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Chapter 1

Introduction

Firms’ costs will fluctuate due to a variety of factors. For example, if a firm fails to
manufacture a product or faces logistic inefficiency caused by double marginalization
problem, the costs go up. Conversely, costs are reduced when innovation occurs in an
industry or when upstream CSR activities are undertaken. The input price change is an
important issue for every firms, and it is meaningful to analyze the interactive effects of
the factors. In analyzing this issue, we focus on three areas in particular: production
defects, R&D, and CSR activities. In addition, we evaluate the effects of factors on
surpluses because increases or decreases in the costs of these firms are generally passed
on to the prices of final goods.

First, we briefly explain the analysis of these factor in previous studies. Product de-
fects naturally occur in any industry. There are several approaches to research dealing
with production defects. Daughety and Reiganum (1995) consider a model with pro-
duction defects where a firm can reduce negative impacts of production defects through
R&D. Dada et al. (2005) consider a vertically related market and show that consumer
surplus worsens when upstream production becomes unstable. Deo and Corbett (2009)
analyze a model where entry occurs when yield uncertainty exists.

Next, CSR activities are of interest to many firms. KPMG’s CSR survey conducted
in 2017 shows that CSR activities are of interest to many firms in recent years (KPMG,

2017). There are many studies analyzing CSR activities in vertical markets. Brand



and Grothe (2015) analyze a model in which both upstream and downstream firms are
performing CSR in a vertical market. Garcia et al. (2018) develop the model presented
by Brand and Grothe (2015) analyze endogeneous timing of CSR activities.

Finally, R&D is also relevant for many firms in vertical relationships. Extant literature
considers the effects of upstream R&D. Milliou and Pavlou (2013) analyze a horizontal
integration between upstream firms when upstream firms engage in R&D. Pinopoulos
(2020) shows that upstream investment can increase when there is no price discrimination
in a two-part tariff with incomplete information. Inderst and Wey (2003) examine the
impact of horizontal mergers and negotiations on investment in vertical markets.

This thesis investigates the occurrence of defects in production process and the impact
of CSR activities on profits and society in vertical markets. Here, we provide a summary
of main results in each chapter.

Chapter 2 analyzes a model in which downstream production defects occur in a vertical
market and a upstream firm engages cost reducing R&D. Normally, when a defect occurs,
a firm’s profit margins are reduced because it makes the firm more inefficient. However,
if the upstream firm conducts cost reducing R&D, when the degree of defects intensifies,
input demand increases, which leads to actively R&D. Then, the upstream firm becomes
more efficient, which lowers input price and reduces downstream marginal cost. As a
result, downstream profits increase despite an increase in the degree of production defects.

In Chapter 3, we analyze a model in which downstream firms use technology with
production defects and engage in CSR activities. When a firm engages in CSR activities,
it will overproduce above the level at which it maximizes profit. If more defects are
generated at this time, the degree of overproduction is eliminated by an increase in
marginal cost but does not reach a level at which the firm’s profits increase.

In Chapter 4, we will discuss a model where a downstream firm conducts CSR activ-
ities and an upstream firm engages cost reducing R&D. In general, CSR activities have
a commitment effect of increasing outputs, which in turn reduces the profit margins of
competing firms. At this time, the upstream firm expands its R&D investment because

CSR activities yields larger input demand. Hence, the CSR activities have reduction



effect of input price. As a result, the competing firms loosing market share can also face
the efficient upstream firm, which may lead to higher profits of them.

The structure of this thesis is as follows: The second chapter examines the impact of
downstream R&D when defects occur in the production process of downstream firms. In
Chapter 3, we analyze the impact of downstream CSR activities when the downstream
defects occur. In Chapter 4, we consider a model with downstream CSR activities and

upstream cost reducing R&D. Chapter 5 concludes the thesis.



Chapter 2

Upstream R&D and downstream production

defect

2.1 Introduction

Many laws protect consumers, so product defects that do not cause health problems do
not diminish their utility.! For example, if a book we buy has a bad binding or missing
pages, we can replace it for free.? Hence, the change in demand due to the presence of
product defects is small, and firms owe the cost of product defects.

To consider the positive effects of product defects on firms, we build the following
simple model. We consider a market with one upstream and one downstream firm. Using
input sold by the upstream firm, the downstream firm produces the final product and
sells it to the consumer. In downstream production, product defects occur with a certain
probability. If a downstream firm sells a defective product, it must replace it free of
charge. We also assume that the upstream firm invests in reducing its marginal cost.

As the defective product rate increases input demand, downstream production costs
rise. In addition, an increase in the market for input encourages the upstream firm to
invest in marginal cost reduction, which lowers input price. As a result, an increase

in the defective product rate has a different effect on the profit of downstream firms.

IJapan’s Civil Code requires the replacement of defective products.
2For research on warranty, see Glickman and Berger (1976), Chien (2008), Wu et al. (2009) and
others.



If upstream investment technology is efficient, the latter positive impact dominates the
former negative one. The increase in the defective product rate increases the profit of
a downstream firm. As a market with an efficient upstream firm is socially desirable,
increasing the defective product rate may increase the total surplus.

Daughety and Reiganum (1995) consider a model with production defects where a
firm can reduce negative impacts of production defects through R&D. Takaoka (2005)
considers a market where monopolists engage in cost-reducing R&D and product may
harm both the monopolist and consumers. Dada et al. (2005) consider a vertically
related market and show that consumer surplus worsens when upstream production be-
comes unstable. Deo and Corbett (2009) analyze a model where entry occurs when yield
uncertainty exists. However, in the above studies, the situation where product defects
happen in the downstream market and upstream firms invest in marginal cost reduction
has not been analyzed.

Extant literature considers the effects of upstream R&D. Milliou and Pavlou (2013)
analyze a horizontal integration between upstream firms when upstream firms engage
in R&D. Pinopoulos (2020) shows that upstream investment can increase when there is
no price discrimination in a two-part tariff with incomplete information. Inderst and
Wey (2003) exmains the impact of horizontal mergers and negotiations on investment
in vertical markets. However, the above studies do not consider upstream R&D and
production defects.

The following is the organization of this paper. Section 2 presents the model. Section 3
calculates equilibrium outcomes. Section 4 gives the comparative statics results. Section

5 provides a case with linear inverse demand. Section 6 concludes this section.

2.2 The Model

We consider a market with an upstream firm and a downstream firm. The downstream
firm faces an inverse demand function p(q), where ¢ is the downstream firm’s output. We

assume the inverse demand function is continuously differentiable and has constant cur-



vature. The curvature of inverse demand function is denoted as z = —qp”(q)/p'(q), where
?'(q),p"(q) and p"(q) are the first, second and third derivatives, respectively. Precisely,
the inverse demand function takes the following formula: p(q) = a —bq'~*/(1 — z), where
a,b > 0 and z < 0. The last inequality guarantees that positive output in equilibrium.3
Note that p'(¢) = —bg~* < 0 and p”(q) = —zp'(¢)/q < 0 (Ritz 2008).

A downstream firm’s output contains a certain percentage of defective products. We
denote the defective rate by (u—1)/u.* Hence, we assume that when the downstream firm
produces ¢ units of the final product, it requires puq units of input, where p is constant
and © > 1. As the defective rate monotonically increases with u, p is considered the
degree of defectiveness (Shy 1995). The downstream firm has to buy more input as p

increases. The downstream firm only pays for inputs and no other costs. The input price

is denoted as w. Then, the downstream firm’s profit is

mp = [p(q) — pwlg.

The upstream firm produces input and sells to the downstream firm. Further, the
upstream firm can invest in marginal cost-reducing R&D. The marginal cost of upstream
firm is ¢ — x when the upstream firm pays the investment cost f(z), where ¢(> 0) is the
initial marginal cost without investment (e.g., d’Aspremont and Jacquemin 1988). To
guarantee positive marginal cost, we assume ¢ — xz > 0. In addition, we assume that
f(0) =0 and for any = > 0, f'(z) > 0 and f”(z) > 0. The upstream firm’s profit is given
by

T = [w— (¢ — )] ug — f().

Consumer surplus is C'S = foqp(y)dy — p(q)g; total surplus is T'S = C'S + 7p + 7.

The upstream and downstream firms engage in a two-stage game. In the first stage,

5

the upstream firm chooses input price w and R&D level x °. In the second stage, the

3This inverse demand function contains the familiar shape of an inverse demand function. When
z = 0, the inverse demand function is linear.

4Note that the defective rate is (uq — q)/(uq) = (u —1)/p.

5Changing the timing of the game to determine x in the first stage and w in the second stage would
not change the result. This is because upstream profit is a concave function with respect to investment
and input prices.



downstream firm chooses output ¢. Using backward induction, we solve the game.

2.3 Calculating equilibrium

2.3.1 Downstream firm's decision

In the second stage, the downstream firm sets output ¢ to maximize its profit 7p. From

the first-order condition, dmp/0q = p(q) — qp(q) — pw = 0, we have the following output.

p(q) — pw

7' (q) (2.1

Q<w7 :U’) = -

In addition, rearranging the first-order condition, we can show that price elasticity ¢ =

—p(q)/[qp'(q)] is larger than one: e = p(q)/[p(q) — pw] > 1.

Next, we consider the effects of w and p on g(w, 1). We obtain the following compar-

ative static result from the first and second derivatives of g(w, i) with respect to w and

L.

Lemma 2.1 The results of comparative statics are as follows.

Oglw,p) _ _ qem
Ow (2—2)ple)
Oq(w,p) _— qew <0
o (2—-2)ple)
Pqlw,p) gz’ -0
ow? (2= 2Pp(e)? "
Pqlw.p) _ gqzew®
Op? (2—2)p(g)* =
O%q(w,p) _ ¢e[(2 = 2)pla) — zepw] _
Owop (2 - 2)°p(q)? '
Proof. First, we derive p”(q). Since the inverse demand function has constant

curvature z, differentiating z = —¢p”(q)/p'(q) with respect to ¢ and substituting p”(q) =

—zp'(q)/q into it, we get
z(z+ 1)p'(q)
q? '

P (q) = (2.2)



Substituting p'(q) = —p(q)/(eq), p"(q) = —zp'(¢)/q, and (2.2) into the first and
second derivatives of q(w, 1) and solving for dq(w, i) /0w, dq(w, p)/dp, 0*q(w, u)/Ow?,

0?q(w, p)/0p?, and 0*q(w, u)/Owdu, we obtain this lemma. [

The intuition behind Lemma 1 is as follows. Since the marginal cost of downstream
firm is pw, an increase in w or p reduces output g(w, pt); hence, we obtain dq(w, ) /0w < 0
and Jq(w, u)/Ou < 0. When marginal cost is large, the downstream output is small.
Consequently, the output-reduction effects of w and p become small. Hence, the second
derivatives of q(w, ) is positive: 9*q(w, p)/Ow?* > 0 and 9*q(w, ) /Op? > 0. An increase
in p by one unit raises the downstream firm’s unit cost by w. Therefore, with large w,

output reduction effect of y is significant and 9%q(w, u)/Owdu < 0.

2.3.2 Upstream firm's decision

Next, we consider the upstream firm’s decision. Substituting (2.1) into the profit of
upstream firm, we have 7y (w,z) = [w — (¢ — x)] ug(w, ) — f(x). Substituting p'(q) =
—p(q)/(eq) and the result of Lemma 1 into the first-order conditions dmy (w, x)/0w = 0
and Omy(w, x)/0x = 0, we obtain the followings.

Oq(w, p) Oy (w, x)

Omy(w, z) =pq+[w—(c— x)]uT =0, oy M- fll@)=0. (2.3)

ow

Solving the above equations and (2.1) for w, x, and f'(z), we obtain the equilibrium

outcomes.

wip) = S22 x(u):c—<5+z;3)p(Q), F@)—pe (24)

As we assume the positive marginal cost of downstream firms, to guarantee ¢ — x > 0,

Assumption 2.1 ¢4+ 2z —3 > 0.



2.3.3 Concavity of upstream firm's profit

The second-order necessary condition is shown in the first stage. As 0*my(w,z)/0x? =
—f"(z) < 0, only the inequality is considered: [0?my(w,r)/0w?][0*my(w,x)/0x%] —
[0*7y (w, ) /Owdz]* > 0. Substituting Lemma 2.1, (2.1), (2.4), and p'(q) = —p(q)/(q)

into the above inequality, the following inequality is obtained:

> 0.

Pry(w, z) Py (w, ) B Py (w, )]’ et
ow? O0x? Jwox —(2—2)%p(q)?
where ® = (2 — 2)%p(q) f"(x) — gep®. As the above inequality depends only on the sign
of &, we assume ¢ > 0 to satisfy the second-order necessary condition. Solving ® > 0

for f”(x), the assumption is rewritten as follows.

Assumption 2.2 To satisfy the second-order necessary condition, we assume ® > 0,

which 1s equivalent to

" qep’ — gS0C
fie) > (2—2)%(q) =

According to this assumption, the investment cost function is sufficiently convex.

2.4 Comparative statics

2.4.1 Input price, upstream investment, and downstream marginal cost

The next step is to do comparative statics. Differentiate the first-order conditions of
upstream firm, (2.3), with respect to y, substituting the result of Lemma 2.1 and upstream

outcomes (2.4), and solving them for w’(u) and 2'(u), as follows:

p(@)lge(e +2 = 3)p® = (2 = 2)(1 + & — 2e)p(q) /" ()]
eurd
(7—52+ 2% —g)gp(q)
3 .

w'(p) = : (2.5)

' (n) =

Then, we obtain Proposition 2.1



Proposition 2.1 Input price w(u) decreases with the degree of defectiveness p if € <

7—5z+ 2% or f(x) > [, where

(7T =52+ 2% —e)ep’q
(2—2)2(14¢e—ze)p(q)

f’w

Investment level z(p) increases with the degree of defectiveness pi if € <7 — 5z + 22,

Proof.  As the denominators in (2.5) and (2.6) are positive, the sings of w’(x) and
2'(u) only depend on those of numerators. The terms in the square brackets of w’(x) is
a linear function of f”(z); the coefficient of f”(x) takes a negative value. Hence, we have

w'(p) < 0 if
(7T =52+ 2% — e)ep’q
(2= 2)%(1 +¢ - ze)p(q)

J'(x) > = /v

From Assumption 2.2, we need to compare f* with f59¢.

(T =5z 4 2% — e)ep’q
(2—2)2(1+¢e—z2e)p(q)

fSOC . fw —

From z < 0 and € > 1, the denominator is positive. Hence, we have f* < f50C¢ if
£ < T—5z+22, which means that we always have w'(x) < 0 since we assume f”(x) > f9°C.
In the case with ¢ > 7 — 52 + 22, we have f9°¢ < f*. Hence, w'(z) < 0 if f"(z) > f*.

Therefore, we obtain this proposition. [

The intuition behind this proposition is as follows. When input demand, ug, in-
creases, the upstream firm will increase the amount of investment. From Lemma 2.1, for
given input price, an increase in p decreases downstream output because the marginal
cost of downstream firm, pw, increases. Hence, if input demand increases with p, then
the reduction of downstream output must be small. First, we consider the case where
the downstream firm faces less elastic demand, small €. In this case, the reduction of
downstream output is small because of less elastic demand. Then, investment level z(u)
increase with p. Since the upstream firm with large investment is efficient, it chooses low

input price.

10



Next, we consider the case with elastic demand where the upstream firm’s investment
decreases with p. In this case, the upstream production becomes less efficient, and the
upstream firm faces small input demand as p increases. The inefficient upstream firm
will choose high input prices, while small input demand forces the upstream firm to
charge lower input prices. Hence, whether input price decreases depends on which effect
dominates. If upstream investment technology is less efficient, that is large f”(z). The
decrease in investment as p increases becomes less important, which in turn, the latter
effect dominates the former. Therefore, with large e, input price decreases with g if
upstream investment technology is inefficient.

Using Proposition 2.1, we show the effect of ;1 on the downstream marginal cost:
pw(p). Differentiating pw(p) with respect to p, we have d{pw(p)]/dp = w + pw'(p).
Substituting (2.4) and (2.5) into the derivative and using the definition of ®, we have the

following equation.

dipw(p)] _ (2 —2)p(@)[—aep® + (e + 2 — 3)p(@) /" (2))] 2.7)
dp eud ' '

Solving d[pw(p)]/dp < 0 for f”(x), we obtain the following lemma.

Lemma 2.2 Marginal cost of downstream firm decreases with the degree of defectiveness

ife <7—52z+ 2% and f"(X) < fMC where

(et 2-3)plg)

Proof. Since the denominator of (2.7) is positive, the sign of the derivative only
depends on that of terms in the square brackets. Hence, solving d[uw(p)]/dp < 0 for

f"(x), we have the following inequality.

f”<5(7) < q€u2 — MC.

(e+2-3)plg)

11



Comparing fM¢ with f9°¢ yields

FMC _ ps0C _ q(7 =52 + 2% — e)ep? .
(2—2)*(e+2—3)p(g)

Since the denominator is positive, we have fM¢ — f90¢ > 0 if e < 7 — 5z + 22. Summa-

rizing the above results, we obtain this lemma. [J

The intuition behind this lemma is as follows. If the downstream marginal cost de-
creases with u, input price w(p) must decrease with p, since the derivative of downstream
marginal cost is d[pw(p)]/dp = w+pw' (). From Proposition 2.1, we have two cases with
w'(i) < 0. In the first case with elastic demand, e > 7 — 5z + 22, investment level x (1)
decreases with p. Then, the marginal cost of the upstream firm increases, which shrinks
input price reduction. Hence, for large ¢, downstream marginal cost always increases
with p.

In the second case with less elastic demand, ¢ < 7 — 5z + 22, the upstream firm
increases its investment level as p increases. Then, a magnification of the decline in
input prices occurs. This input price reduction is significant when the change in the
upstream investment level is large, which means that the upstream investment technology

is efficient. Therefore, downstream marginal cost decreases with yu if f”(x) < fMC.

2.4.2 Profits of downstream and upstream firms

To discuss the effect of degree of defectiveness on the profits of downstream and upstream
firms, first the condition where the profit of downstream firm increases with p is shown.

We denote the equilibrium profit of downstream firm by 7p(u). Differentiating mp ()
with respect to u and substituting p'(¢) = —p(q)/(£q), the result of Lemma 2.1, and (2.4)

into the derivative, we obtain the following equation.

d?TD(M) _ (5 - 1)qp(Q> — uaw’
S o M (1)

Hence, to increase the profit of downstream firm with p, input price must decrease with

12



. From Proposition 2.1, either price elasticity must be small or downstream investment

must be inefficient. Substituting (2.5) into dnp(u)/du, we have the following formula.

drp(p) _ (2= 2)ap(q)lezp® — (e + 2 — 3)p(q) /" (2)] (2.8)
dp eud ' '

Solving dmp(p)/dp > 0, we obtain the following proposition.

Proposition 2.2 The profit of downstream firm increases with the degree of defectiveness

ife <7—52+ 2% and f"(x) < fMC,

Proof. Since the denominator in (2.8) is positive, the sign of drp(u)/du only depends
on the terms in square brackets. The function in the square brackets is a liner function
of f”(x) and the coefficient of f”(z) is negative. Hence, solving dmp(u)/du > 0 for f”(x),

we have the following inequality.

2

" qep _ rMcC
P < e =7

Therefore, we obtain this proposition. [

The intuition behind this proposition is simple. When g rises, the only change for
downstream firms is that its marginal cost rises. Therefore, whether an increase in p raises
the profit of the downstream firm depends only on whether p increases its marginal cost.
Therefore, the condition of Proposition 2.2 is equivalent to that stated by Lemma 2.2.

Next, we consider the effect of p on the profit of the upstream firm. We denote the
equilibrium profit of upstream firm by 7y (@). Since the profit of upstream firm in the
first stage is 7y (w, z) = [w — (¢ — x)] pug(w, ) — f(z), using envelop theorem, we obtain

the effect of p on the upstream firm’s profit.

dmy () _ Omy(w, x)
du o)

Oq(w, 1)

=(w—c+a)g+(w—c+z)u o

13



Substituting the result of Lemma 2.1, we rearrange the above equation as follows.

dro(p) _ (e+z=3)apld) _, (2.9)

du el

Therefore, we obtain the following proposition.

Proposition 2.3 The profit of an upstream firm decreases with the degree of defective-

ness.

This proposition has a simple intuition. An increase in p makes a downstream firm
inefficient. Hence, an upstream firm facing a less efficient downstream firm always earns

a small profit.

2.4.3 Consumer and total surpluses

Next, the effect of ;1 on consumers and total surpluses is discussed, where C'S(u) and
TS(u) denote equilibrium consumer and total surpluses, respectively. Differentiating

C'S(p) with respect to p leads to

dCS(p) | 0q(w,p) 9q(w, p)
Hence, consumer surplus increases with g only if input price decreases with p: w'(p) <
0. Substituting p'(¢) = —p(q)/(eq), the results of Lemma 2.1, (2.4), and (2.5) into

dC'S(p)/du, we obtain the followings.
dCS(p) _ qp(q)lgep — (e + 2 = 3)p(q) /" ()]

= . 2.1
du eud (2.10)

The sign of dCS(u)/du is the same as tha of terms in the square brackets. From
Assumption 2.1, the coefficient of f”(x) is negative. Hence, solving dC'S(u)/dp > 0 for

f"(x), we obtain the result of comparative statics.

Proposition 2.4 Consumer surplus increases with the degree of defective if ¢ < T—5z+2>

and f"(x) < fMC.

14



Proof.  Solving dCS(p)/dp > 0 for f”(x), we obtain the followings.

2

" gep __ fMC
A e o I

We know that fM¢ > f90C if ¢ < 7 — 5z + 22. Therefore, we obtain this proposition. [J

The intuition behind this proposition is the same as that behind Lemma 2.2. When
an increase in p reduces downstream marginal cost, the downstream firm expands its
output, increasing consumer surplus.

Finally, we consider the effect of y on total surplus. Using (2.8), (2.9), (2.10), and

the definition of ®, we obtain the derivative of T'S(u) with respect to p as follows.

dTS(p) _ dmp(p) | dmy(p) | dCS(p)

dp du du du
_ ap(@)lge = 2p* = (T =52+ 2%) (e + 2 = 3)p(a) f"(9)]
epd '

Since the denominator of the above derivative is positive, the sing of dT'S(u)/dp only

depends on terms in the square brackets. Solving it for f”(z), we obtain Proposition 2.5.

Proposition 2.5 Total surplus increases with the degree of defective if ¢ < T — bz + 22

and f"(z) < f19, where

g5 — qe2
T (T=52+22)(e+2-3)p(q)

Proof. In the square brackets of dT'S(u)/du, the coefficient of f”(z) is negative.

Solving dT'S(u)/dp > 0 for f”(x), we obtain the following inequality.

" q52U2 — S
L e e Bk A

Here, we compare fT with f99¢.

fTS_fsoc: Q(3—2)<7—5z+z2_5)gﬂg |
(2—2)2(7 =524 22)(e + 2 — 3)plq)
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Since the denominator is positive, the sing of f7% — f99C only depends on that of
7 — 5z + 2% + . Hence, we have f7° > f99C if ¢ < 7 — 52 + 22. Therefore, these

results lead to this proposition. [

The intuition behind this proposition is as follows. When an increase in p makes
the downstream firm inefficient, this effect reduces total surplus. In addition, from
Lemma 2.2, the downstream marginal cost drops down if a downstream demand is elastic
and upstream investment technology is efficient. This effect partially solves the double
marginalization problem. The latter effect becomes important if the upstream firm uses

efficient investment technology. Therefore, total surplus increases with p if f”(x) is small,

f”(x) < fTS.

2.4.4  Comparison of threshold values for f”(x)

To summarizing the results of propositions, we compare the threshold values: f°°¢, fv.

fMC and fT9. Then, we obtain the following threshold ranking.

v < 990 < (15 « MO 4f ¢ <« 7 — 524 22,

fMCSfTSSfSOCwa if 627-52—}-22

Figure 2.1 summarizes the results of comparative statics. The results of comparative
statics differ depending on the value of price elasticity. The upper panel of Figure 2.1
shows the results for the case with less elastic demand, and the lower panel shows the
results with elastic demand. For example, in the case with € < 7 — 5z + 2% and f°9¢ <
f"(z) < fT% we have 2/(p) > 0, w'(n) < 0, Th(p) > 0, 7 (1) < 0, CS'(p) > 0, and
TS'(p) > 0. From this figure, we find that downstream firms have no incentive to improve
the degree of defectiveness if the price elasticity is small and the investment efficiency
of the upstream firm is high. In addition, this is desirable from the perspective of the
consumer and total surpluses. Furthermore, we find that when the investment efficiency

of an upstream firm is intermediate, f7° < f”(z) < fM°, an increase in the degree of
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defectiveness increases the profit of downstream firm and consumer surplus, but decreases

total surplus.

L | | [
@ | NA +
. w [ NA - -
Casewith “mpa [  NA S [ ©
e<7—5z+z () NA ) |
cs'(w| NA Sl | &
TS'w| NA @ | >
fMC fTS fSOC fw f”(x)
| | | |
X' (1) NA S
Case with LA s © | ©
) NA ol
e=>27—-5z+z () NA O
cs' () NA )
TS () NA )

Figure 2.1: Summary of comparative statics results

2.5 Case with linear inverse demand and quadratic R&D cost

Here, we provide a case where inverse demand function is linear, p = 1—g¢, and investment
cost function takes a quadratic form, f(z) = ra?/2, where to guarantee positive outcomes,
we assume 7 > p/(4c). Note that f”(z) = r. In addition, we assume 0 < cu < 1. This
condition implies that the upstream can sell its product to the downstream firm even
when the upstream firm does not invest. The other setting is the same as in the previous
section.

Solving this game by using backward induction, we obtain the following outcomes.

r(1—cp) 2r(1 +cp) — p° (1 = cp)
qL == 2 ) wL == 2 ) x = 2 ?
dr — p p(4r — p?) dr —p
r?(1 = cp)? r(1—cp)?
T = D T = —_
DL (4’[“—/,@2)2 ) UL 2(4T_M2)’
cs, — Tz g (= ) (T — i)

2(4r — p2)?’ S 24— p2)?
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Where subscript ‘L’ denotes the case with linear inverse demand and quadratic R&D

cost. Differentiating the outcomes concerning i, we obtain the following result.

Collorary 2.1 Consider a case where the degree of defectiveness increases. Then, (i)
upstream firm’s profit decreases; (ii) downstream firm’s profit and consumer surplus in-

crease if r < rMC; (i) total surplus increases if r < v, where

MC M(Z - CM) TS

rt = rv =

" (10 + opu + /100 — 92 + 02,u2>
56¢ ’

Proof. Differentiating equilibrium outcomes concerning p, we obtain the following.

OmyrL _r(der —p)(1 —cp) <0 OmpL _ 2r23(1 — cp)[—4er + (2 — cp)]
Op (4r — p2)? T Ou (4r — p2)? ’

oCSy,  r*(1—cp)[—4er + (2 —cp)) 0TSy, r(1 —cp)[—28cr? 4+ ru(10 + cp) — 1]
o (4r — p2)? Coop (4r — p2)3 '

The sign of Orpy /O is same as that of dCSL/du. Solving Onpp/Op > 0 and
OCSy,/0u > 0 for r, we obtain r < (2 — cu)/(4c) = rMC,
As the sign of 9T'Sy,/Ou only depends on the terms in square brackets and the coeffi-

cient of r? is negative, solving TSy, /0u > 0 for r yields ro < r < rT5, where

“ (10 +ep — /100 — 92+ 02u2>
To = , T

" (10 + epu + /100 — 92¢p + 02;1?)
56¢ '

56¢

TS

The lower threshold value rg is smaller than p/(4c¢). This is shown as follow:

" u<4—c,u+\/100—920,u+02u2>
2y = > 0.
4e o 56¢

It is assumed that r > u/(4c); thus, we obtain 9T'Sy /O > 0 if r < r15.00

As f”(x) = r, this result is consistent with Lemma 2.2 and Proposition 2.2-2.5. Hence,
the intuition behind this result is the same as that in the previous section.

To visually interpret the results of Collorary 2.1, we obtain Figure 2.2 by depicting
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the thresholds, 7™, 79 and pu/(4c), where ¢ = 1/2. The horizontal axis is p and the
vertical axis is 7. Figure 2.2 has three curves: The solid curve is r = rM¢; the dashed
curve is r = r’9; the dotted line is r = p/(4c). From Figure 2.2, we can confirm the
results in Collorary 2.1. For example, downstream firm’s profit and consumer and social

surpluses increase with the degree of defectiveness if the investment technology is efficient:

u/(4c) < r < rTs.

.
1.0}

0.9, o
08~ T T s
0.7, 7 7 e pi(4c)

0.6

1.2 1.4 1.6 1.8 2.0
Figure 2.2: The threshold values of r at ¢ = 1/2

2.6  Conclusion

This study considers a vertically related market with one upstream firm engaging cost-
reducing R&D and one downstream firm and evaluates the impact of the downstream
firm’s product defects. We show that even though downstream product defects increase,
the downstream firm’s profit, consumers, and total surpluses may increase if the upstream
firm’s investment technology is efficient. Therefore, even if a downstream firm can reduce
the degree of product defects with no cost, they may not do so.

However, this study has certain limitations. First, it is assumed that a downstream
firm bears costs caused by product defects, but an upstream firm could also pay the
costs. Second, to simplify the analysis, it is assumed that product defects do not affect
demand. However, even with free replacements, demand may decrease with the degree

of product defect, as product defects may reduce consumer utility. Finally, the rate
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of product defects is considered constant. However, the degree of product defects may
reduce through R&D by a downstream firm. These gaps provide scope for future work

in the field.
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Chapter 3

Downstream production defects and corporate

social responsibility

3.1 Introduction

Many laws protect consumers, so product defects that do not cause health problems do
not diminish their utility.! For example, if a book we buy has a bad binding or missing
pages, we can replace it for free.? Hence, the change in demand due to the presence of
product defects is small, and firms owe the cost of product defects.

To consider the effects of product defects on firms, we build the following simple model.
We consider a market with one upstream and one downstream firm. Using input sold by
the upstream firm, the downstream firm produces the final product and sells it to the
consumer. In downstream production, product defects occur with a certain probability.
If a downstream firm sells a defective product, it must replace it free of charge. We also
assume that the upstream firm invests in reducing its marginal cost.

As the defective product rate increases input demand, downstream production costs
rise. In addition, an increase in the degree of CSR will increase downstream output. An
increase in the defective product rate then brings the downstream output closer to the

value that maximizes profit. If the downstream profit-increasing effect of an increase in

IJapan’s Civil Code requires the replacement of defective products.
2For research on warranty, see Glickman and Berger (1976), Chien (2008), Wu et al. (2009) and
others.
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defective product rate exceeds the profit-reducing effect of an increase in marginal cost,
then downstream profits will rise due to the increase in defects.

Daughety and Reiganum (1995) consider a model with production defects where a firm
can reduce negative impacts of production defects through R&D. Their research shows
that product defects are generally harmful to firms and consumers 3. The occurrence
of defects in vertical markets is analyzed by Fang and Shou(2015) and others *. Brand
and Grothe (2015) analyze a model in which both upstream and downstream companies
engage CSR activities. However, in the above studies, the situation with downstream
production defects and downstream firm’s CSR activities has not been analyzed.

The following is the organization of this paper. Section 2 presents the model. Section 3

calculates equilibrium outcomes. Section 4 gives the comparative statics results. Section

5 provides a case with linear inverse demand. Section 6 concludes this section.

3.2 The Model

3.2.1 Model

We consider a market with an upstream firm and a downstream firm. The downstream
firm faces an inverse demand function p(q), where ¢ is the output of the downstream firm.
We assume the inverse demand function is continuously differentiable and has constant
curvature. The curvature of inverse demand function is denoted as z = —qp”(q)/p'(q),
where p'(q),p"(q) and p"'(q) are the first, second and third derivatives, respectively. Pre-
cisely, the inverse demand function takes the following formula: p(q) = a —bg*~*/(1 — z2),
where a,b > 0 and z < 0. The last inequality guarantees that positive output in equilib-
rium.® Note that p'(q) = —bg~* < 0 and p”(¢q) = —2p'(q)/q < 0 (Ritz, 2008).

A downstream firm’s output contains a certain percentage of defective products. We

3There are many developments of this model, such as Daughety and Reiganum (2005, 2008); Réssler
and Friehe (2020)

4There are others such as Dada et al. (2005) consider a vertically related market and show that
consumer surplus worsens when upstream production becomes unstable. Also, Deo and Corbett (2009)
analyze a model where entry occurs when yield uncertainty exists.

5This inverse demand function contains the familiar shape of an inverse demand function. When
z = 0, the inverse demand function is linear.
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denote the defective rate by (i — 1)/u.° Hence, we assume that when the downstream
firm produces ¢ units of the final product, it needs uq units of input, where p is constant
and ;o > 1. Since the defective rate monotonically increases with p, we refer to pu as
the degree of defective (Shy, 1995). The downstream firm has to buy more input as u
increases. The downstream firm only has to pay for inputs and no other costs. We denote

input price as w. Then, the downstream firm’s profit is

mp = [p(q) — pwlg.

The downstream firm is also engaged in CSR. We denote consumer surplus by C'S =
foq p(y)dy—p(q)q. The downstream firm focuses on consumer surplus at a rate of § € (0, 1),

where 6 is a parameter. At this time, the objective function of the downstream is

Ip =0CS+ (1—-0)mp.

Then if 6 will be higher (lower), downstream firm more emphasize (disredard) CSR (see
e.g. Kopel et al., 2014). We assume 6 < 1/2 to guarantee that equilibrium output is
positive.

The upstream firm produces input with constant marginal cost ¢ and sells it to the

downstream firm. The upstream firm’s profit is given by

v = [w — ] ug.

Total surplus is T'S = C'S + 7p + 7y.
The upstream and downstream firms engage in a two-stage game. In the first stage,
the upstream firm chooses the input price w. In the second stage, the downstream firm

chooses output ¢. Using backward induction, we solve the game.

6Note that the defective rate is (ug — q)/(uq) = (u —1)/u.
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3.3 Calculating equilibrium

3.3.1 Downstream firm's decision

In the second stage, the downstream firm sets output ¢ to maximize its objective function
IIp. From the first-order condition, 0llp/0q = (¢—20q)p' (q)+(1—0)p(q) — (1 —0)pw = 0,

we have the following output.

(1~ 0)(plg) — pw)

2w, 1) = (20 — 1)p'(q) (31)

In addition, rearranging the first-order condition, we can show that price elasticity ¢ =
—p(q)/[qp'(q)] is larger than one:

_20-1 plg)
E =
0 —1 p(q) — pw

> 1. (3.2)

Next, we consider the effects of w and p on g(w, ). We obtain the following comparative

static result from the first and second derivatives of ¢(w, u) with respect to w and p.
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Lemma 3.1 The results of comparative statics are as follows.

Oq(w,0,p) (0 —1)puge ~ 0
ow (2—30+ (20 —1)2)p(q) ’
Oq(w,0,p) _ qe(p(q) — pw) -0
o0 (1—-20)(2—-30+ (20 —1)2)p(q) ’
dq(w, 0, 1) _ (0 — 1)que <0
op (2—30+ (20 — 1)z)p(q) ’
0*q(w, 0, 1) _ (1 —0)(1 —20)uqze .-
Ow? (2 =36+ (20 — 1)2)°p(q)(p(q) — pw) =
Oq(w,0,p) _ q=(2(2=30+ (20 = 1)2) + (2 — 2))(p(a) —pw) _
002 (1—0)(1—20)(2—30+ (20 —1)2)?p(q) ’
0*q(w, 0, 1) _ (1—-6)(1 —20)qu?ze .
Op? (2 =36+ (20 — 1)2)’p(q) (p(q) — pw) =
Pq(w,0,pp) pqe ~0
Owdo (2—-30+(20—1)2)%p(q)
0*q(w, 0, ) _ que <0
Jwip (2—30+ (20 — 1)2)?p(q) ’
Pq(w, 0,p1) (1 =0)q=((2 =36 + (20 — 1)2)p(q) + (30 — 2)pw) _
000u (2 =360+ (20 —1)2)°p(q) (p(q) — pw) '
Proof. First, we derive p”(q). Since the inverse demand function has constant

curvature z, differentiating z = —¢p”(q)/p'(q) with respect to ¢ and substituting p”(q) =

—zp'(q)/q into it, we get
z(z + 1p'(q)

p"(q) = 7 (3:3)

Substituting p'(q) = —p(q)/(eq), p"(¢) = —2p'(¢)/q, and (3.3) into the first and sec-
ond derivatives of g(w, ) and solving for dq(w, 8, 1) /0w, dq(w, 0, 1) /00, dq(w, 8, 1) /Ou,
Pq(w, 0, p) /0w?, 0*q(w, 8, 1) /90, Pq(w, 0, 1) /Op?, *q(w, 8, )/ Owdl, *q(w, 0, p) /Owd,
and 0%q(w, 0, 1) /000, we obtain this lemma. OJ

The intuition behind Lemma 1 is as follows. Since the marginal cost of down-
stream firm is pw, an increase in w or pu reduces output g(w, 6, u); hence, we obtain
Jq(w, 0, 1) /0w < 0 and dq(w, 0, 1)/On < 0. Since 0 is the degree of CSR, if # is high,
downstream firms will adopt a strategy more committed to output: dq(w, 8, u)/00 > 0.

When marginal cost is large, the downstream output is small. Consequently, the output-
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reduction effects of w and p become small. Hence, the second derivatives of ¢(w, 8, 1) is
positive: 8%q(w, 0, 1) /Ow? > 0 and O*q(w, 0, 1) /Opu? > 0. If the firm is CSR oriented, the
output is large. Therefore, the output-rising effect will be large: 9%q(w, 0, u)/06* > 0. A
large 0 has the output-rising effect, while an increase in marginal costs such as p and w
has a smaller effect: 9%q(w, 0, u)/Owdl < 0,0%q(w, 0, 1) /000 < 0. An increase in u by
one unit raises the downstream firm’s unit cost by w. Therefore, with large w, output

reduction effect of p is significant and 9%q(w, u) /Owdu < 0.

3.3.2 Upstream firm’s decision

Next, we consider the upstream firm’s decision. Substituting (3.1) into the profit of
upstream firm, we have 7y (w) = [w — ] pg(w, 0, 1). Substituting p'(q¢) = —p(q)/(£q)
and the result of Lemma 3 into the first-order conditions 0my(w)/0w = 0, we obtain the

followings.

87TU(U))

o =gt W C]up<q)( (0 = 1)nac

2 — 30+ (20 — 1)z)

=0. (3.4)
Solving the above equations and (3.1) for w, we obtain the equilibrium outcomes.

(2—30+ (20 —1)z)p(q)
pe(l —0) '

w(l, 1) = ¢+ (3.5)

3.3.3 Concavity of upstream firm'’s profit

We drive the second-order necessary condition in the first stage: 9%*my(w)/dw? < 0.
Substituting Lemma 3.1, (3.1), (3.5), and p'(q) = —p(q)/(eq) into the above inequality,

we obtain the following inequality.

PPy (w) B uqd
dw? (L= B)e(w — )(plg) )

where ® = 2¢(6 — 1)ue + p(q)[660 — 20z + z — 2(0 — 1)e — 4]. As the above inequality
depends only on the sign of ®, we assume ® > 0 to satisfy the second-order necessary

condition. Solving ® > 0 for u, the assumption is rewritten as follows.
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Assumption 3.1 To satisfy the second-order necessary condition, we assume ® > 0,

which is equivalent to

p(q)(—60 + (20 — 1)z +2(6 — 1)e + 4) soc.

A 2¢(0 — 1)e =H

According to this assumption, the upstream profit function is strictly concave.

3.4 Comparative statics

3.4.1 |Input price, upstream investment, and downstream marginal cost

The next step is to do comparative statics. Differentiate the first-order condition of
upstream firm, (3.4), with respect to 6 and p, substituting the result of Lemma 3.1 and
upstream outcomes (3.5), and solving them for dw(6, )/906 and Ow(0, ) /Ou, we obtain

the followings.

ow(®, )  (plg) — pw)le( — 1pe + p(g) (50 — 20z + 2 — e + & — 3)]

0 (1= 0)(1— 20)0 - (36)
w0, p) _ce(l—0)(p(g) — pw) — Pw
T 5 . (3.7)

Then, we obtain Proposition 3.1

Proposition 3.1 Input price w(6, u) increases with the degree of CSR. Input price w(0, )

decreases with the degree of defectiveness p if > p*, where

w_ Pl@)(=50+4 (20 — 1)z + (0 — 1)e + 3)
a (0 —1)e

Proof.  As the denominators in (3.6) and (3.7) are positive, the sings of dw(0, u)/06
and Ow(0, 1) /Op only depend on those of numerators. The terms in the square brackets

of Ow(f, 11)/08 is a linear function of y; the coefficient of i takes a negative value. Hence,
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we have dw(#, u)/00 < 0 if

From Assumption 3.1, we need to compare p* with p9¢.

soc w _ (1-20)(2—2)p(g)
o= 2¢(1 —0)e =0

Hence, we obtain the second part of Proposition 3.1.

Next, we consider the first part of the proposition. The numerator of (3.7) is positive
if
c(1 = 0)ep(q) — dw (=
c(1 — O)we N

p< ).

From Assumption 3.1, we need to compare pu** with p5°¢.

2¢(1 = 0)e(p(q) — pw) + 3Pw
SOC _ | wp
a . 2¢(0 — 1)we <0

Hence, we can ignore the threshold value u**. Therefore, we obtain this proposition. [

The intuition behind this proposition is as follows. When the degree of CSR, 6, in-
creases, the downstream will expand its production. From Lemma 3.1, for given input
price, an increase in # increases downstream output. Then, a high x4 makes the down-
stream firm inefficient, input demand decreases, and the upstream firm chooses a lower
input price. Conversely, if p is low, the downstream firm is efficient enough that when
0 increases, input demand increases and the upstream firm chooses a higher input price.
Also, as p increases, the demand of input becomes larger. The upstream firm will then
choose a higher input price.

Using Proposition 3.1, we show the effect of 1 on the upstream demand: puq(6, u).
Differentiating uq(0, 1) with respect to p, we have 9[uq(0, 1)]/0u = q + p(9q(0, 1) /o).

Substituting (3.5) and (3.7) into the derivative and using the definition of ®, we have the
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following equation.

Iuq(0, )]

on =c. (3.8)

Then, we obtain the following lemma.

Lemma 3.2 Input demand increases with the degree of defectiveness.

Upstream demand is constantly increasing due to the increase in p. In other words, the
direct increase effect of 1 always exceeds the indirect effect of the decrease in downstream

output.

3.4.2 Profits of downstream and upstream firms

To discuss the effect of degree of defectiveness on the profits of downstream and upstream
firms, we show that the profit of downstream firm decreases with .

We denote the equilibrium profit of downstream firm by mp (6, ). Differentiating
mp(0, 1) with respect to p and substituting p'(¢) = —p(q)/(eq), the result of Lemma 3.1,

and (3.5) into the derivative, we obtain the followings.

Omp(0, 1) _ a((p(g) — pw)(0 —1)e — (1 —260)(1 — 2)p(q) { Ow(® 1) w} ‘

o (1 —60)ue(w — c) (3:9)

We can confirm that the first part has a positive denominator and a negative numerator.
From Proposition 3.1, the terms in the square brackets are positive. Then, we obtain the

following proposition.

Proposition 3.2 The profit of downstream firm decreases with the degree of defective-

ness.

The intuition behind this proposition is simple. When p rises, from (3.7) and Lemma
3.2, the downstream firm’s marginal cost and input price increase. Hence, profit margin
for the downstream firm decreases.

Next, we consider the effect of p on the profit of the upstream firm. We denote the

equilibrium profit of upstream firm by 7 (6, 1) Since the profit of upstream firm in the
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first stage is my(w) = (w — ¢)ug(w, O, 1), using envelop theorem, we obtain the effect of

i on the upstream firm’s profit.

ony (0, 1) _ Oy (w)
o o

dq(w, 0, )
o

— (w—c)g+ (w— )

Substituting the result of Lemma 3.1, we rearrange the above equation as follows.

aﬂ-U(ew :u)

on cq <0 (3.10)

Therefore, we obtain the following proposition.

Proposition 3.3 The profit of the upstream firm decreases with the degree of defective-

ness.

This proposition has a simple intuition. An increase in y makes a downstream firm
inefficient. Hence, an upstream firm facing a less efficient downstream firm always earns

a small profit.

3.4.3 Consumer and total surpluses

Next, the effects of u on consumers and total surpluses are discussed. We denote equilib-
rium consumer and total surpluses by C'S(6, ) and T'S(0, 1), respectively. Differentiating

C'S(0, ) with respect to u leads to

ocSO,u) . [0q(w,0, 1) 0w(d, n) = Oq(w,0, )
Substituting p'(¢) = —p(q)/(£q), the results of Lemma 3.1, (3.5), and (3.7) into 0C'S (1) /0u,

we obtain the followings.

CS(0, 1) c(1—0)qp(q)(pw — p(q))
o p®(w — c) = 1

From Assumption 3.1, the numerator is negative and the denominator is positive.

Hence, we obtain the result of comparative statics.
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Proposition 3.4 Consumer surplus decreases with the degree of defective.

The intuition behind this proposition is the same as that behind Lemma 3.1. As the
degree of defectiveness increases, the downstream firm becomes inefficient, and therefore
its output decreases.

Finally, we consider the effect of x on total surplus. Using (3.9), (3.10), (3.11), and

the definition of ®, we obtain the derivative of T'S(6, u) with respect to u as follows.

0TS0, 1) _ Omu(0,pr) | OmplBpr)  OCSE, 1) _

o ol o o 0

Since all terms are negative, we obtain Proposition 3.5.

Proposition 3.5 Total surplus increases with the degree of defective.

The intuition behind this proposition is simple. When an increase in g makes the

downstream firm inefficient, this effect reduces total surplus.

3.5 Case with linear inverse demand and quadratic R&D cost

Here, we provide a case where inverse demand function is linear, p = 1 — ¢q. We assume
0 <cu<1land0 <6< 1/2. The other setting is the same as in the previous section.

Using backward induction, we obtain the following outcomes.

g =00 —a) - cntl
4-60 T oy
o _1=00=20)(cp -1 (1-0)(1—cp)’
pr = 4(2 — 30)? R s 120
(1= 0)2(1—cp)? _ (1= 0)(7T—110)(cu — 1)
Cor="Re s o TP 8(2 — 30)2 '

Where subscript ‘L’ denotes the case with linear inverse demand. Differentiating the

outcomes with respect to u, we obtain the following result.

Collorary 3.1 Consider a case where the degree of defectiveness increases. Then, (i)
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upstream firm’s profit decreases; (ii) downstream firm’s profit and consumer surplus de-

crease; (iii) total surplus decreases.

Proof. Differentiating equilibrium outcomes with respect to u, we obtain the followings.

Omyr, _ (0 —1)(cp—1) <0 Ompr _ c(0—1)(20 —1)(cu — 1) —0
o 60 — 4 T ou 2(2 — 3)? ’
0CSy _ (0 — 1)%(cpp— 1) —0 0TSy _ c(6—1)(110 — 7)(cp — 1) “0
o 4(2 — 30)? " Ou 4(2 — 30)2 '

Hence, we obtain this result.[]

This result is consistent with Lemma 3.1 and Proposition 3.2-3.5. Hence, the intuition

behind this result is the same as that in the previous section.

3.6 Conclusion

We analyzed the relationship between downstream production defects and CSR. We have
developed a model with an upstream firm and a downstream firm. This analysis showed
that production defects are detrimental to profits and society.

This means that CSR activities cannot reverse the negative effects of production
defects. If CSR activities are to ameliorate the negative effects of defects, there needs to
be some element that reduces the increase in marginal cost due to defects. For example, a
model that allows for the recycling of defective products might provide a socially desirable
conclusion.

Several issues remain to be addressed in this analysis. First, we analyzed the case in
which only downstream firms are responsible for production defects, but there may be
cases in which upstream firms are responsible. For example, the downstream retailers are
not responsible for defective products under the Product Liability Law(PL Law), but the
upstream manufacturers are. Second, we assume that production defects have no direct
impact on demand. This conclusion may not hold if consumers will no longer demand

goods with defects as they are unreliable. Finally, we assume that only downstream firms
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are engaged in CSR. If upstream also engages in CSR, input prices are expected to fall

more, which would help increase downstream profits.
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Chapter 4

Downstream corporate social responsibility

and upstream R&D

4.1 Introduction

Corporate social responsibility (CSR) is defined as corporate activities and their impacts
on different social groups (Carter and Jennings, 2002). In recent years, CSR activities
have come to play an important role for firms (KPMG 2017).

In general, CSR activities are known to reduce the profit margins of competing firms.
This is because CSR. activities increase production and reduce the market share of other
firms. That is, CSR activities have the commitment effect of expanding production.
Therefore, in a oligopolistic market, it occurs in equilibrium to ensure that both parties
engage in some degree of CSR with each other.!

From the above, we might seem that CSR activities are harmful to rival firms. How-
ever, it is possible that a firm’s CSR activities can bring a positive impact on its rivals.

To consider the positive effects of CSR activities on other firms, we build the following
simple model. There is a market with one upstream and two downstream firms. Using
input sold by the upstream firm, the downstream firms produce final product and sell it

to consumer. Both the downstream firms will conduct CSR activities. We also assume

IPrevious studies have also concluded that if firms could strategically determine the degree of CSR,
they would engage in CSR with each other (e.g. Planer-Friedrich and Sahm (2020)).
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that the upstream firm can make marginal cost reducing investment.?.

An increase in the degree of one downstream firm’s CSR leads to smaller output of
rival downstream firms and larger aggregate output, which in turn large input demand.
In addition, an increase in the input demand encourages the upstream firm to invest
in marginal cost reduction, which lowers input price. As a result, an increase in the
one downstream CSR rate has a different effect on the profit of another downstream
firm. If upstream investment technology is efficient, the positive effect of upstream R&D
dominates the negative one of rivals’ output reduction. That is, the increase in the one
downstream CSR rate may increase the profit of other downstream firms. As a market
with an efficient upstream firm is socially desirable, increasing the one downstream CSR
rate increase the total surplus.

Previous literature consider several models in which firms engage CSR and cost reduc-
tion R&D in vertical markets. Garcia et al. (2018) analyzed a model in which upstream
and downstream firms engage CSR activity and the upstream firm makes R&D invest-
ment. Li and Zhou (2019) analyzed a model where upstream and downstream firms
engage CSR activity and the downstream firm makes R&D investment. They assume
a situation of bilateral monopoly and no analysis is made of downstream competition.
Therefore, the above studies do not consider a vertical model with CSR activities, up-
stream R&D, and downstream competition.

The following is the organization of this chapter. Section 2 presents the model. Section
3 calculates equilibrium outcomes. Section 4 gives the comparative statics results. Section
5 provides a case with linear inverse demand and quadratic R&D cost. Section 6 concludes

this section.

2Extant literature considers the effects of upstream R&D. Milliou and Pavlou (2013) analyze a hor-
izontal integration between upstream firms when upstream firms engage in R&D. Pinopoulos (2020)
shows that upstream investment can increase when there is no price discrimination in a two-part tariff
with incomplete information. Hu et al. (2022) analyze downstream cross-holdings on upstream R&D.
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4.2 The Model

421 Model

We consider a market with an upstream firm and two downstream firms. The downstream
firms faces an inverse demand function p(Q), where QQ = ¢, + ¢ is aggregate output and
¢; (i = 1,2) is output of downstream i. We assume the inverse demand function is
continuously differentiable and has constant curvature. The curvature of inverse demand
function is denoted as z = —gp"(Q) /P (Q), where p'(Q),p"(Q) and p"”(Q) are the first,
second and third derivatives, respectively. Precisely, the inverse demand function takes
the following formula: p(Q) = a — bQ'~*/(1 — z), where a,b > 0 and 2z < 0. The last
inequality guarantees that positive output is in equilibrium.? Note that p’(Q) = —bQ > <
0 and p"(Q) = —2p'(Q)/Q < 0 (Ritz, 2008).

The downstream firms only have to pay for inputs, and no other costs. We denote

input prices as w. Then, the downstream firm ¢’s profit is

Downstream firms are also engaged in CSR. Downstream firms focus on consumer

surplus at a rate of §; € (0,1).* Then, the objective function of the downstream is

If 6; becomes higher (lower), downstream firms more emphasize (less emphasis) CSR. We
now assume 36;0; — 20; — 260; + 1 > 0 to guarantee that equilibrium output is positive.
We can also assume 6¢; > 0; without loss of generality.

The upstream firm produces input and sells to the downstream firms. In addition,
the upstream firm can invest in marginal cost-reducing R&D. The marginal cost of the

upstream firm is ¢ — 2 when the upstream firm pays the investment cost f(x), where

3This inverse demand function contains the familiar shape of an inverse demand function. When
z = 0, the inverse demand function is linear.

4This formulation is a standard way of modelling for CSR. (see Kopel et al. (2014), Brand and Grothe
(2015), Fanti and Buccella (2017)).
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¢(> 0) is the initial marginal cost without investment (e.g., d’Aspremont and Jacquemin,
1988). To guarantee positive marginal cost, we assume ¢ — x > 0 in equilibrium. In
addition, we assume that f(0) = 0 and for any z > 0, f'(x) > 0 and f”(z) > 0. The

upstream firm’s profit is given by
m = [w—(c—2)]Q — f(z).

Consumer surplus is C'S = fOQ p(y)dy —p(Q)Q; total surplusis T'S = CS+np, +7p, + 7.

The upstream and downstream firms engage in the following three-stage game. In the
first stage, the downstream firms choose CSR rate 6;. In the second stage, the upstream
firm chooses input price w and R&D level z. In the third stage, the downstream firms

choose output ¢;. Using backward induction, we solve the game.

4.3 Calculating equilibrium

4.3.1 Downstream firm's decision

In the second stage, each downstream firm sets output ¢ to maximize its profit 7p. From
the first-order condition, dllp,/0¢; = (1 —6;)q:p (Q) + (1 — 0;)(p(Q) —w) — 6;Qp'(Q) = 0,

we have the following output.

(0:0; —20; + 1)(w — p(Q))

g:(w, 0;,0;) = (36,0, — 20, — 26, + Dy (Q)’

(4.1)

2(1 = 6:)(1 = 8;)(w — p(Q))
(36:6, — 26, — 26, + 1)/ (Q)’

Q(w,0;,0;) = (4.2)

In addition, rearranging the first-order condition, we can show that price elasticity

e = —p(Q)/[Qp'(Q)] is positive:

€= 2(1_0i)(1_0j> p(Q)—w>0' (4.3)

Next, we consider the effects of w, 6; and 6; on Q(w, 6;,0;). From the first and second
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derivatives of Q(w, 6;, 0;) with respect to w, §; and 6;, we obtain the following comparative

static result.

Lemma 4.1 The results of comparative statics are as follows.

8qz(w, 97,, 9]) . Qe(@lej — 29] + 1)

Ow Pp(Q)

<0,

o6, 2(1—0,)°®p(Q) -0
=Q <0,
90, 2(1 = 6;)*®p(Q)
= < 0,
Ow Op(Q)
= — > 0,
00; (1-6,)0
82qi(w, 92', ‘9]) . 4@2(1 - 81)2(1 - 6j>262 -0
owr P2p(Q)? ’
0w.6,0) _ (1-0)QEP—2-2)(1-6)) _
06? 0;>d2 ’
82qz~(w, 92', ‘9]) . 2(1 — 6)]')2Q€ >0
Owab; O 92p(Q) ’
00,00; @2 ‘
Proof. First, we derive p”'(Q). Since the inverse demand function has constant
curvature z, differentiating z = —Qp”(Q)/p'(Q) with respect to @ and substituting

P"(Q) = —2p'(Q)/Q into it, we get

(= + )P(Q)

p"(Q) =" 0 (4.4)

Substituting p'(Q) = —p(Q)/(eQ), p"(Q) = —=2p'(Q)/Q, and (4.4) into the first
and second derivatives of Q(w, 6;,6;) and solving for 0Q(w, 6;,6;)/0w, 0Q(w, 8;,0;)/06;,
8262(11), 92', Gj)/8w2, 82Q(U}, 02', ‘9])/88@2, 82Q(w, 6)1', GJ)/c?w@QZ, and 82Q(’UJ7 91', @)/8«9180],

we obtain this lemma. [
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An intuition behind Lemma 4.1 is as follows. Since the marginal cost of downstream
firm is w, an increase in w reduces output Q(w, 6;, ,); hence, we obtain dg;(w, 8;, 6;) /0w <
0 and 0Q(w, 6;,6;)/0w < 0. When marginal cost is large, the downstream output is small.
Then, the output-reduction effects of w become small. Hence, the second derivatives of
Q(w, 6;,0;) is positive: 9*°Q(w, 6;,0;)/0w? > 0. An increase in 6; raises the downstream
firm 4’s output ¢;; d¢;(w, 6;,60;)/00; > 0. Now, ¢; decreases because of strategic substitu-
tion for output decision; d¢;(w, 6;,6;)/00; < 0. Since the decreasing effect of ¢; is always
dominated at this time, an increase in #; increases the total output Q(w,6;,6;); hence,
we obtain Q(w,0;,6;)/00; > 0. When the downstream i’s CSR rate is large, the total
output is large. Then, the output increase effects of #; become small. Hence, the second
derivatives of Q(w, 6;,0;) is negative: 9*°Q(w, 0;,6;)/06? < 0. An increase in 6; raises the
downstream firm’s unit cost by w. Therefore, with large w, output reduction effect of
6; is significant and 0%q(w, 6;,6;)/0wdd; > 0. An increase in 6; raises the total output
Q. Hence, with large 60;, output reduction effect of 0; is significant. Therefore, we have

82Q(w, 02‘, (9])/86@0@ > 0.

4.3.2 Upstream firm’s decision

Next, we consider the upstream firm’s decision. Substituting (4.2) into the profit of
upstream firm, we have 7y (w, z) = [w — (¢ — 2)] Q(w, 6;,6;) — f(x). Substituting p/(Q) =
—p(Q)/(eQ) and the result of Lemma 4.1 into the first-order conditions 0y (w, z) /0w = 0
and Omy(w,x)/0x = 0, we obtain the followings.

ony(w, )

ow

ow

oy (w, x)

=9 ox

=Q+ w—(c—ux)] =Q— f'(z)=0. (4.5)

Solving the above equations and (4.1) for w, x, and f'(z), we obtain the equilibrium

outcomes.
2 o — 30,0, +20, +-20. —1
0(0,,0,) =~ M@ 22T 7300, 726420, = 1) - piy g @)

2se
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where s = (1 —6;)(1 —6;).

To guarantee ¢ — x > 0, that is, positive marginal cost of upstream firm, we assume

Assumption 4.1 2se + & — (30,6, — 26, — 20, + 1) > 0.

4.3.3 Concavity of upstream firm's profit

We consider the second-order necessary condition in the second stage. Since 0*my(w, z)/0z* =
—f"(z) < 0, only the inequality is considered: [0*my(w,z)/O0w?][0*my(w,z)/0x%] —
0?7y (w, ) /Owdx]*> > 0. Substituting Lemma 4.1, (4.1), (4.6), (4.7), and p'(q) =

—p(q)/(gq) into the above inequality, the following inequality is obtained:

Py (w, x) Pry(w,z) |:827TU(U),$):| 2 _ 25Qe [P(z — 2)p(Q) () — 25Q] -0,

ow? 0x? Owox D2p(Q)?

As the above inequality depends only on [®(z —2)p(Q) f”(z) — 25Q¢], we assume this
term is positive to satisfy the second-order necessary condition. Solving this inequality

for f”(x), the assumption is rewritten as follows.

Assumption 4.2 To satisfy the second-order necessary condition, we assume ®(z —

2)p(Q) f"(x) — 2sQe > 0, which is equivalent to

1" 2sQ)e _ r£S0C
R e ) I

According to this assumption, the investment cost function is sufficiently convex.

4.4 Comparative statics

4.4.1 Input price, upstream investment, and downstream marginal cost

The next step is to do comparative statics. Differentiating the first-order conditions
of upstream firm, (4.5), with respect to p, substituting the result of Lemma 4.1 and
upstream outcomes (4.6), (4.7), and solving them for dw(0;,6;)/06; and 0x(6;,0;)/06;,
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we have the followings:

Ow(6;,0;) _ (1-6,)Qp(Q) (4.8)
96, (1—6;) (25Qs — (2 = 2)p(Q) f"(x))’ |
0x(0:,0;) _ (z—2)(1 - 0,)@p(Q) (4.9)

90; (1= 6:) (25Qe — (2 = 2)p(Q) ()
From the above derivatives, we obtain Proposition 4.1

Proposition 4.1 Input price w(0;,0;) decreases with the downstream i’s degree of CSR

0; Investment level x(0;,6;) increases with the downstream i’s degree of CSR 0;.

Proof.  From Assumption 4.2, the denominator in (4.8) and (4.9) is negative. Then,
the signs of Jw(6;,6;)/00; and 0x(;,60;)/00; only depend on those of numerators. From
assumptions, we have 6; € (0,1). Then, we can check the numerator of dw(6,,6,)/06; is
positive. Similarly, we can check the numerator of 0x(6;,6;)/06; is negative. Therefore,

we obtain this proposition. [

The intuition behind this proposition is as follows. When input demand, (), increases,
the upstream firm will increase the amount of investment. From Lemma 4.1, for given
input price, an increase in 6; increases downstream outputs. Hence, if input demand
increases with 6;, upstream is more active R&D. Then, investment level x(6;,6;) increase
with 6;. Since the upstream firm’s production with a large investment is efficient, the

upstream firm chooses a low input price.

4.4.2 Profits of downstream and upstream firms

To discuss the effect of rival downstream firm’s CSR on the profits of downstream firm, we
show the condition where the profit of downstream firm j increases with 6;. We denote
the equilibrium profit of downstream firm i by 7p,(6;,6;) Vi = 1,2. Differentiating

7p,(0i,0;) and mp,(0;,0;) with respect to ¢; and substituting p'(Q) = —p(Q)/(eQ), we
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obtain the following equation.

Omp, (0, 0;) ((ej -1)p(@) (1 n %) M) ,

Omp, 91',93‘ 0 91,6 0 ,61,9‘ dq; 79i79'
o B ) (g P 1 e — i 22500 ey )
0 0;,0, dq;(w, 0;, 0,
+ (@ X TD) 4 et — i) 20,

Substituting (4.8), the result of Lemma 4.1, (4.6), and (4.7) into the derivative Omp, (6;, 6,)/06;

and drp,(6;,0;)/00;, and solving it for f”(z), we obtain the following proposition.

Proposition 4.2 The profit of downstream firm i increases with the degree of downstream
i’s CSR if f"(x) < f™ The profit of downstream firm j increases with the degree of

downstream i’s CSR if f"(x) < f™, where

fro=
(2= 2)p(Q)
o = 25Q¢[(p(Q) — w)Qe — p(Q)g;)]

(z = 2)p(Q)[(p(Q) — w)QePr,, — 25p(Q)q;]’
O, =0+ (6,0, — 26, +1).

Proof. Differentiating 7p,(0;,0;) and mp,(0;,0;) with respect to #; and substituting
P'(Q) = —p(Q)/(eQ), the result of Lemma 4.1, (4.6), and (4.7) into the derivative, we

obtain the following equation.

Omp,(0:,0;) _ 4 (1—0;)p(Q)I[(z —2)p(Q)f"(z) + Q¢]
90; e (0 — 1) (2Qse — (2 = 2)p(Q) f"(2)) '
Omp, (6:,6;) _ (= = 2)p(Q)((P(Q) — w)QePry, — 25p(Q)g;) f" ()
90, 21— 012 (250 — Bz — Dp(Q) ()
(2= 2)p(Q)(25Qe((p(Q) — w)Qe + p(Q)g;))
2(1 — 0;)% (25Qe — (2 = 2)p(Q) ["(x))

(4.10)

Since the Omp,(0;,0;)/00;’s denominator is positive from Assumption 4.2 and we as-
sume z < 0, the sign of dmp, (6;,0;)/00; only depends on the terms in the square brackets

of numerator. The terms is a liner function of f”(x) and the coefficient of f”(z) is
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negative. Hence, solving dmp,(0;,0;)/06; > 0 for f”(x), we have the following inequality.

Qe

I'@ < a0

(= ).
Here, we compare f™ with f59C.

®(2 - 2)p(Q)

Since the numerator and the denominator is negative, we have f™ — f90¢ > (.

f7Ti o fSOC’ —

Since the Omp,(0;,0;)/00;’s denominator is negative from Assumption 4.2 and we
assume z < 0, the sign of Omp, (6;,6;)/00; only depends on the terms in the square brackets
of numerator. Since &, = @+ (0,0, —20,+1) = (2 —2) (36,0, — 20, — 20, + 1) — 26,(1 —
;) < 0, the terms is a liner function of f”(z) and the coefficient of f”(x) is negative.

Hence, solving 0mp, (0;,0;)/00; > 0 for f”(x), we have the following inequality.

25Qz[(p(Q) — w)Qe — p(Q)g;)]
(z = 2)p(Q)[(p(Q) — w)QeDr, — 25p(Q)gj]

@) < (= /™).

Here, we compare f™ with f5°C.
) p

fr _ fSOC _ 2Qsze ((p(Q) —w)Qe (0:6; — 20, + 1) + p(Q)g;(1 — =) (30,6; — 26; — 26, + 1))

P(2 —2)p(Q) ((p(Q) — w)QePr, — 2sp(Q)g;)

— £59¢ > 0. Summa-

Since the numerator and the denominator is positive, we have f™»

rizing the above results, we obtain this proposition. [J

The intuition behind this proposition is as follows. From Lemma 4.1, when 6; rises, the
output of downstream ¢ increases and that of downstream firm j drops down. In addition,
the aggregate output @ rises. At this time, downstream i is in a state of overproduction,
and increasing production reduces the profit. Also, for the downstream j’s, profit margins
have been reduced because of the loss of market share. However, since R&D is becoming
more active, downstream profits may increase if R&D efficiency is above a certain level.

Next, we consider the effect of 8; on the profit of the upstream firm. We denote the
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equilibrium profit of the upstream firm by 7 (6;,6,). Since the profit of the upstream
firm in the second stage is my(w,z) = [w — (¢ — x)] Q(w, 6;,6;) — f(x), using envelop

theorem, we obtain the effect of 6; on the upstream firm’s profit.

87U(0i, GJ) . aﬂ'U(U}, QZ)

00; N 00, '

00;

=(w—c+x)

Substituting the result of Lemma 4.1, we rearrange the above equation as follows.

awU(Qi,Qj) _ Qp<Q)
892 2e (1 - 01)2

> 0. (4.11)

Therefore, we obtain the following proposition.

Proposition 4.3 The profit of an upstream firm increases with the degree of downstream

1’s CSR.

This proposition has a simple intuition. An increase in #; makes downstream total

output large. Hence, the upstream firm facing large demand always earns large profit.

4.4.3 Consumer and total surpluses

Next, we discuss the effects of 6; on consumers and total surpluses. We denote consumer
and total surpluses by C'S(6;,6;) and T'S(0;,0;), respectively. Differentiating C'S(6;,6;)

with respect to 6; leads to

0CS(0;,0;)

8Q(w,01,9j) 8w(0“0j) 8@(’(1],9“6])
20, *

Hence, consumer surplus increases with 6; if input price decreases with 6;:
ow(6;,6,)/06; < 0. In particular, substituting p/(Q) = —p(Q)/(eQ), the results of Lemma
4.1, (4.6), and (4.8) into 9C'S(0;,6,)/06;, we obtain the followings.

0CS(6:,6) _ Qz—2)(1-6)p(Q>f" ()
06, =(1-0)(2Qse — @(z ~ 2p(Q)["(x))

> 0. (4.12)

The numerator is negative and from Assumption 4.2, and the denominator is also
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negative. Hence, we obtain the result of comparative statics.

Proposition 4.4 Consumer surplus increases with the degree of downstream i’s CSR.

The intuition behind this proposition is the same as that behind Lemma 4.1. Because
of input price reduction, an increase in 6; expands downstream aggregate outputs, which
increases consumer surplus.

Finally, we consider the effect of 6; on total surplus. Using (4.10), (4.11), (4.12), and

the definition of ®, we obtain the derivative of T'S(¢;) with respect to 6; as follows.

OTS(0:,0;) _ 0mpn(01,6) | 0mpal0in6y)  Oms(6:6)  OCS(0:,6))
00, 00, 00, 00, 00,
_ Q(z—2)p(Q)*f"(x) (30,0, — 20, — 20; + 1 — D) -
2e (1—-0;)2 (2Qse — (2 — 2)p(Q) f" (7)) '

From Assumption 2.2, the denominator of the above derivative is negative and the nu-

merator is also negative. Therefore, we obtain Proposition 4.5.

Proposition 4.5 Total surplus increases with the degree of downstream i’s CSR.

The intuition behind this proposition is as follows. When an increase in 6; yields
larger downstream firms’ outputs. This effect increases total surplus. In addition, from
Lemma 4.1, the downstream firms’ CSR activities make marginal cost low and upstream
investment technology efficient. This effect partially solves the double marginalization

problem. This effect also increases total surplus.

4.5 Optimal degree of CSR

We provide a case with a linear inverse demand function p = 1 — ¢; — ¢2, and a quadratic
investment cost function f(x) = rz?/2. To guarantee positive outcomes, we assume

0<0;,<1/2andr > 2;2;%;3’?;;}?&:53) (= rrositive)  Note that f”(x) = r. In addition, we

assume 0 < ¢ < 1. This condition implies that the upstream can sell its product to the
downstream firms even when the upstream firm does not invest. The other setting is the

same as in the previous section.
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Solving this game by using backward induction, we obtain the following outcomes in

the second stage.

(I1—c¢)r(1—6;)(1—26,))

Gie =91 (80:0; — 56; — 50, + 3) — (46:0; — 36, — 30, + 2)’
o, (L ) (86:6; — 50 — 56, +3) — (46,6, — 36; — 36, +2)
b 20 (86,0, — 56, — 56, + 3) — (46,6, — 36, — 30, +2)
. (1— ) (46,0, — 30, — 30, + 2)
b7 9r (80,0, — 50, — 50, + 3) — (46,0, — 30; — 30; +2)
(1—c)2r2(1—6;) (1 —26;) (1 —26,)?
Tp,L =

- N (1 — 0)27“ (4919] — 397, - 39] + 2)
Y T2 (2r (86,0, — 50; — 50, + 3) — (46;0; — 30; — 30; + 2))’

where the subscript ‘L’ denotes the case with linear inverse demand and quadratic R&D

cost. Then, we get Collorary 4.1.

Collorary 4.1 Consider a case where the degree of downstream i’s CSR increases. Then,
(i) upstream firm’s profit increases; (ii) downstream firm j’s profit increase if r < 1/2;

(#ii) consumer and total surplus increases.

Proof. See Appendix 4.7.

Because of f”(x) = r, this result is consistent with Lemma 4.1 and Proposition 4.2—
4.5. Hence, the intuition behind this result is the same as that in the previous section.

To visually present the result (ii) in Collorary 4.1, we depict the threshold values,
r=1/2 and r = rP*"v¢ g ¢ = 4/5 and 6; = 1/4 in Figure 4.1. The horizontal axis is
0; and the vertical axis is 7. Figure 4.1 has two curves. The solid curve is r = rpositive,
the dashed line is r = 1/2. From Figure 4.1, we can confirm the results in Collorary 4.1.
The downstream firm j’s profit increase with the degree of downstream i’s CSR if the
investment technology is efficient: rPosiive < p < 1/2.

Now, we discuss the optimal degree of CSR. In the first stage, each downstream firm
decides on the degree of CSR 6; to maximize its profit mp,. We define the profit of

downstream firm ¢ in the first stage by mp,(6;,6;). Then the maximization problem in
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Figure 4.1: The threshold values of r at ¢ =4/5 and 6; = 1/4

the first stage is as follows.

max  mp,(0;,0;)-

k3

From the first-order condition dmp,(6;,0;)/06; = 0, the best response of downstream firm

7 is as follows.
(2r+1)8; —2r
8rf; —6r +1

0;(6,) = (4.13)

0.
0.5fj

0.4f
0.3/
0.2!

01

0.0 L gy
00 01 02 03 04 05

Figure 4.2: Optimal response of each downstream at r = 4/5

Because of symmetry between downstream firms, we substitute 67 = 67 = 6" into the
best response in (4.13). We also see from 4.2 that this equilibrium is a subgame perfect

equiribilium. Then, we obtain 0] = 67 =1 /2, which leads to Proposition 4.6.

Proposition 4.6 If an inverse demand function is linear and a RED cost function is
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quadratic, the equilibrium degree of CSR is 0* = 1/2. In addition, it is independent from

upstream RED efficiency.

From Lemma 4.1, #; increases the firm ¢’s market share and reduces its marginal cost.
Thus, each downstream firm acts to maximize its degree of CSR. Then, in equilibrium,

they choose 0] = 67 =1 /2, which is independent from the efficiency of upstream R&D.

4.6 Conclusion

We analyzed the relationship between upstream cost-reducing R&D and downstream
CSR. We have developed a model in which one upstream firm and tow downstream
firms. We show that one downstream’s CSR may increase the profit of the other down-
stream firm. In addition, the increase in the degree of CSR increases consumer and total
surpluses.

Hence, the negative effect of a firm’s CSR activities on other firms’ profits may be
small. If the upstream R&D investment is highly efficient, CSR may be desirable both
for firms and society. Therefore, it is easy to recommend CSR in this market.

Several issues remain to be addressed in this analysis. First, we have not considered
the case of upstream CSR. Assuming upstream CSR, one would expect the results of this
study to be more likely to hold because input prices would be lower. Second, We made
some limitations for R&D. We can consider a model in which downstream engage in R&D
or in which R&D is stochastically successful. Finally, we do not consider competition in
the upstream market. If upstream market is an oligopolistic, we might expect that
upstream competition yields lower input price. Then, this conclusion is less likely to be

obtained because the parameters are less sensitive.
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4.7 Appendix

Proof of Collorary 4.1

Differentiating equilibrium outcomes with respect to 6;, we obtain the followings.

drus _ (1—r* (1 - 26;)° -
891 a (2’/’ (8‘9103 — 591 — 59] + 3) - (4019J — 391 - 3‘9] + 2))2 ’

aﬂ'DiL _ (]_ - 6)27’2 (1 - 2‘9]) 2 [01 - Qj + 2r (4‘910] - 30, - 0]‘ + 1)]
00;  (2r (80,0; — 50; — 50; + 3) — (40,0, — 30, — 30, +2))3
Omp,L  2(1—¢)®r2(1—2r) (1—26;) (1 —6;) (1 —26;)?

861 (2T (SQZGJ — 561 — 5‘9] + 3) - (48283 — 391 — 39] + 2)) 37

00; (2r (80:0; — 50; — 50; + 3) — (40,0; — 30; — 30, + 2)) 3 ’
oTS, (1 —c)*r*(1—26;) [(6; — 1) (6; — 6;) — 2r (6; (2067 — 196, + 4) — 1367 + 136, — 3)]

Solving Omp,1/00; > 0 for r, we obtain r < 1/2.
As the sign of 0C'S/06; and 0TS, /00; only depend on the terms in square brackets

and the coefficient of r are positive, solving 0C'Sy,/96; > 0 and 0TS, /06; > 0 for r yields

TCS

r > and r > r7%, where

cs (0, — 1) (6; — ;)
2 (40,02 — 30,0; — 502 + 50; — 1)’
(6, —1) (6 — 6;)
2 (46; + 20062 — 196,60, — 1362 + 136; — 3)

<
S
0

Il

We can show that these threshold values are smaller than rP2s%v¢ ag follow.

ppositive _.CS :l 0; (40] — 3) - 39] +2 . (9] — 1) (91 - 9]) >0
2 \c(0; (80, —5) — 50, +3) (40, —5)0% + (5 36,)0; — 1 ’

Jpositive _ s _L [0 (46, —3) —36; +2 (0, —1) (0 — 0;) -0
2\ c(6:i(80; —5) =50, +3)  6; (2002 — 190, 4+ 4) — 1367 + 136; — 3 '

Therefore, we obtain 0C'S;,/00; > 0 and 071'S;,/00; > 0.0
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Chapter 5

Conclusion

We analyzed the relationship between production defects, R&D, and CSR in vertical
markets. In Chapter 2, we analyze the relationship between production defects and
R&D, showing that product defects do not necessarily have a negative impact on firms
or society. Chapter 3 shows that the negative effects of production defects cannot be
remedied by CSR activities. Chapter 4 shows that the negative impacts of CSR activities
on rival firm’s profit can be resolved through R&D.

We can confirm key role of upstream R&D which mitigates or resloves negative impacts
on firms’ profits and society. This is because the negative impacts are caused from tougher
competition. Therefore, the upstream R&D may be better promoted more aggressively.
In the long run, it may also be meaningful for downstream and consumers to continue to
keep input demand of downstream firms.

Several issues remain in this thesis. First, it is assumed that the factors addressed in
each chapter are related only to either upstream or downstream. If both are involved,
the conclusions of this thesis may be different. Next, we assume an upstream monopoly
situation throughout the thesis. If there is more than one upstream firm, the competition
effect will bring larger profits of downstream firms, which may have a positive social
impact. Finally, we only consider a take-it-or-leave-it offer of linear contract between
upstrem and downstream firms. Hence, non-linear contract or negotiation between them

may provide some different results. We would like to leave these issues in the future.
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