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Abstract

In the United States, the automobile purchase decision is consequential for both households and
car producers. In households, adults typically own their own vehicles for personal use such as
commuting to work or college. The need for multiple, safe cars per household represent a signifi-
cant allocation of household income on an ongoing basis as old vehicles are replaced. Customer
needs are represented by groups of demand utility functions which specify the demand for increas-
ingly expensive safety features and styling changes. Auto manufacturers respond to the need for a
variety of styles and safety features by producing vehicles in as many as 16 different product-
market segments. They offer multiple financing options such as leases, late models, and stretching
out payments to accommodate capital rationing by their customers. The quantity sold in each
segment provides the profit per segment which adds across segments to provide the overall profit
for the firm. This is a monopolistically competitive environment in which brand loyalty drives
sales per segment, with each segment being considerably different from others in vehicle charac-
teristics and customer income. This paper theoretically develops the demand utility functions
within each segment, develops the producer’s profit function and then equates the supply and
demand functions to obtain the optimal quantity per segment. Practical implications are discussed.
One such implication is that the quantity of sales may not be realized in any one market, so that
sales may have to be realized across markets for auto firms to achieve consistent, long-term prof-
its. Thus, our quantity specification may provide a justification for the globalization of the auto
industry.
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1. Introduction

The foundations of classical capitalist economic theory were pioneered by Adam Smith [1], who viewed con-
sumers as being engaged in the lifelong pursuit of betterment of their conditions. This goal was achieved by
consuming goods that provided personal gratification. The production of these goods was the responsibility of
the producer who was compelled to respond appropriately to meet the needs of the consumer. If producers effec-
tively met consumer needs, consumers would continue to purchase their products to ensure continuous produc-
tion that met costs and provided producers with a surplus [2]. The Marginalist Revolution [3] [4] specified con-
sumer demand through the introduction of utility theory. Each consumer made rational choices to gain maxi-
mum satisfaction from goods purchased. Regarding the market for automobiles, consumers may purchase new
cars or less expensive used cars. New cars are more expensive, but since they have never been driven usually
have lower repair and maintenance costs than used cars. Therefore, consumers who purchase new cars generally
are willing to pay higher prices for greater reliability. Dealers and manufacturers benefit from the higher prices
received on new cars. In the 1970s, new cars were scarce. Consumers maximized their utility for new cars by
paying monopoly prices for the limited number of units available. If a new model did not provide utility for any
consumer, it was either leased or sold at cost as presented by Coase in his seminal paper on the subject [5]. The
Malthusian conceptualization of continuous, profitable production prevailed with producers engaging in the re-
lease of few models and makes that consumed existing inventory [2]. In subsequent decades, the number of
producers increased to the extent that monopoly prices could no longer be charged. We have identified 16 dif-
ferent product-market segments of subcompact, compact, large, etc. A number of models compete within each
segment. For example, the subcompact category has 18 models, such as the Hyundai Accent SE, Ford Fiesta,
Honda Fit and Chevrolet Sonic. The compact category has 26 models, such as the Volkswagen Golf, Subaru
Impreza and Kia Forta. Consumers reveal a range of preferences within each segment. In the subcompact seg-
ment, one consumer may prioritize fuel economy over handling and turning circle, while another may select
handling over the other criteria. Manufacturers produce models that meet these varying needs, or have different
production functions to meet consumer utility functions. Monopoly profits disappear, as no single make or mod-
el dominates across product-market segments. Producers earn modest profits within each product market seg-
ment. Given the high initial cost of investment to enter the auto industry which acts as a barrier to entry, existing
firms are engaged in intense competition to maintain market share by segment, the sum total of all market shares
in all segments providing sufficiently high volume of total production for short-run profits > 0 per segment, and
are obtained by (Average Revenue/Unit-Average Cost/Unit)*Sales Volume, thereby keeping each competing
firm in operation. The new car producer has evolved from a monopoly to monopolistic competition, whereby
there are many producers and many consumers, the product is differentiated and producers have limited control
over price [6].

The purpose of this paper is to 1) theoretically model the utility functions that describe consumer demand in
16 product-market segments, 2) mathematically develop the production functions for producers operating in a
monopolistically competitive environment, and 3) provide an explanation for dealer practices such as leasing,
accepting trade-in vehicles, selling last year’s vehicles and extending payment periods. We contribute to existing
research in two ways. Firstly, we document that the car purchase decision devolves to a quantity equilibrium in
contrast with the price equilibrium of an earlier era. Secondly, we integrate various aspects of the car buying
experience from both the consumer’s and the producer’s perspective in contrast with the existing literature has
been confined to either one or the other. The consumer position has been analyzed in terms of leasing [7], brand
loyalty [8], brand name [9], price responsiveness to taste [10], socio-demographic profile [11], and fuel econo-
my [12]. The producer position has been examined from the standpoint of consumer rebates [13], lemons [14]
and consumer loans [15].

2. Consumer Expectations

The consumer has been assumed to approach the dealer with utility functions composed of personal and product
characteristics to be satisfied. Research in personal characteristics has found that they are of limited usefulness
as determinants of new car expenditure [11]. The influence of product characteristics has been theorized as the
additional price that consumers are willing to pay. It is based upon the value they place on the contribution made
by a certain vehicle beyond other vehicles in its product-market segment [10]. For example, a customer in the
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subcompact market segment who is very concerned about fuel efficiency will be willing to pay an additional
amount up to a limit for each additional unit of improvement in fuel efficiency standards, and select the vehicle
that meets this standard. There may be intangible product characteristics such as prestige, which was observed to
explain a significant amount of the demand for the Mercedes Benz E-class and the Saab 9.5. Within a product-
market segment, there is high price elasticity, though such elasticity diminishes across segments. The Range
Rover and VW Touareg in the SUV market are easily substituted, but a customer who is say, dissatisfied with
the towing capability of such SUVs is unlikely to purchase a pickup truck, i.e. purchase outside the preferred
product-market segment. This finding has been supported in that the mini, supermini, small family car, large
family car, multipurpose vehicle, executive car, convertible, coupe, roadster, luxury car SUV and sport utility
vehicle which showed segment-specific intercepts at 0.01 level of significance [9]. We wish to expand the num-
ber of classes in this study which was conducted from a European perspective, to be more suited to the US mar-
ket.

The principal unobservable characteristic is brand name which has been considered to signal quality and thus
reduce risk and cost for buyers [16]. Car purchases follow a complex decision-making process given the large
size of the investment. Brand names facilitate this process by providing instant recognition which in turn makes
favorable associations between brand names and quality [17]. In subsequent empirical studies, each of the 48
brands studied displayed highly significant brand-specific parameters at the 0.01 level [8] with repeat purchases
for Chrysler leading Ford, General Motors and foreign manufacturers across both a national and a state sample
[9].

The practice of leasing emerged in the mainstream market in the 1990s as lower monthly lease payments
permitted lessees to drive new cars in higher product-market segments than those acquired through purchase.
For example, it was found that in the 50™-70" percentile of the income distribution, the median value of a leased
vehicle was $5000 more than a purchased vehicle [7].

3. Consumer Utility Functions

Subcompact Cars. We define the following objective function and constraints in a constrained maximization
model for the choice among x, ---x,; automobiles seeking to maximize fuel economy, handling, turning circle,
and unobserved product characteristics such as friend’s recommendations or positive press reviews of a new
model.

MaxU =(FE+H +TC+UC, +UC,)

X (X + Xy F Xy + Xy + Xs + Xg + Xg + Xg + Xg + Xy + Xgg + Xpp + Xgg + Xy + Xy + Xig + X7 + Xgg ), W)

Subject to
The list price must remain within a range of $14,770 - $17,241, the maximum and minimum for this category.
P >14,770 )
P<17,241 ©))

Equations (4)-(8) are common to all formulations. To maintain brevity, they will be assumed to be included in
all subsequent formulations.

Monthly fixed expenses must sum to less than 35% of wage income to maintain stability of household in-
come,

(M +CP) (X, + X, + X; + X, + X + Xg + Xg + Xg + Xg + Xgg + Xgg + Xpp + X3 + Xg + X5 + Xgg + X7 + X ) + OFE
<0.35W,

The car payment is the present value of price of the vehicle less the trade-in value or rebate discounted at the
interest rate, r, for the life of the loan, P,

(4)

P-T =CP/(L+r)%
The standard purchase loan is of a duration of 5 years or less,
P, <5 (5)
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P,>0 (6)

As a single car is to be purchased, the selected car will assume the value of 1, while the other 17 rejected
choices will assume the value of 0.

X, 4 Xy 4 Xg 4 Xy + X 4+ X+ X; + Xg +Xg + Xpg + Xyq + Xpp + Xig + Xpy + X5 + Xpg + X7 + Xy =1 )
Xi"'xn:O’l (8)

where

CP = Monthly Car Payment = Principal + Interest

FE = Fuel Economy

H = Handling

TC = Turning Circle

UC, = Unobserved Characteristic 1

UC, = Unobserved Characteristic 2

P = List Price of a New Car

M = Monthly Mortgage Payment

OFE = Other Fixed Monthly Expenses

W = Wages

P, = Term of an Auto Loan

Case 1: The buyer leases the car for 2 years and then buys it back at the end of 2 years. As leasing permits the
purchase of a more expensive vehicle, we may add a constraint indicating an elevation of status from leasing,

S>1, 9)
where S = Status. S =1 for vehicles leased in the original product-market segment, and S =2, for vehicles

belonging to the next higher-priced vehicle-market segment.
As the lease term < 2 years, we replace constraint (5) with the following constraint,

P, <2 (10)

The interest rate, r, is greater than the annual depreciation percentage of the value of the vehicle.
R>d (11)
where d = Depreciation Percentage.
And an allowance must be made for buyback at the end of the lease period,
Pl=P-dP, (12)

where
Pl = Price of Buyback Vehicle, which is always greater than the Book Value, P—dP,
The loan repayment term on the buyback vehicle is at least 5 years,

Pl,>5 (13)
where Pl , = Loan Repayment Period for the Buyback Vehicle.

Given that leased cars are just 2 years old, their repair and maintenance expenses may be constrained to re-
main within 5% of wages,
MA(X, + X, + Xy + Xy + Xg + Xg + X; + Xg + Xg + Xy + X3 + Xpp + X5 + Xy + X5 + Xy ) < 0.5W (14)
where
MA = Annual Repair and Maintenance Expenses.
Door Small Cars. Utility functions for two-door small cars include the variable E for ease of entry. We add

the additional constraint that there be 2 doors. Equations (2) and (3) are replaced with new limits, while Equa-
tions (4)-(14) are just adjusted for the number of cars, i.e. 6 instead of 16.

MaxU =(FE+H +TC +E+UC, +UC, )(X, + X, + X + X, + X5 + X5 )

Subject to
P < 27,400 (15)
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P <18,600 (16)
D=2 @an
where
FE = Fuel Economy
H = Handling

TC = Turning Circle

E = Ease of Entry and Exit

UC, = Unobserved Characteristic 1
UC, = Unobserved Characteristic 2
P = List Price of a New Car

D = Number of Doors.

Case 1 remains unchanged from Subcompact Cars.
Compact Cars. The criteria for evaluation of cars changes as do price and size dimensions. Fuel Economy,

Handling, Rear Seat and Reliability are the criteria for most compact cars; However, color and styling specifica-
tions can be of importance for specific customers. Unobserved characteristics such as brand loyalty may be

listed as a separate factor. We make the necessary adjustments.
MaxU =(FE +H + RS + REL+UC, +UC, ) (X, + X, + X; + X, + X + Xg + X; + Xg + Xg + Xy + Xy + X, 18)

+Xl3+X14+X15+X16+X17+X18+X19+X20+X21+X22+X23+X24)’

Subject to
P < 29,230 (19)
P >16,790 (20)
where
FE = Fuel Economy
H = Handling

RS = Rear Seat

REL = Reliability

UC, = Unobserved Characteristic 1
UC, = Unobserved Characteristic 2
P = List Price of a New Car

Case 1 remains unchanged from Subcompact Cars.
Midsized Cars. Evaluation criteria for new cars include Fuel Economy, Roominess, Powertrain and Quietness

for 24 models. We state a new objective function and alter the right side of the price constraints to accommodate
the new price limits for this category for 24 vehicles.

MaxU = (FE +R+PWT+QT +UC, +UC, ) (X, + X, + X5 + X, + X5 + Xg + Xy + Xg + Xg + X + X1 + X, 1)

+X13+x14+X15+X16+X17+X18+X19+X20+X21+X22+X23+X24)’

Subject to
(22)

(23)

P <28,151
P > 21,885

where
FE = Fuel Economy
R= Roominess
PWT = Powertrain
QT = Quietness
UC, = Unobserved Characteristic 1
UC, = Unobserved Characteristic 2
P = List Price of a New Car
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As Case 1 is identical to Case 1 for Subcompact Cars, it is not repeated here.

Large Cars. Evaluation criteria for new cars include Fuel Economy, Roominess, Handling and Braking for 12
models. We state a new objective function and alter the right side of the price constraints to accommodate the
new price limits. Brand Loyalty may be more noticeable with additional constraints signifying repeat purchase.

MaxU =(FE+R+H +B+UC, +UC, ) (X, + X, + X3 + X, + Xg + Xg + X; + Xg + Xg + Xyo + Xy + X, ) (24)
Subject to

P < 47,170 (25)

P > 33,700 (26)

Brand Loyalty is represented by the same model, 1,---,n, where n=12, being purchased during the future

time period, t, as was purchased during the current time period, t-1,
Xnt1 = Xpg (27)

where

FE = Fuel Economy

R= Roominess

H = Handling

B = Braking

UC, = Unobserved Characteristic 1

UC, = Unobserved Characteristic 2

P = List Price of a New Car

Case 1 applies unchanged.
Luxury Compact Cars. Evaluation criteria for new cars include Fuel Economy, Acceleration, Fun to Drive

and Fit and Finish for 15 models. We state a new objective function and alter the right side of the price con-
straints to accommodate the new price limits. Brand Loyalty may be more noticeable with additional constraints
signifying repeat purchase. Status is very much higher for a luxury vehicle, being well beyond a late-model

lease.

MaxU =(FE+A+FD+FI+UC1+UC2) 28)
X (X + Xy + Xy + Xy + Xg + Xg + Xg +Xg + Xg + Xpg + Xg + Xpp + Xz + Xy + X)),
Subject to
P <50,475 (29)
P > 27,750 (30)

Brand Loyalty is represented by the same model, 1,---,n, where n =15, being purchased during the future
time period, t, as was purchased during the current time period, t-1,
Xnt—l = Xnt (31)

S>2 (32)

where
FE = Fuel Economy
A= Acceleration
FD = Funto Drive
FI = Fitand Finish
UC, = Unobserved Characteristic 1
UC, = Unobserved Characteristic 2
P = List Price of a New Car
S = Status
Case 1 applies unchanged with the exception Equation (9) which is replaced by (32).
Luxury Convertible Cars. These vehicles are favored by men who value acceleration and high-technology
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features. They may increase in value over time and confer high status upon the owner.

MaxU = (SR+A+HT +F +UC, +UC, ) (X, + X, +X;) (33)
Subject to
X+ X, + X% =1 (34)
[CP(x +X, +X;)+M +OFE | <0.35W (35)
Status (S) is at the maximum on a scale of 1 - 4,
S—4 (36)
Gender (G) ismale (M),
G=M (37)
Acceleration occurs in 30 seconds or less,
A<30 (38)
P > 35,829 (39)
P < 49,300 (40)
where
SR = Sunroof

A= Acceleration

HT = High-Technology Features

F = Number of Features

UC, = Unobserved Characteristic 1

UC, = Unobserved Characteristic 2

CP = Monthly Loan Payment

M = Monthly Mortgage Payment

OFE = Other Monthly Fixed Expenses

W = Wages

Case 1 remains unchanged except that the status constraint (5) is replaced by (36) to denote the higher status
of the luxury convertible.

Luxury Midsized Cars. This segment values Fuel Economy, Safety Features (determined by performance on
crash tests), Roominess and Acceleration. There are 17 separate models. Brand Loyalty prevails as does prestige,
given the luxury designation.

MaxU = (FE +SA+R+A+UC, +UC,)

X (X + Xg + Xy + Xy + Xg + Xg + Xy + Xg + Xg + Xgg + Xy + Xpp + Xz + Xy + X5 + X5 + X7 ), (1)
Subject to
P < 70,895 (42)
P > 41,365 (43)
Status is included for the luxury brand,
S>3 (44)

Brand Loyalty is represented by the same model, 1,---,n, where n=17, being purchased during the future
time period, t, as was purchased during the current time period, t-1,

X1 = Xy (45)
where
FE = Fuel Economy
SA= Safety

A= Acceleration
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R = Roominess

UC = Unobserved Characteristic 1

UC, = Unobserved Characteristic 2

P = List Price of a New Car

S = Status

Case 1 applies unchanged with the exception of Equation (9) which is replaced by expression (44).

Ultra Luxury Cars. Ultra luxury cars maintain competitive advantage for 8 models by having special 1) con-
venience features such as changing inside lights, massage, and voice control of the navigation system, 2) safety
features including rear view camera and stoppage in close traffic 3) acceleration in less than 30 seconds and 4)
prestige which elevates an individual’s social position beyond the aforementioned Status variable. Depreciation
is high with at 2 - 3 times the straight line rate.

MaxU = (CF + S+ A+ Pre+UC, +UC, ) (X, + X, + X; + X, + X5 + X + X, +Xg ) (46)

Subject to
P <93,891 (47)
P >81,575 (48)

Brand Loyalty is represented by the same model, 1,---,n, where n=8, being purchased during the future
time period, t, aswas purchased during the current time period, t-1,

X1 = Xnt (49)
We add a constraint to account for annual depreciation percentages at 2 - 3 times the straight-line rate,
CP =2P/P, (50)
where
CF = Convenience Features
S = Safety

A= Acceleration

Pre = Prestige

UC, = Unobserved Characteristic 1

UC, = Unobserved Characteristic 2

P = List Price of a New Car

P, = Life of the Car

Case 1 applies unchanged with the exception of Equation (9) which has been removed as we have included a
prestige variable in the objective function.

Sports Cars. Sports cars are high-performance vehicles which are perceived as fun to drive while accelerating
rapidly. Their distinguishing feature is that they have 2 doors and an acceleration that may outperform the typi-
cal vehicle. We may include a 4A factor in the objective function, i.e. 4 x Acceleration to account for the supe-
rior acceleration. Price is indeterminate with a wide range of prices ranging from $ 23,175 - $110,630 for 27
models, so that price limits and the status variable must be excluded from the constraints

MaxU =(HP + FE +4A+UC, +UC, ) (X, + X, + X + X, + X + Xg + X; + Xg + Xg + Xy + Xy + X,

(51)
+Xl3 + X14 + X15 + XlG + X17 + X18 +'k19 + X20 + XZl + XZZ + X23 + X24 + X25 + X26 + X27)

Subject to
Brand Loyalty is represented by the same model, 1,---,n, where n=27, being purchased during the future
time period, t, as was purchased during the current time period, t-1,

X1 = X (52)

n

where
FE = Funto Drive
HP = High Performance
A= Acceleration
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UC, = Unobserved Characteristic 1

UC, = Unobserved Characteristic 2

Case 1 applies unchanged.

Small Sport Utility Vehicles (SUVs). The demand for sport utility vehicles over cars is driven by family size.
The more children under the age of 18, the greater is the need for transportation of additional family members
and their equipment to athletic and recreational activities. It follows that roominess and safety features must be
maximized. Given the large size of the vehicles and the daily travel to multiple locations, the vehicles must dis-
play agility in turning corners and evading high-speed traffic. There are 19 vehicles in this category, suited for

small, 1 - 2.
Child families.
MaxU =(FE + R+ AG +Sa+UC, +UC,) (53)
><(Xi—i_xz+X3+X4+X5+X6+X7—i—)(’i:}—i—xg+X10+X11+X12+X13+X14+X15+X16+X17+X18+X19)’
Subject to
Family Size must consist of more than 2 individuals
FS>2 (54)
To justify the purchase of a small sport utility vehicle, there must be fewer than 3 children,
C<3 (55)

Brand Loyalty is represented by the same model, 1,---,n, where n=19, being purchased during the future
time period, t, as was purchased during the current time period, t-1,

Xnt—l = Xnt (56)
P <37,525 (57)
P > 24,215 (58)

where
FE = Funto Drive
R = Roominess
AG = Agility
Sa = Safety
UC, = Unobserved Characteristic 1
UC, = Unobserved Characteristic 2
FS = Family Size
C = Children
P = List Price of a New Car
Case 1 applies unchanged.
MidSized Sport Utility Vehicles and Large Sport Utility Vehicle shave identical models to Small Sport Utility.
Vehicles, with the exception of the objective function, price limits, and the removal of the family size constraint (54).
For MidSized Sport Utility Vehicles, the objective function is

MaxU =(FE +R+Sa+UC, +UC,)

><(Xl-l_XZ+X3+X4+X5+X6—"_)(7—i_XS—i_XQ+X10-"_)(114_)(12+X13+X14+X15-"_X16+X17 +X18+X19)' (59)
Subject to
P > 26,350 (60)
P <50,875 Case 1 applies unchanged. (61)
For Large Sport Utility Vehicles, the objective function is
MaxU = (R+T +UC, +UC,)
(62)

><(X1+X2+X3+X4+X5+X6+X7+X8+X9+X10+X11+X12+X13+Xl4+X15+X16+X17+X18+X19),
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Subject to
P > 38,460 (63)
P <69,790 (64)

where

R = Roominess

T = Towing

FE = Fun to Drive

Sa= Safety

UC, = Unobserved Characteristic 1

UC, = Unobserved Characteristic 2

Luxury Compact Sport Utility Vehicles and Midsized/Large Luxury Sport Utility Vehicles are identical in
model to Small Sport Utility Vehicles, with the exception of the objective function, price limits, the removal of
the family size constraint (54) and the addition of a wage constraint to stipulate luxury, i.e. that wages be
>$150,000.

For Luxury Compact Sport Utility Vehicles, the objective function is

MaxU :(FF +Sa+UC1+UC2)(x1+x2 + X+ Xy + X+ Xg + X+ Xg + X + Xy +x11+x12) (65)
Subject to
P > 30,555 (66)
P <63, 290 (67)
W > 150,000 (68)
S=3 (69)
For Large Luxury Sport Utility Vehicles, the objective function is
MaxU =(C+T +UC, +UC, ) (X, + X, + X; + X, + Xg + Xg + X; + Xg + Xg + Xy + Xy + X, ) (70)
Subject to
P > 41,375 (71)
P < 88,545 (72)
W >150,000 (73)
S=3 (74)
where
FF = Fitand Finish
C = Comfort
Sa = Safety
T = Towing
W = Wages
S = Status

UC, = Unobserved Characteristic 1

UC, = Unobserved Characteristic 2

Pickup Trucks. Pickup Trucks compete on the basis of hauling strength measured by powertrain, transmission
and towing. They have a unique price range for 8 models and may be used by individuals engaged in home im-
provement or construction, so that an additional constraint may be included for the occupation variable.

MaxU = (PT +TM +TO)(xX - %;) (75)

Subject to
Xy Xy + Xg 4+ Xy + X5+ Xg + X, + X =1 (76)
[(CP(xier2 + X Xy X+ Xg + X + X )+ M +OFE)] <0.35W (77)
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P >30,110 (78)
P < 49,155 (79)

OC (X, + X, + Xy + Xy + X + X5 + X, +% ) =0,1 80
(1, if the owner has employment in the trades / construction, 0, if otherwise) (80)

where

PT = Powertrain

TM = Transmission

TO = Towing

OC = Occupation

CP = Monthly Car Payment

M = Monthly Mortgage Payment

OFE = Other Fixed Monthly Expenses

Case 1 remains unchanged.

4. The Solution to the Consumer’s Utility Maximization Function

In this section, we develop a sample solution to the models presented in Section 2.5 using Subcompact Cars as
an example. Consumer 1 has the following utility function subject to constraints expressed as equalities. He or
she will select 1 of 18 models that optimize needs for fuel efficiency, handling and turning circle and 2 unob-
served characteristics.
Max ( FEx, + FEX, + FEX, + FEX, + FEX; + FEX, + FEX, + FExXg + FEX, + FEx,, + FEx,, + FEX,,
+ FEX; + FEX,, + FEX,; + FEX;; + FEX; + FEX;g + HX, +---+ Hx;g + Hx; + HXg + TCx, (81)
+TCX, +++++TCxg ) +UC, (X, ++++4 X ) +UC, (X, +++-+ X)),
Subject to

We deduct the extra amount, FF, that Consumer 1 is willing to pay for product characteristics from the mini-
mum price for subcompact cars, such as an extra amount for fuel efficiency.

P—FF =14,770 (82)

We add the extra amount, C, that Consumer 1 is unwilling to pay for product characteristics to the maximum
price, such as a different color for the cup holder.

P+C = 20,850 (83)

We add an amount, E, for unexpected fixed expenses to the monthly mortgage payment, car payment and
other fixed expenses to equate to 35% of wages.

M +CPx, ---CPx,; + OFE + E = 0.35W (84)
Xy 4 Xy + Xg 4 Xy + X5+ Xg + Xy + Xg + Xg + Xyg + Xoq + Xpp + Xig + Xy + Xpg + Xy + X7 + X5 =1 (85)
X ¥ =01
For Case 1: Leasing a New Car
S-Vv=1 (86)

V is a subjective level of prestige that Consumer 1 elects to eschew in order to purchase the low-cost, less-
prestigious subcompact car.

R=d+g (87)

The interest rate on the auto loan is the sum of the depreciation rate, d, and g, a risk premium which is suffi-
ciently high so that average revenue > average cost.

Plo =5+Y (X %) (88)

The loan repayment period for the lessee’s vehicle purchase after surrendering the leased vehicle is 5 years
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and an additional period, Y, that will assure that that average revenue > average cost for the dealer.
MA(X, -+ X ) + O (X, -+ X5 ) = 0.05W (89)

We add O, for unexpected repairs and maintenance to routine maintenance expenses which equate to 5% of
wages for pre-leased car.

We express the constraints as multiple Lagrangian functions, with Lagrange multipliers, A ---4, .

If the vehicle is purchased,

MaX[(FEX1+FEX2+FEX3+FEX4+FEX5+FEX6+FEX7+FEX8+FEX9+FEX10+FEX11+FEX12+FEX13
+FEx, + FEX5 + FEXg + FEX; + FEXyg )+ (HX + -+ HX + HX; + HXg ) +(TCx, + TCx, +---+TCx )
+UC, (% ++++ %5 ) FUC, (%, +++++ % ) ] = 4 ( P~ FF ~14,770) - 4, (P +C - 20,850) (90)
— 23| M +(CPx, +--CPx,, ) + OFE + E - 0.35W |
= Ay (X Xg + Xg + Xy + Xg + Xg + Xg + Xg + Xg + Xgg + Xgg + Xy + Xz + Xy + X5 + X5 + X7 + X —1)

If the vehicle is leased,

Max[(FEx1+FEx2+FEx3+FEx4+FEx5+FEx6+FEx7+FEngrFExg+FEx10+FEx11+FEx12+FEx13
+ FEX, + FEX 5 + FEx + FEX;; + FEXq )+ (Hx, + -+ Hxg + Hx;; + Hxg )
+(TCx, +TCXy -+ +TCxyg ) +UC, (X, ++++ X5 ) +UC, (X, ++++ X5 ) ]

4 ( P~FF -14,770)~ 2,(P +C - 20,850) — 4, M +(CPx, ---CPx, )+ OFE + E - 0.35W | (91)
— A (X + Xg F Xy + X+ X+ Xg + Xy + Xg + Xg + Xgg + Xy + Xpp + X3 + Xy + Xig + Xy + Xg7 + X —1)
~25(S-V-1)-4(R-d-g)- ’17[ Po—5- Y(Xi"'XlS):|

=25 (PI=P—dP.5 )+ A [ MA(X -+ X5 ) + O (X, -+ X5 ) = 0.05W |,

Differentiating the reciprocal of the objective function, we obtain the rate of change in the automobile choice
based upon, say fuel efficiency, or handling, etc. The selected model will have a first derivative = 1, all others
will be 0. If x, provides the optimal level of product characteristics, all first derivatives in x, will have values
of 1, the first derivatives in models x,---x,. As P, list price of the car, M , mortgage payment, OFE, other
fixed expenses are constants, the derivatives of the Lagrangian functions will be the derivatives of the chosen
model with respect to the variables, FF, C, CP, E and W, suggesting that Consumer 1 wishes to select
X, as any change in it will not result in further improvement in product characteristics nor will it result in fur-
ther reduction in the excess paid for additional levels of fuel efficiency, handling, etc., further reduction of the
loan payment, further reduction of the additional amount for unexpected fixed expenses, or further reduction in
wage exposure for a purchased car. For a leased car, there will be no additional increase in the excessive desire
for status, no further increase in the differential between interest rates and depreciation percentages, no increase
in the duration of the loan for a preleased car, and no increase in maintenance expenses beyond 5% of wages.

For a purchased car,

[d(x)/d(FE)+d(x)/d(H)+d(x)/d(TC)+ /d (uc,)+d( /d (uc,)] ©2)
~ 20 (% )/d (FF) = 2,0(1)/d (C) ~ 20 (1) /d < ) Aqd xl)/d 7(035)d(x,)/d(W
For a leased car,
[d(x)/d(FE)+d(x /d xl)/d(TC)+d /d uc,)+d(x /d uc,)]
- Ad(x)/d(FF)- /d - /d CP)- /d 4, (0.35)d(x,)/d(W) (93)
—25d(x)/d(V )~ 4 /d R- d g9)- /Y ﬂgdxl/[dMA +do(x1)—o.05d(w)}

Consumer 1’s choice of x; will locate on a boundary of all possible optimal choices of models. Another con-
sumer’s choice will locate at another point on the boundary of combinations of product characteristics, so that
all consumers will find their optimal choice of product characteristics at some point on the boundary. Each of
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the 8 constraints will be represented by a line tangent to the boundary. The point of intersection of all tangent
lines on the boundary will represent the ideal choice for a particular customer or a group of customers, say for
X, . Another group of customers will find a point on the boundary of product characteristics for a different model,
say X,. The sum of each customer’s demand for x, is the level of demand for that model. There is sufficient
demand for all of the 18 models to justify production of each model.

For a purchased car,

JH([00te1)/d (FE) +d(x,)/d(H) +d (1) /(TC) 0 (3, )/d (UC, ) +d (%, ) /A (UC, )
_ﬁid(X1c1)/d(FF)_ﬂ?d(X1c1)/d(C)_ﬂad(X1c1)/d(CP)_ﬂed(Xm)/d(E)_ﬂa(0-35)d(xlc1)/d(w))
+([d(xlcz)/d(FE)+d(x1C2)/d(H)+d(x102)/d(TC)+d X2 )/d(UC,)+d(xc,)/d(UC,)]
=240 (X0 ) /A (FF) = 4 (X6, )/d(C) = A (Xic, )/d (CP) = A0 (X,c, ) /d (E) = 45 (0.35)d (x,c,, ) /Al (W)}

For a leased car,
J{([0 ()4 (FE)+d (%) /A (H) + (e1)/d (TC) + e,/ (UC,) +d< )/d(uc,)]

= 40 (Xe; ) /d(FF )= 2,d (X,¢;)/d(C) = A4d (X,c1 )/d(CP) = A0 (Xye; )/d (E ) — 4 (0.35)d (X, ) /Al (W

~ A58 (%c1)/d (V) = A (%ic, )/d (R—d = 9) = 2,0 (%cy ) /Y ) = A X1c1)/[dMA(X1c1)+dO(X101)_0-05d(W)}}

% [{([d (2 )/d(FE)+d (%, )/d(H)+d (3, )/d(TC) +d (e, ) /A (UC, )+ d (X, /d (UC,)]
~Ad(Xe, ) /d(FF)=4d(Xc,)/d(C) = A4d (X, )/d(CP) ~ A4d (%, )/d(E) - 4, (0:35)d (%, )
— 260 (X, )/d( V)= A0 (X, )/d(R—d = @)= 4,d (%, ) /Y ) - ﬂﬁdxlcz/[dMA x1c2)+d0(xm)

(92)

/d(W)
0.05d(W)},

5. Producer Strategies

Under monopolistic competition, any price differential is immediately mimicked by competitors so that prices
remain within a narrow range. Profitability is achieved by selling the entire quantity produced. Since each model
only attracts a limited number of customers, product characteristics such as make and model become powerful
determinants of dealer sales [18].

First, the dealer attempts to sell at list prices offering rebates to first-time buyers and trade-ins to repeat cus-
tomers. Such discounts are usually generous as they offer a means to distinguish the dealer from the competition.
Any loss is recovered by increasing interest rates or stretching the loan repayment period, which over the years
has increased from 4 - 5 years to 6 - 7 years [18]. Offers of 0% financing result in substantially higher interest
rates over the life of the loan as the loan payment remains higher than the annual depreciation charges. Secondly,
the dealer may reduce the inventory of new cars by leasing them. Approximately, 30% of new cars are leased
[19]. Not only does leasing reduce the inventory of new cars, it reduces the adverse selection problem in the
used-car market by providing an inflow of newer, higher quality used cars with lower repair costs than the typi-
cal used car [20] making it possible for dealers to charge higher prices for these cars. Further, about 20% - 25%
of the leased cars are purchased by the lessee upon expiration of the lease thereby permitting further reduction of
new car inventories.

The Producer’s Supply Function
(X 1), = u( X, )6t +(X,,1) 5B, (93)

We begin with a standard stochastic differential equation where i represents the initial profit. When i=1 a
static marginal profit has been obtained, integrating the original form posits a forecasted profit function over a
negligible timeframe:

= u[(X, t)ot+[o(X,,t)58, (94)

This equation can be rearranged discretely to serve our econometric application:
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X, X, =uT +o(B, -B,) (95)

Production volume is a variable predicated on consumer demand. It fluctuates in accordance with interdepen-
dent and independent factors. For example, vehicle affordability and fuel economy are separable variables that
are strongly codependent in view of the vehicle’s selling potential. Our theoretical model homogenizes these in-
dependent variables, positing that the profit function is not substantially influenced by codependent variable se-
paration. The incentives for vehicle purchase vary among income, age, gender and demographic cohorts. Pur-
chasing incentives that are mutually shared between cohorts or within a cohort takes precedence over non-uni-
versal incentives (i.e. cup-holder color, seat stitching pattern, etc.). The subsidiary features can be relegated to
statistical outliers for buyers in lower purchasing brackets. The higher the purchasing bracket the more relevant
otherwise subsidiary features become, making attention to detail on the part of the manufacturer a staple of pro-
duction. Note that we distinguish between buyer income and purchase bracket since the two are not always
linked. Factors are denoted f,,, and we apply conventional operators to assess their frame of relevance.

st
le f2
fi~fef~1

where f, and f, are factors driving purchasing incentive. Symbols < and > denote one factor that is
more or less preferable to another.

Our goal is to minimize production cost and maximize dealer profit by underscoring an optimal equilibrium
between buyer purchasing incentive and the manufacturer’s ability to follow through. Buyer incentive represents
a family of factors each coefficient of which is mutually separable between each other but in totality drives the
likelihood of purchase for potential buyers. We use a gradient to designate a class of variables that, when fluc-
tuate, influence production cost and final price.

_[60) S(x) S(x) \_ 5(x%) o
5(1) 6(1) 5(f) | S(f,fy fyye <)

We use an estimation function Q(3) to qualitatively minimize production cost, utilizing the function h( )
to distinguish different estimators. This is called a Generalized M Estimation and we represent it as such:

Q(B)=2h(f, . B) (97)

£ combine the two f factors with a finite quantity of varied sub-factors i and X written as a product
operator of vehicle features that are most likely to influence purchase potential. If the combined factors contri-
buting to profit exceed the combination of factors sustaining a loss for the company, the production is feasible.
We can write this probability equation as follows

ﬂzHi,xanp(fi’ fx) (98)

Minimizing combinatorial factors that strengthen the vehicle’s selling points saves the manufacturer time and
money while allowing for profit enhancement and sustainability. We thus maintain that the manufacturer’s profit
function is influenced by S ~< Vx,. When the frame of relevance f,, . is taken into account alongside £,
we postulate a correlation between the reduction of Q( ) and the increase in gross profit for the manufacturer.
Exploring the prospect of this outcome will be the basis for future discussion.

6. Competitive Equilibria

The optimal production quantity per segment is given by Equation (97).

Q(8)=31(z..4)

If we substitute the solutions to the demand functions specified in Equation (92) and Equation (93) in Equa-

tion (97)
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We will obtain the equilibrium quantity of automobile x, to be produced which satisfies both Consumer 1’s
utility function and meets the producer’s need for profit maximization. Such quantity equilibria may be created
for the 16 product-market segments listed in Section 2. These points form a range of competitive equilibria.

For a purchased car,

Q(A) =X h([{[d(%c1)/d(FE)+d(xic;)/d(H)+d(¥c1)/d(TC)+ (e, )/d(UC, )+ (¥, )/ (UC, )]
~ 240 (Xe; )/d(FF) = 4,d (%, )/d(C) = Ad (%1 ) /d (CP) — 4d (%, )/d(E) ~ 4, (0.35) (X1c1)/d(W)}
+#{[d (2 )/d(FE) +d (%, )/d(H)+d (%, )/d(TC) +d (%, )/d(UC, ) +d(xc, )/d(UC, )] (99)
~ 240 (X )/d(FF) = 4,d (%, )/d(C) ~ Ad (%, )/d (CP) ~ 240 (%, ) /d (E)
~ 5(0.35)d(x,c,)/d (W)}, B),

For a leased car,

Q(ﬂ):Zh(j{[d(><1Cl)/d(FE)+d(x1Cl)/d H)+d (%, )/d(TC)+d(x¢,)/d(UC,)+d(x)/d(UC,)]
—/yd(xm)/d(FF )= 220 (X1 )/d(C) = A4,d (X1 )/d(CP) = A4d (X, )/d(E) = 45 (0.35) d (X,c, ) /d (W)
=260 (X,c1 )/d( V)= 250 (¥, ) /d (R— d 9)—A,d (X, ) /Y
— Zgtycy /[ AMA( xm)+d0(x1c1)—0.05d(w)]}

x [{[d (%2 )/d(FE) +d(xc, ) /d(H ) +d (%, )/d(TC)+d (X, ) /d(UC, ) +d (%, )/d (UC, )]

~ 208 (%2 )/4(FF) = 2,8 (4i2)/(C) = &d (X2 )/ (CP) ~ A0 () /d (E) - 4 (035)d (e, ) [d (W
=260 (X, )/d( V)= 250 (X, )/d(R—d = g) = 2,d (X, ) /Y

— Za¥c, /[ AMA (¢, ) +dO (¥, ) ~0.05d (W) ]}, ﬁ).

As production costs increase, these costs may only be recovered through sales of automobiles in multiple na-
tional markets. Such an occurrence increases the globalization of the automobile industry.

(100)
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