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Abstract

Appendix A presents formal proofs of results from the main body of the paper.

Appendix B contains additional model extensions and variations.



A Appendix A: Proofs

A.1 Proof of Lemma 1

We consider two cases: |vq — vg| < 3t (implying positive equilibrium market shares), and
|va—wvg| > 3t (implying one firm may serve the entire market). We drop the period subscript

1 for simpler exposition.
o |vg —vg| < 3t:
If Firm A buys from Firm T, equilibrium prices and profits are as in the standard
Hoteling model. If A and S both have positive demand, the indifferent customer on the

Hoteling line is at location: x = % — W' Profits for Firm A and S are: m4 =

pa(z — BATESIES=UA) and g = pg(5 + PAES2S=4)  Solving the first-order conditions,

equilibrium prices are: py =t + “43*% and pg = t + **3*4. Equilibrium quantities are:

ga = % — 2574 and qg = % + =554, Equilibrium profits are: m4 = %&(St + v — vg)?

L

and mg = 1g;

(3t —v4 +vs)?. Industry profits are: Il = w4 +7g =t + é(’l)g —wvy4)?. Full
market coverage requires that the indifferent customer x to have positive utility, so,
va —pa —tx > 0, that is, v4 +vs > pa + ps + t. Inserting prices yields, v4 + vg > 3t,
which holds because ¢ < % Moreover, both firms should have positive demands, which

results in the constraint |va4 — vg| < 3t.

If Firm A buys from Firm S, the profit functions become: m4 = (pa — ws)(5 —

PA—PS+Us—vA _ 1 PA—DPS+US—vA 1 PA—PS+TUS—VA
T) - FS and s = pS(§ + T) + ’U)S(§ - T) + FS- Then,

-2 t— —Opg+itvg— - .
Oma — ZZpadpsti-vstuatws g Ofs — pazZpstiivs—vatws  Thyg equilibrium prices
opa 2t dps 2t ?

become: py =t + ws + *5% and ps = t + wg + *52. Equilibrium demands are:

ga = %—% and gg = %—{—%. Equilibrium profits are: 74 = %&(St—i-UA—USP—FS

and mg = %&(St — v+ vs)?+ws + Fs. Industry profits are: 11 = ¢+ é(vs —v4)% 4+ wg.
The indifferent customer x should have a positive utility, thus, v4 — pa — tz > 0, that
is, v4 + vs > pa + ps + t. Inserting equilibrium prices, vag + vg > 2wg + 3t > 3t.

Moreover, for both demands to be positive, we should have |vs — vg| < 3t.
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° |UA - US’ > 3t:
If Firm A buys from Firm T, then,

If vg > vg + 3t, then Firm A serves the entire market. Firm A sets its price to make
the z = 1 customer indifferent between buying from Firm A at p, or from Firm S
at pg = 0. It follows py = v4 —vg —t and ps = 0. Firm A and S profits are:

T4 =va —vs —t and mg = 0. Industry profits are: 1l = v, — vg — t.

If vg > v + 3t, then, Firm S serves the entire market. We have pg = vg — vy — t and
pa = 0. Firm A and S profits are: m4 = 0 and 75 = vg — v4 — t. Industry profits are:

II=vg—vy —t.
If Firm A buys from Firm S, then,

If vg > vg + 3t, Firm A serves the entire market. We have py = vq — vg — t and
ps = 0. Profits are m4 = vy —vs —t — wg — Fg and mg = wg + Fs. Industry profits

are: Il =v4q —vg —t.

If vg > vy +3t, Firm S serves the entire market. We have pg = vg—v4 —t and py = 0.
Firm A and S profits are: w4 = —Fs and g = vg — v4 — t + Fg. Industry profits are:

szs—UA—t.

A.2 Proof of Lemma 2

Per Lemma 1, if |y — vg| < 3t and 2wg < va + vg — 3t, the market is fully covered
and the industry profits are: 1l =t + é(vs —v4)? + wg, which is increasing in wg. The
maximum possible wholesale price would then be wg* = %(UA + vg — 3t), which fully
extracts the surplus of the indifferent customer. So the maximum possible industry profits
are: TI™*" = 2(vq + vg) + o (vs —va)? — 3t

Now consider the case 2wg > va + vg — 3t, so the market is not fully covered. In

this case, each firm is a local monopolist. Profits are m4 = (pa — wg)(*7**) — Fs and

Ty = pg(“L2) + wg(2-24) + Fs. Thus, equilibrium prices are: py =

vA+wWs — Vs
5> and ps = 3.



Equilibrium demands are: g4 = “45*% and qs = ¢¥. Equilibrium profits are: w4 = ﬁ(v A —

wg)? — Fs and mg = 75 (vs)? + ws(*¥5%5) + Fs. Industry profits are: II = 5 (v3 + vd — wi).

Thus, industry profits decrease with wg, implying that firms would not increase the wholesale
price above wg** = %(UA + vs — 3t).
If j[vg —vg| > 3t, Lemma 1 shows that the industry profits are |vq — vg| — ¢, which is

independent of the wholesale price.

A.3 Proof of Lemma 3

With v49 = vg2 = 1, per Lemma 1, if Firm A buys from Firm T in period 2, we have
TA2 = TS = %t and so the industry profit becomes H’Q“T =t. Per Lemma 1 and 2, if Firm
A buys from Firm S, then 742 = %t —Fgo, mg9 = %t +wg2 + Fs2 and so the industry profit
becomes I13% = ¢ + wgs where wgs = 3(2 — 3t). So, Firm A buys from Firm S because
15 > T4

To derive Fg5, we need to take into account firms’ outside options. If Firm A and S fail
to reach an agreement, then Firm A buys from Firm T resulting in 79, = 7§, = . Then,
the fixed payment is derived from m4 o — ﬂgz =Tgo— Wgz (firms will have equal surplus over

(3t —2). Inserting wgo and

their outside options). Solving for Fy, yields Fso = —iwgo = 1

Fg5 back into firm profits, we have, 40 = mgo = }1(2 —1).

A.4 Proof of Lemma 4

We first consider the A < 3t case. If Firm A buys from Firm S in period 1 and invests c,
then Firm A has 2 options: to continue with Firm S in period or to switch to Firm T.
If Firm A continues sourcing from Firm S in period 2, we have vgo = vg2 = 1 + A.

Inserting these product values into Lemmas 1 and 2, in period 2 we have firm profits m4 9 =

% — Fg9 and mgo = % + wgo + Fs2, the wholesale price wgo = A +1 — %, and industry
profits Il = 1 + A — £.

However, if in period 2 Firm A switches to Firm T, we have v4 =1 and vge = 1 + A.
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Inserting these values into Lemma 1, firm profits in period 2 are w4 = 75 (3t — A)? and
Tgo = %&(315 + A)?, leading to industry profits of IT, = ¢ + $A2.

We have, t + A2 <14+ A -1 o (8 1)+ A(§ —1) <0, given that £ < ¢ < Z. Thus,
industry profits are always higher if Firm A continues sourcing from Firm S. Thus, Firm A

3t
5 -

continues sourcing from Firm S with the wholesale price wgos = A +1 —

We now calculate the fixed payment Fgo. The fixed payment is derived from 74 o —WCA?Q =
TS — 7rg72 where superscript O denotes outside options (when Firm A and S fail to agree and
hence Firm A contracts with Firm T). Inserting 79, = 15 (3t — A)? and 7§, = 7 (3t + A)?

into the above equation yields Fgp = —(142 — 31) + 2. Inserting Fg» back into the profit
functions, we have: w45 = 15(2A — 3t + 6) and 752 = 15 (10A — 3t + 6).

We now consider the case A > 3t.

Suppose in period 2 Firm A switches to Firm T. We have v4 5 = 1 and vgo = 1+ A with

A > 3t. In this case, Firm S serves the entire market, leading to m42 =0 and mgo = A — ¢,

and industry profits of Il = A — ¢, which is less than 1 + A — % Thus, Firm A continues

3t
5

sourcing from Firm S with the wholesale price wgs = A+ 1 —

We now calculate the fixed payment Fgo for the A > 3t case. The fixed payment is
derived from 74, —74 ) = mgo—7g, where 74, = 0 and 7§, = A—t. Hence, (£ —Fs3)—0 =
(f4+A+1—34 Fgs) — (A —t), which results in: Fsy = —1 + £. Inserting Fs back into

the profit functions, we have: 749 = % + i and Tgo = % + A — %

A.5 Proof of Lemma 5

We first consider the case A < 3t. If Firm A buys from Firm T in period 1 and invests c,
then Firm A has 2 options: to continue with Firm T in period 2 or to switch to Firm S.

If Firm A continues sourcing from Firm T in period 2, we have v4o = 1+ A and vgs = 1.
Inserting these product values in Lemma 1, in period 2 we have m49 = ﬁ(?)t + A)? and

Ts2 = 15 (3t — A)?, leading to industry profits of Il = ¢ + 5 A%

However, if in period 2 Firm A switches to Firm S, we have v4 5 = vg2 = 1. Inserting these



values into Lemma 1, firm profits in period 2 are 749 = % — Fgy and mgo = % +wso+ Fso,
the wholesale price is wgs =1 — %, and industry profits are I, =1 — %
We have, ¢ + 5;A? > 1—%@%—: > 1— 2. Thus, in period 2, if%—f >1— 3% Firm A

buys the input from the third-party, and otherwise it buys the input from its competitor.

In the latter case, wgo = 1 — % The fixed payment is derived from 749 — Wg’z = Tgo —
7§, Inserting 79, = (3t + A)? and 7§, = (3t — A)? into the above equation yields
Fso = —qwss — 30 = —(3 — 3) — %. This leads to firm profits mas = 3 — 1t + 3A and
T2 =15 — it - %A

We now consider the case A > 3t. If Firm A buys from Firm T in period 1 and invests
¢, then Firm A has 2 options: to continue with Firm T in period 2 or to switch to Firm S.

If Firm A continues sourcing from Firm T in period 2, we have v42 =1+ A and vgs =1
where A > 3¢. Then we have 749 = A —t and gy = 0, leading to industry profits of A —¢.

However, if in period 2 Firm A switches to Firm S, we have v49 = vg2 = 1. Inserting
these values in Lemma 1, firm profits in period 2 are m4 9 = %—FS,Q and mgo = %+w572—|—F572,
the wholesale price is wgo =1 — %, and industry profits are IT, = 1 — £.

We have, A —t >1—£% < A > 14 L Thus, in period 2, if A > 1+ £ Firm A buys
the input from the third-party, and otherwise, it buys the input from its competitor. In
the latter case, wgy =1 — 3t The fixed payment is derived from 745 — 7r9,72 = Tgo — Wgz.
Inserting 79, = A —t and 7§, = 0 into the preceding equation yields (£ — Fgo) — (A —t) =

(A+1—t+Fs5)—0, yielding, Fgo = —% + % —A. This leads to firm profits m4 o = 5 — %t—l—A

1
2

and g = 3 + It

A.6 Proof of Lemma 6

First, we consider the case A < 3t. If Firm A buys from Firm S in period 1, its profits in

period 2 are £ + (2 — ) if it invests, and (2 — ¢) if it does not (see Lemmas 3 and 4).

Therefore, Firm A will invest ¢ if and only if % > c.

If Firm A buys from Firm T in period 1, its profits in period 2 are equal to %t + f—;t + %A



if it invests and %—: > 1 — %, equal to % — %‘t + %A if it invests and %—f <1- %, and equal
to 2 — 1t if it does not invest (see Lemmas 3 and 5).
Thus, Firm A invests if and only if %—: >1-%andc< %(%—:—(1—%))—#%, or %—: <1-%

and ¢ < %. These two conditions are combined together into ¢ < max{%, 0} + %.

Next, we consider the case A > 3t. If Firm A buys from Firm S in period 1, its profits in
period 2 are 1(2 4+ t) if it invests and (2 — ¢) if it does not (see proofs of Lemma 3 and 4).
Therefore, if A > 3t, and Firm A buys from Firm S in period 1, Firm A will invest if ¢ < %

If Firm A buys from Firm T in period 1, its profit in period 2 are equal to A — ¢ if it
invests and A > 1+ %, equal to % — %t if it invests and A <1+ %, and equal to % — it if it
does not invest (see proofs of Lemma 3 and 5). Thus, if Firm A buys from Firm T in period
t

1, it invests if and only if A>1+Land A—t—c>5—-tteoec< A3 -1

A.7 Proof of Proposition 1

We first consider the case A < 3t. Per Lemma 6, if the Period 1 supplier is Firm S, Firm
A will invest ¢ if and only if ¢ < %. On the other hand, if ¢ > %, we need to compare the
following two industry profits: (i) If Firm A buys From S in both periods and does not invest
in the input, total industry profits are Il = 2 — ¢ (see Lemma 3) (ii) If Firm A buys From
T in both periods and invests, total industry profits are: II = 2¢ + éAQ — ¢ (see Lemma 5).

The former is larger if and only if ¢ > %. Thus, Firm A buys from Firm S in both

A2 _18t4-27t2

of and ¢ > % whereas Firm A buys from Firm

periods and does not invest iff ¢ >

. . . . . . . 2_ 2
T in both periods and invests in Firm T’s input iff ¢ < Alg#

and ¢ > %.

Next, we derive the period 1 fixed payment when Firm A and Firm S contract, Fis;. The
fixed payment is derived from ma — G = 75 — 7§, where 74 is focal firm’s total profit across
the two periods including any investment cost and 7g is Firm S’s total profit across he two
periods. The superscript O denotes outside options (when Firm A and Firm S fail to agree

in period 1 and hence Firm A contracts with Firm T). As we showed above, there are three

cases:



1. Ife< %, Firm A buys from Firm S in both periods and invests.

2. Ife> 2 and c > W Firm A buys from Firm S in both periods and does not

invest.

3. If A << A2 _18t4-27t3

of , Firm A buys from Firm T in both periods and invests.

We need to calculate the fixed payment in the first two cases in which Firm A and Firm

S contract. Consider the first case, ¢ < %. In this case we have:

t 1
7TA:(§—FS’1)—' C —2(2A 3t+6)
N——  investment cost
Period 1 Pemod 2
t 3t 1
= 1—— F —(10A — 3t + 6
Tg (2+( 2)+ 51) \12( + ),
Perzod 1 Pe:z’gd 2

If Firm A and Firm S fail to agree in period 1, Firm A buys input from Firm T in period
1, and per Lemma 6, it will invest. Then, per Lemma 5, in period 2, if %—: > 1— %, Firm
A buys the input from the third party, resulting in period 2 profits m4 2 = % + % + f—; and

Tg2 = % — % + A 57> and industry profits Iy = ¢+ A—:. Otherwise, Firm A buys the input from

its competitor, with input contract wgs = 1— 3 and Fgp = —(% — %) — é, which results in
profits mas =3 — + + 2 2 and mgo = 1 — L — 2 and industry profits I, =1 — £

Therefore, the disagreement payoffs, 79 and 7§, depend on whether or not &2 > 1 —
In particular, if 2 W >1-— 715, then
2
Q=) —c+(t+5+5)

2
w§=<%)+<%—%+%>

The fixed payment is derived from 74 — 79 = 75 — 7Y. Regardless of whether %—: >1-— % or

not, we have Fg; = i(9t—8A—6). Recall from Lemma 4, Fgo = Jwgp+5 = 5(9t—2A—6).

Thus, Fg1 = Fgo — 1mply1ng Fs1 < Fgo <0.



2_18t4-27t2

. 2_ 2 .
Next we consider ¢ > £ and ¢ > 8= op ¢ > max{2, =820} and so Firm A

6° ot
buys from Firm S in both periods and does not invest. In this case we have:
A = (% — F5’1> + %(2 — t),
ms=(5+ (1= 5)+ Fox) + 32— 1)

If Firm A and Firm S fail to agree in period 1, Firm A contracts with Firm T in period

. . . 2_ 2 A~ .

1. Then, per Lemma 6, it invests only if ¢ < max{mt},)+27t,0} + % = ¢. Thus, if
2_ 2 A . . . .
max{ £, A=Y ¢ < ¢ Firm A invests in cases of disagreement and hence the
6 ot , o)
disagreement payoffs would be the same as ¢ < 2 case. In particular, 79 — 79 = 22 — ¢
g pay 6 p y TA S 3

Moreover, 14 — mg = —2Fg; — (1 — ). Thus, Fg; = £ — 5 —1+ 2.

. 2_ 2 4 . .
On the other hand, if ¢ > max{%, Alg#, ¢}, the investment would not occur in case

of first-period disagreement. As a result, 79 — 7§ = 0, because 7§ = 7§ = (£) + (5(2 — t)).

Thus, Fs; = —%( — %) Table 2 summarizes the outcomes (contract terms, firm profits,
and industry profits) for A < 3t .

Next, we consider the case A > 3t. We will show that:

1. Firm A buys from Firm S in both periods and invests if ¢ < %

2. Firm A buys from Firm S in both periods and does not invest if max{§, A+t —2} < c.
3. Firm A buys from Firm T in both periods and invests if £ < ¢ < A+t —2.

1. If ¢ < %, then if the Period 1 supplier is Firm S, Firm A will invest (see proof of
Lemma 6); thus, Il = (1 - %) —c+ (1 — £ + A) = A —t 4+ 2 — ¢. However, if the Period 1
supplier is Firm T, the total industry profits are (¢) —c+ (A —t) = A — ¢ if Firm A invests
(T — invest — T), and are (t)+ (1 —%) = 1+ L if it does not invest (T' — Not invest — S).
Since A —t + 2 — ¢ is larger than both A —c and 1+ %, Firm A buys from Firm S in both
periods and invests.

2. If max{%, A+t —2} < ¢, if the Period 1 supplier is Firm S, Firm A will not invest,
resulting in IT = (1 — ) 4+ (1 — %) = 2 — t. However, if the Period 1 supplier is Firm T

and Firm A invests, the total industry profits are IT = (¢) —c+ (A —¢) = A —¢. The
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Table 2: Equilibrium outcomes of the main model (A < 3t).

Equilibrium Condition
=<c<
Outcomes c< £ max{§, w} <c I 18ti27t
9t
Firm A Sources Firm S Firm S Firm T
from ... (both periods) (both periods) (both periods)
ws,1 1- 2 -3 -
I : -
1ar 59t —2A—-6+3c) ifc<e B
= Fs, 13 (9t — 8A —6) 1(3t—2) ifc>e
3 1 : )
o (=6t +2A+6—-3¢) ife<é
g TA 15(=3t +8A +6) &t H(—t+2) ifc)>é :
T : ~
Qe 58t —=2A+3c) ifc<eé ¢
TS,1 12( 3t —8A +6) i(_t+2) ife>é 2
I, 1-% 1—3 t
Firm A invests? Yes No Yes
ws,2 A+1-% -3 -
& Fs» 15(9 — 2A — 6) 103t -2) -
9
3
5 Tas L (=3t +2A +6) 1(-t+2) 15 (3t +A)?
5.2 5 (=3t + 10A + 6) F(—t+2) & (3t — A)?
HQ A + 1-— % 1- % t + %:
1 ; -
= 15t+4A+18 6c) ifc<é 2
—é’ A (=3t+5A+6) —c (= Lt 12) 1fc>)c t+ 5 +2 ¢
5 i(3t—4A+6+6c) if ¢ <é 2
o 1o 12 AT _ A
p s (=3t +A+6) Lth9) ifese t+4 -4
S
—
< I A+2—-t—c 2—t 2t+%7270

latter is smaller because ¢ > A +t — 2. If the Period 1 supplier is Firm T and Firm A
does not invest, total industry profits are IT = (¢) + (1 — £) = 1 + £, which is again smaller
than 2 — ¢. Consequently, Firm A buys from Firm S in both periods and does not invest if
max{£, A+t —2} <c

3. Finally, if &

. . . 3t
5 < ¢ < A+1t—2 it implies ¢ < A — 5 —

and 1+ 4 < A If

1
2
the Period 1 supplier is Firm S, per Lemma 6’s proof, Firm A will not invest, resulting in

IT=(1-%)+(1—1%) =2—t. However, it invests if the Period 1 supplier is Firm T, yielding a
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total industry profit of Il = (t) —c+(A—t) = A—c. The latter is larger because ¢ < A+t—2.
Hence, Firm A buys from Firm T in both periods and invests if % <ec<A+t—2.

We now calculate the fixed payment. Consider ¢ < % Then,

(t ) n 1 n t
pr _—— —_ c — —
A 9 S,1 A \ , 9 4 )
N———  jnvestment cost =~ =~ —r
Period 1 Period 2
t 3t 1 3t
= (— 1 — — F A o
s 52+( 2)+ 5,1z+ +3 1
Per\i;d 1 Per;;d 2

7Ts—7TA=2Fs,1+C+A—%+1
If Firm A and Firm S fail to agree in period 1, Firm A contracts with Firm T in period 1.
Then, per Lemma 6, it invests if and only if A > 1+ % =Aandec< A— % — % Therefore,

the disagreement payoffs, 79 and 79, depend on whether or not A > A. In particular, if

A > A, then ¢ < L implies ¢ < A — % — % Therefore,
™ =(3) —c+ (A1),
s = (3) +(0)
-1 =c+t—A
Whereas if A < A, investment does not occur:
=)+ (G-
=G +G- 1
¢ —719=0
The fixed payment is derived from 75 —m4 = 7§ —79. Hence, Fg; = —A—%%—% if A>1+1%
and Fg; = —5 — 1 4+ 2 — £ otherwise.

Consider max{%, A+t — 2} < c. Then,

t 1
= (= — S(—t+2
A (2 S’l),+fl( +2),
Period 1 Period 2
t 3t 1
(o4 (1= )+ Fgp)+~(—t+2
Ts 52+( 2)+ 5,1)J+\4( + )
Period 1 Period 2

7Ts—’/TA:2FS71—|—1—%
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If Firm A and Firm S fail to agree in period 1, Firm A contracts with Firm T in period 1.
Then, per Lemma 6, it invests if and only if A > 1+ % —Aandc<A— % — % Therefore,
ifA>Aandc<A—%—%,0r,A>maX{A,c+%+%}:A,

9 =(5) —c+(A-1),

Otherwise, if A < A, investment does not occur, and:

=)+ (G5

=)+ (-1

9 —79=0
The fixed payment is derived from mg — 74 = 7§ — 7q. Hence, Fs; = 1(5t —2A — 2+ 2¢) if
A > A and Fsp = —% + %, otherwise. Table 3 summarizes the game outcomes for the case
of A > 3t.

A.8 Proof of Proposition 2

The condition for the focal firm to source from the third party based on Proposition 1 is

2 2 . . 2 2 .
S < ¢ < A=BHEE | which can hold only if £ < A=I8HE2TC - After rearranging terms,

the latter condition is equivalent to: 2A2? — 3tA — 36t + 54t> > 0. Applying the quadratic

equation and given ¢t < %, we find that this inequality holds if and only if A > [3t +

V912 + 4(72t — 108t2)] /4, which is equivalent to A > 3(¢ + /32t — 47¢2). For A < 3t, this
inequality can hold only if 3(¢ + /32t — 47¢2) < 3¢, which is equivalent to 32¢ — 47¢* < 9¢
0

and to t > 2. Furthermore, we have &|

A2—18t+27t2] —3_ A2
ot o

of 52> Which is strictly positive for

A < 3t. Therefore, as t increases, the region of sourcing from the third party expands.

A.9 Proof of Lemma 7

In the model extension, the joint profits for Firms A and T if they reach an agreement are

the same as the profits for Firm A in the main version of the model when it buys from Firm
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Table 3: Equilibrium outcomes of the main model (A > 3t).

Equilibrium Condition
t
1 t _ 5 <c<
Outcomes c< g max{5,A+t—-2} <c Ait_2
Firm A Sources Firm S Firm S Firm T
from ... (both periods) (both periods) (both periods)
ws,1 1-% 1-% -
. r L(7t—4A—-2) ifA>A (5t —2A —2+2c) if A>A }
= 51 1st—2A-2-2¢) fA<A 1(3t-2) ifA<A
2 i T(—st+4aa+2) ifA>A T(C3t+2A+2-2c) fA>A B
& Al L(=3t+2Aa+2+2) ifA<A L(—t+2) ifA<A 2
- 1B3t—4A+2) ifA>A lt—28a+2+42c) ifA>A +
5,1 lt—2a+2-20) ifA<A 1(—t+2) ifA<A 2
t t
114 1—5 1—5 t
Firm A invests? Yes No Yes
ws 2 At1-3t 1-3 -
= Fs.2 i(t—2) 1(3t-2) -
2 w 14t Li—t42) A—t
& A,2 2Ty 1
52 A+l-3t 1(-t+2) 0
t t
Il A+1-3 1-3 A—t
© —t+A4+1—c ifA>A L(—4t+2A+4-2c) ifA>A .
3 TA 1 —o) i A L(—t42) ifA<A A-gz-e
2 s(—t+A+2 c)AlfA<A s5(=t+2) ifA< _
s - LifA>A 3(—2A+4+2) ifA>A B
2 o L—t+Aa+2-0 ifA<A L(—t+2) fA<A 2
—
< IT A+2—-t—c 2—t A—c

T. Conditional on any given product price for Firm S, these joint profits of Firms A and T
are maximized when Firm A chooses a product price to set its first-order condition equal to
zero given a wholesale input price of wr; = 0 (see the proof of Lemma 1). Any higher value
of wr; results in Firm A setting a product price higher than the level that maximizes these

joint profits.

A.10 Proof of Lemma 8

Similar to the main model (see Lemma 5), Firm A can continue with Firm T or switch to
Firm S. Period 2 industry profits if it continues with Firm T are Il = ¢ + %—j. Period 2

industry profits if it switches to Firm S are [T, = 1— % We have, t—l—%—: > 1—% & %—: >1— %
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We now derive the fixed payment when Firm A contracts with Firm T (when %—f >1-3).
We derive the disagreement payoffs. If Firm A contracts with Firm T, then Firm S makes

Tgo = %&(St — A)?, so this is the lowest profit Firm S would accept. Therefore, if Firm

A and T contract, Firm A’s disagreement payoff is 7§, = 1 — § — (3t — A)%. Firm T’s
disagreement payoff is zero.
We have: m45—79 5 = mro—7, = (157 (3t+A)?—Fry)—(1—5— 15 (3t—A)?) = (Fr2)—0.

Thus, Fro = %(%—: — (1 —2)). Inserting the fixed fee back into Firm A and Firm T profits

results in the expressions in the Lemma.

A.11 Proof of Lemma 9

If Firm A buys from Firm S in period 1, its profits in period 2 are 742 = %(QA —3t+6) if
it invests (see Lemma 4) and 74 = $(2 —¢) if it does not invest (see Lemma 3). Therefore,
Firm A will invest c if and only if the difference between these two is larger than investment
cost ¢, that is, ¢ < %.

If Firm A buys from Firm T in period 1, its profits in period 2 are w45 = %1(2 —t)+ %A if
it invests (see Lemma 8) and 74 = 1(2 — ¢) if it does not invest (see Lemma 3). Therefore,

Firm A will invest ¢ if and only if ¢ < %.

A.12 Proof of Proposition 3

Ifc< %, Firm A will invest if it contracts with Firm S (see Lemma 9). Therefore, Firm A
buys from Firm S in both periods and invests.

If c> %, Firm A never invests (see Lemma 9). Thus, Firm A buys from Firm S in both
periods.

A A
IfE<C<§,

Firm A invests only if the period 1 supplier is Firm T. In this case,

industry profits across two periods are:
AT—I—AT _ A?
44— =t+t+ ot &

However, if Firm A contracts with Firm S in both periods and does not invest:

14



HAS—>N—>AS:1_%+1_%

AZ_18t+2742

of Thus, Firm A buys from Firm T in

The former is larger if and only if ¢ <

A A2—18t+27t2} _ A2—18t+27t2

both periods and invests in Firm T’s input 1f 5 < ¢ < min{3,

Otherwise, if max{2, A=184212} — ¢ Firm A buys from Firm S in both periods without

investing in the input. The regions are the same as those in Proposition 1.

B Appendix B: Model Extensions and Variations

B.1 Multiparty Negotiation with wz; >0

In the multiparty negotiation model in the body of the paper, we require the input contract
with the third party to be renegotiation-proof, which implies wr; = 0. To illustrate the
importance of renegotiation-proof contracts, this appendix presents a model of multiparty
negotiation that allows wr; > 0 and shows how the equilibrium regions for different supplier
choices and investment decisions change under this alternative set-up. In this case, Firm A
may agree to a high per-unit input price with Firm T in order to compel Firm S to set a
higher product price.

We follow the same backwards induction process as in the main model. We drive the
equilibrium prices. We then derive the period 2 supply contract. After that, we derive the
innovation investment. Finally, we derive the period 1 supply contract, leading to equilibrium

of the entire game.

B.1.1 Pricing

If Firm A buys Firm S, outcomes are the same as in main model (Lemma 1). However,
if Firm A contracts with Firm T, it buys each unit of the input at wys;, and this per-unit
fee may be strictly positive. We drop the subscript ¢ in the following lemma for clarity of

exposition.
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Lemma 10. (i) If Firm A buys from Firms S, product prices are: py =t + *43°% +wg and
ps = t+ M4 fwg, profits are: ma = 15 (3t +va —vg)? — Fs and mg = 755 (3t —va +vg)* +
(ws+Fs), and industry profits are: II; = t+ 3, (va—vs)*+wg for all wg € [0, 5(va+vs—3t)].

(i) If Firm A buys from Firm T, prices are: py = t +*43% + 2wy and pg = t + 2554 +
%wT, profits are: wy = %&(St —wr +v4 —vg)? — Fr, g = %815(3t + wp — v + v5)?, and
T = éwT(?)t — wr + v — vg) + Fr and industry profits are: 11; =t + %(m —vg —wr)? +

=wr (3t —wr 4+ va — vg) for all wy € [0, (va +vg — 3t)].

Proof: The first part is the same as Lemma 1. The second part is the standard Hotelling

model with Firm A’s marginal cost wy. In particular, the indifferent customer is at location

_ 1 PA—PS+TVS—vA : . _ 1 PA—PSFTUS—VA
v o= 5 — PAREs A Firm A and S profits are: 4 = (pa — wr)(5 — PALEA) and
Tg = pg(5 + BAZESEUS=UA)  Solving the first-order conditions, equilibrium prices are: py =
t+ 24385 4 2wy and pg = t+ %5% + 2wy, Equilibrium quantities are: g4 = 5 — %224 — Ly

and g = % + 255 + éwT. Hence, for positive market shares we require —3t + vy — vg <

1

= (3t —wp +va —vg)? and g =

wr < 3t + vy — vg. Equilibrium profits are: w4 =
ligt(?)t + wp —v4 + 03)2. Full market coverage requires that the indifferent customer x to
have positive utility, so, v4 —pa —tx > 0, that is, v4 +vs — 3t > wy. We note that although
prices are increasing in wy, buying from the rival mitigates price competition to a larger
extent because both prices increase by wg.

Next, similar to Lemma 2, we derive the wholesale price that maximizes total profits of

the negotiating firms. We drop the subscript ¢ in the following lemma.

Lemma 11. (i) If Firm A purchases the input from Firm S in period i, total Firm A and
Firm S profits are mazimized by setting wholesale input price wg = %(UA +vg — 3t), resulting
in Ty = 153t +v4 —vg)? — Fg, ms = 15 (3t —va +vg)? + 5 (va +vs — 3t + Fs), 7p = 0, and
total industry profits Il; = 5(va + vg) + 5; (vs — va)? — 5.

(i) If Firm A purchases the input from Firm T in period i, total Firm A and Firm T
profits are mazimized by setting wholesale input price wr = }1(21,4 — vg + 3t), resulting in

T = ﬁ(St—i—vA —vg)? = Fr, 15 = ﬁ(St—vA—HJS)Q, and Tp = ﬁ(?ﬂf—i—m —wvg)*+ Fr and

16



the total industry profits I; = 55 (43t 4 2t(va — vg) + 3(vs — va)?).

Proof. The first part of lemma is the same as Lemma 2. For the second part, we derive the
first order condition:

ﬁ(m; + ) = ﬁ(%&(i’)t — wr +va — vs)? + Fwr(3t —wr +v4 —vg)) =0,
yielding wy = ;(va — vs + 3t). To make sure market is fully covered we require wy =
Z—ll(vA —vg + 3t) € [0,(va + vg — 3t)]. Thus, 15t < 3vs + bvg. The valuations are equal

or greater than one. Thus, a sufficient condition that guarantees interior solution would be

15t <3+5,0rt < 1%, a stricter requirement than the condition ¢ < % from our main model.

B.1.2 Supply Contract in period 2

Similar to our base model, there are three sub-games: No investment in period 1, investment
in the Firm S input, and investment in the Firm T input. The following three lemmas

characterize the equilibrium for these three sub-games.

Lemma 12. If Firm A did not invest in innovation in period 1, in period 2 it buys the input
from the competitor, with contract wss =1 — % and Fso = %t — %, which results in profits
Tag = 57 (32 — 23t), mg2 = 5;(32 — 9¢), and industry profit Tl =1 — L.
Proof. Thus, similar to main model, Firm A contracts with Firm S in period 2 if there
was no investment in period 1. To prove this, we show that total industry profits are higher
with this A-S contract. Using Lemma 11 with v42 = vg2 = 1, the A-S contract results in
I, =1-— %t whereas the A-T contract results in II, = g—gt. The former is higher because
t < 1% < %. Thus, without period 1 investment, Firm A contracts with Firm S.

We now derive the the fixed payment (Fgz). We first need to determine disagreement
payoffs. Firm A’s disagreement payoff (79,) is the total maximum Firm A and Firm T
combined profits at the maximizing wholesale price wyy = i(v A2 —Usa+3t) = %. Inserting

this wholesale price into Firm A and Firm T profits in Lemma 11 yields:

7T2,2 = (77',4,2 +7TT,2) at {wT,2 = %} — % 4 % _ %
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Moreover, at this level of wholesale price (wry = ) Firm S would make ggt, which

would be its disagreement payoff (Wgz = 2—gt) The fixed payment is derived from:
7TA’2—7TE4)72:7T572—7T32 ( —FSQ) (1 t) (1—t—|—F52> ( ):>F52 55t—§
Inserting this fixed payment into each firm’s profits results in the expressions in Lemma

12. Next, we solve the second sub-game.

Lemma 13. If Firm A buys input from the competitor in period 1 and invests in innovation,

then in period 2 it again buys the input from the competitor with contract wss =1+ A — %

and Fgo = 3A? — 96t — 46 At + 165t%), leading to period 2 profits Tas = @(AQ + 32t +

192t (

10At — 23t%) and 7sp = g (—A? + 32t + 54At — 9t?), and industry profits Tl =1+ A — L.

Proof. Thus, similar to the main model, Firm A continues with Firm S in period 2. To
prove this, we show that total industry profit is higher with the A-S contract. Per Lemma
11 with vg9 = vge = 1 4+ A, the A-S contract would result in Il =1 — %t + A whereas the

A-T contract results in ITy = 55 (43t — 2¢A +3A?). The former is larger since ¢ < &. Thus,

i (

Firm A continues with Firm S in period 2.
We now derive the the fixed payment (Fgz). Firm A’s disagreement payoff (79,) is:

19, = (mag + mr2) at {wry = (3t — A)} = (3t — A)? (see Lemma 11). Moreover,

Firm S’s disagreement payoff is 7T§2 = 5t + A)?. The fixed payment is derived from:

32t (

Tas — TGy = g2 — TGy, leading to F, = 3A? — 96t — 46At + 165¢?), and period 2

192t (

profits mas = 5 (A% + 32t + 10A¢ — 23t?) and msp = 57 (—A% + 32t 4+ 54AL — 912).

64t<
Lemma 14. Suppose in period 1 Firm A buys input from Firm T and invests in improving
its input. In period 2,

(i) if 59t% + 2tA + 3A2 > 32t, Firm A buys the input from the third party with supply

arrangement wrp = (3t + A) and Fpa = A? — 10At — 32t + 41t%). Firms make ma9 =

1
Gred

A? 432t + 22t A — 231%) and wss = 35 (5t — A)?, and 7o = 557 (3A% — 32t 4 2tA +59¢),

64t ( 32t

leading to industry profits of Ty = == (3A% + 2tA + 43t%).

32t (

(11) if 59t* + 2tA + 3A? < 32t, Firm A buys the input from its competitor, with input

contract wgy = 1 — —t and Fso = A? — 22At — 32t + 55t%).  Firm profits are Tag =

i

18



i (A2 320+ 22tA — 23t%), wgs = 7 (—A* + 326 — 22t A — 9t2), and wro = 0, with industry

profits Tly =1 — £,

Proof: Thus, similar to the main model (see Lemma 5), Firm A might continue with
Firm T or switch to Firm S. Total period 2 industry profits if it continues with Firm T are
I, = 55 (432 +2tA+3A?) (we insert v 2 = 14+A, vg = 1 into Lemma 11). The total period

2 industry profits if it switches to Firm S are IT, = 1 — £. Then, 55 (43t? + 2tA + 3A?%) >

1— % & 59t2 + 2tA + 3A? > 32t. The derivation of fixed payments and equilibrium profits

are similar to the previous two lemmas.

B.1.3 Focal Firm’s Investment Decision

We derive the focal firm’s investment decision given the outcome of the negotiation in period

1.

Lemma 15. In period 1, if Firm A buys the input from Firm S, it invests if and only if

A(A+10t)

(A+22t)
64t .

c < 64t

. Af Firm A buys from Firm T, it invests if and only if ¢ <

Proof: If Firm A buys from Firm S in period 1, its profits in period 2 are m42 = &(A2 +
10¢A + 32t — 23¢2) if it invests (see Lemma 13) and 74 = £;(32 — 23¢) if it does not invest

(see Lemma 12). Therefore, Firm A will invest ¢ if and only if the difference between these

A(A+10t)

two profits is larger than investment cost ¢, that is, ¢ < ==

If Firm A buys from Firm T in period 1, its profit in period 2 are w45 = @(AQ + 22tA +

32t — 23t?) if it invests (see Lemma 14) and 745 = 5;(32 — 23¢) if it does not invest (see

A(A+22t)

Lemma 12). Therefore, Firm A will invest ¢ if and only if ¢ < =%

B.1.4 Supply Contract in period 1

Next we derive the negotiation outcome in period 1. Product values are low in this period

(va1 = vg1 = 1). Therefore, industry profits in period 1 are 1 — % if Firm A contracts with

d 43t

Firm S, an if Firm A contracts with Firm T. Note that when firms engage in bilateral
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negotiation in period 1, they account for the impact of the period 1 negotiation on the profits
they earn in period 2. The winner of the negotiation in period 1 is the supplier that leads

to higher total industry profits across the two periods.

Proposition 7. (i) Firm A buys from Firm S in both periods and invests in Firm S’s input

ife < A(A+10t)

s - (i) Firm A buys from Firm S in both periods without investing in the input

A(A+10t) 3A2%—64t+2A¢+118¢2
64t 32t

if max{ Y < c. (i) Firm A buys from Firm T in both periods and
A(A+102)

3A2—64t4+2At4+118t2
64t :

<c< 3ot

wnvests in Firm T’s input if
Proof: If c < %, Firm A will invest if it contracts with Firm S in period 1 (see Lemma
15). Therefore, Firm A buys from Firm S in both periods and invests.

If ¢ > %, Firm A never invests (see Lemma 15). Thus, Firm A buys from Firm S
in both periods.

When AG+H10) _ . A(A+221)

oL 55> Firm A invests only if the period 1 supplier is Firm T. If

so, industry profits across the two periods are:

[AT=I=AT — DU 2 (3A2 4 26A + 438%) — ¢

However, if Firm A contracts with Firm S in both periods and does not invest:

HAS—>N—>AS:1_%+1_%

3A2—64t+2At+118t>
. Thus,

The former is larger if and only if ¢ < ot

Firm A buys

¢ AA+10n

from Firm T in both periods and invests in Firm T’s input o < ¢ <
- [3A2—64t+2At+11812 A(A+22t) _ 3A2—64t+2A¢+118¢2 : o : 128 :
Min{ = ST = o . This condition requires ¢t > =2, which

is a wider condition compared to the main model ¢ > ‘—; (see Proposition 2). Thus, Firm T’s
bargaining power over the supply arrangement and ability to commit to a positive per-unit
input price expands the region of parameters in which Firm A contracts with the third-party

across the two periods.
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B.2 Proof of Proposition 4 (Investment by the Competitive Sup-
plier)

We follow the same backward induction process as in the main model. We first derive
the equilibrium prices. Then we derive the period 2 supply contract. Next we derive the

investment decisions by Firm A and Firm S. Finally, we derive the period 1 supply contract.

B.2.1 Pricing

Pricing remains the same as in the main model. Lemma 1 and Lemma 2 continue to hold.

B.2.2 Supply Contract in period 2

We now derive the equilibrium contract in the second period (corresponding to Lemmas 3,
4, and 5 in the main text). There are eight sub-games depending on the period 1 supplier
and whether Firm A and Firm S decide to invest (2 x 2 x 2). When neither firm invests, the
outcomes derived in Lemma 3 continue to hold. If only Firm S invests in innovation, then
in period 2 Firm A buys the input from the competitor, and the outcomes are the same as
in Lemma 4. Similarly, if in period 1 Firm A buys the input from Firm S and invests in
improving its input, but Firm S does not invest, then in period 2, Firm A buys the input
from the competitor, and the outcomes are the same as Lemma 4. Moreover, suppose in
period 1 Firm A buys the input from Firm T and invests in improving its input, and Firm
S does not invest in its input. In this case, the period 2 contract is the same as in Lemma 5.

There are two additional sub-games that we need to examine, described in the following

two lemmas.

Lemma 16. Suppose in period 1, Firm A buys the input from Firm S and invests in

improving its input, and Firm S also invests in its input. In period 2, Firm A buys the

input from the competitor with contract wgs = 1+2A =3 and Fgy = —3wga + %, leading

to period 2 profits mae = 1—12(4A —3t+6) and mgo = %(20A — 3t 4+ 6), and industry profits
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Proof. We replace A by 2A in the main text’s Lemma 4. Firm A prefers to continue
sourcing from Firm S because, if it switches to Firm T, it loses all input improvement while

Firm S uses the improved input.

Lemma 17. Suppose in period 1 Firm A buys the input from Firm T and invests in its
input, and Firm S also invests in its own input. In period 2, Firm A will switch to Firm
S, with input contract wsy = 1+ A — 3 and Fsy = —%(1 + A — %), leading to profits,

2

Ta2 =Tg2 =35 — ++ %, and industry profits I, =1 — £ + A.

Proof. If Firm A sources from Firm T in period 1 and invests ¢4, and Firm S also invest
cs, then Firm A has 2 options: to continue with Firm T in period 2 or to switch to Firm S.

If Firm A continues sourcing from Firm T in period 2, we will have v42 = 1 4+ A and
vs2 = 1 4+ A. Inserting these product values into Lemma 1, in period 2 we have m49 = %
and mgo = %, leading to an industry profits of Iy = ¢.

However, if in period 2 Firm A switches to Firm S, we have v49 = vg2 = 1+ A. Inserting

t

these values into Lemma 1, industry profits are [T = 1 + A — 3

Given that t < %, we have 1 + A — % > t, so in period 2 Firm A will switch to Firm S.

In this case, wgo =1+ A — % The fixed payment is derived from 749 — 7T22 = Tg92 — 7r§2.

. o _ t O _ t iilde ot _ ot
Inserting 73, = 5 and mg, = 3 yields: w42 = 5 — Fs2 = ms2 = 5 + ws2 + Fsa. Thus,
Fgo = —%wSQ = —%(1 + A — %) This leads to firm profits m4o = 7ge = % — Fgo =

A
BEETCL R PERY

B.2.3 Firms’ Investment Decisions

Having solved the equilibrium supply contract in period 2, we derive firms’ investment
decisions given the period 1 supplier. We first summarize the period 2 profits (derived above)

net of investment cost in a 2 x 2 game payoff matrix. In the these tables, let X = % — %.
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Table 4: When Period 1 supplier is Firm S

Firm S invests = Yes

Firm S invests = No

Firm A invests = Yes

Firm A invests = No

(X—F%—CA,X—F%—CS)

(X+%,X+%—cs)

(X—F%—CA,X—F%)

(X, X)

Table 5:

When Period 1 Supplier is Firm T (&7 < 1 — 3t)

5 )

Firm S invests = Yes

Firm S invests = No

Firm A invests = Yes

Firm A invests = No

(X+2—ca, X+2 —c5)

(X+2,X+53% —cg)

(X+2—-ca,X-9%)

(X, X)

Table 6:

When Period 1 Supplier is Firm T (&2 > 1 — 2.

ot

Firm S invests = Yes

Firm S invests = No

Firm A invests = Yes

Firm A invests = No

(X—F%—CA,X‘F%—CS)

(X+2, X+ —cg)

t A A2 t
(G+3+im—ca =5+

w|b>

(X, X)

e

18t

)

The following three lemmas derive the Firm A and Firm S investment strategies.

Lemma 18. If Firm A buys the input from Firm S in period 1, Firm A invests if and only

if ca < % whereas Firm S invests if and only if cs < %.

Proof. See Table 4.

Lemma 19. If Firm A buys the input from Firm T in period 1 and %—: <1- %, Firm A

inwvests if and only if c4 < % whereas Firm S invests if and only if cg < %.

Proof. See Table 5.

Lemma 20. If Firm A buys the input from Firm T in period 1 and %—: > 1— 3 nvestment

strategies are as shown in Table 7.

23
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Table 7: Firm A and Firm S Investment strategies when Period 1 Supplier is Firm T and

A=2_(1-%) >0,

ca and cg cs<%—§ %—%<cs<% cs>%
ca < % Both invest Only A invests | Only A invests

Only A invests
<cy < % + é Only S invests or Only A invests
Only S invests

ca>5+35 Only S invests Only S invests Neither invests

Proof. Using Table 6, if Firm S does not invest, Firm A invests if %+%+1A—82t —cy > %— i,

or, cy < %(%—: — (1=2))+ 2. If Firm S invests, Firm A invests if c4 < 2.

If Firm A does not invest, Firm S invests if c¢g < %. If Firm A invests, Firm S also
investsif%—£+%—cs>%—%—i—f—;,or, cs<%—%(%—:—(1—%)).

Thus, letting A = %—: — (1 — %), there are two cut-offs for ¢4 (£ and £ + 4), and two
cut-offs for cg (% — é and %). The equilibrium investment strategies are then summarized
in Table 7. We note that when % < ey < % + é and % — % < cg < % there are two

equilibria: Only Firm A invests or only Firm S invests.

B.2.4 Supply Contract in period 1

In this section, we derive the equilibrium supply contracts in period 1. We consider two
cases separately: When A = %—: —(1- %) < 0, and when A > 0.

A < 0: In this case, per Lemmas 18 and 19, Firm S invests if and only if ¢g < %. Firm
A’s investment decision depends on the period 1 supplier. If the period 1 supplier is Firm
S, Firm A invests if ¢4 < %. If the period 1 supplier is Firm T, Firm A invests if ¢4 < %.

Table 8 summarizes total industry profits for different Firm A and Firm S costs.
Proposition 8. If %—: —(1- %) < 0, Firm A contracts with Firm S in both periods. Firm
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Table 8: Industry profit (II) across two periods (A < 0).

Costs Period 1 Supplier
ca cg Firm S Firm T

ca< cs<B |l (1-H+(1-L+2A)—ca—cs | )+ (1—L+A)—ca—cs

ca< s> (1-H+1-L+A)—ca—0 t+(1—-L4)—ca—0
S<ca<f les<®2 | 1-LH+0-Lt+A)—-0-cs |O+A—Lt+A)—ca—cs
S<ca<y |es>2% (1-H+@1-%4H-0-0 )+ (1—%)—ca—0

CA>% CS<56A 1-D41-L+A)—0—cg ) +(1—-5+A)—0—cg

ca> s cg > 28 1-H+1-%H-0-0 tH+1-%)-0-0

A

5> and Firm S invests if and only if cs < %.

A invests if and only if cq <

Proof. The proof follows directly from the comparison of industry profits in each case
in Table 8.

A > 0: Per Lemmas 18 and 20, there are 12 cases to be considered, depending on the
cut-offs for c4 or cg. Table 9 summarizes these 12 cases and the total industry profits in

each case. By comparing industry profits in each case, we derive the following proposition.

Proposition 9. If %—: —(1- %) > 0, Firm A contracts with Firm T in both periods if and

A2427t2—18t

or and cg > %. Otherwise, Firm A contracts with Firm S in both

only if% <y <

periods.

Proof. Consider Table 9. The column between Firm A and Firm S indicates that in
all cases except Case 6, sourcing from Firm S produces higher industry profits. Case 6

(& < ca < £ and cg > 22) is similar to our base model; Firm A buys from Firm S in period

25



Table 9: Industry profit (II) across two periods (A > 0).

Costs Period 1 Supplier
ca cg Firm S Firm T

1 ca< @ cs< B4 I-LH+a-L+2A)—ca—cs > | +Q—-Lt+A)—ca—cs
2 ca< @ B _dceg<® | 1-H+(1-Lt+20)—ca—cs > )+t Y—ca—0
3 ca<? cs > 58 A-5H+A-L4+A)—ca—0 > () + (t )—ca—0
4 2<ea< g cs< B4 I-H+00-L+A)—0-cs > | W+ Q—Lt+A)—ca—cs
5 Accu<d BA _ A g5 | (1-Ly4(1—Lt+A)—0—cg > O+ E+25)—ca—0
6 Acca<d cg > 32 1-LH+(1-L4)—0-0 <> | O+E+E)—ca—0
7| §<ca<$+4 cs <-4 A-H+0-£+A)-0-cs > | O+Q-£+A)-0-cs
8 | §<ca<§+4 | %2 -—Fdceg<i 1-H+0-Lt+A)-0-cs o>r (t)+(t+o§7:)_%

> B+A—L+A)—cg
9 | 2ceactia cg > 32 1-H+0-1)-0-0 > O+ E+45)—ca—0
10 ea>g+3 cs <-4 A-5+0=-54+8)-0-cs | > | H+A-5+8)-0-cs
11 ca>5+4 58 4 ceg< e 1-H+01-L{+A)-0-cs > O+A-L+A)—0—cs
12 ca>5+4 cg > 58 1-H+a-%)-0-0 > ®+1-%)-0-0
1if2—t> 2t—|—%— Ca, O, cq >3t — 2+ Az = W. Otherwise, it buys from Firm

T in period 1 and invests.

completes the proof.

Also note in Case 6, min

{A A2+27t2 18t} _ A2+27t2 18t This

Finally, combining propositions 8 and 9 yields proposition 4 in the main text.

B.3 Proof of Proposition 5 (Incomplete Knowledge Spillover)

B.3.1 Pricing

The pricing (Lemma 1 and 2) remains unchanged.
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B.3.2 Supply Contract in period 2

Lemma 3 (when Firm A does not invest) and Lemma 5 (when the period 1 supplier is Firm
T and the focal firm invests) remain unchanged.

Lemma 4 changes as follows. If Firm A buys from Firm S in period 1 and invests ¢, then
Firm A has 2 options: to continue with Firm S or to switch to Firm T.

If Firm A continues sourcing from Firm S in period 2, we have v4 9 = 1+ A, vg5 = 14+kA.
The difference between valuations is (1 — k)A. If (1 — k)A < 3t, then, in period 2, both
firms have positive market shares with firm profits 742 = 15 (3t + (1 — k)A)2 — Fgo and
Tsp = 10 (3t— (1= k)A)? +wg s+ Fg o, the wholesale price wgp = 2FEA+1—32 and industry
profits are IT, = 1 + EEA 4+ (=R k A=k A2 L

However, if (1—k)A > 3t, then Firm A serves the entire market in period 2, and we have
firm profits mao = (1 —k)A —t —wgo — Fsa and mg o = wga + Fg, and industry profits are
II, = (1 — k)A. Note that industry profits do not depend on the wholesale price wg .

If in period 2, Firm A switches to Firm T, we have v49 = 1 and vgs = 1 + kA. The
difference between valuations is KA. If kA < 3¢, then firm profits in period 2 are m49 =

3t —kA)? and 7go = 3t + kA)?, leading to industry profits Ty = ¢ + g—jA? However,

18t( 18t(

if kA > 3t, then Firm S serves the entire market, and we have: 749 =0 and 7g2 = kA — ¢,
leading to industry profits of Il = kA — t.

Hence, we need to consider 4 different cases: (1) kA < 3t and (1—k)A < 3¢, (2) kA > 3t
and (1 —k)A > 3t, (3) kA < 3t and (1 — k)A > 3¢, and (4) kA > 3t and (1 — k)A < 3t.

Consider case 1: kA < 3t and (1 — k)A < 3t. Then industry profits are higher sourcing
from Firm S if and only if 1 + ”k A+ & k UZBA2 L gy gAZ. This condition is always
true. Thus, industry profits are always higher if Firm A continues sourcing from Firm S
(similar to our main model). Thus, Firm A continues sourcing from Firm S with wholesale
price wgo = %A +1-— % We now calculate the fixed payment Fgo. The fixed payment is
—kA)? and 7§, =

derived from 74 9 — Wg ) = T5o— Ty Inserting 79, =

18t(3t+k‘A)
1 k)Q A2 4

18t (

yields Fgo = —35 —|— LU 3’3—21A. Inserting Fg back into profits, we have: m4 0 = 12(
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(3—K)A =3t +6) and msy = & (2HEA2 4 (Th + 3)A — 3t +6).

Consider case 2: kA > 3t and (1 — k)A > 3t. Then industry profits are higher sourcing
from Firm S if and only if (1 — k)A > kA — t. Both sourcing outcomes are possible here.

Consider case 3: kA < 3t and (1 — k)A > 3t. Then industry profits are higher sourcing
from Firm S if and only if (1 — k)A >t + gAz. This condition is always true because LHS
is larger than 3t and RHS is smaller than 2t.

Consider case 4: kA > 3t and (1 — k)A < 3t. Then industry profits are higher sourcing
from Firm S if and only if 1 + ”kA + U=h)” k AR A2 > kA —t. This condition is always true

because 1 + %A + (lg—fAz +Li>0.

B.3.3 Focal Firm’s Investment Decision

We consider the case kA < 3t and (1 — k)A < 3t. If Firm A buys from Firm S in period

1, its profits in period 2 are = (2(1 P A2 4 + (3 — k)A — 3t + 6) if it invests and 1(2 —t) if it

does not invest. Therefore, Firm A will invest ¢ if and only if ¢ < 5 (2(1 LISy\. (3—k)).
If Firm A buys from Firm T in period 1, Firm A invests if and only if ¢ <

mag {222 0y 4 & (see proof of Lemma 6).

B.3.4 Supply Contract in period 1

We consider the case kA < 3t and (1 — k)A < 3t. In this case, suppose ¢ < %(z(lék)QA +
(3 —k)). If Firm A buys from Firm S in period 1, it will invest and continue sourcing from
Firm S. Therefore, total industry profits are Il = (1 — £) — ¢+ (1 + HEA 4+ (l_g—f)ZAQ -1
These profits are higher than the total industry profits if Firm A sources from Firm T in

period 1.

On the other hand, if ¢ > %(2(1?;k)2A + (3 — k)), then if Firm A buys from Firm S

without investment, industry profits are 2 — ¢ whereas if it buys from Firm T and invests,

industry profits are t — ¢+ (t + ’;—zA2). The latter is larger if and only if ¢ < 3t + %AQ —2=

k2A2—18t427t2

of . Thus, Firm A buys from Firm S in both periods and invests in Firm S’s input
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2(1—k)2A24+3(3—k) At

if ¢ < 61

Firm A buys from Firm S in both periods without investing in

2(1—k)2A%24-3(3—k)At k2A2—18t+27t2
36t ’

the input if max{ } < c. Finally, Firm A buys from Firm T
2(1—k)2A2+3(3—k)A

E2A2—18t427¢2 :
T T e —2otrelt.  This

9t

in both periods and invests in Firm T’s input if L<e<

completes the proof of Proposition 5.

k2A2—18t427t2

or cannot hold

To prove Corollary 2, note that when k is small enough, ¢ <

because —18¢ + 27t? < 0 (given t < 2). Therefore, if k is small enough, Firm A never buys

2(1—k)2A243(3—k 2A2_ 2
(1=k) 3; (3=k)A KZATZI8UE2TE implies 2(1 — k)2A% + 3(3 —

from Firm T. Moreover, o

<C<

k)At < 4(k*A? — 18t + 27t?). This inequality, together with kA < 3t and (1 — k)A < 3t,

8k2

Tsnzaios- Note that with k = 1, we have ¢ > %, which was previously derived

implies ¢ >
in Proposition 2. Thus, ¢ and & must both be sufficiently large for Firm A to contract with

Firm T.

B.4 Proof of Proposition 6 (Contracts with no Fixed Transfers)

In the main model, we allow the contract to be a two-part tariff. In this variation, we
require fixed fees to be zero. Moreover, the third party’s input can be purchased by Firm A

at wr > 0 per unit. All other aspects of the model remain the same as our main model.

B.4.1 Pricing

Given that the third party charges wr for the input, the following lemma, corresponding to

Lemma 1 in the manuscript, characterizes equilibrium prices.

Lemma 21. Equilibrium goods prices are: pa; = t + % + Liws; + (1 — IZ)MTT and

psi =+ 252 4 Tiwg,; + (1 — L)% Equilibrium profits are: mwa; = 15 (3t +va; — s —
(1 — L)wr)? and ms; = 15 (3t — va,; +vs; + (1 — L)wr)? + Lws,, leading to industry profit
I, =t+ é(UA,i —vg; — (1= L)wr)? + Lws, for all ws,; € [0, %(UA’Z‘ +vg,; — 3t)], where I; =1

if Firm A buys the input from its competitor in period © and I; = 0 otherwise.

Proof: The proof is the same as Lemma 1 with two differences: (1) we let F' = 0, and

(2) when Firm A contracts with the third party (i.e., I = 0), Firm A pays wz (in the main
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model we set wr = 0). Hence, the wy appears in the price and profits. Note that Firm
A’s profits do not depend on wg because a small increase of size € in this per-unit input fee
causes both equilibrium goods prices to increase by e while also causing firm A’s per-unit
cost to increase by e, thus leaving Firm A profits unchanged. If Firm A purchases the input
from Firm S, then wg is set to the maximum level for which the market is fully covered, and

all of the additional profits from increased goods prices go to Firm S.

Lemma 22. If Firm A purchases the input from Firm S in period i, equilibrium industry
profit for the period (11;) is maximized by setting wholesale input price wg; = %(UAﬂ"i_vs,i_Bt),

o 1 1 1
resulting in 11; = 5(va; +vs:) + 5; (Vs — va)? — 5t

B.4.2 Supply Contract in period 2

We now derive the equilibrium contract in the second period (corresponding to Lemmas 3,

4, and 5 in the main text).

Lemma 23. If Firm A did not invest in innovation in period 1, then in period 2, it buys
from Firm S with contract wgs = 1— %, leading to period 2 profits ma o = % and mgo = 1—1,

and industry profit Il =1 — %

Proof. If Firm A buys from T, it earns w42 = 75 (3t — wr)?, which is less than ¢/2 for

any wr > 0. Thus, it buys from Firm S.

Lemma 24. If Firm A buys the input from the competitor in period 1 and invests in
innovation, then in period 2 it again buys from the competitor with contract wgs = 1+A— %,

leading to period 2 profits ma o = % and g = 1 —t+ A, and industry profits Il = 1 — % +A.

Proof. In this case, there is no reason not to continue with Firm S. Switching to Firm

T not only leads to a loss of improved value but also imposes input cost wr.

Lemma 25. Suppose in period 1 Firm A buys the input from Firm T and invests in

improving its input. In period 2, if wyr < A Firm A buys the input from the third-party, and

3t

otherwise, it buys the input from its competitor, with input contract wsps =1 — 5.
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Proof. If Firm A sources from Firm T in period 1 and invests ¢, then Firm A has 2
options: to continue with Firm T in period 2 or to switch to Firm S.

If Firm A continues sourcing from Firm T in period 2, we have v42 = 1+ A and vgs = 1.
Then, we have w45 = 75 (3t + A —wp)? and 752 = 75 (3t — A + wr)?, leading to industry
profits of Ily = ¢ + 5 (A — wr)?.

However, if in period 2 Firm A switches to Firm S, we have v4 2 = vgo = 1. Firm profits
in period 2 would be 745 = ! and Tg2 = % + wgo. Thus, Firm A contracts with Firm T if

2

U}T<A.

B.4.3 Focal Firm’s Investment Decision

Having solved the equilibrium supply contract in period 2, we derive the focal firm’s

investment decision given its period 1 supplier. The following lemma summarizes the result.

Lemma 26. If Firm A buys the input from Firm S in period 1, it does not invest in
mnovation. If Firm A buys the input from Firm T in period 1, it invests in innovation

if and only if wp < A and ¢ < 75(A —wr)(6t + A — wr).

Proof. If Firm A sources from Firm S in period 1, its profit in period 2 are % if it invests
and also % if it does not invest. Therefore, Firm A will not invest c.

If Firm A sources from Firm T in period 1, its profits in period 2 are equal to %&(315 +
A — wr)? if it invests and wr < A, equal to % if it invests and wr > A, and equal to % if it

does not invest.

Thus, Firm A invests if and only if wyr < A and ¢ < %St(?ﬁ + A —wrp)? —

N |+
—
0
X

B.4.4 Supply Contract in period 1

In this section, we derive the equilibrium supply contracts in period 1.

Proposition 10. Firm A sources from Firm T in both periods and invests in Firm T’s input
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Figure 5: Equilibrium Regions for Firm A Supply Strategy (No Fixed Transfers).

Zone 2 e ' !

Zone |

Value Improvement (A)

. ;-_| = "_;‘. P— |-..

Cost of Investment (c)

Zone 1: Firm A sources from Firm S in both periods but does NOT invest.

| | Zone 2: Firm A sources from Firm T in both periods and invests.

if wr < A and ¢ < %&(Qw% + A? — 2Awy + 6tA — 12twy). Otherwise, Firm A sources from

Firm S in both periods without investing in the input.

Proof. As shown in the preceding lemma, if the Period 1 supplier is Firm S, Firm
A will not invest. Therefore, if Firm A selects Firm S in Period 1, its total profit across
the two periods are I, = t. However, if it buys from Firm T in period 1, its total profit
across the two periods are Iy = (3t — wr)? — ¢ + 155(3t + A —wr)? if A > wr and
¢ < 15(A —wp) (6t + A —wr) and 1Ty = 5 (3t —wr)? + £ otherwise. The latter strategy is
always dominated for any wy > 0 because it is more profitable to buy from Firm S in the
first period and not invest rather than to buy from Firm T and not invest. Thus, the only

two possible outcomes are buying from Firm S in both periods and not investing or buying

from Firm T in both periods and investing. The latter strategy occurs in equilibrium if
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t < 15 (3t —wr)? — ¢+ 15 (3t + A — wr)?, which is equivalent to ¢ < 1 (2w} + A% — 2Awy +

6tA — 12twr). Note that letting wr = 0 yields ¢ < %&(Az + 6tA), which is the condition in

Proposition 6.

B.5 One-Period Models

In this section we analyze one-period models to demonstrate they cannot fully capture the

dynamics and outcomes of our two-period model.

Model 1

Consider a one-period model with the following timing.

(1) Firm A decides whether to invest (and the resulting knowledge can be transferred to
either supplier).

(2) Firms A and S negotiate over the supply contract.

(3) Firms A and S set product prices. Note that in Stage 1, Firm A’s investment decision
is not specific to a particular supplier; that is, Firm A commits to investing regardless of the
identity of the supplier, which may occur because there is no history or relationship with
any supplier. However, Firm A would rationally expect the equilibrium supplier choice when
making the investment decision. If the supplier is going to be Firm T, the investment boosts
Firm A’s value only. However, if the supplier is going to be Firm S, the investment boosts
both Firm A’s and Firm S’s product values.

As before, lemma 1 characterizes the pricing strategies. Suppose in Stage 1, Firm A
decides not to invest. Then, in Stage 2, the supplier will be the competitive supplier. If
the focal firm commits to invest, buying from Firm S yields an industry profit of 1 — % + A
whereas buying from Firm T yields an industry profit of ¢t + %—:. The latter is always smaller.
Thus, regardless of the commitment to the investment in Stage 1, the focal firm will buy
from Firm S.

We now calculate the contract fixed payment Fg. The fixed payment is derived from
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A — 74 = mg —7wg. Inserting 79 = 15 (3t + A)? and 7§ = (3t — A)? into the above

equation yields Fg = —%ws — %A = —%(A +1-— %) — %A = —% + % — %A. Inserting Fy

back in profits, we get: m40 = + %A and gy = 2 — L — 1A,

L_t
2 4

Hence, in Stage 1, the focal firm invests if and only if ¢ < (3 — £+ IA) — (1 - %) = IA.

To summarize, in Model 1, the focal firm will always buy from Firm S, and invests if ¢ < %A.

Model 2

Consider the following timing and strategies:

(1) Firm A decides whether to invest in the input of Firm S, or invest in the input of
Firm T, or invest in neither input.

(2) Firms A and S negotiate over the supply contract.

(3) Firms A and S set product prices.

Please note that the Model 2 timing is similar to the Model 1 timing with one difference:
Firm A commits to investing in a specific supplier in advance. The solution to Stage 2 is
similar to our main model. In particular, Lemmas 3, 4, and 5 characterize the negotiation
outcome in Stage 2.

In Stage 1, Firm A compares its profit across three different strategies it has. If it does

not invest, its profit is % — }1. If it invests in Firm S, its profit is % = i + % — c¢. Finally, if it

invests in Firm T:

-If %—: >1-— %, it contracts with the third party, resulting in profit % + % + f‘—;t —c
-Otherwise, it buys from its competitor, which results in profits % — % + % —c.

Therefore, investing in Firm S in Stage 1 is always dominated: if ¢ > %, it is better not to
3t

invest. If ¢ < % and %—f > 1— 5, it is better to invest in Firm T and buy from it because

c< %(%—f -1+ %) + %. If c < % and %—: <1- %, it is better to invest in Firm T but then

buy from the competitor to get a profit increase of % instead of %.

To summarize, if %—: >1—-%andc< %(%—: — 1+ %)+ 2 then Firm A invests in Firm T
and buys from it. If %—: <1l- % and ¢ < %, then Firm A invests in Firm T but buys from

Firm S. Otherwise, Firm A does not invest and buys from the competitor.
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B.6 Commitment not to Renegotiate

In this section, we allow Firm A and Firm S to agree on an input contract for both periods,
and they commit not to renegotiate the supply contract. In particular, the two parties
engage in negotiation only once, at the beginning of period 1. If they reach an agreement,
they honor the contract and follow it in periods 1 and 2. If they fail to reach an agreement,
the do not negotiate again in period 2, and the focal firm buys from the third party in both
periods. Moreover, if the firms reach an agreement, they can commit to wholesale prices
for both periods. In other words, at the beginning of period 1, they set period-1 wholesale
price wy; and period-2 wholesale price ws to maximize the industry profits across the two
periods. Alternatively, we could restrict them to set a single wholesale price for both periods.
The analysis of this alternative model, while more complicated, leads to qualitatively similar
results.

Suppose Firm A and Firm S fail to reach an agreement in period 1. Firm A then buys
again from Firm T in both periods regardless of its investment decision. If the focal firm

invests in Firm T, its second-period profits will be m4 = 1 (3t + A)? (see Lemma 1 in the

manuscript). Otherwise, its second-period profits will be % Thus, Firm A will invest in

Firm T if and only if ¢ < 15 (3t + A)> — L = & (A + 61).

Suppose Firm A and Firm S reach an agreement in period 1, with contract terms wy,
wy and F. Note that firms commit to the fixed fees, which implies distinguishing between
F} and F3 is unnecessary. The firms are then committed to honor this contract in period 2
and not renegotiate it. Thus, in period 2, Firm A buys from Firm S, paying ws per unit.
Note that because the period-1 supplier is Firm S, the period-2 valuations for the product
are equal. That is, both valuations are 1 + A with investment and 1 without investment.
We derive equilibrium goods prices and profits when Firm A buys input from Firm S at
wholesale price w, where we drop the period index for w and the fixed fee F' for parsimony.

As in our main model (Lemma 1), if w is low (w < v — %), firms price at p = t 4+ w, split

the market equally, and Firm A and Firm S profits are % and % + w, respectively, leading to
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industry profit of ¢ + w.
Second, at a higher wholesale price (v — % < w < v—t), in equilibrium both firms charge

price p = v — %, with each selling to half of the market. In this parameter range, equilibrium

prices are independent of w. We then have 74 = (v — & —w), 7g = 3(v — 5 + w) and
2

5). In this case, industry profits do not depend on wholesale price,

industry profits are (v —
while Firm A profits decrease and Firm S profits increase with the wholesale price.

Finally, when wholesale price increases further to w > v — t, Firm A has an incentive

v+w

5 and

to deviate from the above equilibrium and charge its local monopoly price, p4 =

v—w
2t

sells to g4 = customers. Firm S will then set its price to fully cover the market, that

(v—w)?
4t

is, v —ps — t(1 — ga) = 0, or, ps = 3(3v — 2t — w). In this case, profits are m4 =

3(v—w)?
4t

%. This completes

g =2v—t—w— , leading to industry profits I[1 = 2v—t —w —
the characterization of prices and profits for any w < v. The following lemma summarizes

these results.

Lemma 27. Suppose Firm A buys an input from Firm S at wholesale price w.
(i) If w < v — 3L then prices are py = ps =t +w and profits are ma = £ and mg = § + w.

(it) If v—3 <w < v—t then prices are ps = ps = v — & and profits are my = 3(v — £ —w)
1
and g = 3(v — £ +w).

(v—w)?

4t

vt+w
2

(111) If w > v—t, then prices are py = and pg = %(31}—275—10), and profit are Ty =

3(v—w)?

and 7g =20 —t —w — =

We now consider Firm A’s investment decision. This decision depends on the wholesale
price wy that Firm A will face in period 2. If the second-period wholesale price wy is
sufficiently low (w, < 1—3% <1+ A —3) then Firm A’s profits with or without investment
are % Thus, Firm A will not invest.

Consider now a higher wholesale price 1 — % <wy <14+ A-— % As we showed above,

t

5 if it does not invest. In particular, without investment,

Firm A’s profits are lower than

Firm A’s profits are (1 — § — w,) if wy < 1 —t and % if wy > 1 —t (see the Lemma
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above). Firm A invests if its incremental benefit of investment, which is § — (1 — £ —w,) if

(1—w2)2
4t

wy < 1—t and %— if wy > 1—t, is higher than ¢. Note that these incremental benefits

become larger as wy becomes larger until it reaches w, = 1+ A — 3£, Raising wholesale prices
above this level cannot increase Firm A’s incentives to invest because it will start to decrease
Firm A’s profit with investment.

Consequently, the second-period wholesale price wy should be set at wy =1+ A — 5

3t

whenever this price leads Firm A to invest; otherwise, wy, = 1 — 5. In particular, with

= 1+ A — 2% the benefit of investment for Firm A is £ — 1(1 — L —1—- A+ %) if

(1—1-A+3

% — T if t <A <3 and if A > 3t In the last case, Firm A loses the

A<t

entire market to Firm S if it does not invest. Thus, the wholesale price ws should be set at

—(3t—2A)2

w2:1+A—§1f0<—andA< corife< ® o

and £ <A< orifc<?and
A > 3t . Otherwise, the wholesale price w, should be set at wy =1 — and investment will

not occur. We proved the following lemma.

Lemma 28. If Firm A and Firm S agree on a supply contract in Period 1 and commit not

3t

to renegotiate it, they set wi =1 — 5, and a higher pem’od-? wholesale price wo =1+ A —

—(3t—2A)2
16t

3t

0nlyzfA<—cmdc<—,07‘zf <A< ande<? ,orzfA>3tcmdc<%.

We are now ready to derive the equilibrium of the game with commitment not to
renegotiate. If Firm A buys from Firm T, industry profits across two periods are 2t + & —C

if ¢ < 1—8t(A + 6t) and 2t, otherwise. On the other hand, if Firm A buys from Firm S,

industry profits across the two periods are (1 — %) +(1+A- % —c)if A< % and ¢ < %, or

8t2—(3t—2A)2

t
if <A<—andc< 6l

,orif A > 3t and c < % Otherwise, the investment will
not occur, and industry profits across two periods are (1 — %) + (1 —£).
Comparing industry profits across these two sub-games (when Firm A buys from Firm S

or Firm T) leads to the following proposition.

Proposition 11. Firm A buys from Firm T and invests if 5§ < ¢ < %. Firm A

82— (31-24)?
16t

3t

buys from Firm S and invests if A < £ and ¢ < —, t<A<Zandc< , orif

A > 3t and ¢ < % Otherwise, Firm A buys from Firm S and does not invest.
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Figure 6: Equilibrium Regions for Firm A Supply Strategy (¢t = 0.65). Left panel: with
commitment not to renegotiate. Right panel: Base model.
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[ | Firm A sources from Firm S in both periods and invests (Zone 1).
Firm A sources from Firm S in both periods but does NOT invest (Zone 2).

Firm A sources from Firm T in both periods and invests (Zone 3).

The above figure illustrates the proposition (outcomes of the game with a commitment
not to renegotiate) side-by-side with those of our main model. We restrict our attention to
the more interesting case of A < 3t. Even when firms can commit not to renegotiate the
contract in period 2, Firm A still may buy the input from the third party when A is large
and c is in an intermediate range. Even though the firms commit to a supply contact, Firm
A cannot commit to investment. Competition between Firm A and Firm S in the product
market can lead to a relatively low benefit of investment for Firm A, which leads to the firm
buying from the third party as a possible equilibrium outcome. Nonetheless, committing
not to renegotiate expands the region of parameters in which Firm A buys from Firm S
and invests while shrinking the region in which Firm A buys from the third party. Thus,
although the commitment can improve channel outcomes and decrease the under-investment

and hold-up issues, it does not fully eliminate them.
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B.7 Uncertain Innovation Outcome

Suppose in our main model, if Firm A invests in its supplier, the product value increases by
A only with probability ¢. If Firm A decides to invest, the value of the product (whether
it is increased to vy or not) is revealed after the investment occurs but before Period 2
negotiations. Our main model is obtained by letting ¢ = 1.

Lemmas 1-2 do not change. In Lemmas 3-5, the statement “if Firm A invests,...” changes
to “if Firm A invests and it is successful,...”. In Lemma 6 (Investment decision), we replace
¢ by g because the investment occurs if the expected benefit of investments outweighs the
cost, c¢. The benefit of a successful investment is the same as in the main model, whereas

the benefit of an unsuccessful investment is zero.

Period 1 Equilibrium

There are three cases. If 2 < %, similar to the main model, Firm A contracts with Firm S
in both Periods and invests (which may or may not succeed).

On the other hand, if g > maaz{%ﬁ} + %, the investment would not occur
(regardless of the Period 1 supplier). Thus, the Period 1 supplier is Firm S for the price
softening benefit.

A c A2—18t4+27¢2

. . 2
Finally, consider § < ¢ < max{ T

5 ,0} + §. Per Lemma 6, the investment

decision depends on who the Period 1 supplier is. In particular,

e If the Period 1 supplier is Firm S, the investment does not happen, and industry profits

across the two periods are [ =2 — ¢

e [f the Period 1 supplier is Firm T, the investment does occur, and the expected industry

profit across the two periods is EIl =t — ¢+ q(t + 5 A?) + (1 — ¢)(1 — &)

The first term is larger (Firm contracts Firm S) if and only if ¢ > 2t — 2+ ¢(t + 5 A?) +

(1 —¢)(1 —%). Otherwise, the Firm contracts with Firm T and invests. It is possible Firm
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A contacts with Firm T and invests, but the investment fails. In this situation, Firm A

switches to buying from Firm S in period 2.

To summarize:

Firm A buys from Firm S in both periods and invests if 5 < %

Firm A buys from Firm S in both periods without investing if f; >

2_ 2 2_ 2
max{m :132:;+27t 0} + %’ or % < g < max{mg,)#,o} + % and ¢ > 2t — 2 +

gt + A% + (1 —q)(1 - 5).

{ 2A2—18t427¢2 ’ 0}+%

Firm A buys from Firm T in Period one and invests if % < g < max 361

andc<2t—2+q(t+éA2)+(1—q)(1—%)_

As the probability of successful investment (q) decreases from one, Firm A’s incentive

to work with the third party shrinks because working with Firm T is beneficial only if it is

followed by a successful investment in innovation.

Value Improvement (A)

Figure 7: Equilibrium Regions with Uncertain Innovation Outcome

q=023 q=0.6 qg=1

T 3
Zone1l |~

Tain? % Zone 2 Zone 2

Cost of Investment (c)

[ ] Fim A sources from Firm S in both periods and invests (Zone 1).
Firm A sources from Firm S in both periods but does NOT invest (Zone 2).

Firm A sources from Firm T in period one and invests (Zone 3).
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