


as 139%. Therefore, we set the base value for t as 15%, which belongs to the range

of average tariff rates set by the nine countries and is higher than the mean of these

average tariff rates.

MFN applied | Electrical ma- Transport Electrical ma- Transport
duties (%) chinery AVE  equipment chinery MAX equipment
AVE MAX

China 8.3 11.5 35 45

Brazil 14.1 18.1 20 35

Russia 7.4 11.1 29 139
South Africa | 4.6 5.9 25 30

India 7.2 20.7 10 100
Egypt 8 124 30 135
Canada 1.1 5.8 9 25

EU 2.8 4.3 14 22

U.S. 1.7 3 15 25

Table 3: Tariff rates set by different countries. Note that AVG denotes average tariff rate
within the product group, MAX denotes the highest ad valorem duty within the product
group, and all the rates stated in the form are for MFN (Most favourated nation).

For our sensitivity analysis regarding the impact of 4, we use the value of u in

Example 1 (i.e., 4 = 0.6, as presented above) as the base value, and increase the value

of p from 0.1 to 0.9 in steps of 0.1 but keep other parameter values unchanged. For each

value of u, we calculate o*, p(a*), ¥ (a*), DV (a*), DV (a*), IV (e*), and [TV (a*). To

facilitate our discussion, we plot Figures 2, 3, and 4—where the subscript 7 represents

Scenario i, for i = I, D, C—to show the impact of i on two firms’ decisions, the demands

for two products, and two firms’ profits, respectively.
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Figure 2: The Impact of the M-L substitutability index x on the optimal local content
rate a*, and the Nash equilibrium-characterized prices p™ (¢*) and p™(a*).

We learn from Figure 2(a) that the substitutability index s does not generate any

significant impact on the multinational firm’s optimal local content rate decision, and
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the impact of 12 on a* shows almost the same pattern in three scenarios; that is, a* keeps
the same or just slightly decreases as p increases. As Figure 2(b) and (c) indicates, as
the two firms’ products (namely, Products M and L) become similar (i.e., the substi-
tutability index u is greater), both p¥(a*) and p"¥(a*)—two firms’ pricing decisions in
Nash equilibrium—are reduced in all scenarios. According to Figure 3(a) and (b), we
find that, as u increases, the demands D" (a*) and D™ (a*) vary in a different manner.
Specifically, Figure 3(a) indicates that, when u rises, DV(a*) first slightly decrease and
then slightly increase. Figure 3(b) shows that DV (a*) is significantly decreasing in  in

three scenarios.

DYa*} D¥{ay
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Figure 3: The Impact of the M-L substitutability index p on the demand for product
M D"¥(e*) and the demand for product L D¥(a").

We also learn from Figure 4 that, as a result of increasing the value of u, both
IV (o*) and [TV (a*) significantly decrease. According to our previous analytical results,
the multinational firm should enhance the quality of product M as a response to the
increase in the M-L substitutability index x. The decrease in the multinational firm’s
profit when u increases is mainly ascribed to the facts that the increase of quality is
accompanied by the increase in cost, and that the price for product M decreases when
competition intensifies.

From Figures 2, 3, and 4 we learn that for three scenarios, each of pV(a*), DV (a*),
and [TV (a*) changes in a similar manner, but its values significantly vary in different
scenarios. The difference is mainly ascribed to the disparity of the cost C(a*) among

the three scenarios. However, each of p"(a*), D¥(a*), and IIV(a*) has almost the
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Figure 4: The impact of the M-L substitutability index 4 on the multinational firm’s
profit IV (a*) and the local firm'’s profit IIV(a*).

same value in three scenarios; that is, C(a*) imposes a negligibly small impact on the
local firm. This implies that the multinational firm should consider a trade-off between
his cost and his profit; as a result, the effect of C(a*) could be absorbed only by the

multinational firm.

4.3 The Impact of the Parameter 0

We now investigate the effects of 6 on the multinational firm’s optimal local content

rate decision, as shown in the following proposition.

Proposition 5 If consumers are more sensitive to the quality of product M, i.e., the

value of 6 increases, then the multinational firm should reduce his local content rate,

i.e., 0&/06 < 0.

Proof. Differentiating (16) once w.r.t. § and & yields,

0a _  (2kh+rp’—p?) g(a) <0
860~ (2kk— p2) M"(&) + Sg"(@)

because all parameters are positive; and g'(&) > 0, g"(a*) > 0, and M"(a*) > 0. =
Using the above proposition, we can find the impact of the parameters 6 on the
demand for product M and the multinational firm’s profit, as presented in the following

corollary.

34



Corollary 4 Both the demand for product M and the multinational firm’s profit be-
come smaller, if consumers are more sensitive to the quality of product M, i.e., 8DV (&)/96 <

0 and AT (&) /86 < 0.

Proof. We compute the first-order derivative of DV (&) w.r.t. 8 as,

8D" (&) R (2kk — pi?) vy o (28R + Kp? — p?) 8g'(&)
B = e M T
(06 (2kR + Kt — pt)g(&)
o9 2Kk — 2 '

According to (16), we find that

(2’{’?“‘ + ’i'u‘z — #2) 6 /

[~ V) —
M(a)+ 2"."%_#2 g(a) _0’

which can be used to simplify 8DV (&)/8 to

ODN(&)  R(2kR +mpd - p?)
T Py vy s (AR

We then calculate the first-order derivative of IIV (&) w.r.t. 8, and find

ONN(a) _ 2(kk —p?)DN(a)3DN(&) 2(2kR + kp? — p?) DN(a) (&) <0
a6 % %6 (4rk — 1) gl <=

The corollary is thus proved. m

The effects of # on the demand for product M and the multinational firm’s local
content rate decision and profit are consistent with the fact that the multinational firm
is willing to spend more efforts to improve the quality of product M and thereby reduce
the local content rate, when consumers are more sensitive to the quality rather than

other factors.

4.4 The Impact of the Parameters x and &

We now investigate the effects of x and & on the multinational firm’s optimal local

content rate decision, as shown in the following proposition.
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Proposition 6 If the reduction in consumers’ marginal utility of either product M or
product L becomes larger, i.e., the value of  or & increases, then the multinational firm
should raise his local content rate, i.e., d&/0x > 0 and 0&/0% > 0. In addition, the
impact of k on the value of & is less significant than that of &, and the impact of & on

the value of & is less significant than that of &; that is, |0&/0u| > |0a/0k| > |0&/0k|.

Proof. Differentiating (16) once w.r.t. x and & yields,

o9& wo g'(&) >0

0 (2kh—pu2)? " M"(@)+Sg¢"(a) "
20,,2 H A

Oa _ 2K%61 « g (&) >0,

Ok (26k — p2)® = M"(&) + Sg"(&)

because all parameters are positive; and ¢'(&) > 0, ¢"(a*) > 0, and M"(a*) > 0.

The differences among |06/0u|, |08/0k| and |0&/0k| are calculated as,

8&| |8a| _ (4kPR — ) b q(3)
du| |0k — (2rk — p2)? * M"(@&) + Sq'(&)’
da&| |da| _ 2k*Ou (2R — p) « 7 (a)
ou| |8&| — (k- p2)? ~ M"(&)+Sg"(a)’
da| 10&|  (2K% - p?) 0 g (8)
o " |ok| T Tmk-j2)?  M'(@)+Sg9@3)

which are positive because x > p and & > pu.

According to (2), x (&) reflects the degree to which the marginal utility of quantity
for product M (L) is reduced. When consumers’ marginal utility decreases dramatically,
the quality of product M imposes a relatively small impact on total demand. The
above proposition shows that the multinational firm should pay more attention to the
substitutability between product M and product L when making local-content decision.
]

In addition to our above sensitivity analysis, we also find that the multinational
firm’s optimal local content rate a* is not affected by (i) the parameters § and §—
which are regarded as the multinational and the local firms’ absolute advantages in the
market, (ii) the local firm’s unit acquisition cost C; and unit assembly cost C,, and
(ili) the multinational firm’s unit assembly cost C4. Such a result shows that when

making local-content decision, the multinational firm should focus two factors related
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to the local firm—the product substitutability index (i.e., ) and the degree to which
the marginal utility of quantity for product L is reduced (i.e., &), and does not need to

pay much attention to other factors about the local firm.

5 The Two-Stage Analysis under Local Content Re-
quirements

We recall from Section 1 that some governments (especially, those in developing coun-
tries) implement the Local Content Requirements (LCRs) to impose the penalty tariff
on the multinational firms that do not meet the LCRs. Let 8 denote the minimum
local content rate required in the local market and t, denote the additional (penalty)
tariff rate when the multinational firm does not meet the LCR (i.e,, @ < ). The

multinational firm’s unit cost A(c) under the LCR is calculated as,

M (a) = M(a), if o > B,
Aa) = 1(@) = M(e) B 19)
My(a) = M(a) +t,C(a)(1 — ), ifa<p.
Note that My(a) can be regarded as a M(«) with the “tariff rate (t + ¢,),” and My(a)

is also assumed to be a convex function of «, i.e., Mj(a) > 0.

5.1 Optimal Local Content Rate under the LCR

The LCR changes the multinational firm’s unit acquisition cost, thereby influencing the
firm’s local content rate decision. This requires that, in order to find the multinational
firm’s optimal decision on the local content rate, we need to compare the multinational
firm’s maximum profit when the firm meets the minimum local content rate and that
when the firm does not. Denoting by Vj(a) and V2(a) the multinational firm’s o~

dependent unit profits without and with the penalty tariff, respectively, we have,

1 R
Vi(a) = A [— (26k — p?) Mi(o) — (26R + wp® ~ p?) Og(a) + Ky (CA + C’l)

+2KRS — Kb — ,ﬁ&] Cfori=1,2. (20)
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Therefore, the multinational firm’s profit can be written as,

Vi(@), ifa>B;
Vo(a), ifa<B.

V(ia)=

The first- and second-order derivatives of V;(a) (i = 1,2) w.r.t. o are calculated as,

2kk — u?

Vi) = —M—%[M!a )+ 5¢/(e)], (21)
2KkR —

Vi) = —m[M" a) + 8g"(e)] <0,

which follows from the facts that ¢”(a) > 0, M{ () = 0, and M{(a) > 0. That is, V;(a)
is a strictly concave function of a.. Because the multinational firm absorbs the penalty
tariff if and only if his local content rate is less than 3, the domains for V;(a) and Vz(a)
are [$,1] and [0, B), respectively.

Similar to Proposition 2, we can find the optimal local content rate o] maximizing

Vi(a) and the optimal rate oy maximizing V5(«) as follows:

B8, if S¢'(8) + M(B) >0,
af =1 &, if S¢'(B)+ M;(B) <0< Sg'(1) + M{(1), (22)
1, if Sg'(1)+ MI(1) <0;

0, if S¢’(0) + M5(0) > 0,
ay =19 &, if Sg'(0)+ M}(0) <0 < S¢'(8) + ML(B), (23)

B—e, if Sg'(B8)+ M(B) <0,
where &; and &, represent the unique solution of V{(a) = 0 [or, S¢'(a) + Mj(a) = 0]
and that of Vj(a) = 0 [or, S¢’(a) + Mj(a) = 0], respectively; and € is an infinitesimally

small and positive number.

Comparing the multinational firm’s maximum profit when the firm meets the min-
imum local content rate [i.e., Vi(c})] and that when it does not [i.e., V2(ca3)], we can
attain the multinational firm’s optimal decision on the local content rate, as given in

the following proposition.
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Proposition 7 Under the LCR with the minimum local content rate £, the multina-
tional firm’s optimal local content rate a*—which maximizes the firm’s profit V (a)—is

uniquely obtained as,

1, (1) <0

a1, if f1(B) <0 < fi(1);

B, if fi(B) >0 and f3(B) <

o'=q  orif f(0) <0< f(B), and fl(m f2(82), (24)
or, if f}(0) > 0, and f,(8) < £2(0);

b, if f2(0) <0< f3(8), and fi(B) > fa(B2);

0, if f3(0) >0, and f1(8) > f2(0);

\

where fi(a) = Sg(a)+ M;(a) [and thus, f/(a) = S¢'(a)+ M](a)]; and, 0 < &; < &z < 1

if both &; and &; belong to the range (0,1).

Proof. If the multinational firm’s optimal local content rate o} is equal to 1 or &;,
then o] > § and the LCR has no impact on the multinational firm’s decisions. Thus,

a*

=of, ifa] =1or af = &. When o] = 3, we cannot assure that S must be
the optimal local content rate when the LCR does not apply. Thus, although the firm
is responsible to the penalty tariff if his local content rate is a3, he can still attain a
higher profit by adopting o3. It thus follows that we should compare V;(5) and Vz(os3)

to decide on the optimal local content rate for the multinational firm.

1. If o} = B and a% = (§ — ¢, then V2(a}) = V(B — €). Since the firm absorbs the
penalty tariff if he adopts the local content rate a3, we find that V;(8) > Vo(8—¢),

which means that o* = .

2. If of = B and o} = &z, then o* = § if V3(&) < Vi(B), and o* = &y if Vo(Gg) >
Vi(8).

3. If af = 8 and a} =0, then o* = 3 if V,(0) < Vi(8), and a* = 0 if V2(0) > V}(B).
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We thus write o as,

(
1, ifoj=1;

oy, if af = ay;

B, ifal=pand o =0~—c¢,

Q= or, if o} = B, o} = & and V,(&z) < V4(B),
or, if a} = B, &b = 0 and V;(0) < Vi(8);

&g, if af = f3, aj = &, and V(&) > Vi(B);

0, ifa}=4, o5=0and V2(0)> V1(B),

\

where &; is the unique solution of the equation that S¢'(a;) + M/(a;) =0, for i = 1, 2.

As Proposition 3 indicates, & > @&; since Vo(a) can be regarded as a Vi(a) with
the “tariff rate (¢t +t,)”. When of = &;, we find that &; < &; < 3, and thus o} = 8.
Therefore, aj = &5 is a sufficient condition for af = 8. Similarly, when o} = 0, we have
&) < &g < 0, and thus a} = 8. It then follows that o = 0 is also a sufficient condition

for a} = . Therefore, the expression of o* can be simplified as

(
1, ifaj=1

oy, if of = day;

B, ifaj=Bandas=p~—c¢,

o' = ¢ or, if o = &; and Va(&2) < V1(B),
or, if a = 0 and V5(0) < Vi(B);

G, if af = &, and Va(&g) > V1(B);

0, if o4 =0 and V3(0) > Vi(8),

\

Furthermore, the region in which the optimal local content rate o* falls satisfies
the following criteria: (i) o* = 1, if V{(1) > 0; (i) o* = ay, if V{(8) > 0 > V{(1); (iii)
o = B,if V{(B) <0 < V3(B), orif VI(B) < 0, V5(0) > 0 > V3(B), and V3(az) < V1(B), or
if V{(8) < 0, Vz(0) < 0 and V5(0) < Vi(B); (iv) @" = 0y, if V{(B) < 0, V5(0) > 0 > V;(B)
and V3(az) > V1(8); and (v) o =0, if V{(8) < 0, V3(0) < 0 and V2(0) > V1(B).

Using equations (20) and (21), we can re-write o* as in (24). This proposition is

thus proved. =
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Noting that in equation (20) the sign of S¢'(a) + M;(«) is negative, we find that the
value of V;(a) is decreasing in fi;(a). That is, in the above proposition, [— f;(«)] reflects
the impact of local content rate a on the multinational firm’s unit profit V;(a), since
the value of a influences both the cost and the quality of the product M. It also follows
that the first-order derivative [— f!(a)] reflects the marginal profit of local content rate.

Let
_ d[=Mi(e)]
7i(a) = dg(a) y

which can be regarded as the increase in the multinational firm’s cost when the quality
level of product M is increased by one unit, for a given value of the local content rate o.
Then f{(c) > 0 is equivalent to v;(a) < S, and means that the marginal cost of product
M’s quality is smaller than S.

The above proposition indicates that, when calculating the optimal local content rate
o, we should first look at the multinational firm’s profit when the firm satisfies LCR.
A sufficient condition for the multinational firm to meet the LCR is that the marginal
cost of product M’s quality when the firm adopts the LCR threshold £ is sufficiently
large such that v,(8) > S [ or, f1(B8) < 0]. This indicates that if the cost for increasing
product’s quality is very high, then the multinational firm should adopt a high local
content rate to keep the cost for product M in an acceptable level. When v,(8) < S,
the optimal local content rate is 3, &g, or 0, which depends on the values of v,(0) and
v,(8), and 0, and also the comparison among the impact of local content rate a on the
multinational firm’s unit profit when the firm adopts local content rates 3, &; and 0,
i.e., fi(B), f2(&2), and f5(0).

Under the LCR, two firms’ prices in Nash equilibrium, unit profits, and total profits,
and the resulting demands for two products can be obtained by simply replacing M(«)
in Section 3 with A(c). To illustrate the multinational firm'’s optimal local content rate,
two firms’ pricing decisions, and the resulting demands for two products, and two firms’

profits, we provide the following numerical example.

Example 2 We re-consider Example 1 but assume that the policy maker in the local
market requires the LCR with 8 = 60% for the product of the multinational firm, and

the penalty tariff rate is t, = 30%. That is, the multinational firm absorbs an additional
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30% penalty tariff if the local content rate in his product is smaller than 60%.

We attain the multinational firm’s optimal local content rate when he meets the
LCR (i.e., o) and that when the firm does not (i.e., a3). Under the constraint that
a < B, we find that o = § = 0.60 because V{(8) = —76.075 < 0. Under the constraint
that « > 8, Gy = 0.452 € (0,0.60). It thus follows that af = &, = 0.452. Next,
we compare IT1)(&;) and TI¥(8), which are calculated as I1Y(&;) = $3,761.128 and
IV (B8) = $4,383.444. Since II¥(8) > MY (&;), the multinational firm’s optimal local
content rate o* is determined as a* = 8 = 0.60.

Then, we solve (9) and (10) to find two firms’ prices in Nash equilibrium as pV =
$252.667 and pN = $213.528. The resulting demands are DV(a*) = 58.982 and
DN(a*) = 46.451. The two firms achieve their profits as IIV(a*) = $4,383.444 and
IV (a*) = $2,718.662, which demonstrates that the multinational firm’s profit is higher
than the local firm’s.

When we compare the above results with those in Example 1 (in which the LCR
does not apply), we find the following insight regarding the impact of the LCR. First,
the LCR significantly raises the optimal local content rate of the multinational firm
from 0.370 to 0.60. Secondly, the implementation of the LCR reduces the multinational
firm’s profit from $5,375.271 to $4, 383.444 by 18.452%, whereas it increases the local
firm’s profit from $2,162.636 to $2, 718.662 by 25.711%. Thirdly, under the LCR, for the
multinational firm’s product, the demand D" (a*) is reduced from 65.315 to 58.982 and
the price pV is decreased from $262.947 to $252.667; but, both the demand D™ (a*) and
the price pV for the local firm’s product are increased. Actually, the decrease in the price
p" partly results from the reduction in the quality of the multinational firm’s product,
which happens as a consequence of increasing the local content rate. The above results
show that the LCR, as a “regionalism policy,” transfers the demand and the profit from
the multinational firm to the local firm but may not benefit local consumers, which is
shown by our numerical result that, in the example, consumers’ net utility is decreased

from 6,110.425 to 5,871.308, when the LCR applies. W
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5.2 Impact of the Penalty Tariff Rate ¢, under the LCR

When the multinational firm’s optimal local content rate is equal to or larger than
B if LCR is not implemented, i.e., f{(8) < 0, the firm satisfies the LCR, thus, any
change in the value of ¢, does not influence the firm’s profit and his local content rate

decision. Therefore, in the following proposition we investigate the impact of ¢, on o*

when f1(8) > 0.

Proposition 8 When the multinational firm’s optimal local content rate is not smaller
than § if LCR is not applicable, i.e., f](3) > 0, we obtain the following results regarding
the impact of the penalty tariff rate ¢, on the multinational firm’s optimal local content

rate decision o*.

1. When C’(0) > C(0), the multinational firm’s optimal local content rate is uniquely
found as,

B, ift) <t,<td

0, ift, < min{t],};

where tg and t;, are the respective unique solutions of the equations f3(0) = 0 and

f2(0) = f1(B), and can be expressed as,

0 :29'(0)*'—0'(0) —t
? co)-c@©
4 _ SiBHCOI+-A) _,
? C(0) '

2. When C’(0) < C(0), the multinational firm’s optimal local content rate is uniquely

found as,
4

B, ift,>1,
or, if tJ < t, < t,, and t, > £,
a* = ¢ or, if t, < t, < t%; (25)

&y, ift)<t, <t andt, <y

[ 0, ift, <min{t},t0};

where £, and £, are the respective unique solutions of the equations f3(3) = 0 and
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fa(ég) = f1(B8), and can be expressed as,

. 54(B)+C'B)

= te-u-pomE "
;o Sl -g@)+CB)+t1-p)] , 1
’ Clag)(1 — &) 1oy’

Proof. As indicated by Proposition 7, when f{(3) > 0, the multinational firm’s optimal

local content rate is uniquely found as,

(5, i H(8) <0,

or, if f3(0) <0 < f3(8), and f1(B) < fo(&2),
o’ = 4 or, if f}(0) >0, and f£,(B8) < f2(0);

&y, if f3(0) <0< f3(B), and f1(B) > fa(Ge);

L 0, if f3(0) 20, and f1(B) > f2(0).

1. We firstly discuss the situation when C’(0) > C(0). Since f3(0) = S¢'(0) +
C'(0) + (t + tp) [C'(0) — C(0)], if C'(0) > C(0), then f3(0) > 0. Since V2(«) can
be regarded as a Vi (a) with the “tariff rate (t+t,)”, the firm’s profit is decreasing
in penalty tariff rate ¢, according to Corollary 3. In this case, the multinational
firm adopts the optimal local content rate of 3 if ¢, is large enough to assure
that V2(0) < Vi(B), i.e,, fi(B) < f2(0). Otherwise, the firm uses only imported

components to make product M; that is, o* = 0, if V2(0) > V;(8).

2. When C’(0) > C(0), we easily rewrite f3(0) < 0ast, > t5 = [Sg'(0)+C"(0)]/[C(0)—
C'(0)] —t, and f3(0) > 0 as t, < 8.

Using fi(a) = Sg(a) + Mi(a), equation 19 and g(0) = 0, we can easily rewrite o* as
stated in equation 25. This proposition is thus proved. m

We learn from above proposition that if the penalty tariff rate ¢, is sufficiently high,
then it can induce the multinational firm to adopt the LCR threshold 8. While both the
increase of tariff rate ¢ and that of penalty tariff rate ¢, can lead the firm to increase his
local content rate in most cases, t does not work when C’(0) > C(0). This distinguishes

penalty tariff rate ¢, from tariff rate ¢ in the ability to change the multinational firm’s
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1

»» then the multinational firm

local content rate since if ¢, is large enough that t, > ¢

should satisfy the LCR, i.e., o* = j.

Remark 6 A penalty tariff policy is very useful in inducing a multinational firm to
enhance his local content rate. If the firm’s local content rate is zero and C'(0) > C(0),
then the firm has only two choices concerning his local content rate: either zero or 3, the
choice of which depends on the comparison between V,(0) and V4(8). If the firm’s local
content rate is zero but C’'(0) < C(0), or if the firm’s optimal local content rate is not
zero, then the firm’s optimal local content rate might be any value between [0, 8], and
he should enhance his local content rate when ¢, increases; but the firm should adopt
the LCR threshold 3 only when t, is sufficiently high to assure that V(&) < V4(8) or

&g > B, i.e., when t, > I, or t, > L.

Using the above proposition, we attain the results regarding the impact of ¢, on the
demands for products M and L, and the multinational and the local firms’ profits, as

shown in the following corollary.

Corollary 5 When product M is not fully made of local components (i.e., a* = &,
or o = (), then both the demand for product M and the multinational firm’s profit
are decreasing in ¢, but both the demand for product L and the local firm’s profit are
increasing in t,. Otherwise, neither the demand nor the profit for two firms change as

tp is increased.

Proof. If an increase in the penalty tariff rate ¢, does not induce the multinational firm
to meet the local content requirement, then the firm always pays the penalty tariff. We
can regard the sum of ¢ and t, as the total tariff rate applicable to the firm. According
to Corollary 3, increasing the penalty tariff rate can result in an decrease in the demand
for product M and the multinational firm’s profit.

If, after ¢, is increased, the multinational firm’s local content rate is 3, then we
compare the firm’s unit profit before and after the increase of t,—which are V,(a*) and
V1(B), respectively—to find the impact of ¢,. Prior to the increase of t,, the optimal
local content rate a* is not 3; this means that Vo(a*) > V;(8). However, subsequent to

the increase of t,, the optimal local content rate o* is turned into §; this means that
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Va(o*) < V1(B) under the new penalty tariff policy. Since V;(8) keeps the same before
and after the change of ¢,, this indicates that the increase of ¢, causes the decrease in
V2(a*) from the value that is larger than V;(8) to the value that is smaller than V().
That is, the multinational firm’s profit decreases after the increase of t,. We thus prove
the impact of ¢, on the demand for product M and the multinational firm’s profit.
Next, we show the impact of ¢, on the local firm. If an increase of the penalty tariff
rate ¢, makes the multinational firm to increase his local content rate but does not
induce the firm to adopt the LCR threshold 3, then we can calculate V™ (&)/8t, to
examine the impact of ¢, on VN (&). Differentiating the local firm’s unit profit function

in (13) once with respect to o, we have,

W;cf S @;1:7;5 {&p[C'(@) +1C'(a) — taC’(a) — 1C(0)]

+ (& + 26k — p?) phg(a)} .

Using (16), we find the first-order derivative VN (&)/ Otp at the point & as,

VN (a)

5 = pb(kk — p*)g'(&)/ (262 — p?) > 0.

a=&

Differentiate V™ () once w.r.t t, yields,

VN (&) 1 V() dé A o
Ot,  4kk —p? X " Ba . 8 at, grry w2 (1-&)C@).

According to Proposition 8, & is increasing with t,, i.e., 8&/0t, > 0. It thus follows
that VN (&)/8t, > 0.

If, after ¢y, is increased, the multinational firm’s local content rate is still 0, then we
compare the local firm’s unit profit V¥(0) for different values of tp. From Corollary 2
and (19), we learn that, when o = 0, increasing the value of t, raises M5(0) but increase
VN (0).

The above analysis indicates that as ¢, increases, if « is increased within (0, 1), then
the local irm’s unit profit VN (&) increases. Noting from Corollary 2 that, when o = §,

VN(B) when the penalty tariff is not applicable is lower than that when the penalty
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tariff is applicable. Therefore, if an increase in the penalty tariff rate t, makes the

multinational firm to adopt the LCR threshold 3, the local firm’s demand and profit

increase. The corollary is thus proved. m

To illustrate the above analysis, we perform a sensitivity analysis to examine the

impact of the penalty tariff rate t,. All parameter values are specified as in Example 2,

see a summary given as follows:

) 0 K R

6 U Cy

Cx

C t B8

tp

400 300 1.5

1.5

0.7 06 5

5

150 0.15 03 0.60

Table 4: Values of parameters in sensitivity analysis when the LCR is implemented

Similar to Section 4.2, we consider three scenarios including Scenario I [C'(a) > 0

for & € (0,1)], Scenario D [C'(a) < 0 for o € (0,1)], and Scenario C [C"(a) > 0 for

a € (0,1)], and for each scenario we increase the value of t, from 0 to 0.9 in increments

of 0.1. For each value of t,, we calculate a*, p¥(a*), p" (a*), DN (a*), DV (a*), TIV (a*),

and TV (a*).
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Figure 5: The impact of the penalty tariff rate ¢, on the optimal local content rate a*,
and the Nash equilibrium-characterized prices p"(a*) and p" (a*).

As Figure 5(a) indicates, the curve for aj depicts three possibilities for Case 3 in

Proposition 8. Specifically, if we increase t, from 0 to 0.1, then the optimal local content

rate for the multinational firm is 0; if we increase ¢, to 0.2, then the firm should increase

his local content rate to 0.055 which is smaller than the LCR threshold 8 = 0.6; and, if

we increase ¢, to 0.3, then the firm has to adopt the LCR threshold 8 = 0.6. The curve

of af, depicts two possibilities for Case 2 in Proposition 8. That is, if ¢, is increased

from 0 to 0.1, then the firm increases his local content rate which is smaller than the
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LCR threshold f; if ¢, is increased to 0.2, the firm adopts the LCR cutoff level 5 = 0.6.
We can learn from all three curves for o}, af, and af, that, after the firm adopts
the rate 8 = 0.6, i.e,, * > f, the firm will not change his local content rate as t,
increases. Figure 5(b) and 5(c) reflects that, as t, increases, two firms’ prices first both

increase; but, when t, is sufficiently large such that the multinational firm adopts the

LCR threshold 8 (i.e., a* = B), p"(B) is always smaller than p"(a*)

a*<p before the

firm adopts the rate 3, whereas p" (8) is always higher than p"(a*)|a+ < before the firm

adopts the rate 3.
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Figure 6: The impact of ¢, on the demand for product M D" (a*) and the demand for
product L DV (a*).

We note from Figures 6 and 7 that, as ¢, is increased, the demand for product M
D¥(a*) and the multinational firm’s profit II" (a*) change in a similar manner, and the
demand for product L D¥(a*) and the local firm’s profit [T¥(a*) also change similarly.
This happens mainly because each firm’s profit is proportional to the square of the
firm’s own demand in terms of the Nash equilibrium-based prices and the optimal local
content rates, as shown by Corollaries 1 and 2. Before the value of ¢, is increased such
that the multinational firm adopts the LCR threshold 3, DV(a*) and IIV(a*) for the
multinational firm are both decreasing in t,, whereas D%(a*) and TIV(a*) are both
increasing in ¢,.

We learn from Section 4.2 that the differences among the values of [TV (@*) in three
scenarios are negligible when LCR is not applied. Specifically, TT¥ (a*), TI¥(a*), and
ﬁg (a*) are equal to 2170.173, 2162.636, and 2175.966, respectively. However, Figure 7
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Figure 7: The impact of ¢, on the multinational firm’s profit [TV (a*) and the local firm’s
profit IIV (a*).

shows that when the government imposes LCR on the multinational firm, the value of
IV (a*) differs greatly among three scenarios. Furthermore, at situations in which the
multinational firm satisfies LCR, II¥(a*) > M1Y(a*) > [1¥(a*). The results imply that
when LCR is implemented, the multinational firm cannot totally absorb the impact of
C(a*) by choosing his local content rate “freely”. Rather, the firm has to compare the
penalty tariff and the additional cost resulting from increasing his local content rate.
LCR transfers the most benefit from the multinational firm to the local firm when C(a)
is increasing in o, because in Scenario I for any kind of component, an imported one is

always cheaper than a local one.

5.3 The Impact of the LCR Threshold 3

We analyze the impact of the LCR threshold 5 on the multinational firm’s optimal local

content rate decision a* and the demands for two products and two firms’ profits.

Proposition 9 When increasing the LCR cutoff level 3 in the local market from 0, we
have the following results regarding the impact of 8 on the multinational firm’s optimal

local content rate o*.

1. If f3(0) > 0, then a* is determined as,

B, when 8 < 8°,
0, when S8 > f°,
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where ° is the unique solution satisfying V,(0) = V1(8°) [or, f2(0) = f1(8°)]. That

is, a* is increasing in § when § < ° and it is independent of 8 when 8 > °.

2. If f{(0) > 0 and f}(0) < 0 < f3(1), then o* is determined as,

B, when <5,

&;, when 8 > B,

where 3 is the unique solution satisfying Vz(é&z) = Vi(B) [or, fa(@z) = f1(B)] and
&, < & < B. That is, * is increasing in 8 when 8 < B but it is independent of

B when 8 > B.

3. If f{(0) > 0 and f3(1) < 0, then o* = f8 for all 8 € [0,1], which means that o* is

increasing in S.

4. If f{(0) < 0 < f{(1) and f3(1) < 0, then o* is determined as,

a3, when 8 < &,

B, when 8 > &;.

That is, o* is independent of 8 when 8 < a; and o is increasing in 8 when

B2 a.
5. If f{(0) < 0 < f{(1) and f}(0) < 0 < f3(1), then o* is determined as,

&, when 8 < &,

*

=4 B, whend <B<PB,

&y, when 8> B.

That is, o* is independent of 8 when 8 < &;, o* is increasing in S when oy < 8 <

B, and a* is also independent of 8 when 3 > B.

6. If fi(1) < 0, then a* = 1 for any value of 8 € [0,1]. That is, o* is always

independent of 3.

Proof. According to (22), (23) and Proposition 7, we consider the following six possi-
bilities.
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. If f3(0) > 0, then &; < 0. According to Proposition 3, &; < &; < 0. Therefore,
a} = f, a3 =0, and V{(a) < 0. When § = 0, we find that o] = 0. Since V;(«)
is decreasing in o and aj = B, Vi(af) = V2(0) for 8 < B° and Vi(a}) < V5(0) for

B > °. Therefore, o = o] = 8 for > ° and o* = a3 = 0 for 8 < °.

I f1(0) > 0 and f3(0) < 0 < f3(1), then af = B, aj = min{&,;, B8 — ¢}, and
V/(a) < 0. When 8 =0, o] =0. Thus, o = 8 when 8 < &5; and, the value of o*
depends on the value of Vi(f8) and V(&2), when § > &;. For the case that 8 > a,,
we find that, because V() is decreasing in o, V1(8) > Va(az) if &3 < 8 < B, and
Vi(B) < Vi(Gy) if B > B. Tt thus follows that o* = 8 when 8 <  and o* = &,
when 8 > .

. If f{(0) = 0 and f}(1) <0, then af = 8 and a3 = B — €. Thus, o* = S.

I f1(0) < 0 < fi(1) and f}(1) < 0, then of = max{&;,B}, a5 = B — ¢, and
V{(a) < 0 for « € [&4,5]. When 8 < &, the LCR does not have any impact

on the multinational firm and thus, o* = &;. When 8 > a3, o = §3, and thus

o =f.

I f1(0) < 0 < f{(1) and f}(0) < 0 < f3(1), then o} = max{&;,l} and o} =
min{&,, 8 — £}. When 8 < &;, the LCR does not impact the multinational firm
and thus o* = &;. When &; < 8 < &y, we find that o] = 3 and o = 3 — ¢, and
thus &* = 3. When 8 > &g, V1(B) = Va(@z) for &2 < 8 < B, and Vi(B) < Va(ag)

for 8> B. Hence, a* = &, if B < @y;a* =fifd < B <B;and o* =G5 if B> 6.

. If f1(1) <0, then &; > 1. According to Proposition 3, 0 < &; < &;. Therefore,

aj=landaj;=LF—¢ Sincef<1l=0f,a"=1.

This proposition is thus proved. =

We learn from the above proposition that a multinational firm should satisfy the LCR

when threshold 8 belongs to a certain range, i.e., 8 € max{0,&;} < 8 < min{3, 1} when

f4(0) < 0 and S € (0, 8°] when f3(0) > 0. Within the range, the increase of 8 leads the

firm to increase his local content rate. However, when f is largely increased such that

B > B [when f5(0) < 0] or B > B° [when f3(0) > 0], then the firm will adopt a lower

local content rate &g or zero.
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We next conduct a numerical sensitivity analysis to illustrate the above analysis and
show how the multinational firm’s and the local firm’s Nash equilibrium-characterized
pricing decisions and the resulting demands and profits vary when the value of 5 changes.
Similar to our previous numerical studies, we consider Scenario I [C’'(a) > 0 for o €
(0,1)], Scenario D [C'(a) < 0 for a € (0,1)], and Scenario C [C"(«a) > 0 for a € (0,1))].
We increase the value of 8 from 0 to 0.9 in steps of 0.1; for each value of 3, we calculate
the multinational firm’s optimal local content rate o*, and two firms’ prices in Nash

equilibrium, the demands for two products, and two firms’ profits.
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Figure 8 The impact of § on the optimal local content rate a*, and the Nash
equilibrium-characterized prices p"(a*) and p¥(a*).

We learn from Figure 8(a) that the curves for both o}, and af; correspond to Case
5 in Proposition 9. For example, from the curve of a},, we find that a* is the constant
0.487 when 8 < 0.487; o* is increasing in 8 when &, < 8 < Bp = 0.660; and, a* is the
constant 0.452 when 8 > Bp. The curve for o} corresponds to Case 2 in Proposition 9;
that is, @* is increasing in 8 when B < B; = 0.646, and is then the constant &; = 0.214
when 8 > f;.

We can also note from Figures 8(b), 9(a), and 10(a) that, as the value of g is
increased, the multinational firm’s Nash equilibrium-based price p" (a*) decreases when
B < B; and the firm’s price when 8 > 5 is much higher than that when 8 < B. However,
DV(a*) and IV (a*) are non-increasing in f3; specifically, both DV (a*) and ITV(o*) is
decreasing in 3 when B < B, and they are both reduced to lower values when 3 < 8.

As Figures 8(c), 9(b), and 10(b) indicate, the curves for p™ (*), DN (a*), and [TV (o*)
show a similar pattern. That is, when 8 < JB, they are increasing in 8; and when
B > B, they are constant. The value of ™ (a*) increases very significantly for Scenario

I, which happens mainly because C(a) increases dramatically in this scenario and, as
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we discussed previously, p™(a*) is increasing in C(a).
Our above numerical results imply some insights for the policy maker in the local

market.

Remark 7 A proper increase in the value of 3, i.e., increasing 3 is within [max{0, &, }, min{3, 1}]
when f3(0) < 0 or within 3 € (0, 3°] when f}(0) > 0, can induce the multinational firm
to increase his local content rate, help the local firm achieve a higher price, demand,
and profit, and enables consumers to purchase product M at a lower price. However,
if the LCR is largely increased, then the multinational firm may disagree to raise his

local content rate as his profit would be reduced to a very low level. At the time, the

multinational firm chooses the local content rate &s, which is even lower than 3, and
thus the price, demand, and profit for the local firm are all decreased to a low level
whereas the price for product M is increased to a high level. In addition, a very low
LCR threshold g, i.e., 8 < &;, imposes no impact on the multinational firm, and the

firm should adopt the local content rate &; under such LCR threshold. B

6 Summary and Concluding Remarks

In this thesis, we consider a duopoly market involving a multinational firm and a local
firm. The two firms produce two competitive products (i.e., products M and L are made
by the multinational and local firms, respectively), and the quality of the multinational
firm’s product is affected by his local content rate. We first analyze the competition
between the multinational firm and the local firm when the LCR is not implemented
in the local country, and then investigate the impact of the LCR by investigate the
competition between the two firms under the LCR with a minimum local content rate
and a penalty tariff rate. Under such an LCR, the multinational firm absorbs a penalty
tariff if the local content rate for his product made in the local market is smaller than
the minimum required local content rate.

We develop and analyze a two-stage decision problem for the two firms, in which
the multinational firm first determines his local content rate and announces it to the

local firm, and two firms then decide on their prices for their products “simultaneously”
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(with no communication). Given the value of the local content rate o, we solve the
“simultaneous-move” game and find two firms’ a«—dependent prices in Nash equilibrium
and the corresponding demands and profits of the two firms. For a given value of
a, when g(«) is reduced, we find that the multinational firm achieves a higher price,
demand, and profit, whereas the price and demand for product L and the local firm’s
profit all decrease. Here, a reduction in the value of g(a) implies that (i) the quality of
the local components used by the multinational firm are improved by their producers,
and the multinational firm can thus produce high-quality products, or (ii) consumers’
confidence in the quality of product M is improved. We also find that, an increase in the
multinational firm’s cost leads to an increase in the price for product M but a decrease
in the profit of the multinational firm.

Solving the two-stage problem, we find that, if the LCR does not apply, then the
multinational firm’s optimal local content rate is a trade-off between the cost and the
quality of product M, depending on the product substitutability between products M
and L, the sensitivity of consumers’ valuation to product M’s quality, and the slope of
reduction in marginal utility of two firms’ products.

Our analytical results show that the multinational firm should set a lower local con-
tent rate when the competition between products M and L intensifies, consumers’ valu-
ation is more strongly affected by product M’s quality, and the reduction in consumers’
marginal utility is smaller. We also show that, when making local-content decision, the
firm needs to pay more attention to the substitutability of the two products than to the
slop of reduction in consumers’ marginal utility, because the former impacts his optimal
local content rate more significantly. In addition, the demand for product M and the
multinational firm’s profit decrease if consumers are more sensitive to the quality of
product M. Using our numerical analysis, we also find that when two firms’ products
become more similar, the demand for product M may decrease or may first decrease and
then increase, but the demand for product L, the prices for product M and product L,
and both firms’ profits certainly decrease.

Our analytical results also indicate that the tariff rate impacts the multinational
firm’s local content rate by influencing the firm’s cost. However, when the tariff-exclusive

cost increases too dramatically as the local content rate increases such that C'(0) > C(0),
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any change in the tariff rate cannot induce the multinational firm to replace some
imported components with the local ones. Otherwise, the firm needs to choose a positive
local content rate if the tariff rate is sufficiently high. Moreover, if the multinational firm
adopts a local content rate larger than 0, then the firm should raise his local content
rate as the tariff rate increases. Nevertheless, no matter how the multinational firm
adjusts his local content rate, the demand for product M and the firm’s profit are both
decreasing in the tariff rate.

In Section 5, we analyze the impact of the LCR on the multinational firm’s optimal
local content rate and two firms’ prices in Nash equilibrium, and the resulting demands
and profits. We find that a sufficient condition for the multinational firm to satisfy
the LCR is that the marginal cost of product M’s quality is sufficiently large when the
firm adopts the LCR threshold 8. Note that the LCR contains the minimum required
local content rate 8 and the penalty tariff rate ¢,. Our numerical experiment shows the
possible great impact of the LCR on the multinational firm. We derive the conditions
under which the multinational firm needs to increase his local content rate. In the
presence of the LCR, the multinational firm’s optimal local content rate is not only the
trade-off between the quality and cost of product M but also a comparison between the
possible maximum profit when the firm meets the LCR and that when the firm does not.
The multinational firm should satisfy the LCR when the value of 3 belongs to a certain
range; and within the range, the multinational firm should increase his local content
rate, set a lower price, and obtain a smaller profit, while the local firm achieves a higher
price, demand, and profit. However, a very high threshold that is out of the range will
induce the multinational firm to adopt a low local content rate that is much lower than
B and set a higher price for product M, causing the local firm to decide on a lower price
for product L, and resulting in a low demand and profit for both the multinational firm
and the local firm. In addition, if the value of § is lower than the multinational firm’s
optimal local content rate made when the LCR is not implemented, then the LCR has
no impact on the multinational firm.

Our sensitivity analysis for the penalty tariff rate ¢, shows that a penalty tariff
policy is very useful in inducing a multinational firm to enhance his local content rate:

(i) as long as the firm is still profitable, he should adopt the LCR threshold when ¢, is
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sufficiently high, and (ii) if the firm does not satisfy the LCR and does not fully use
imported components to make product M, then he should increase his local content rate
as the value of t, rises, resulting in a decrease in the demand for product M and the
multinational firm’s profit but an increase in the demand for product L and the local
firm’s profit.

In conclusion, we identify a number of factors that influence the multinational firm’s
local content rate decision, and find that the LCR largely affect both the multinational
firm and the local firm. We derive the condition under which the multinational firm
should satisfy the LCR, and present a number of other managerial insights that are

expected to help practitioners to make a judicious decision on the local content rate.
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