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Although most electric vehicles (EVs) can cover the majority of daily driving needs, customers are anxious
that they will run out of electricity on the road before arriving at the destination. Thus, the availability and
accessibility of charging stations become critical for increasing sales in EV market. As well as charging
convenience, customers are attracted by high-performance, meaning that all relevant features (acceleration,
maximum speed, braking, riding comfort, durability, safety, charging time, etc.) need to be balanced.
However, in many cases, achieving the optimal balance requires additional expense so that it may cause
pressure on price despite its expected benefits. Thus, we investigate how the EV manufacturers can cope
with the trade-off between lowering price and improving performance under competition. Then, we compare
the equilibrium performance levels and prices of EVs when performance improvement costs of competing
firms differ. We also examine the equilibrium decision from the social perspective and provide the
implications of how the socially favorable decision is different from that for manufacturers.
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several years. The sales of EV reached 777,497

units worldwide in 2016, more than twice of

| . Introduction

the sales volume in 2014. As well as declining

After the Volkswagen's emissions scandal,
electric vehicles (EVs) are now considered as
the most promising sustainable transport and
receiving significant attention from customers.
According to Rapier (2017), increase in global

EV sales has continued to grow for the last

demand for the clean diesel cars in the wake
of the scandal, customers growing interest in
EVs has spurred massive investments in EV
development.

Manufacturers have been focusing on the choice

of different technologies for EV development.
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However, recent signs from the industry are
now showing that the EV market is more
skewed towards the Full-EVs (FEVs) which
use electric power stored in battery packs as
the sole source of propulsion. While BMW,
Volvo, and Hyundai-Kia are still holding both
cards of FEV and plug-in hybrid system,
Rolls-Royce announced that it would not put
efforts for any other bridge technologies and
go straight to the FEVs (Szymkowski, 2017).
Tesla, Lucid Motors or Faraday Future, the
rising stars of the EV industry, are planning
to expand their production capacity only for
the FEVs. Even Toyota, which has long been
focusing on hydrogen fuel cell development,
claims that it already achieved a breakthrough
in battery research and will launch its first
FEV by 2020.

Since most smartphone users have experi-
enced a discharged battery, one of the main
concerns for potential EV drivers is range
anxiety: the battery may go dead before ar-
riving at the next charging station. While the
short driving range was a major problem in
the early stage of development, the range is
no longer an issue due to the recent advances
in battery technology. Recently, most EVs can
cover the majority of driving needs, regarding
the fact that the average daily mileage of
people in Korea is less than 25 miles (under
40 miles in the US). Thus, building an avail-
able and accessible charging network becomes

a vital part of EV manufacturers mission to
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boost the sales.

Meanwhile, suppose you are buying a new
car. Would you simply consider how long the
car can go without refueling? Probably not.
You would think about the car performance
in all features like acceleration, maximum
speed, braking, riding comfort, durability,
safety, etc. Likewise, customers who are in-
terested in buying a new car with a focus on
the environmental sustainability would also
take all of the relevant features into account
as well as the driving range on a single charge.

Naturally, improving the comprehensive EV
performance requires additional expense, so
it may lead to an increase in price which causes
pressure on demand. At the same time, charging
stations may become less profitable given the
reduced installed-base. Because of these re-
lated customers and charging stations, EV
market exhibits strong network externality
(Basu, Mazumdar, and Raj, 2003: Li, Tong,
Xing, and Zhou, 2017; Liebowitz and Margolis,
1994). Thus, the objective of this paper is to
present the impact of vehicle performance on
EV market competition in the presence of
network externality. Grounded on Armstrong
(2006), we present a model of competing EVs
to provide foundations for understanding how
the decision on car performance influences the
manufacturer’s profitability as well as the role
of R&D capability. Our work also involves
analysis which considers a welfare-maximizing

equilibrium from a social planner’s perspective.
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The rest of this paper is organized as follows.
The next section presents the literature review.
Section 3 describes the basic model struc-
ture, followed by the competition under capa-
bility asymmetry in R&D. In section 4, a so-
cial welfare analysis is included to find out
the best decision for the entire society. Finally,
we discuss the potential contributions of our

paper and provide venues for future research.

[I. Literature Review

Most studies on the markets with network
externality investigate the impact of poten-
tial network size on customer utility in the
presence of network externality.

Network externality can be defined as in-
terdependence between the demand for a pri-
mary product or service and the supply of
complementary ones: the value of a product
increases with the availability of complementary
products (Basu, Mazumdar, and Raj 2003:
Katz and Shapiro 1985: Liebowitz and Margolis
1994). Due to the interdependence, the cus-
tomers tend to wait for complementary prod-
ucts or services to mature and vice versa.
Therefore, the key research streams are con-
cerned with this coordination problem for the
markets with network externality (Armstrong,
2006, Caillaud and Jullien, 2003: Rochet and
Tirole, 2003). Since the network externality

ZAYSHAT ®473 M1 20184 28

is the most important attribute in this con-
text, academics make strategic suggestions
for growth while paying little attention to
earning the competitive advantage from the
performance perspective.

While it is clear that the product with bet-
ter performance significantly influences firm
success in conventional product market (Sethi,
2000; Tellis and Johnson, 2007),

performance has been heralded as a subject

product

for further study in case that the market ex-
hibits network externality. Thus, there has
been a vigorous academic debate on the merits
of product performance. Anderson, Parker,
and Tan (2014) argue that heavily investing
in the product performance does not always
leads to a competitive edge, especially in
content-driven markets. Zhu and Iansiti (2012)
examine the relative importance of primary
product performance, network externality, and
consumer expectations as drivers of firm success.
They explained that even in a market with
significant network externality, no single strategy
will work because different industries exhibit
different dynamics and firms should offer
product performance at least comparable to
that of their competitors. Prasad, Venkatesh,
and Mahajan (2010) empirically show that the
impact of network externality can vary across
product attributes. Tellis, Yin, and Niraj (2009)
find that the product performance becomes
even more critical in high-tech product markets

while both the network externality and the
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product enhancement affect the market share.
While our work is an extension of this research
stream, we consider the EV market competi-
tion which involves a high level of R&D as
well as the network externality.
Modeling-wise, our work is closely related
to Armstrong (2006) in that we were inspired
by the way he captured the competition in
the presence of network externality. Contrary
to Armstrong (2006) which assumes exclusivity
on both sides, Hagiu and Lee (2011) consider
non-exclusive content providers given the ex-
clusive customers. Similarly, to capture the
market reality, our model assumes that the
charging stations are not exclusive to a spe-
cific EV while the customers are not allowed
to buy more than one EV. However, we further
attempt to capture the economic implications
of investment in primary product performance
while the focus of Hagiu and Lee (2011) is on
the control over content pricing without re-
garding how good the performance of primary
product or service is. As an extension of this
research stream, we employ a stylized game-
theoretic model that captures the economic

implications of investment in EV performance.

IIl. Model

3.1 Benchmark

In this benchmark, we establish a simple
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duopoly competition that considers perform-
ance impact as an extension of Armstrong
(2006). We assume that there are two EV
manufacturers at the endpoints of a line with
length one. The Manufacturers are indexed
by i=1,2 that offers an EV with the same
level of baseline value v to customers. There
are customers(C) and charging stations(S),
assumed to be uniformly distributed in [0,1].
We assume that the customers are allowed to
buy only one EV and the numbers of customers
who buy an EV offered by the manufacturer ¢
is denoted by n,. Contrary to the customers,
charging stations can choose whether to pro-
vide exclusive service or not. Then, ng repre-
sents the number of charging stations that
provide the services only for the buyers of EV
offered by the manufacturer i.

The decision flow of the model is as follows.
The manufacturers simultaneously determine
the level of their EV performance, ,£[0,0).
[0,0). Finally,

customers (charging stations) choose which

Next, they set the price, p,E

one to buy (provide their service) after observing
the performance and price levels. (Figure 1)
describes the decision timeline of all agents
in the market.

Then, a customer’s utility of buying an EV
offered by a manufacturer i« depends on price
p; and the number of charging stations that
provide service for her. Since our model is an
application of Hotelling's specification as in

Armstrong (2006), if parameter ¢ denotes the
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Manufacturers set Manufacturers set

Customers (charging stations)

the levels of the levels of price. determine which type to buy
improvement. (provide the service).
O O O >

(Figure 1) Decision Timeline

customers transportation cost per unit length,
a customer at location z<[0,1] enjoys utility

as below:

U =a(l—ng)+uv(1+6,)—p, —tz; (1)
Uey = a1l —ng)+v(1+6,)—p, —t(1—x).

Note that parameter o measures the scope
of benefit a customer enjoys from the charg-
ing stations and 6, denotes the endogenously
determined level of performance by the man-
ufacturer i. On the charging stations  side,
we let o represent the profit that a charging
station can earn from a customer. If we nor-
malize fixed cost of installing supply equip-
ment for the offerings from the manufacturer
i to zero, an exclusive charging station can
generate profit of ug =on, while a non-
exclusive one's profit becomes ug =o. Thus,
we can realize that all charging stations will
choose to be a non-exclusive provider, since
ng < 1.

As a result, the location of the customer
who is indifferent of buying an EV offered by

either manufacturer is given by:

_ t—p, +p2+v(91—92)

.
v 2
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This implies that the number of customers

that choose the manufacturer i's EV is as:

t—p, +p, -1-1)(91 *6’2)
ta = 2 ;

t+p,—py,tv(0,—0
ngy = P 22t(2 ) (3)

Then, we can define the manufacturer i's

profit as below:
T, =DPilg — 009127 (4)

where the both manufacturers incur the same
cost of ¢j, per a unit performance improvement.
This assumption reflects that both manu-
facturers identically efficient in R&D activities.
As outlined above, the two manufacturers si-
multaneously determine the levels of per-
formance, and then price. Subsequent to the
decisions, customers choose to which manu-
facturer's EV to buy. Charging stations, at the
same time, make their decision on the service
provision. (This framework of assumptions
will be used in analyzing the following sec-
tions) Solving the manufacturers” profit max-
imization problem gives the followings:
2

* v * * t v
0, =——ip =t;m =——".
Y bep Pi T 2 36¢p (5)
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Note that we need a condition v*—18tc, <0

to ensure the concavity of manufacturer i’s
profit. By inserting the equilibrium levels of
performance and price in equation (3), the

number of customers who choose to buy man-

’ * 1 .
ufacture is EV becomes as: ng =5 Given

the results, we can state our first proposition

as below:

Proposition 1. In equilibrium, both manu-
facturers have incentives to invest in per-
formance improvement. Two competing man-
ufacturers evenly split the EV market and
earn the same profit by setting the same lev-

els of equilibrium performance and price,

. * 1 * v *
ie. ng=7, 0, =6—CD, and p; =t.

According to Propositionl, both manufacturers
are willing to put an effort in enhancing the
performance, even if they are evenly efficient
in R&D activities. Then, naturally, we ques-
tion whether the competition will be different
when the manufacturers are not equivalent

regarding R&D efficiency.

3.2 Asymmetric efficiency in performance
improvement

In this section, we extend the benchmark

by considering an asymmetric competition.

Suppose that two manufacturers possess dif-
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ferent knowledge and resources and thus are
not equivalently efficient in R&D activities.
That is, the less efficient manufacturer should
endure heavier cost burden in achieving the
same level of performance. If we assume that
the manufacturer 1 has a lead in R&D capa-
bility, it will be more efficient in improving
the performance than the competitor, the
manufacturer 2. To capture this manufacturer
1I's cost advantage over the manufacturer 2,
we let §&(1,00). Then, we write the manu-

facturers’ profit as follows:
T =P _CDQ%; Ty =PaNen _50170%‘ (6)

By solving the manufacturers profit max-
imization problem, we have the equilibrium

levels of performance and price as:

o = v<95th*v2) .
b 300{1852500—1)2(1-1—5)} '

o = v(9th—v2)
P 3ep{188te,— 1 (1+0)}

and

. 2t(9(5th—U2) o 2(5t(9th—v2)

P 8stey— 2 (1+0) 12 188tey—?(1+0)
(8)

Then, each manufacturer generates the
profit as:

. (18th—v2)(U2—96th)2
= 5
9ep{v(1+0)—186tcy)
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. 5(181‘/00*1)2)(112*91560)2
= _ 9)
9ep{v?(1+0)—186tcy}

Next, to examine the impact of asymmetric
capability in R&D, taking the derivative of
equilibrium levels of performance and price

gives the followings:

8_0167 1)3(9th—1)2) .
9 {P(1+6)—185tcy)”

*

8702 —v(lSth—v2)(9tCU—v2)

= : (10)
90 {*(1+6)— 185t ey}
and
c’)pI_ 2tvz<9th*v2>
9 L2146 —185tcy)
B_p;: —2tv2(9th—v2) (11)

95 [2(1+0)—185tcy)

We summarize the investigation in our next

proposition.

Proposition 2. In equilibrium, a more effi-
cient manufacturer provides a higher level of
performance than its rival. The equilibrium
levels of performance and price become as:
[19* _ v(9(5th—U2) .

Y 3¢, {186tc,— 0 (146)

o — U(thD—v2) j d
> 3o, (185tcy—vr(1+0)} )

[*_ 2t(9(5tcu—v2) Cw 26t(9tcu—v2) ]
P Rotey—?(14+6) 17 186tey— A (1+06) )
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The more (less) efficient manufacturer will
provide the higher (lower) level of perform-
ance and price as the difference in R&D ca-

pability becomes large.

Proposition 2 means that the performance
levels are differentiated due to the manu-
facturers” asymmetric R&D capabilities. The
more efficient manufacturer, which has a com-
petitive lead in the performance improvement,
offers an EV with higher performance at a
higher price. As the capability difference grows,
the more efficient manufacturer utilizes its
cost advantage by offering an EV with a higher
level of performance while its competitor has
no choice but to offer a lower EV performance
at a lower price. Figure 2 illustrates the
equilibrium performance change concerning
the R&D capability difference.

Some customers may pay a premium price
for the EV with highly differentiated performance.
On the other hand, there may exist some other
customers who prefers EV with relatively low
performance in that it offers a lower price. If
a mass of the former type of customers is dis-
appointingly small, the capability difference
may not sufficiently contribute to the profit-
ability of manufacturer that offers the pre-
mium EV. Thus, we next examine the manu-
facturers’ market share in equilibrium to find
out whether the capability difference boosts
the more efficient manufacturer's profit.

By using the same logic that we derive ny;
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(Figure 2) Performance Comparison

given in the Proposition 1, we can realize the

manufacturer i's market share as follows:

. 96tc,—v? .

M 86t~ (1+0)

N 8(9¢te,—v?

Ny 9tep—17) (12)

 186tc,—vA(140)

A further analysis leads us to have the fol-

lowing proposition.

Proposition 3. In equilibrium, the more ef-
ficient manufacturer has a greater market
share than its competitor. As the R&D capa-
bility difference increases, the market share
of more (less) efficient manufacturer increase
(decrease). However, the market will never

be dominated by the premium EV.
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Proposition 3 indicates that the greater
number of customers will buy the EV with
better performance despite its higher price.
Furthermore, the market share of this pre-
mium EV will grow if it is more clearly differ-
entiated as the R&D capability difference be-
comes large. However, the market will never
be dominated by the premium EV, since low-
er price appeals more to some customers.

In sum, under duopolistic competition, the
R&D capability difference results in polar-
ized outcomes regarding both the performance
improvement and market share. Once a man-
ufacturer is left behind in the R&D activ-
ities, it faces an unavoidable uphill battle. The
less efficient manufacturer experiences both
lower performance and smaller market share

as the capability difference increases due to
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its heavier cost burden. In contrast, the more
efficient manufacturer can provide higher per-
formance at an increased price by capitalizing
on this cost gap. Consequently, we can readily
see that the asymmetry in R&D capability
eventually contributes to (deteriorates) the
profitability of the more (less) efficient man-
ufacturer in that most of the customers are
more attracted to the EV with highly differ-
entiated performance.

Given the discussion above, a further ques-
tion emerges: What if there exists a social
planner who considers how much value the
market creates for the entire society? This
perspective will be analyzed in the following

section.

IV. Social Welfare

In this section, we explore the implications
of improving the EV performance from the
social perspective, that is, the social planner
determines the levels of performance and price
for the entire society.

In considering social perspective, we eval-
uate the social welfare; the sum of all users
surpluses and the manufacturers profits in
the market. Thus, we define the social wel-
fare as follows:

+

T 1
SW=/ uadx+\/_ru@dx+o+7r1+7r2. (13)
0 z
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Working with equation (13) and holding
that the manufacturer 1 is more efficient in
R&D activities, the welfare-maximizing lev-

els of performance are given by:

o — v(?&tCD—UQ)
Y 2e, {dste,— X (140)}

b

. v(2th—vz)
2 2¢p {46th—v2(1+6)} ’

(14)

while the equilibrium prices are described as
p,—p, =0. Comparing social planner’s deci-
sion on the performance to the those of man-

ufacturers results in the following proposition.

Proposition 4. In equilibrium, performance
levels determined for the best social outcome
will be higher than those set for the manu-

facturers’ profit maximization.

Socially desirable levels of performance are
different from those determined to maximize
the manufacturers profit. That is, regarding
the entire society, the manufacturers will be
forced to provide better performance that they
would not have set for the private purpose.
Next, by focusing on the welfare-maximizing

equilibrium, we have the proposition as below.

Proposition 5. A wealth-maximizing social
planner will require the more efficient manu-
facturer to provide a higher level of perform-

ance than its counterpart, at the same price.
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(Figure 3) Performance Comparison

From Proposition 5, we can see that the
EVs are also differentiated though the im-
provement process like the private case which
solely considers manufacturers profit. The
impact of capability difference on the equili-
brium performance levels are the same as
well: the level of performance that the more
(less) efficient manufacturer provides increases
(decreases) as the R&D cost gap grows. Figure
3 presents how the equilibrium performance
levels change concerning the R&D capability
difference.

However, in equilibrium, the social planner
sets the same price for both EVs even though
the respective level of performance that each
manufacturer is required to provide is not
equivalent. Then, despite the better alter-

native, would somebody buy an EV with low-
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er performance at the same price? Or, would
the market eventually be dominated by the
premium EV? To answer the questions, we
next examine the market share in equilibrium.

Given the social planner's decision on the
performance and price, the number of cus-
tomers who choose the manufacturer i's of-

fering becomes as follows:

. 28tc, —v? . 5(2th—1)2)
Ny =——————— Ny = ————————.
a 46th—v2(1+5) @ 4(5th—1)2(1+(5)
(15)

We also can compute the equilibrium level

of social welfare as below:

. depot {4lv+a+o)—t}—2020+8 2w+ a+o)—t}—v*

oW 4cD{45th*v2<l+5)}

(16)
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A further analysis gives our last proposition.

Proposition 6. In equilibrium, dominance
never occurs. The equilibrium level of social
welfare decreases as the R&D capability dif-

ference becomes large.

According to Proposition 6, there always
exist some customers who prefer an EV which
provides relatively low performance, even
though it is possible to enjoy the better per-
formance at the same price. This can be un-
derstood due to the customers preference to-
wards certain manufacturer or brand. When
a customer decides to purchase an EV, she
may prefer one manufacturer or brand to
another. For example, a customer who has a
lot of faith in conventional car manufacturers
(such as BMW or Nissan), but not in rising
stars (such as Tesla or Faraday Future), is
more likely to consider to buy i3 or Leaf than
Model 3 or FF 91. Furthermore, the proposi-
tion 5 shows that the welfare of the entire
society will be weakened if the R&D capa-
bilities of competing manufacturers vary greatly.
Thus, we can infer that the social-planner
should pay a lot of attention to keep the market
more competitive regarding R&D capabilities.
To do that, it is crucial to establish R&D-
friendly infrastructure and policies which al-
low a manufacturer to keep up easily with the
intensified R&D competition. No one should
be left behind too far in R&D for achieving

ZAYSHAT ®473 M1 20184 28

higher social value.

V. Conclusion

To the best of our knowledge, very few re-
search papers in this area have examined the
impact of product performance and manu-
facturers’ R&D capabilities even in the case
that the markets are technology-driven fields.
Thus, our goal in this paper is to provide the
generalized implication that product superi-
ority in performance can be an effective weapon
in many ways. We believe that our work an-
swers the question of why an EV manufacturer
should be concerned about performance. We
suggest that neither startup manufacturer
that wants to enter the EV market nor the
manufacturer that already has a lead in the
market can ignore the lessons on product
performance in the presence of strong network
externality.

In this paper, we presented a model of EV
market competition in regards to performance
improvement. We show that the performance
can be seen as a firm's core competency even
under the network externality. In line with
the conventional wisdom on product perform-
ance, enhanced performance extends the firm's
strategic options and provides a good way to
establish a foundation for the future. Our re-
sults show that the greater R&D capability
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(Table 1) Findings and Contributions

Criterion Contributions of the study Findings
Added a performance dimension to i ® In making a decision on EV performance,
competing EV manufacturers that the manufacturers differentiate their
Academic are not equivalent in internal offerings: the policy of R&D leader is
R&D competency. opposite of that of R&D follower (under
conditions of asymmetric R&D positions).
Determined optimums from the e Findings give business executives insights
private perspectives as well as into their R&D decision making
social perspective. e Findings inform social-planners about how
Practical Showed the impact of asymmetric to manage the EV market competition.
R&D capabilities.
Found the role of social planner
for optimizing social value.

gap deteriorates the profitability of the low-end
manufacturer. The manufacturer has no choice
but to cut its price to overcome the relative
weakness in R&D capability. Consequently,
our work indicates that the effort for per-
formance superiority makes a manufacturer
more competitive and provides stable profit
in the long run. We also find that both manu-
facturers will offer more enhanced EVs where
a social planner plays an active role in the
market. In both of private and social cases,
the results imply that polarization will natu-
rally arise so that the customers can enjoy a
variety of EVs given the competing manu-
facturers different R&D capabilities. We sum-
marize contributions and findings in Table 1.

Our work has several limitations that require
consideration since we construct a tractable
model by making some simplifying assumptions.

First, we assume that once a manufacturer
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invests in improving the performance, it is
immediately and perfectly enhanced, which
is to say that no delay or failure happens
during the improvement process. Second, in
our model, we did not consider the market
expansion effect because we assumed a uni-
form distribution of customers and charging
stations for simplicity. As most of our results
hold on robustness to this distributional as-
sumption which is widely accepted in the lit-
erature, we leave the extension of the model with

a more general assumption for future studies.
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(Appendix)

Proof of Proposition 2
Equilibrium exists only when 9600—1)2 >0, since the levels of performance and price should be

continuous. Under the condition above, 183c,—v*(148)>0. Thus, all of #; and p, given in the
equation (7) and (8) are strictly positive and the difference between the equilibrium levels of

performance become the following:
(A1)

09{_ ;: 3t1)((5—21) >0.
186tc,— v* (1+6)

We get the results below when we take the derivative of equilibrium level of performance with

respect to 4:
39:7 Ug(gth_UZ) >07 3_0;: —(18tCD—v5)(9tUCD_'U23) <0. (AZ)
9 3ep (v (1+6)—186tcy)

0 3e,{v2(1+0)—18dtc))’

Proof of Proposition 3

We have the results below by taking the limits of ng; as d—>oo:

. 9tcp . 9tcy,—v?
limng*=———: limngp*=———. (A3)
00 18tcp—v" 40 18tcp—w
Then, taking the derivative of ny; with respect to 8 results in the followings:
2 2
—v7(9tc,—v
(o151 (A4)

Bn*ai v2(9th—v2) ) ‘9”*@7

95 [2(140)—180tc,)” 09

{V*(1+6)—186tcy)

1
> when the manufacturers

respectively. Furthermore, from the proposition 1, we know that n*cl =

have the same level of capability in R&D, i.e., =1. In sum, we can realize as: 0 <ng, <ng; <1. H
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Proof of Proposition 4
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For the more efficient manufacturer, the limits of the welfare-maximizing performance level become

. v
limé, ;= —
W e, 5o

0—1

- v3(2th—v2)
0 e {P(1+0)—dstey)’
On the other hand, taking the limit of the profit-maximizing performance gives the following:

(AB)

o 3t
limé, = v o
00 18tcp—w
where we already know that limes{P:(a% and it is an increasing function of d. Note that the
6—1 D
2th(3th+v2)

5 5. we can conclude that

(4th*v )(18th*v )

welfare(profit)-maximizing case is denoted by W(P).

. . * . * . .
Since, limé,,> limé,, and limé,,,—limé,,=
6—1 6—1 §—co §—00

For the less efficient manufacturer, it is possible to know 63y > 6, with the similar logic. Note that

01> 0,p.
the equilibrium performance level decreases as & becomes large, for the both of private and social

cases.Hl

Proof of Proposition 5
Equilibrium exists only when 2dc,—v® >0, since the levels of performance and price should be

continuous. Then, 4dc,—v*(1+6)>0, so that the equilibrium levels of performance given in the

equation (14) become positive.

0, —0, =
Y 4ste,— 0 (1+0)

191

ZAYSHAT ®473 M1 20184 28



Dawoon Jung - Byung Cho Kim - Myungsub Park

Proof of Proposition 6

By taking the limits of ”*cz as d— oo following results are derived:

. tCD . 2tCD*’U2

limng*= ; limny*= > (A8)
dtcp—v" 60 4tcp—v

J—00

—v2(2th—v2)

Then, taking the derivative of n*CZ with respect to d gives the following results:
{*(1+8)—4stey)

3”*017 v2(2th—v2) . Bn*@i
9 [2(1+0)—46tcy) 9

. . * 1 * *
respectively. Regarding that ng; =— where =1, we can conclude that 0 <mng <ng <1.
Next, with respect to ¢, the derivative of equilibrium level of social welfare presented in equation

*

oSW

B *(v3*2tch)2
6 4cD{v2(1+5)—4(5th}2 .

(16) is given by:
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