0.9802E~02
CHRYS XXX L 0.0000E+00 0. O0OGE+OG
CHRYS XXX 0. 0000E+00 0. OVODOE+0O
CHRYS XXX 0. 0000E+Q0 0., DOOOE+00
FORD FOX 0.9247E-02 0.2338E-02
FORD : PANTHER © 0.S047E-01 0.2043E-01
FORD LTD C Q.U2276E-01 0. 4984E-02
FORD : TBIRD 0.2247E-01  0.7163E-02
FORD MUSTANG 0. 1879E-01  0.4542E-02
FORD TEMPD 0. 4649E-01 0, 94633E-02
FORD . ESCORT 0.7900E~01 0.3106E-01
FORD XXX Q. GOOVE+00 0, OOOOE+00
FORD XXX Q. 0O00E+C0 0., UQO0E+00
FORD ‘ XXX C 0.0D00E+00 0., 0000E+00
FORD XXX Q. 0000E+00 0, 000OE+GO

SHARE STD DEV MPG STD DEV GFM
GM 0. S954E+00 ; 0.4712E~01  0.29906+02 0. 1992E-02
CHRYS OL1SREE+OO Q. 2IDHE~01 0. F10SE+02 0. 2473E-02

FORD 0. 2452400 Q. 4740E~01 0, I0ISE402 Q. T429E-02



MARKET SHARES 1994
MFGR CARLINE MEAN STD. DEV.

GM c 0.4978E~01 0.1359E-0t

GM KE 0.2062E-01 0.5611E-02

GM B 0.8780E~01 0.1603E-01

GM Y 0.3902E~02 0.1382E-02

GM A 0.1141E+00 0, 1726E-0!¢

GM GG 0.B8854E~01 0, 212%E-01

GM F 0.3590E~01 0.923I3E-02

GM GM20 0.5710E-01  0.6431E-02

GM J 0.B8832E-01 0.1963E-01

GM P 0.1083E~01 0.1275E-02

GM TGM 0.2469€~-01 0. 1305E-01

CHRYS MC 0.1772E-01  0.4876E-02

CHRYS EC 0.1302E~-01 0.2703E-02

CHRYS H 0.1419€E~01  0.33I78E-02

CHRYS KCvJ ©.1407E~01 - 0.3983E-02

CHRYS K 0.2921E~01 0, 4329E-02

CHRYS G 0.1232E~01  0.3143E-02

CHRYS [ 0.2257E-01  0.4871E-02

CHRYS L 0.4201E-01 0.189%E-0!

CHRYS XXX 0. 0000E+CGO  0,0000E+00

CHRYS XXX 0.0000E+00 0,0000E+00

CHRYS XXX 0.0000E+00 O, 0D00E+00

FORD Fax 0.4611E-02 0.2486E-02

FORD PANTHER 0.473BE-01 0.2418E-01

FORD LTD 0.2107€-01 0.8498E-02

FORD TBIRD 0.2209€-01 0.84658E-02

FORD MUSTANG 0.1994E-01  0.6763E-02

FORD TEMPO 0.4912E~-01 0. 13683E-01

FORD ESCORT 0.B85691E~01 0.4004E-01

FORD XXX 0.0000E+C0  0.00CO0E+Q0

FORD XXX G.0000E+00 0.0000E+00

FORD XXX 0.0000E+00  0.0000E+00

FORD XXX 0.0000E+00 0, 0000E+00

SHARE STD DEV MPG STD DEV GPM
GM 0.3B1BE+00 0,70B0E~01 0.31546E+02 0.28471E-02
CHRYS D.1651E+00 0.4042E-01 0.3282E+02 0O.3464E-02
FORD 0.2331E+00 ©0.6B41E-01 0.3I183E+02 O,3I97IE-02
MARKET SHARES 1993

MFGR CARL INE MEAN STD. DEV.
Gr € 0.S$204E-01 0.1133E~01
GM KE 0.22696-01  0.4647€-02
GM B G.9494E-01 0. 1253E-01
GM Y 0.4333E~-02 ©0.1231E-02
GM A 0.12226+00 0.1142E-01
GM 66 0.8059E~01  0.1551E~-01
GM F 0.I910E-01  0.7793E~02
GM GM20 0.6002E-01 O, 7303E~-02
GM J 0.8354E~01 U.1611E-01
GM P 0.1018E~01 0. 8362E-03
GM T6M . 2124E~01 0.B8160E-02
CHRYS MC 0.1680E-01 0, 5839E-02

CHRYS EC 1. 1253E-01  0.2001E-02
CHRYS H 0.1S24E-01 0. 324BE-02

CHRYS KCVJ ©.1377E-01  0.2967E-02

CHRYS 3 0.2809€-01 0.2898E-02

CHRYS 6 0. 1180E~01 0,2207E-02

CHRYS P 0.2189E-01 0. 3209E-02

CHRYS L 0.3656E-01 0.1041E~-01

CHRYS XXX 0. 0000E+00 0. OOOQE+OD

CHRYS XXX . 0000E+00  0.0Q00E+0O0

CHRYS XXX 0.0000E+00 0. 000GCE+00

FORD FOX 0.5152E-02 0.2438E-02

FORD PANTHER 0.4744E-01 0,2203E-01

FORD LTD 0.2304E-01 0.8517E-02

FORD TBIRD 0.2104E-01 0,8002E-02

FORD MUSTANG 0.2134E-01 0.6936E-02

FORD TEMPO 0.5125E-01 0.1458&-01

FORD ESCORT 0.8246E-01 0.3342E~01

FORD XXX 0. 0000E+Q0 0. 000QE+00

FORD XXX 9. 0000E+00 G, QO00E+00

FORD XXX 0.0000E+00 0. OOQOE+O0

FORD XXX 0. 00D0E+00 0. 0QOVOE+00

SHARE STD DEV MPG STD DEV GPM

GM 0.SPLFE+00  0.S522E-01  0,3072E+02 0. 2274€-02
CHRYS 0. 1564E+00  0,2471E-01  O.3112E+02 0.24645—92
FORD 0.2S17E+00  O.S700E~-01  O.I100E+02  ©.3704E-02



MARKET SHARES 199%
MFGR CARL INE
GM c
GM KE
GM B -
GM %
GM A
GM 86
GM F
GM BM20
&M J
GM P
GM TGM
CHRYS mC
CHRYS £C
CHRYS H
CHRYS KV
CHRYS K
CHRYS G
CHRYS P
CHRYS L
CHRYS XXX
CHRYS XXX
CHRYS XXX
FORD FOX
FORD PANTHER
FORD LTD
FORD TBIRD
FORD MUSTANG
FORD TEMPQ
FORD ESCORT
FORD XXX
FORD XXX
FORD XXX
FORD XXX
SHARE
GM 0. SBABE+00
CHRYS 0. 1&ZTE+O0
FDRD 0. 2524E+00

type params.dat

1985, 10,100,.14864601,.5,"fuel",3,11, "shares", .333,.

-.0015, "s"

D-7

MEAN STD. DEV
0.4544E-01 0.1511E~01
0. 1880E~01  0.6210E~02
0.8218E~01 0.1869E~01
0.3510E~Q2 0. 1479E~02
0.1318E+00 0.1677E-01
0.84605E-01 0.228B2E-01
0.3320&8-01 0.1013E~01
0.5570E~01 0.8420E-02
0.8878E~01 0.1967E-01
0.1049E-01 0.1349E~02
0.2893E~01 0.1811E-01
0. 14659E-01 0.7230E-02
0, 1225E~01 0.3104E~-02
0.1420E-01 0,4325£-02
0. 1356E~-01 0.4332E-02
0.2827E-01 0.472BE~02
0.1192E-01 0.3359E-02
0.2206E~0! 0.5212E~-02
0.43B7E-01 0.2144E-01
0. 000QE+0Q Q. 000QE+00
0.0000E+00  0.0000E+00
0. 0000E+QO 0O, OOULE+CO
0.46351E-02 0.2670£8~02
0. 4295E-01  0.253&6E~01
0.1962E-01 0.9011E~-02
0.2233E-01 0.9582E~02
0.2265E~01 0.1023E-01
0.4874€-01  0.1510E-01L
0.9148E~-01 0.4571E-~01
0. 0000E+Q0 0. 0000E+QO
0.0000E+00 0.0000E+00
0. 0000E+00 0. QODOE+QO
Q. 0000E+00 Q. 0000E+00

STD DEV MPG
0.818B2E~01 0.32Z4E+02

0. 4498E~01
0.7943E-01

Q. 3308E+02
0. 3249E+02

STD DEV GPM
0,2481E~02
0. 357IE~02
0.4036E-02

333,5,2,"hltech”, .3, 10, 15000,
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