Online Appendix to the “Optimizing Local Content Requirements Under Tech-
nology Gaps” paper co-authored by Shiliang Cui and Lauren X. Lu

Proof of Lemma [1}:
Omitted. See pp. 282 of Munson and Rosenblatt (1997).

Proof of Proposition [1]

When [ < lp, we have s = ciTiar +c1(l —a1) + c2 = c1Tiar + ¢1 + ¢c2 — ciar and s -1 = ciTiar. Therefore,

o] = cf%l = 517(;111612) = s Th—sl=s8Ti—c1Ti—c2T1 = c1Thi+cTh = 5(T1—l~T1—|—l) = s = ;'(';lj_lc’%iill = lfllj:lc/le .
. . c c . s- c co)l
In particular, when [ = 0, s = ¢ +c2. Plugging s = % into a; = ﬁ, we get a1 (l) = % forl < lp. In

follows that a1(0) = 0 and a1 (h) = a1(5%55;) = 1. Furthermore, 23 = —{Ltelfi, > 0. When I = o, a1 = 1
and @z = 0. And s = 171 +c2. When I > g, we have s = c1T1 + coToas + c2(1 — ) = e1Th + c2Tra + 2 — coaz and

s-l=c1Th +c2Thas. Therefore, g = sloeiTy _ s—caTi—co =s5-1-To—s-l+ciTh =5 -To —caTo = 111 + 2T =

2T’ ca(T2—1
s(l=0DT> +1] = s = %%%C;E In ;aiticular,zizvﬁen>l =1, s = aaTh + c2T». Plugging s = % into
i = s»lcg;lzﬂ’ we get az(l) = % It follows that as(l1) = ag(q%ﬁ%) = 0 and a2(1) = 1. Furthermore,
aagl(l) = c;&fgfﬁzﬂ > 0. Finally, s is continuous at I = lp (and anywhere else between 0 and 1), because
1fllilc/2T1 li=to = ifz}?f? li=to = exTh + ¢z for I = clé}'l,lji}cg'

Proof of Proposition [2:

It follows from p*(s) = 4+* and ¢* = 45= that (A —p*) - ¢" = L[p* — s(I)] - ¢*. Therefore,

W= ol s@]-q +1s() " + 5(A—p’) " from Eq
= (SO a L s(0)a" = (ot ) O]+ s} g (13)
AL Ds(A-s) N
= 5K where K = ’er% € [2,4]. (14)

A;r S and ¢" = %. We proceed by investigating the partial derivative

of W w.r.t. I to identify the optimal LCR level [*.

When | < ly, s = % and W = 5[A+ %}(/X*s) By letting X1 & 1 —1+1/T1 and

The last step is again due to p*(s) =

Y1 £ ¢1 + c2, we have
e e R e e s | i
_ [A+ Yi(KI— 1)} {_Yl(l - 1/T1)] N {A_ ﬁ} [YI(K— 1+1/T1)]

X1 X7 X X2
= —A%(l—%)—%(m—l)(l—%)+AXL}(K—1+TL1)—§—1;(K—1+T%)
- ags—as 2 M- - D+ -1 ]
= AXLIIQ(K—Z-FT%)—%2(1_T1)+K1£1T1_l(1—T1)}

2
Since A, X1,Y1 > 0,71 > 1, K > 2, W increases in [ if and only ifA;;—l%(KfQJrT%) > Y—132(17T1)+K[T171(17T1)] &

X T
A > %Q(I_Tl(?fégiél_ﬂ)] = (c1 + c2)Th [?;:ZT;T)LI;[?%;JL(S;T;I))]] which increases in [ E)ecause the numerator
1 and the denominator | in . Moreover, for | € [0,lp = Cl%ﬁcz}, (1 + c2)Th [?E:QT)I%;};[[T;;J;(IliTTII);] € [e1 +
oo, IR 0Ty + ¢5). Define f1(1) 2 (o1 + e2)Th g s ==L Let 11 be such that fi(l) = A.
It follows that [} = (Tljg[—;f<1;fg)>]¥1§;@?£2<]§l+ —57(< lo) and s(1f) = 552 |1y = A[(K—Q;ﬂl{‘t?;fffé(cﬁ-@).
When I > lo, s = 40320 and W = 5o [A 4 D2 f) D)4 — ). By letting X2 £ (1 - )To +1 =

TQ — l(T2 — 1) and Y2 é ClTl —+ CQTQ7 thiS time we have

M o A + (ClT1 —|— CQTQ)(KZ — 1):| |:_ (ClT1 —|— CQTQ)(TQ — 1):| [ _ ClTl + CQTQ :| |:(C1T1 + C2T2)[(K — 1)T2 + 1}
ol a (1-0)Tz +1 (1— DT+ 1 - D15 +1 (1= D)Ts +1°



Ya(KI —
Xo

|4+

2] 1] g

Vs & Vs vy
= —AX?(T2 —1) - ng(m —1)(Tz—1) +AX—§[(K — DTy +1]— ng[(K — DTy + 1]
Ys Yy

Since A, X2,Y2 > 0,7> > 1, K > 2, W increases in [ iﬁlA%[(K—Q)T2+2] > )};—2; [K[[(T2 — 1) + To] + 2(1 — T3)]
2 2

o A> %K[Z(TQ(—;);;?%];;U—TN —

and the denominator | in [. For [ € [lp =

2(K—1)Th—(K—2)
(K—2)Tz+2

It follows that I3 =

(e1T1 + c2T3) ﬁyﬁ%;;j;ﬁ%lﬁ%;gg] which increases in [ because the numerator 1

K[(To—1)+Ts]+2(1-Ts) 2(K—1)To—(K—2)
1], (e1Th + e2T2) [(K—2§Tg+2][72"27l(T2721)] €l (K72§T2+2 ali+

(ClTl + CQTQ)]. Define f2 (l) £ (C1T1 +C2T2) ﬁygiﬁgﬁ%lﬁ%;ﬁg] . Let l; be such that f2(lS) =A.
A[(K=2)Ty+2]+ K(c1 T1+c2Th)

[AT —(c1 Ty +coTo)][(K —2)Tr+2] P
T A(K=2)T F21+ R (er Ty +eaTo)] (= 10) and s(13) = At (K112 12

Now we discuss the five cases listed in the proposition. Case 0: If A < ¢1 + c2, W decreases for [ € [0, o]

1Ty
c1Tr+e2’?

C2,

l1=13

and for [ € [lo, 1], so I* = 0. It follows that s(I*) = s(0) = ¢1 + c2 > A, so there is no positive demand outcome

Ag5. Case I If A € (Cl + c2, %clﬂ —l—cz)7 W increases for | € [0,[]]
but decreases for | € [ii,lo] and for | € [lo,1], so I* = 1] = A[(K_Qggizl]#fg(eﬁcﬁ. Also A > c1 + ¢

A-KTi > KTl(Cl + 62) = A[Q(K — 1)T1 + 2} > A[(K — 2)T1 + 2] + KTl(Cl =+ CQ) = A >

in this case because ¢”

=

c1tc2

T—1+1/Ty |l:lf =

AKK_Q%(T};QETTII(E(Q“Q) = s(l}) = s(I*) so there is positive demand outcome in this case. Case II: If A €
[%aﬂ + c2, %clﬂ +C2], W increases for | € [0,lo] and decreases for | € [lo,1], so
Ir=1l = 61%T+1c2' Also A > %clﬂ +c2 > c1Ti + ca = s(lo) = s(I*) so there is positive demand

2AK—1)Ty—(K—2)
(K—2)T2+2

%(clﬂ + CQT2)>, W increases for

ciTh + ca,
1 €[0,10] and for I € [lo, 3] but decreases for I € [13,1], so I* = I3 = gt CE-Sna

A>aTi+c = AKT, > K(aT) + coTy) = A > AE2DT2li KT fealy) _ g(15) — 5(1*) so there is positive

2K-1)T5+2
Case IV: If A > 2E_DTa—(K=2) (0,1 4 ¢,Ty), W increases for | € [0,1o] and for

(K—2)Tz+2
1 €lo,1],s01"=1. And A > c1Th + c2T> = s(1) = s(I*) so there is again positive demand outcome. In summary,

outcome in this case. Case IIL: If A € (

Furthermore,

demand outcome in this case.

Cases Scenarios (increase in A) I* (increases in A)
0. A<c+ceo 0
2K—1)T; —(K—2) [A—(c1+c2)][(K—2)T1 +2]T

L A€ (Cl o ey i+ 02) TFOTARK -2 T A+ R T (e et (S [o)
2(K—1)T1 —(K—2) 2(K—1)To—(K—2) 0Ty

II. A € [W61T1 + Cc2, WClTl + C2:| (01%7_'}62)(— lO)
2(K—1)Tp—(K—2) 2(K—1)Th—(K—2) [A-To—(c1 T1+coT2)][(K—2)To+2]

. Ae ( & oz it e " mn s (aTy + CQTQ)) Ty DIANK 9T, 121+ K(er Th 1 eaT)] (2 b)

V. || A> 2EUTE LD (0T + oo Ty) 1

A 2(K-1D)T—(K-2)

[AT—(c1 Ty +co T)|[(K—2)T+2]

and results of the proposition follow by defining Fix 7

(K—2)T+2

> land Ga,kx,1 £

(T-D[A(K—-2)T+2]+ K (c1T1+caT)]’

except that we still need to show continuity of [* in A and that it is concave and increasing on the intervals of Cases

I and III. First, {* is continuous in A because
[A— (a1 + )][(K = 2)Th +2]T}

(Tr — D{A[(K —2)T1 + 2] + KT1(c1 + c2)} l4sertes =0,
[A— (1 + e)][(K — 2)Th + 2T  an
(T —D{A[(K —2)Th + 2]+ KTi(c1 +c2)} |A_’%§it{2_2)clﬁ+c2 T aliFe’
[A Ty — (01T1 =+ CQTQ)M(K — 2)T2 + 2] c1Ty
(T — D{AIK —2)Ts + 2 + K(arTh + caTa)} A~ 25508 ey = Gy 4 oy
[A- T — (aaTh + 2 D)|[(K — 2)T + 2] _ 1
2(K—1)Ty— (K —2) = .

(T2 — 1){A[(K — 2)T2 + 2] + K(C1T1 + CQTQ)} |A_’

K=ToFz  (c1Ti+e2Ts)

2AK—1)Ty—(K—2)

Second, for Case I, when A € (wclﬂ + e T w o m e

(K—2)T1 12

creasing in A because given K > 2 and T1 > 1,
oI JA(A) 2(c1 + )T [(K —2)T1 + 2][(K — 1)T1 + 1]
(Tl — 1){A[(K — 2)T1 + 2] + K(Cl + 62)T1}2

aTy + CQ), [* is concave and in-

>0,

2



.- s Al e)Ti[(K —2)Ty + 2 (K — )Ty + 1]
TUINA) =~ “D){AIK —2)Ts 12 + K(o + )11} =

(K—2)T>+2 (K—2)T2+2
increasing in A because given K > 2 and T1,T5 > 1,

* (e + eD)[(K —2)To + 2J[(K — 2)T> + K + 2]
ol /8(A) o (T2 — 1){A[(K — 2)T2 + 2] + K(ClTl + CQTQ)}2 >0,

2 s 2(aTy 4 eT)[(K —2)Te + 2]° (K — 2)Ts + K + 2]
TUIA) = = CD(A(K 2D+ A+ KT tah)E . %

Third, for Case III, when A € (wclﬂ + ca, w(clﬂ + cQTg)), [* is concave and

Proof of Corollary [
s(1*) can be obtained by plugging [* from Proposition into Proposition |1l s(I*) is continuous in A because
A[(K — )Ty + 2] + KTi(c1 + c2)

I T
2K~ T, +2 o 2D e, = GTI
A[(K —2)Ta + 2] + K(e1 Ty + 62T2)| Ty + ¢
2(K — )Tz +2 A S e T e
A[(K — 2)To 4+ 2] + K (c1 Ty + c2T>)
(K — )T + 2 IA_,%W(QHMTQ) aTi 4 coTs

Furthermore, s(I*) is clearly piecewise-linear and increasing in A.

Proof of Corollary [Z:

Expressions of W (I*) can be obtained by plugging [* from Proposition [2]into (5). W (I*) is continuous in A

2AK—1)Ty —(K—2)

because when A — (R9)Ti 15 1Ty + co,

K[A— (c1 + e))?TT 1  KaTH (T - D)[(K — )Ty + 1]
(T — D[(K — )Ty +1] — 2K

A—cTy —02)[A+(K— 1)01T1 _02} = 2[(K72)T1 +2]2 ’

When A — 2EDT U200y 4 oy,

1 _ K[AT, — (eiTy + 2 Tn)]? KT (T — D)[(K — 1)Ts + 1]
s Al —e)lA+ (K =Dal —el = g R 11— 2[(K —2)Ts + 22 ’

And when A — %W(clﬂ + c2T3),

K[ATQ — (C1T1 =+ CQTQ)}2 _ L

K(Ty — D[(K — )T + 1(a1 T + c2T2)?
8(To — )[(K — DT> +1] 2K '

2[(K — 2)T; + 2J2

(A—61T1 —CQTQ)[A+(K—1)(01T1 +02T2)] =

Furthermore, W (l*) is increasing and piecewise-convex in A because

Cases avgiﬁ*) 82(;/1(/4(;*)
L - TR > 0
I At IERaR > o x>0
111 et > g i > O
Iv. 2[A—(clTl+cQT§)I](+K(clT1+CzT2) >0 % >0

Proof of Lemma [Z:

Recall from @D that the government’s goal is to maximize

* * * 1 * *
W(a,a2) = (" = 8)¢" + (eTion + e2Teaz)q” + 5 (A= p7)g
1. A— A— 1
= [(7+ i)Ts +caTion +CQT20£2} 5 5_ ﬁ(A*SJrKClTqu +K62T2a2)(A—s) (15)
where s = c1Thion +c1(1 — a1) + ecaTiaz + ¢c1(1 — az) and K is still equal to v-il € [2,4].
2

We show below that (af,«3) can only be in one of the two forms: i) 0 < o <1 and a3 =0, or ii) af =1

and 0 < a5 < 1. That is, both of these two forms can be achieved by using a product-level LCR, studied in Section



From (15)), it is clear that (af,a3) = argmax {(A — s + KcaiTiar + KcaTeaz)(A — s)}. Let F(ar,az) 2
ay,az€[0,1]

(A* s+ KOlelT1 +KQQCQT2)(A7 S) = {A — [01T1a1 + Cl(l — 011) +C1T1Cl2 +Cl(1 — 012)]} +KO[161T1 + KQQCQTQ][Af
(ciThar + (1 —a1) + ecaTiaz + ci(1 — az))]. We have

2
OF _ 9@m - 1)K - DT +1] <0,
foJe%;

2
0 Z = 26(Ts — )[(K —1)Tx +1] <0,
oa3

&FF 9’F iy 0*F
0a?  daz Oa10as

So F' is neither concave nor convex with respect to a1 and as. In other words, the maximum value of F' occurs on

)2 = —cic3(K)* (T — Th)° < 0.

the boundary or at the first-order conditions.

Ty(A—cy1—c2)  Ty(A—cq—c3)
L momy < 0and ay = —7E=55 > 0 which is not

feasible. Therefore, the maximum value of F' can only occur at the boundary conditions, i.e., (af,a3) can only be i)
0<aj<landa3=0,ii)aj =land 0< a3 <1,ili) 0<ar1 <land az =1, 0r (iv) a1 = 0,0 < a2 < 1.

To eliminate (iii) and (iv), it suffices to show that for any given parameters A,c1,c2,T1, T2, K and at any
%11,%) >0 or %12’&2) < 0, i.e., (a1, a2) is not a maximizer unless at least ;1 = 1 or

a2 = 0. It is then sufficient to show that aF(gél’”) <0= BF((;IO};”) <0, ie., if %11’“2) > 0 does not hold then we
aF({;IhQZ) <0.
[

From the first-order conditions, we have a; =

point (a1, a2), we have

must have
Fori=1,2: %ii’%) =[A—-s+ K(aaTiar + c2Toas)|(ci — eiT3) + (A — s)[ei + (K — 1) T3]

We have 8F(a1,a2) <0 K(OquTl —+ OLQCQTQ) > 2+ (K — 2)T1 N K(alclTl —+ QQCQTQ) S 2+ (K — 2)T2
(9051 A—S T1—1 A—S Tg—l
since K > 2 and RHS | (because 81;’11118 =- T i(l)Q <0) & %:;.[2) < 0.
So we have successfully argued that (af,a3) can only be i) 0 < o] < 1 and a3 = 0, or ii) ] = 1 and

0 < a3 <1. As a result, for any (a7, a3), it is equivalent for the government to impose a product-level LCR at

1 aTial + caThas _ aTial + caThas (16)
s aTiaf + (1l —af) + c2Teal + c2(1 — a3)

and [ must be [* found in Proposition |2| since (a, @5) maximizes government’s welfare objective and so does [*.
Given the one-to-one correspondence between ! and (af,a3) shown in Eq. (16) (one-to-one because a3 > 0 if and
only if a] = 1), we can use the {* information in Proposition [2 to derive closed-form solutions for (aj, a3) which is

presented in Proposition

Proof of Proposition @.
The expressions of (I7,15) follow directly by plugging Eq. into Lemma [2| Furthermore, in Case 0, I7 =

* gk __ * 1T c1Tio _gqx g% * c1 T _
[*=105=0. InCase I, [] = 61T1a11+é1(11 o) > quaﬁlq}liachz *>0= lg. In Case II, I7 =1 > C1C’}1+1€2 =
* g% * c1T1+caTra coTha * gk __ gk __

[*>0=15. In Case III, IT =1 > clT1+c;T21a242»CQ2TZ2(1 =) 62T2a2i622T22(1 oy = 2 In Case IV, [ =1"=15=1.

Therefore, we conclude that I7 > 1" > [5.

Proof of Proposition [])

Recall from lll that W(s) = W where K = 21 € [2,4] for s € [s(1),A) and s(I) is given in
ke > A
Therefore, W (s) is decreasing in s on s € (0, A). Thus, W(s) is maximized at s¢ = s(I°). Case 2: When KI° = 1,
W(s) = % which is clearly decreasing on s € (0, A) thus s® = s(I°). Case 3: When KI° € (1, 2], W( )is a
—xE 2(Kl° 1) <0
Therefore, W (s) is again decreasing in s on s € (() A) thus s¢ = s(I°). Case4: When KI° € (2,4] = K € (2,4], W(s) is

< 0 and A. This time, the axis of symmetry is % € (0, A).

Proposmon I Case 1: When KI° € [0,1), W(s) is a quadratic functlon opening up with roots A and

quadratic function opening down with roots < 0 and A. Moreover, the axis of symmetry is

a quadratic function opening down with roots = KZC



Therefore, W (s) is maximized at s = % with a value of % Note that B[A(Igﬁlci) /0l = Azgf((}l:l(filf);m >0

in this case, so [° must be equal to 1 because by definition it is the maximizer, and it is feasible because K € (2,4].

But when [° = 1, the sourcing cost for the foreign OEM can only be s = ¢17T1 + c2T> with everything sourced locally,
ie., s¢ = s(I°) again.
Proof of Proposition [5

The government’s goal in the ohgopoly game with n forelgn OEMS and product level LCR [ is given in

Z’y-ZWj+l~s qu A p* Zq]
j=1

By plugging in ¢} = 17‘:“87 p* = Arjfis and 7} = (< H)Q for all j, we can reduce to

] L ni“
(n+ 1)K, [A+ (Knl —1)s](A — s) where K,, = s

which reduces to the monopoly case in (14) when n = 1. In particular K1 = K.

Part (i): Comparing to , it is easy to see that the optimal LCR level in the monopoly setting is I},(A) £

argmax{[A + (K1 — 1)s](A — s)} while the optimal LCR level in the n-firm-oligopoly setting is I};(A) = argmax{[A +
1 !

(17)

(Knl—1)s](A— s)}. Therefore, I};(A) follows the exact same structure as l3;(A) provided in Proposition 2} Further-

more, we can obtain the closed-form solution of I, (A) by replacing K with K, = ﬂ/i:;}Q in Proposition

Part (ii): For any given v € [0%,50%] and any n > 1, n®> +2n+1 > n? +2n+ 2y & (n + 1) +2y(n + 1) >
nn+2)+2y+2y(n+1) Q’fﬁln > Wfﬂ) & K, > Knp41 with equalities being held only when v = 50%. It
follows that the thresholds between Cases I-1V, i.e., Fk, 7, - c1Ti + c2, Fk, 1, - c1T1 + c2, and Fi,, 1, - (c1Th + ¢c2T>)

2 *
are increasing in n because BI;II({’T = — [(I?(_q;;%l_212 < 0for T € {Th,T>}. It is clear that % = 0 when A are in

Cases II and IV. Since ™ is an increasing function in A (Proposition [2)) E the thresholds are increasing in n, and K, is
decreasing in n, it suffices to show that 8 > 0 when A are in Cases I and III, i.e., I* decreases when K is reduced

2
in Case I and Case III. When A € (c1 + CQ,FK,T1 ca1Th + ¢2) (Case 1), S& = {A[(Igc—l;);"i)fé]f(;fil:;i();l}2 > 0. And

when A S (FK’T2 . 01T1 —+ Cc2, FK7T2 . (ClTl -+ CQTQ)) (Case HI), % = {21516[251gﬁ?fﬁé?f;éf}?itg;;zp > 0.

Part (iii): As n 1 oo, K,, = 71:}2 4 2. Therefore, lim [}, (A) = argmax{[A + (2] — 1)s](A — s)} which is the same
n—oo 1

case as n = 1 and v = 50%. Therefore, [;,(A) converges a non-zero lower bound when A > ¢1 + ca.

Part (iv) Let (a1, a2) continue to denote the sourcing percentages that we assume hypothetically that the government

can determine. Then the government’s objective function can be written as
n

* " * 1 * ~ *
W(ai,a2) = ~- ZW]- + (c1Thon + coTeag) - Zq]' + g(A —-p )qu'
= Jj=1 Jj=
n(A—s)? n(A—s) 1n%(A—s)?
= 4. BAZ8) Lo T -
o n+1)2 + (c1Tiar + c2Taaz) il + 2 i+ 1)
n
= " (A-s+KnaT KnexToTo)(A — 18
(n—l—l)Kn( s+ cilian + 2 ToTo)( s) (18)
Note that (19) is identical to ll with K simply replaced by K. Because K, = viﬁ% € [2,4] for v € [0%, 50%], it

can then be easily verified that Lemma [2] and thus the equivalence result continues to hold for the oligopoly model
of n foreign OEMs.

Proof of Proposition [6;

To show each individual firm’s proﬁt +1)2 decreases as n 1 for any A, it suffices to show that A T decreases
in n. From Corollary [I} for fixed n, we have
A- 2(K,f(—"1:,)%"1+2 — QIE;(:I_(%;%C:‘;)Q Case 1: A€ (Cl +c2, Fr, 1 -1t + Cz)
4 A— (a1 + ¢2) Case 2: A€ [Fk, m -c1Th + c2, Fr, 1, - c1T1 + ¢2]
—s=
A 2(Kﬁ1T)2T2+2 - @&Tiﬁjﬁ) Case 3: A € (Fk,,1, - a1Ti + c2, Fr,,1, - (111 + c2T2))
A — (ClTl + CQTQ) Case 4: A 2 FKn,T2 . (ClTl + CQTQ)




—s

which is continuous, increasing and piece-wise linear in A. Therefore, for fixed n, —’2 i

is also continuous, increasing

and piece-wise linear in A. Next we note that,

Cases Scenarios (increase in A) %
L. A€ (c1+ e, Fr,m -ca1Th + c2) - [n<[Tﬁ1(lc)1L?1>Lj;1$zﬂle’ji)]2 <0
II. A€ [Fk,m -aiTh +c2, Fr, 1y - 111 + ¢2] —% <0
ML || A€ (Fr,n - aTi+ 2, Fi,m - (aTi + e2Ty)) | —ERlaliellety <o
Iv. A> Fr, 1, - (aaTh + c2T3) —% <0

That is, ‘2—3 decreases in n for any given A within each case of Cases I-IV. Finally, the thresholds between Cases

-1V, ie., Fk, - a1 +c2, Fr, m - c1T1 + c2, and Fk,, 1, - (c1T1 + c2T%) are increasing in n because K,, decreases
OFk. T 2(T-1)?

innand —Hp— = — Ry < 0 for T € {T1,T>}. With these pieces, we can conclude that each individual firm’s
2
profit decreases as n 1 for any fixed A. Moreover, since A — s € (0, A), the profit ((2:))2 converges to 0 as n 1T oo.

Firms will stop entering the market when potential profit becomes less than the fixed cost of entry. Since profit

increases in A for any given n, an increase in A (or a decrease in the fixed entry cost R) induces more entries if any.

Proof of Proposition [
Part (i): The proof is the same as that of Proposition (1) because v = K, |, which is the same effect as n 1.
Part (ii): Consider the case v increases to y4A~, and let I and I, A, (and W, and W, a,) denote the optimal LCR
levels (and welfare functions) in the two cases. Then W1~ (I54a~) > W, (I5) because Woiaqy (I4ay) = Waray(13)
by the definition of I3, 1., and W1 a~(13) > W, (I3) by the definition of W in , i.e., as the tax rate increases, the
government already improves welfare without changing the LCR requirement, and will do even better if it changes
the LCR requirement.

As a consequence of v T, I* |= s |= (A — s) 1. Therefore, the first and third components of the welfare
function in , A—9? g A oy go up. For the second component, —2- - [* - s- (A — s), we first note

(n+1)2 2(n+1)2 n+1
that it is a piecewise increasing function in A because

Cases Scenarios (increase in A) W
L || Ac(erte Fron alite) e > 0
11. A€ [Fk,m -a1Th + co, Fr,, 1y - c1Th + ¢2] aTi >0
ML || A€ (Fr, - aTi+co, Fio,m, - (Ty + oTp)) | FeBlE 2 AT i teDl 5 o
Iv. A>Fr, 1, - (aTh + c2Tz) calTy +coTz >0

Second, in each of Cases I-IV, 25 - 1" - s - (A — s) weakly decreases as v 1 (K» }) because

Cases Scenarios (increase in A) W
_ 2 (e c 2
L A€ (c1+ca, Fx, o 1Ty + c2) (DT [A—(e1ter)T] o

2[(Kp—1)Ty+1]3

II. Ae [FKmTl -c1Th + ca, FKn7T2 -eTy + Cz] 0
Pl
ML || A€ (Fr, - eiTi+ 2, Fr,m, - (T + eTy)) | T2=tla=falitel 5 o

IV. A> FKH,TQ . (C1T1 + CQTQ) 0

On the other hand, « 1 increases the thresholds between Cases I-1V, i.e., Fk, 1, -c1T1 +c2, Fk,, 1 -c1T1 +c2,
and Fk, 1, - (c1Th + c2T3), thus shifts the domain if any from Case 4 — Case 3 — Case 2 — Case 1 reducing the
value of 25 1" - s+ (A — s) because it is an increasing function in A. Therefore, value of ;5 1" - s (A — s) decreases
as 1y increases.

Part (iii): Since A — s increases as 7 1, the before-tax profit for an OEM, m;(I*) = %, also increases. On the
other hand, the after-tax profit for the OEM is m.(I*) = (1 — v)m;(I*), and it can go up or down because (1 — )

decreases in y. Through some algebra manipulations, we have



Cases Scenarios (increase in A) a[ﬂgig*)]
Ty —2v(T1 —1)—5][A—(c14¢2)]°TE
L A€ (er+c2, Fr,ry - 1Ty + ¢2) ! ’Y[<3711—2>'y(’1]“£—1)(+11]3 —
2
II. AE [FKmTl 'ClTl +027FKn7T2 -01T1+CQ] *M <0
Ty —2~(T2—1)—=5][ATo — (c1 T1 +e2To)]?
L || A€ (Fr,r - aTi+c2 Fr,m - (aTi + Ty) | 2220 lihanels)
X ) 2
IV. A> FK,,“T2 . (ClT1 —+ CQTQ) —w <0

[T1 —2y(T1 —1)=5][A—(c1+¢2)]* T} 2[A—(c1+¢2)]2TE
BTy D myp - <0

< 0. With the fact that m.(l*) is a continuous and

When the tax rate is sufficiently large (i.e., v — 50%),

Tz—Q“V(T2—1)—5][AT2—(61T1+62T2)]2 _ Q[AT2—(CIT1“,‘C2T2)]2
[8T2—2~v(T2—1)+1]3 [T2+1]3

increasing function in A (see the proof of Proposition @, and the thresholds on A are increasing with a reduced K,,

—

and |

we can conclude that me(I*) decreases with a reduced K (or a bigger v) when v — 50%.

Proof of Proposition [8;
Part (i) follows directly from Proposition [5]/(i). For part (ii) and part (iii), we know from the proof of

Proposition @ that A — s(I*) is a continuous, increasing and piece-wise linear function in A. Therefore, the first and

yn(A—s)? n?(A—s)?
oz~ and Sooeye

w41 -l s (A —s), also increases in A as shown in the proof of Proposition [7]/(11) As a result, welfare which is a

sum of the three components increases as A 1. Similarly, both the before-tax and the after-tax profit for any OEM,

third components of the welfare function, increase as A 1. Furthermore, the second term,

T = E‘:;f))j and me = (1 — )7, would increase.
Proof of Propositions[9 and [10:
We first present aﬂg;i*) for ¢ € {1,2}:
Cases agﬁ* ) 87(;”}: )
K2Ti[A—(c1+¢2)])?
L Bt 12 (e~ 117, 4175 > 0 0
1. —fali-antel <o 0
c1 K2[ATy—(c1T1+caTh)] K2[ATy—(c1T1+caTo)|[A+(Kn—1)c1 Ty —ca]
I — 21(n+1)2[2(Kn1711)T2«2!»1]22 <0 : 2(1ni1)22[(12(n—1)T2+1]3 ——=>0
V. _ 2c1 [A*((;}FTS;Csz)] <0 _ 2co [A*((ifS;Csz)] <0
It is clear that a%ﬁ*) > 0 in Case I and 67:3'7;5) > 0 in Case III. For the purpose of completeness, we also state %Tl:)
and %Tl:) below which would have the opposite signs as a%,g*) and agT(i*> given that an OEM’s profit decreases in
the sourcing cost s.
as(1*) ds(l*)
Cases v e
[A—(c1+c2)| Ky
I. — 2[(K_11>Tf+1]2 <0 0
11. c1>0 0
c1Kn A—(c1Ti+cg)+Kner T
ML 2(Knl1)T2+2 >0 — 2?(11r<,1ﬁc12)T2+1]C21 + <0
IV. c1 >0 co >0
Next, we present %g*) for ¢ € {1,2}:
aw (1*) AW (I*)
Cases Ty 0Ty
nEKnT1[A—(e14e)]? [(Kn—2)T1 +2]
L B Y e Ve (0 P TR 1LY 0
nc 2(Kp—1
|| e (Ko —2)[A — 282Dy Ty — 5] < 0 0
_nEnei[ATy—(e1 Ty +eaTh)] -
111 2(n+1)(Te—1)[(Kn—1)T2+1]

_nKnc1[ATy—(c1 Tt To) {[(Kn —2)To+2]A—[2(Kn —1)To — (Kn —2)]c1 T1 — [(Kn —2) T2 +2]co } <0
4(n+1) (To—1)2[(Kn -1 To+1]2

Iv. DRy (Kn —2)[A - 2%7:21) (@Ti + c2T3)] ‘ DR, (Kn —2)[A — 2(115:—72*1) (a1Th + c2T3)]




In Case III, when c¢i > c2, we always have a‘giq(ﬂi*) < 8‘}8[/7%5) < 0. When ¢; < c2, we have a‘giq(ﬂi*) < 8‘2/7,1%*) <0

iff Ae (wclﬂ + co 20K = 1) Ty = (Kn —2DITy +2(T5 — 1) [(Kn —1) T2 +1] c1 + 02). That is, when ¢; < ¢2 and

(Kn—Q)TQ"FQ (K71_2)T2+2
2(Ky—1)To—(Kyp—2)|T1+2(To—1)[(Kyp—1)To+1 2(Kp—1D)To—(Knp—2 oW (1* oW (1*
Ae ([ ( )T =( (K,)L]le)T2(+22 I JED ]Cl +ca, 2T —(Kn=2) (Kn)—22)T§+2 ) X (C1T1 +62T2)), we have 81(“2 ) < 787("1 ) <

0. In Case IV, when ¢1 > c2, a‘gT(i*) < (>)a‘gv7T(;*) < (>)0if A < (>)%(01T1 + ¢2T2). When ¢1 < co,

WD < (>)2WE) < (>)0if A < (>) 2D (o1 Ty + e2Th).

0T Ky —
avg%*) > 0 for i = 1,2 when A4 > %(ClTl + c2T2). On the other

It then becomes clear that

hand, suppose A < 2((;?:':2? (e1T1 + c2T2). Then when ¢1 > co, a‘g}i*) 82{}5) < 0. But When ¢; < eg,
8‘2/7(“1*) < a‘gi(“i*) < 0if and only if A < [Q(K"_1)T2_(Kn(_lgilg-)?z(fé_l)[(l{n_1)T2+1] citez=Fr,mn-aTi+e+ (Te —
1) [(xnféw + 1] ¢1 which is an inner point of Case III because Fx, 1, - c1Th +ca + (To — 1) [%gw n 1] e1—

(Fi,,1 - c1Th + c2) = (T2 — 1) [(KH_};W +1|cr > 0 and Fk, 1 - (aTh + c2T) — (Fr,,,1, - c1Th + c2) =

2lerten) Lo DEn— VT2 AP BB = DT 422 Knlk > 0 where 2(Kp — 1)T5 + 2 — Kn > 2(Kp — 1) + 2 = Ky = K.

Finally, we examine the impact of reduced technology gap Th1 or T> on the three individual components that
make up the welfare. Breaking down the welfare function into three components as given in , we find that the

foreign OEMs’ tax (FOT), the local suppliers’ revenue (LSR), and the consumer surplus (CS) change as follows:

When T3 is reduced When 75 is reduced
FOT LSR CS FOT LSR CS
Case 1. J T 1 no change no change no change
Case I1. 1T T A< 21Ty + e 0 no change no change no change
Case III. T T T K T +
Case IV. 0 Tiff A <2(e1Ti + e2T2) 0 0 Tiff A <2(e1Ti + e2T2) 0
The proof is as follows. Given that the foreign OEMs’ tax (i.e., the first term) is % and consumer
surplus (i.e., the third term) is %%, their derivatives with respect to Tj,i € {1,2} would have the opposite

sign of % which was given earlier in this proof. For the local suppliers’ revenue (the second term), it is equal to

—-].-s-(A—s) and we have

n+1
Cases 8[Z'S('9(j:?_3)] a[l-sé(q:z—s)]
[A—(c1+c2)]?KnT:
1. —4(T171)21[(K171)T1+1113 - Pos.Factor; <0 0
II. Cl[A — (261T1 + 02)] 0
c1 Kp[ATy—(c1 Th+coT2)][(Kn—2)Ta+2] Ky [ATo—(c1T1+c2T3)]
UL || = i <0 | a0 ue, —nry s - Los-Factors <0
IV. c1 [A — 2(01T1 + CQTQ)] Co [A — 2(C1T1 +4 CQTQ)]

where Pos.Factor1 = {[4 + (K — 3)Kx]T1 — (8 — 3K,)}Th +4 > K2 > 4 > 0 and Pos.Factors = 4(A — c2) +
(A — c2)To{-8 4+ 3K, + [4 + (Kn — 3)Kyn]T2} — ciTi{4 — 3Kn + (Kn — 1)[8 — Kn + (Kn — 2)T5]T2} > 4[A —
(aTh + c2)]| + (A —co)To{—-8+ 3K, + [4+ (Kn — 3)Kyn|T2} — a1 To{—3Kn + (Kn — 1)[8 — Ky + (Kn — 2)T2]} >
(A—c2)To{—-843Kn+[4+(Kn—3)Kn|To} —c1 T1 To{ —3Kn+(Kn—1)[8— Kn+ (K, —2)T2]} > 0 and the last step is true
because A—c2 > ¢1771 under Case IIT and —8+3K, 4[4+ (Kn —3)K,|T2 > —3Kn+ (Kn—1)[8— Kp+ (Kn—2)T2] > 0
since T > 1 and K,, > 2. This completes the proof.
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