VOL. VOL NO. ISSUE EXPORT-PLATFORM FDI: CANNIBALIZATION OR COMPLEMENTARITY? 7

Export-Platform FDI: Cannibalization or Complementarity?

Pol Antras, Evgenii Fadeev, Teresa C. Fort and Felix Tintelnot

ONLINE APPENDIX

In this Appendix, we present details that were omitted from the main text. We provide
proofs for the three Propositions in the paper, and for other results claimed (without proof)
in the main text.

Al1. Formal Definition of Price Indezes

Denoting by p;(¢, k) the price charged for variety k, the overall price index p,(¢) for
varieties sold by firm ¢ is given by

(A1) pi(p) = (Z pi(p; k)“)

ke

H
|
)

The economy-wide ideal price index is in turn given by

(A2) r=( [, pe)dy)

A2. Optimal Prices

In this Appendix, we show that firms have an incentive to charge a constant markup
over marginal cost for its goods, with the markup being governed by the cross-firm demand
elasticity o.

To simplify matters, we assume, without loss of generality, that P’ 'E; = 1. Because
we focus throughout on a firm-level problem, we often omit ¢ subscripts in variables that
are firm-specific, to make the notation a bit less cumbersome.

A firm solves the following problem in each market i:

(A3) max 2 (pilk) —ei(k) - (k)

s.t. qi(k) = pi(k)=p;—°

where K is the set of active assembly plants, ¢;(k) is the marginal cost of production from
plant k& when selling to market 7, and

pb; = (Zpi(k)1€> ) ,

ke

as indicated in equation (A1l). The constraint in (A3) can easily be derived from equation
(3) after setting PY ' E; = 1.
It is straightforward to verify that:

> pi(k) - qi(k) = p, - q, where g, = (Zqi(k)E?)E =p;’.

kel ke
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Therefore, problem (A3) can be written as a one-dimensional profit maximization

1

(A4) max q}ff’ —-c - q,,

q;

where the marginal cost ¢; for producing a bundle g, is obtained from cost minimization:

¢ = m1kr)1 Z ci(k) - qi(k)

(k) 2%

(A5) =
s.t. (Zqi(kﬁ) =1

ke

Solving (A4) and (A5), and substituting optimal q; and {g;(k)},., into the demand equa-
tions in (A3) gives the following optimal prices

49 (k) = SZek) mnd pr = = ‘(Zcxw”) B

o — c—1
kek

which are a constant markup o/ (o — 1) over marginal cost.
A8.  Expressions in the Main Text

In this Appendix, we explicitly derive the key expressions in the main text. We begin by
using the optimal prices in (A6) to derive sales from plant k to market ¢ (we again omit ¢
subscripts, for simplicity).

Starting with equation (3) in the main text, we obtain:

oc—1

1—0o
Sk:i — pi(k)l_epf_gf)ia_lEi — ( o ) 1—; . Ci(k)l_s . (Z I]? . Ci(k)1_€> . Pig_lEia

where Z;! = 1 if a firm paid fixed costs of assembly in location k € J, and Z}} = 0 otherwise.
For a firm with productivity ¢, the marginal costs are

1wy
Ci k‘ = — s — a,
( ) © Z]? Thi>
thereby delivering the expression in equation (4) in the main text.

The overall profit for firm ¢, equation (6), is

m(p) = ézzsm = Fap” ZPZ-PlEi (W) T - ZL? “wi Sy

i€J keJ i€J keJ

o—1

1-0o
where r, = 1 (L> , It =11if k € K(p), and

Ui (@)=Y Ty & (rf) "

kedJ
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With firm-level fixed costs of exporting, the profit function, equation (7), is

m(p) = Krp?™ 121”" P~ B, . Zi ZI"” w; fF — ZI “wi [

icJ ieJ keJ

In section IV of the main text, we introduce tradable intermediate inputs. Formally, we
assume that firm ¢ has the following production

Fap (éa Qs) - Lél_a@i_(%

(1 _ a)l—aau
where / is labor, and @), is a bundle of inputs
= (ZI; . (qj)p"> where Z7 = 1 if j € J(¢) and p > 1.
jeJ

This production function has the following marginal costs

e T

ot )" (5 ()

Substituting these marginal costs into the optimal prices in (A6) we get the sales from
plant k to market 4, written in equation (8) in the main text.

Finally, the profit function with intermediate inputs can be written as

T(p) = ke~ ZP" YEi - A( ZIQ w; fi — ZI “wi [,

ieJ jeJ keJ
where N
ale=1)q ==1
p—1
a 1 o a S 5 s -
E I gk z (E Z 5 ]k )
keJ JjeJ
and

A/. Relaxing the Armington Assumption

In section II of the main text, we argue that our main results are not dependent on the
Armington assumption implicit in equation (2). We prove this claim in this Appendix.

LABOR SUBSTITUTABILITY IN THE ARMINGTON MODEL

We first demonstrate that, in our baseline model, € corresponds to the within-firm elas-
ticity of labor substitution across an MNE’s plants. In that model, when figuring out the
optimal way to allocate labor across plants to sell goods in market ¢, for a given assembly
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strategy IC, the firm solves the following problem

¢ = {&“V)}Zwk ki

kek
s.t. Z qi (k:)t1 =1 (bundle of products)
keK(¢)
Ze .
st. qi(k) = = Ui (production technology).
Th

The solution to this problem delivers the following cost function

(A7) o= <Tklz”’“> -

keK(p)
Define the conditional elasticity of labor demand in location k to changes in location [ as

i 8£k,i w;
k.t ow; Kk,,»’

and define the share of variable labor costs associated with selling goods to ¢ paid to labor
in location [ as:

Si — wily o wily;
| = = .
C; Z wkgk,i
kex

The Allen partial elasticity of substitution is defined as

i
i — Tkl

k7l = SZ'L .

e

For our CES-Armington cost function in (A7), we can invoke Shephard’s lemma to find:

I R e e
(43) b= g =@ (F) )

The conditional elasticity of labor demand in location k£ to changes in location [ is thus

a \ l1l—¢ )
gi _ agk,i w, _ (Tki) E(Ci)ail acz (U} )75 w

- k
kol (‘3wl Ekﬂ‘ Z]? 8”U)l gk,i

Invoking Shephard’s lemma and plugging in (A8) delivers

i wzfl,i

k,lZE ’
7

so the Allen partial elasticity of labor substitution across plants is

i
i Tkl
i =g — €

S
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It is also simple to see from equation (A8) that, for two locations k and I,

bi _ (0 (T'?i/ Z )1_5 <wk>
fw‘ ! ’Tl(;/Zla w;

and thus ¢ also corresponds to the more traditional Hicks elasticity of substitution, defined

as
i a hl (gk,i/gl,i)
L0 (wy fwy)
It is important to stress that € measures the intensive-margin elasticity of labor substi-

tution, taking as fixed the location of the various plants and without consideration to the
labor investments that might have been incurred when setting up those plants.

LABOR SUBSTITUTABILITY WITH PRODUCTIVITY DIFFERENCES A LA EATON-KORTUM

We next explore the robustness of our results to a version of our model in which goods
are not differentiated based on where they are produced. This version constitutes a simple
extension of the model in Tintelnot (2017).

There is an endogenous measure {); of manufacturing firms selling goods in country 3.
As in Tintelnot (2017), each of these firms produces and sells a continuum of measure one
of varieties of manufactured goods. We continue to index firms by ¢ and varieties within
firms by w. We assume a nested-CES structure in which the degree of substitutability o
across varieties produced by different firms, and the degree of substitutability o, across
varieties produced by the same firm may differ from each other:

ow  (o—1) o/(o—1)

1 cw—1 o
Ui = / (/ q; (go,w)(g“’_l)/g“’ dw) de , Ouw,0 > 1.
0

peQ;

These preferences imply that consumers in country ¢ spend a share

(A9) i) = (P)

of their income on firm ¢. In this expression, F; is total spending on manufactured goods
in country ¢ € J,

1
1 1—ow

(A10) pi(p) = /1%(907 w)' e do

0

is the overall price index for varieties sold by firm ¢, and P; is the economy-wide ideal price
index in country i (given again by equation (A2)). Note that, as in our baseline model, o
continues to govern the cross-firm elasticity of demand faced by firm .

On the production side, we let firms produce their continuum of products in multiple
countries. Given fixed costs of assembly (identical to those in our baseline model), firms
will typically produce only in a subset of all countries in the world, and we denote this
set I C J as the firm’s global assembly strategy. Shipping final goods from country £ to
country i entails variable (iceberg) trade costs 77. In line with our baseline model and
with Tintelnot (2017), we abstract from fixed costs of exporting.

The marginal cost for firm ¢ to produce units of final-good variety w in country k is
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given by
1 1

(A11) clp, kw)=—

— Wk,
© 2 (p, w)

where z;, (¢, w) is a firm- and location-specific labor productivity term. Following Tintelnot
(2017), we assume that these firm- and location-specific assembly productivity shifters are
drawn from the following Fréchet distribution:

(A12) Pr(1/z (p,w) > a) = e %" with Z¢ > 0.

Z governs the average productivity of plant k, while 8 determines the dispersion of pro-
ductivity draws across final-good varieties, with a lower 6 indicating a higher variance,
and thus greater benefits from producing final-good varieties in various locations. To en-
sure a well-defined solution, we follow Tintelnot (2017) in imposing a lower bound on the
dispersion in the final-good productivity draws z;, (¢, w):

Technical Assumption: o, — 1 < 6.

Following the derivations in Tintelnot (2017), it is possible to show that this Eaton-
Kortum formulation results in a marginal cost for firm ¢ of selling its bundle of goods to
market ¢, which is given by

~1/0

(A13) cr=r | X (2)7)

keK(¢)

where k is a constant. As claimed in the main text, this marginal cost is identical (up to a
constant) to that in equation (A7), with 6 replacing € — 1. Because firms charge a constant
markup o/ (0 — 1) over this marginal cost, the rest of the equilibrium conditions of this
version of our model, i.e., the analogues of equations (4)—(6), are identical to those in the
main text with 6 replacing e — 1. The isomorphism between (A7) and (A13) also makes
it clear that the Allen partial elasticity of labor substitution across plants is now given
by 6 4+ 1, and whether assembly locations are complements or substitutes depends on the
relative size of the (cross-firm) demand elasticity o and this labor substitution elasticity
0+ 1.

It is also worth pointing out that Tintelnot (2017) focused on symmetric CES preferences
with a common degree of substitutability across varieties produced by different firms and
across varieties produced by the same firm, or 0 = ¢,,. The technical assumption o, —1 < 6
then led him to assume ¢ — 1 < 6, which implies that assembly locations were necessarily
substitutes in his framework. But if o, < o, under our more general nested CES structure,
it is perfectly possible for assembly locations to be complements (o — 1 > 6) while ensuring
a well-defined firm-level problem (o, — 1 < 0).

A MORE GENERAL PRODUCTION STRUCTURE

We finally consider a more general production structure that encompasses to two models
developed above and more general settings. We focus on the problem of a firm that
produces a set of varieties V (for simplicity we drop firm-specific subscripts). For each
destination ¢ € J, varieties are bundled according to

Qi =F; ({e:(")},ev)
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and consumers have CES preferences over (J; across firms, with elasticity of substitution o.
FEach variety is produced using labor from different locations in the firm’s global assembly

strategy according to
a(v) = F; ({gk,i(’/)}ke&) :
The operating profit function (excluding fixed costs) can be written as
T =kK- Zc}f" PR,
ieJd

where ¢; is the marginal cost of producing a bundle of goods to be sold in destination .
These marginal costs come from a cost-minimization problem:

i = in 2> wilialv

vev kek
s.t. Fj ({Qi(’/>}uev) 1 (bundle of products)
st (V) = FY (0ei(V) pexc) (production technology)

We shall say that assembly locations are (local) substitutes if aag < 0 and (local)

complements if 83 gw > 0 for k # 1.2 To compute these expressions, we calculate

0%c;™° 0

I —— - o,

3wk8wl 8’Ujl |:( O-)CZ
Olyi

=(1-o0)- {ci_" aw’ —0c; 7 My, gk,i:|
l

o] = 1= e t] =

8wk _ailUl

where we use Shephard’s lemma to derive the total demand for labor from location k,
Do — y° ly,i(v) =l ,, and location I, gfu; = > l.(v) =14,
veV vey

Owy,

It thus follows that assembly locations are (local) substitutes or complements, respec-
tively, if

(A14) in [ S > i <
l;r)ll}il ?ll g or maX SZ g,

where £} is the elasticity of substitution of conditional demand for labor in location k
with respect to the price of labor in location [, and S} is share of spending on labor from [
in total spending on labor from different countries to serve market i:

i agkﬂf wy d Sz _ wlgl,i _ wlgl,i
k,l — a g an I - g :
Wy Lk, C; Z WrLk,i
kel

In sum, we have that assembly locations are (local) substitutes or complements, respec-
tively, if
Ilnllil {sm} >0 or rlnla? {aw} < o,

where €} ; is the (Allen) partial elasticity of substitution of labor across locations k and [,
when producing goods for sale in market 3.

Special Cases. The Armington setting in the main text corresponds to the following

2We assume that wages are firm-specific, so the aggregate demand PZ.”_IE,- is constant.
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assumptions

V=K

({qz (Z % N ) B

vek

Z(l
(V) =2, bi(v) forv=Fkand Z¢, = =& >0
’ 7 Tk
qi(v) =0 for v # k,
while the setting in Tintelnot (2017) (extended to nested CES preferences) corresponds to?

VY =10,1]
1 =1

e—1

F ({g()}) = / gi(v) =
Zz,gz ) lra(v).

keKk

Ab5.  Proofs of Propositions 1-3

NOTATION

Consider the general problem with firm- and plant-level fixed costs. Denote by Z7 = 1 if
a firm paid firm-level fixed costs of marketing to destination ¢, w; fF, and Z7 = 0 otherwise;
by 77 =1 if a firm paid firm-level fixed costs of importing frorn sourcing location j, w; f7,
and Z ¢ = (0 otherwise; by Z; = 1 if a firm paid firm-level fixed costs of assembly in locatlon
k, wy fk, and Z;} =0 othervvlse by Z}, = 1 if a firm paid plant-destination specific fixed
costs of exporting from plant £ to destination i, w; fi;, and I}, = 0 otherwise; by 75, =1
if a firm paid sourcing-assembly specific fixed costs of importing from sourcing locatlon j

to assembly plant k, w; f};, and 77, = 0 otherwise.

We denote by 7¢ = (If, ..., I%) the vector of optimal decisions for assembly locations
under £¢, and by I° = (If, .. I“) the optimal solution under f“ In a similar way, we
denote by Z%, Z°, I“’, 7* the vectors of optimal decisions for exporting and sourcing. We
also denote by 7¢, and 7 . the vectors Z* and 7 without elements 7 and i,?, respectively.
For vectors X and Y, we say that X > Y if X; > Y, forall 7, and X > Y if X > Y and
X; > Y, for some j.

In all propositions, we assume that g > 0 and §§ > 0 for all k € J and j € J.

3We replaced the sum with an integral.
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GENERAL PROFIT FUNCTION

Consider the general profit function with firm- and plant-level fixed costs:

(A15)
Destinations Assembly Sourcing p 0
—p
w=hep” Y T BRI NI T g (i) | YT T (7 -
i€J kedJ jeJ
o T s T T T a a s s
- E § ka,i 'wifm* E E Ij.k'wj gk § I - wiff — E Iy - wy fi — § :Zj “Wify
i€J kedJ keJ jeJ ieJ keJ jeJ
~~
Plant-Level FC Firm-Level FC
where ( )
oc—1 ale —1
0= and u =
-1 p—1

If o > ¢ and a(e¢ —1) > p — 1, then the profit function in (A15) is supermodular in
(Z',7") and has increasing differences in (Z, &), where Z' and Z” are two any indicator
variables in (A15). Therefore, by Topkis’ Theorem

If £¢ > €7, then > 7.
As shown below, this result will suffice to prove all Propositions for the case of ¢ > ¢ and
ale—1)>p—1
PRrROPOSITION 1

In our baseline model without fixed costs of exporting or intermediate inputs, a firm
solves the following problem:

o—1
T

> Ti-& (Tlgi)l_e} =Y Ti i

keJ keJ

(A16) max T (Z%€Y) = Kap®~ ZEP" !

i€J

which is a special case of (A15) under p = 0 and all fixed costs equal to zero except for
the assembly ones, fi > 0. We prove the following proposition:

PROPOSITION 1: Consider the problem in (A16) and an increase in the assembly po-
tential of plant k, £ > &, holding other parameters and P{ 'E; fived. If ¢ < o, then
IZ* > 1% Ife > o and I® is a unique solution, then I} > I}, and it is nmot possible that
e, >1°,.

PROOF:

For the case € < o, we can apply Topkis’ theorem.

Consider the case ¢ > o. If Z% is an optimal solution under £* = (&¢,...,&¢,...,&9%),
then

m(T%€%) > n(Z%€7) for all ¢ € 27.
To prove that f,‘j > Ty, assume, by contradiction, that i,‘j = 0 < Z}} = 1. Notice that
T (Ip = 1,1%,;£*) is increasing in & while 7 (I,‘j =0,7%; 5“) is independent of £} for all

7¢, and €%, where £%, is vector £ without an element £¢. Therefore,

T(Zg = 1,1%;€%) > m(Tf = 1,1%);€%) > n(Zp = 0,1°,;€%) = n(Zg = 0,1°%,;€%),
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which is a contradiction. Therefore, Z¢ > T¢.
For the second part, suppose, by contradiction, that fﬁk > 7%,. Consider three cases.
First, suppose that Z;} = 1. Then, f,‘j =1, and
(A17)
71' (i;; — 1,fﬁk;§“) o (I;; - 1,zzk;£a) < (i;; - 1,izk;§a) —r (I8 =1,1°,;€%) <0,

where the the first inequality comes from 7 p > 1%, and € > o, and the second inequality
comes from the optimality of Z* under £*. This inequality contradicts the optimality of 7e
under é‘l.

Second, suppose that I 2 =0. Then, Z} = 0, and 7° should be the optimal solution under
both £* and f“. This result contradicts the uniqueness of the solution.

Finally, suppose that 7} = 0 and fg = 1. The optimality of Z* under £* implies

(T =120€0) 7 (T = 1,T06) < (T = 1,205¢0) = m (Tp = 0,72,567) <0,

Combining this inequality with (A17), we get a contradiction for the optimality of 7
7r (i;; - 1,igk;éa) <n (I;g - 1,Iﬁk;€“>. O

Note: If parameters in (A15) are randomly drawn from continuous distributions, the
solution is generically unique. To see the problem with multiple solutions, consider the
following example. There are two plant decisions and one market with k" ' E;P{ ' = 1.
Suppose that wy fi = 100, wafy =1, €5 =1, 714 = 75. = 1, and we consider a change from
& =1to ég = 2. The firm chooses Z{ = ff = 0, it is indifferent between Z§ = 1 and
Z$ = 0 under &7, and between ig =1 and ig = 0 under f{‘. Therefore, we might have
Zy = 0 and ig = 1 due to multiplicity, leading to iﬁl > 7%, for fjl > &8, If we specify a
solution selection, the proposition can be refined for the case with multiple solutions, for
instance, by always choosing the solution with the largest number of active plants.

PROPOSITION 2

We add firm-level exporting fixed costs. A firm solves the following problem:

o—1

S Tg (nz)”] =T =y T

keJ ic€J keJ

(A18) max k,p7 ! Z Ir-EP7!

To,T®
i€J

which is a special case of (A15) under p = 0 and all fixed costs equal to zero except assembly
and firm-level exporting ones, f > 0 and fF > 0. We prove the following proposition:

PROPOSITION 2: Consider the problem with firm-level fixed costs of exporting (A18)
and an increase in the assembly potential of plant k, £} > &7, holding other parameters and
P77 'E; fived. If ¢ < o, then I > T°. If ¢ > o, then it is possible that 1%, > T°,.

PROOF:

For the case € < o, we can apply Topkis’ theorem.

Consider the case € > o, it is sufficient to construct an example in which a rise in &}
leads to an opening of assembly plants in [ # k. For simplicity, we assume that there is
only one feasible destination market i, with 7%, = oo for i’ # i. Suppose that all assembly
fixed costs are very small and equal to § > 0. The firm-level fixed cost of exporting to ¢ is
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such that

"iﬂ'gpail : Ei‘PiU ! <£k TkL +Z§l le E) < ’wazw

£k

konp” ' E P <§k ) A+ Zfz ()’ ) > wi f].

£k

For sufficiently small d, an increase in £} leads from an optimum with no assembly plants
to the optimum in which all plants are activated. [J

ProrosITION 3

We add firm-level importing fixed costs. A firm solves the following problem:

(A19)

a(se—1)

g}%}g ﬁﬂ_(pcrfl.ZEif)iafl ZIU gk Tkz (ZI" 53 ]Sk _) _

icJ keJ jeJ

=T wify =T wiff

jeJ keJ

which is a special case of (A15) under x> 0 and all fixed costs equal to zero except assembly
and firm-level importing ones, fi > 0 and f; > 0. We prove the following proposition:

PROPOSITION 3:  Consider the problem with firm-level fized costs of importing (A19)
and an increase in the assembly potential of plant k, é,‘j > &5, holding other parameters and
PP 'E; fived. If ¢ < o, then 7e > 7. Assume that ale =1)>p—1. Ife > o, then it is
possible that iﬁk >71°,

PROOF:

Consider the following example. Assume that there is only one feasible destination
market i, with 73, = oo for i’ # i, and one sourcing location j, with 75, = oo for j" # j.
Assume also that 75, = 1 for all k. Suppose that all assembly fixed costs are very small
and equal to 6 > 0. The firm-level fixed cost of sourcing from j is such that

—1
e—1

alo—1)
Klqrgpo_lEiPiU_l . (Ej) Pl <£k 7']” 1 + Z{l Tla E) < wjfj

1#k

lo—1) e—1
Hﬂsoa_lEin_l : ({;) pmho ( Tkz + Zgl le ) > ’LUjf]é

1k

For sufficiently small §, an increase in £} leads from an optimum with no assembly plants
to the optimum in which all plants are activated. O

PrLANT-LEVEL FIXED COSTS

Consider the problem with plant-level fixed costs of exporting. A firm solves the following
problem:
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max ko7 Y BRI\ I I () T -

Tx, 79

ieJ keJ
(A20)
T T a
- E E Im ) wvﬁf/c,i - E T wi fyl
i€J kedJ keJ
Plant-Level FC Firm-Level FC

We can then prove that:

PROPOSITION 4: Consider the problem in (A20) and an increase in the assembly po-
tential of plant k, é,‘; > &2, holding other parameters and P{ 'E; fived. If ¢ < o, then
7° > I° and 1% > I°. If ¢ > 0 and the solution is unique, then f,‘j > 17, and it is not
possible that fﬁk > 7, and 1° > 1",

PROOF:

For the case ¢ < o, we can apply Topkis’ theorem. Consider the case € > o. The
proof follows the same steps as the proof of Proposition 1. Under € > o, the assumption
7° p > 1%, and 7% > I* contradicts the optimality (or uniqueness) of the solution. O

Now consider the problem with plant-level fixed costs of importing. A firm solves the
following problem:

(A21)
o—1
a(e—1) e—1
p—1
o—1 o—1 a s S -
max . Rz@ ZE7PZ E Ii - & () (E k5 ( ) -
’ ieJ keJ jeJ
S xr a a
- ZZIM “Wilhk T E :Ik “wrfy -
ked jed keJ
Plant-Level FC Firm-Level FC

We can then prove that:

PROPOSITION 5:  Consider the problem in (A21) and an increase in the assembly po-
tential of plant k, fk > & holdmg other parameters and P?'E; fived. Assume that

ale—1)=p—1. Ife <o, then 1% >1% and I* > I*. If e > o and the solution is unique,
then Z,‘i > 1y, and it is not possible that Iﬁk >71?, and 15> 1.

PROOF:

For the case ¢ < o, we can apply Topkis’ theorem. Consider the case € > o. The
proof follows the same steps as the proof of Proposition 1. Under € > o, the assumption
7, > 1, and I* > I* contradicts the optimality (or uniqueness) of the solution. [J





