Technical Appendix
Used Goods, Not Used Bads:
Profitable Secondary Market Sales for a Durable Goods Channel

Equilibrium Quantities for Integrated Channel with Commitments to Consumers.
(See Table 1)

The channel’s objective is given by:

max ﬂ-czhannel = (pzn _C)Q2n +(p2u —Cy )qzu +(p1n _C)qln
U2n>%2u-1n
st. {qznanU aqln} 2 0, qln 2 q2u

We will verify that ¢,, 20 and q,, 2 0 after developing the following Lagrangian:
L(q2n 5 q2u s qln ) 2’9 v.a, 0: C) = ( p2u - Cu )q2u + ( p2n - C)q2n + ( pln - C)qln + ﬁqun + l//(qln - q2u )

Substituting for the inverse demand equations, we derive the Kuhn-Tucker conditions:

L .
O Cn GauGins 2V3 %0 C7) _ oo (14 gyt y 4y — 20y, (@ + 0)+ A= 0

U2n

L .

‘ (qzn=q2u’qla°*v‘”’“=9=c’7):a<—1+zqm—2q2n—4qzu 1)+ 007 = 2tan + 0, )~y =0
2u

5L(an,q2u’qla’ﬁl"/’;a’g’c’” =1-C+a+2a0,, —2(1+a)q;, +¥ =0
In

A, =0

W (Qip —0p) =0

120

v >0

G0 20

qln 2qZu

Solving for q,,,0,,,0,,4, and y yields four cases:

CASE 1: q2n > 07 q]n > q2U

A=0
y =0
* 1 cRa+0
2 (l+a)a—ab+60-067)
* co
Oy =

2Qa —ab+0-6%)
« l+a-c cal

q1n= + 2
20+a) 20+a)a-ald+6-06%)
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CASE 2: 0sn :Oa Qi > 0oy
+ cRa+0)+y(l+a)2a—ab+6-67)
O+a(2+a+0)

w =0
0y =0
+ _y(l+a)a+0)-ca
. 2(0+2a+a’ +ab)
. a2-2¢+a+ay)+0(1-c+a+ay)
tn 20 +2a +a’ +ab)
CASE 3: (P :Oa Qin = oy

X 21—2]/+]/9+C+—7/_1

. l+a+6
, l+a+0
Oon =0

o 1—C+]/(a+0)

O = 21+ a+6)
+ 1-Cc+y(a+0)

I = v a+0)
CASE 4: Oy, >0, Gy = oy

A =0

* 1+a—C+Cl9

v o= 2—l—a+C
1+2a-af+0-6

f L C+a+0 )

M2V 1t 2a—-ab+0-6>

qQ, = l+a—-c+co

Mo+ 2a—af +6-6%)

« l+a—-c+co

Qin =

2(0+2a—ab+0—-0%)

From the restriction that {1,i} > 0, we determine when each of the cases is feasible.
2a0+6
<y< ,
a+6 2-0)a+6)
(1+a)2a—abd+0-6%)
2-)(a+6)

CASE 4 cannot exist because

Under the assumption that 14

w’ >0 implies that ¢ > . When q;n is evaluated at its upper

bound on y = __ 2040 and this lower bound on ¢, it is equal to zero. The

2-6)a+0)
expression for q;n is decreasing in ¥ and increasing in €. Therefore, the region for

which ~ >0 precludes q;n from being positive and both non-negativity constraints
cannot be satisfied over the parameter space.

Technical appendix for Used goods, not used bads page 2 of 29 pages



Examining q,, of CASE 1, we see CASE 1 is feasible if and only if
_y(+a)Ra-af+0-6%)

c<c(y,a,0)=
¥ ) 200+60
Examining A~ and (q,-s,,) of CASE 2, we see CASE 2 is feasible if and only if
_ _pn?
¢ (r.at.0) = y(I+a)a—abl+60-07) cc<C(rad)=l+a—y+ a_

2a0+0 a+6
Examining A~ of CASE 3, we see that CASE 3 is feasible if and only if

> (r,a,0)=l+a-y+ a
a+6

In summary:

_ _pn?
Ifc<c*(7,a,¢9)zy(l+a)(2a ab+0-6")

, CASE 1 is the equilibrium.

200+ 6
_ _ 2
If ' (y,0,0) = LUFPDCE=a0F0207) o oy l4a—y+—2—  CASE2is
20+6 a+0
the equilibrium.
(04

Ife>c”(r,a,0) =1+a—y+ , CASE 3 is the equilibrium.

o+
Equilibrium prices follow directly from substituting the equilibrium quantities into
equations (1)-(4) of the text. Equilibrium profits follow directly from substituting the
equilibrium quantities into the firm’s profit expression.

Q.E.D.

_ 2
(Y0 —atag, +ay) (See Equation 6)
42a +0)

I'=(Py —€)%,=[(r = O Na+0)-(1-0,, +0,,)x]q,, if g,, =0.
First order condition with respect to ,,: a(y +0,, —1-4d,,)—260q,, +y0=0

Proof that I'"(q,,) =

Second order condition with respect to ¢,,: —4a—-20<0

_yP-a+aq, +ay

Thus q,, = maximizes I'.

2(2a+0)
Substituting d, = 20— 5 %907 g (- q,, Yar+6) - (1-G,, +0,,)ala,, vields
2(2a +6)
. 0—-a+aq,. +ay)’
F (qzn) — (7 qln 7/)
42a +0)
Q.E.D.
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Proposition 1: For c<c’ (y,a, ), the following multi-part tariff coordinates the
distribution channel:

2 2
W::i{4c+2a7_a 1+2y) ca(a +06) | ala—ca+a’—c) }

20+0 (I+a)a+0-a8-6°) o’ +2a+60—-ab-6°
— 2 —
g, (-0 ca’@-6)

? 20a+0)  2Qa+0-ab-0%)
pr _Ytar+c

2
Fl* :(pl*n _Wl*)ql*n +(p;n _W;)q;n +(p;u _C:)q;u —-t* Pan — Fz* 4
F, = (P3y = W)ty +(P3 =€), — T

ret

This tariff replicates the outcomes of a vertically-integrated firm that can make credible
quantity commitments to consumers. In this contract, the manufacturer charges w, >c

and a fixed fee Fl* in the first period. In the second period, the manufacturer
chargesw, >c and a fixed fee, F:, in addition to imposing a maximum resale price, PZ"; :

The retailer makes only a normal return to its capital, while the manufacturer garners
the remainder of total channel profits.

Proof:

_ _p2
We look at the case 0<C<C*((l,9)5 y(l+a)2a—-ald+60-0 ).
2a+0

With a price ceiling, the retailer’s objective in the second period is to maximize profit,
such that the retail price for new goods is less than the price ceiling, P,,. Recall p; and

q, are the retail prices and quantities of good type j in period t, F, is the fixed fee

payment from the retailer to the manufacturer in period t, and w, is the per-unit

wholesale price in period t. This yields the constrained optimization problem with
Lagrangian multiplier, 4, below:

max (P,, —W,)0,, +(Pyy =€, )0, — F, + A(Py, — Pyp)

2n>H2u

st 1>0
(PZn_ pZn)ZO
ﬁ“(Pzn_ pzn):()

Solving the Kuhn-Tucker conditions yields two possible equilibria:
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Al:

P y+ay—-2P, +w,
l+a

W, +2(1+a)y—2P, W,(2a+0)—a(l-q, )a+6)
2(1+a) 2@ +2a-ab+0-6%)
W,0+a (W, —1+0q,, +aQ,, — @)
2’ +2a—-af+6-6%)

q2n(q1n7P2n5W2;]/aa50) =

q2u(q1n9P2naW2;yaa70) =

A2:

A=0
W, 2a+6)-a(l-q,,)(a+6)
(@ +2a-ab+0-6%)
wW,0+a(w, -1+q,, +ag,, —a)
2’ +2a-af+60-6%)

1
qzn(qlmP2n9W2;y’a70):E(7/ )

q2u(q1n’P2n7W2;}/5a50)=

with A1 being the solution if and only if P,, and w, are chosen by the manufacturer such
that 1-2P,, +W,>0. As shown in the text, F, will be chosen such that the retailer’s

. (10— ? ,
second period profit is reduced to I' = (0= ct + ol +a7) . Therefore, in the first
42a +0)

period, the retailer’s optimization problem is to

max ﬂlr;dz =(p,,—W)a,, —F +1—‘*(Qm)

1n

St E(q2u) = q2u (q]na Pznawz;y’a? 9)

From the first order condition, the retailer’s first period reaction to the manufacturer’s
contract is given by

at(l+y)+2a’(4=2W, +W, +y — )+ 26 (1-w,)(1-0))

P 7W’W; b ,9 =
O (P W W3 7,0, 0) = 2 18- 50) 1 407 (1—0) + > (16 £ 90 1167 + daf(d—20— )

&> (8—2W,(4— 0) + 0(4 +3W, + 3y — 50— 2y0)) + aO(8 — 8W, + 60W, — O(4— W, — ¥ + (2 + 7))
30 +a’(18-50) + 40> (1-0) + &* (16 + 90— 116* + 4a0(4— 20 - 6%))

for either of the two equilibrium retailer choices in the second period.

As shown in the text, F, will be chosen such that
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ret

Fl :(pln _W])qln +(p2n _Wz)qzn +(p2u _Cu)qZU - Fz -

The manufacturer’s objective is:
ma)iv (p2u - Cu )qzu + ( p2n - C)an + ( pln - C)qln _Zrm b

Py s W, Wy

where p,; and c, are given by Equations (1)-(4) and q; are (P

2n?

W, W,;a,6,c) from
above. We first look at the equilibrium in the second period with
A= y+ay—=2P, +Ww, ‘
l+a
Solving the first-order conditions yields:

2 2
Wf:i{4c+2a7_“ 1+2y) ca(a +0) | ala—ca+a’—ch) }

20+0  (1+a)a+0-a0-0*) o’ +2a+60-al-6’
J— 2 —
g, eta)(-0)  ca’@-6)

: 20a+0)  2Qa+0-ab-0%)
P;n _ 7/+a7+c.
2

The above contract is a candidate equilibrium. Substituting this contract into the

retailer’s reaction yields 1" = >0 forall cand ,8 > 0. The equilibrium response

a+0
by the retailer to this contract is then bound by P, and is given below:

Ol -c—0+cO)+a(2-2c+2a+2c0-0° —ab)

i = 21+ a)2a+0-ab—6%) )
o = co

M2 +0-ad-0%)

.1 cQa'+0)

G =517 (1+a)(2a+¢9—a9—492))'

This response has the same quantities as chosen by the vertically integrated channel with
quantity commitment as presented in Table 1 of the text. The manufacturer will then
choose to offer this contract over any other because the manufacturer’s objective,

(Py —C,)0,, +(Pyy =€)y, +(Py, =€), — "™, is maximized at the quantities chosen by

the vertically integrated channel with quantity commitment achieved by the above
contract. Thus,
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. O(l-c—0+cO)+a(2—2c+2a+2c0—-0% —ab)

n = 21+ a)2a +0-ab—6%) )
q* co
M 0a+r0-alb-0%)
* 1 C(20{+(9)
2 (I+a)2a+0-ald—-0")

is the unique equilibrium when the manufacturer offers a price ceiling.
Ca +0)

(I+a)2a+0—-ab-06%)

. . 1 .
We see the constraint that the constraint q,, = E(y — )>0 is

_ _ 2
satisfied if and only if c< ¢ (cr, 8) = L0+ “)(2; “; 020 Also,
o+

_ a2
qln_qzu:l_ c-0)a+06) . >Of0rauc<(l+a)(2a+¢9 ald -0 )'
2 (I+a)a-abd+0-06%) 2-0)a+06)
_ 2
I+ )Qa+0-a0-07) = o) forall —%— <y<— 2970 i
2-0)(a +0) a+0 2-0)a +0)

also true that q,, > g,, for all c<c(a,6).

Because

The fixed fees are presented in their entirety below:
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*

F' =

4a* (€216 +3a(6+a)) - 2c(1+ )16 +3a(6+ )+ (1+a)* 16+ a(26 +8y(-2+ ¥) +
a(T+47(=2+ 7)) —4a> (c* (-32+ a(5+38a +6a?)) —c(1 + a)(—64 + a(—6 + (58 + 9ar)))
+(1+a)* (-32+a(-23+Ta(4+a)+40y —8ay(1+a)+4r* (=7 +a?)))0 +

a? (-2¢(1+ a)(96 + a(~186 + (209 + 45¢ + 6c*))) + €% (96 + a(-234 + (=213 + 4a(22 + 3))))
+(1+a)* (96 + a(-114-281a + 20a* + Ta® —8(18 + (=31 + a(—4 + )y

+4(38+ a(=35+a(-8+a))y*)))0* + a(2c(1 + a)(-32 + a(207 + a(36 + a(-167 + a))))
+C2(32+ a(-231+ a(19+230a —8a))) + (1+ a)* (32 + a(-179 + 5a(-27 + a (33 + )) — 56y
—8a(-38+a(13+2a))y + 425 +3a(-23+ a3+ a)))r*)))o’

+(C2(4+ a(-88+ a(147 + a(152 — 61a)))) + 2¢(1 + &) (—4 + (84 + (=107 + 2 (=70 + 1 7))))
+(1+a)* (4 +a(a(a(59+ 284 —13a)a) + 8a(18 + a(-25+ )y + 4(8 + a(-56 + (38 + )))y*
—8)10+»))))O* —(c* (12 + a (=76 + 5a(-3+13a))) — 2¢(1 + @)(12 + (=68 + a (27 + 46)))
+(1+a)*(12-4y" +12a(-1+ )5+ Ty)+ a* (47 + 403 - 4y)y + > (43 + 8y (=5 +37)))6°
—(c(24-2a*(35+23a)) +C* (-12+ a(16 + 27a)) + (1 + &)* (12 + a(8 + 23r) — 8ay (<3 + 4ax)
+120+3(2+a)a)y?)0° =41+ a)(-c+a)’ —2ay(l+a)+(1+a)(-3+5a)y*)0" —4y*0° (1+a)?)
+(16(1+a)* Qa+0)a(-2+0) -0+ 6*) a2+ a)+ 0 —ab —6%))

F, =
- 2 A0 02 _053(1"'27)2
oarg @ WH -4 @-0)-— "~
CRa+0)a’ —abB+a(ll+6a))+6° (-4+a’R+a)+62+a)’)
(I+a)QRa-ald+6-6%)

a’(4y0—a(1-2y(1+6))
20—a0+60-6° )

+4ay(l-y—-0)+

2c(—aQ+a-2y)+2y02+a)+

+

l+a
Q.E.D.

The equilibrium retail prices are presented below:

_1+c+a
Pin ==
]/+C+Ol}/
Py = ———
_0(0-6"+a(l+2c—cH+0-0%))
M 21+ a)Ra+60-ab-6%)
c :a2(2+20+2a—c@—a9—92)+a(9+200+92+c¢92)
‘ 21+ a)a+6—-ab—6%)
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Proof that F2 may be negative.

2
Evaluating F, at the upper bound on c=c¢ (y,a,0)= y(L+ 00(2;‘ ag +0-0") we
a+

have
24 2
F;:_a (I-y+,0) <0
162a + 0)

Q.E.D.

Proof that w, —c is decreasing in c.

ow,-¢) a’+ab -1 ~ 1
ac 4 (l+a)a-ab+60-6%) a’*+2a-ab+0-06°
fact thatar < 0 < 1.

) <0 by the

Q.E.D.

Proof that w, >c.

W, —C is decreasing in C. Evaluated at ¢’ ( VO, 9) this expression is equal to
a*(1-y +y0)(a+6)
42a+0)a’ +2a—ab+0-6%)

is positive, implying w, >C.

> 0. Therefore, for all c<c (7/, a, 6’) , the value w, —c

Q.E.D.

Proof that potential gains from renegotiating and ignoring first-period consumer
expectations can be eliminated by the loss in profit due to re-formed second-period
consumer expectations. (See Section 2.2)

The retailer and the manufacturer will choose to renegotiate if renegotiation can make
both players better off. Therefore, renegotiation will occur only if total channel profit can
be greater. Let s, be the value of the future relationship if renegotiation does not occur.
Let s; denote the value of the future relationship if renegotiation does occur. Let s - 5;>0,
reflecting the fact that consumers rationally update to lower expectations of future buy-
back price if there is renegotiation, with a resulting negative impact on channel profits.

Ifc<c’ (7,a,8), the maximum total channel profit possible in the second period, if the

original choices made under commitment are discarded, is

max 0,,(Py, —C) + 0y, (Pyy —C,) Where p,, and p,, are given by Equations 3 and 4 in
G2n,02u

O(1—-c-0+ch)+a(2—2c+2a+2c0 -6 —ab)

the text and the value of g, = ( >
20+ a)2a+0—-ab—-67)

), as
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generated by the equilibrium contract from the text. Therefore, the maximum channel
profit when renegotiation occurs is:

i 1
renegotiate _ 2c(l+aXa(=2+0)+(—1+6)0)*
7 16(1+a)(—2a+a49—9+02)2(a2+2a+g_a9_92)[ (1+a)(a( )+(-1+6)0)

(@ (=2+4y(=2+0)) - 2a0(4y(-2+0) - O)(~1+0)—4y0* (1- 0)’ + a* (0(30 — 5) + 4y (=4 + 30))) +
+(1+a) (RRa+ab-0+6* (a(a+4Q2+a)y*)—4(a—-1)y’0-4y°6%)

+C22a +0)(8a0(2 - )1 - 0) + 407 (1- 0)* +20° (5-40 + 0*) + &> (16110 — 20 + 6°))].

The difference between renegotiation-enabled channel profit in the second period and the
second-period channel profit with manufacturer commitment is

a’(@*(2+0)+0(-1+c+0—-cO)+a(-2—-2c(-1+0) + 6%))*
16(1+a)(2a+ab-0+6*) (a* +2a+0—-ab-0%)

Because there is no logical upper limit on sy, - s there exists an

5 —5) = a’(a?(-2+0)+0(-1+c+6—-cO)+a(-2-2c(-1+6) + 6%))*
"o 16(1+ @)(—2a +af — 0+ 0%)(a* + 2a + 0 — afd — 62)

such that for all (s, —s,)>(s, —S,)  the contract will not be renegotiated after the first
period.
If ¢ > ¢’ (y,a,0), there is no profitable renegotiation in the second period.

Q.E.D.

Proposition 2: For c>c¢” (7, a,6), in equilibrium, the manufacturer charges w, equal to

the marginal cost of production, ¢, and a fixed fee F, in the first period, and ceases

production in the second period, in which the retailer sells only used goods. If no first-
period consumers keep their purchase in the second period, that is,

c>C(y,a,0)> c*(y,a,H), then the maximum profits of an integrated channel are

achieved. If any first-period consumers keep their purchase in the second period, the
equilibrium outcome nets the channel lower profits than if credible commitments to
consumers were feasible.
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Proof:

We first derive the equilibrium contract and resulting quantities. We then
compare these quantities and the channel profit to that of the vertically-integrated channel
with quantity commitments.

As shown in the proof of Proposition 2, the manufacturer will cease new good
production in the second period and yield to the used good market if c>¢” («,0). The
sequence of events becomes:

1) The manufacturer offers contract of fixed fee, F,, and per-unit wholesale price, W, .

2) The retailer chooses first period quantity.

3) Consumers make purchase decision according to equation (2) in the text.

4) The retailer chooses second period used good quantity to sell at the price governed by
equation (3) and purchased at a cost governed by equation (1) with q,, =0.

In the second period, the retailer sells used goods, subject to availability. This yields the
retailer’s constrained optimization problem with Lagrangian multiplier, 4, below:

rI;aX( Py = Cy)lay + A0y — Gay)

st A>0

(qln - QZn) >0
ﬂ*(qln - qzn) =0

Solving the Kuhn-Tucker conditions, we have the following possible outcomes:
Bl:

A=0
a(-1+ Gy +7)+ 70
2Qa +6)

q2u (qln;%aﬁ) =

B2:

A3 7,@,0) = a(y =1-30,,) + 0(y —20;,)

0,y (qln) =0 »

—a+y(a+0)
3a+26

We now look at the firm’s sub-game perfect equilibrium choice of q,, in the first period.

with B1 occurring if q;, > and B2 occurring otherwise.

In a rational expectations equilibrium, the retailer’s choice of ¢, will maximize first and
second period combined profits:
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Héax( Pin = W)0y, +(Pyy =€)y, — F

St Gy, (4:7,0.0)= E(6y,) = | * (argmax 73*) +(1- g,
—a+y(a+6)
3a+20

We look at the two cases of the indicator function separately and then identify when each
will happen.

where [ is an indicator variable taking the value 1 if q,, > and 0 otherwise.

For B1, some first-period consumers decide to keep their purchase into the second period.
This implies that the indicator function I takes the value of 1 and the retailer’s objective
is:

n(}ax(pln =W ) + 0y (g5 72, 0) * (Py Ay s 7, @, 0) — €y (Ay s 7, @, 0)) + A, (Qy, —

n 3a +29
st. 4,20

q >—0{+]/(0{+9)

= &z+2% 0
—a+y(a+

A2 (G &;;29 =0

where ,,(0,,;7,,0) is defined from B1 above and p,(q,,;7,c,0) and c,(0,,;7,2,0)
are derived from plugging 0,,(q,,;7,«,0) into equations (2) and (3).
Solving the Kuhn-Tucker conditions, we again have two possible cases as below:

Bli:

A, =0

2022w, +a+ay)+20(1-w, +a+ay)

" 50 +8a +40 +4al
Blii:

P 1 a(1+7)_a(2—a)(2+7/)+2(—1+wl+;/—2a—a)/))
22040 (3a+20)> 30+ 20

q _—a+y(a+0)

" 3 +26

We examine the manufacturer’s optimal contract. The retailer will accept the
manufacturer’s contract if it yields the retailer a profit equal to the value of the outside

option 7™ . Therefore, the manufacturer chooses W, and F, to maximize profits, subject
to retailer’s acceptance of the contract:
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max(w, —€)q;,(W;;7,a20) + F

w;,F

st. By < (P (W3 7,@6) —W,) * Gy (W3 7, 20) + (Do (W 7, @6) — €, (Wy5 7, @0)) * Oy, (W5 7,20) — T

where ,,(W;;7,af) and ,,(W,;y,a0) are the retailer’s reaction functions described by

B1 and either B1i or Blii. Because the manufacturer’s profits are strictly increasing in
F, , this fixed fee will be charged such that the constraint binds. The manufacturer’s

objective function is then:

max 7™ = (P (Wy5 7, @0) =C)* Ay (Wys 7, a0) + (Poy (W5 7, a8) —C (W5 7, ) * Oy, (W1§7/a059)_77m-

Wy
For Bli:

The first order condition is

o™ 2(c-w)Ra+6)
oW,  5a° +8a+46+4a6

which is satisfied at
W, =cC.
Profit is extracted through the fixed fee equal to

B (a(=1+y)+y0) +4(a(2—2c+a+a;/)+6’(l—c+a+a7/))2 o
! 4Q2a + 0) 420 + 0)(40(1+ @) + 8a + 5a°) -

For B1ii, the manufacturer’s profit objective function is
(ya—a+0)a(d-3c+a—y+2ay)+0Q2-2c+a—y+3ay)+y0%)
(Ba +26)*
unaffected by choice of w,. In which case, manufacturer profits will be maximized at

ret . .
-z, which is

any {W,, F,} such that

F :(pm(Wl;]/,aﬁ)—Wl)*qln(Wl;y,a6)+(pZU(Wl;]/,aH)—Cu(Wl;y/,aﬁ))*qZU(Wl;y,aﬁ)—7_rret
d l(a(l+7)_a(2—a)(2+}/) N 2(-1+w, +y-2a-ay)
2 20+0 (Ba +26)* 3a+26

)>0 .
It must now be verified that the manufacturer would not prefer to increase the wholesale
price above marginal cost in order to induce the retailer to choose Blii.

The difference in profits from B1i and Blii is equal to:
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(@ (11+y)—40* (y —1+C) +2a0(9 —7¢ — 67 + 20) + > (20 — 12¢ — 8y + y0 + 146))* 0
420+ 0)(3a +20)* (5a” +8a + 40 + 4a0) '
Therefore, the manufacturer, in equilibrium, will charge w, = ¢ for B1. The retailer will

choose Bliif A4, <0, which occurs if:
a’(1+y) L aQ2-a)2+y)
2Qa +0) 6ca +40
a’(1+y) L a2-a)2+y)
2Qa +0) 6c +40

c<l+a—-y+

. The resulting quantities are in Table 2. If

cx2l+a—y+ , the retailer prefers Blii to Bli.

We now look at B2.
For B2, all first-period new goods are sold as used in the second period. This implies that
the indicator function I takes the value of 0 and the retailer’s objective is:

—a+v(a+0
max(Pyy — W)y + Qo (@ + O — ) — ) 440 (C2TTETO) oy
? 1 50 3a+20
S. . 2 -
—-a+y(a+0)
< - /777
Uin 30((4_2%,)
—a+y(a+
7 ar2e 70

Solving the Kuhn-Tucker conditions, we have the following two possibilities:
B2i:

q _1=w +y(a+0)
n 20+ a+06)

B2ii:

; At (2+y) =200y + W, — D)+ (53w, — 2y +20 + y0)
2 Ga +26)°

q = —a+y(a+6)
n 3a+20

We examine the manufacturer’s optimal contract. The retailer will accept the
manufacturer’s contract if it yields the retailer a profit equal to the value of the outside

option 7" . Therefore, the manufacturer chooses W, and F, to maximize profits,
subject to retailer’s acceptance of the contract.

Technical appendix for Used goods, not used bads page 14 of 29 pages



mE}:X(Wl —C)qln(W1;7,05:‘9)+ Fl
t

st. F] S(p]n(Wl;]/,a,e)—Wl)*qln(Wl;j/,a,e)-i-(sz(WI;Q/,O{,H)—Cu(Wl;j/,O(,H))*qu(Wl;y,O[,e)—gre

where d,,(W;7,,0) and ¢, (W,;7,a,0) are the retailer’s reaction functions described

by B2 and either B2i or B2ii. Because the manufacturer’s profits are strictly increasing in
F, , this fixed fee will be charged such that the constraint binds. The manufacturer’s

objective function is then:

H}NaX”mfgr :(p]n(W];}/,a,&)—c)*q,n(wl;}/,a,ﬁ)+(pzu(Wl;}/,a,H)—Cu(W,;;/,a,9))*q2u(wl;}/,a,9)—7?ret,

where the quantities, retail prices and buyback prices are derived from the retailer’s
reaction function from B2i and B2ii. The first order condition

or™"  2(c-w)Q2a+6)
oW,  S5a° +8a+40+4ab

1s satisfied at
w, =C.

The manufacturer extracts profits from its fixed fee,

E = (I-c+ay+6y) _ et
4(1+a+6)

Notice B2ii is the same as B1lii. It must now be verified that the manufacturer would not
prefer to increase the wholesale price above marginal cost in order to induce the retailer
to choose outcome B2ii. The manufacturer’s profits from B2i minus the profits from
B2ii is equal to

Qa’ +ay —20(y —1+¢)+a(5-3¢ -2y +20 + y0))* 0
41+ a +0)3a +20)° '

Therefore, the manufacturer, in equilibrium, will charge w, = ¢ for B2. The retailer will
a(5-2y+2a+ay)+0Q2-2y+2a+ay)
3a+20 '

choose B2i if 4, <0, which occurs if ¢ >

The resulting quantities are in Table 2. If
o< a(5-2y+2a+ay)+0Q2-2y+2a+ay)
B 3a +20

, the retailer prefers B2ii to B2i.

We may now summarize the equilibrium:
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a’(1+y) +a(2—a)(2+;/):

If c’(y,a,0)<c<l+a—y+
(7.a.0) " 0a+60) 6a+40

W, =

e (@14 +70)  (@2-20+a+ap)+0(1-C+a+ay)]
: 42a+0) a+0)(40(1+a)+8a +5a%) B

+  20Q2-2c+a+ay)+20(0-c+a+ay)

n 502 +8a + 460 + 420

aQ —1(3 _a(+y) 2a(l+3c+a+y(@+a)
w =TS e a8+5a)+4(1+a)d

If1+a_}/+a2(1+;/)+a(2—a)(2+;/)<C<a(5—27/+2a+a}/)+6’(2—27/+2a+a7/)‘
22+ 6) 6a+460 3+ 26 '

W =c

*:(}/0{—a+0}/)(0{(4—30+a—7/+2057/)+(9(2—2C+a—7+3a}/)+702)_ﬂret

F
1 Ga +26)> =

or any {w,,F,} such that
Fi = (P (W5 7, @6) = Wy) * 0y (W5 7, @0) + (Pay (Wy 7, 20) — C (W5 7, 0)) * Uy (W5 7,00) — '™

t

dl(a(1+}/)_a(2—a)(2+y)+2(—1+W1+7/—2a—a7/))20'
2 2a+0  (3a+20)° 3a+20
« _—a+y(a+0)
I =30 120
+  —a+ty(a+0)
T =T 20
Ifc>a(5—27+2a+a7)+0(2—27/+2a+a7/):
3a +260
W, =¢
o (I-c+ay +0y) e
4l+a+0)
+  1-C+y(a+0)
" 1ta+0
+ _1-c+y(a+0)
M2+ a+0)
O
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We now show that when there are first period consumers who keep their good into the
second period, the decentralized channel earns lower profits than does the vertically

integrated firm with quantity commitments. This is when ¢ (y,a,8) <¢c <C(y,a,6).

The difference in profits of the vertically integrated firm with quantity commitments and

the decentralized channel is equal to:
cx2(05(2—2c+cz+a}/)+0(1—C+05+a}/)2

4Q2a+0)aB@+5a)+40(1+ )@ +a(2+a +0))

channel nets lower profits as a decentralized channel without commitments to consumers
when there are first period consumers who keep their purchase into the second period.

>0. Thus, for c>¢ (7,a,6), the

Q.E.D.

Proof of Equilibrium Quantities for Decentralized Channel without a Secondary
Market (See Table 3)

The inverse demand equations for new goods in each period are derived in a similar
manner as in the first section. Without a used market, these prices are governed by the
following functions:

P =1-0,)(1+)
Pan = (1 =0y + ).

The total channel profits are given by:
Z ehannel = (P1n —C)jp + (P2n —€)a,
st. Q,, >0.

This leads to the maximization problem with Lagrangian multiplier, y,

max L(qln,ana}(;aa 0,c)= (pln _C)qln +(p2n _C)an + XQan

Uin>%2n

st. x>0
X2, =0.

We have the Kuhn-Tucker conditions below:
lI-c+a-20,,(1+a)=0

y+toay+y-2q,,1l+a)-c=0

X2y =0
x=0

which are satisfied at:
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1-c+a«
Un =%

C2(l+a) .
] y-ctay if c<y(l+a)
2+ a)
_l-c+a
and T 2(0v ey ifc>plta).
qzn:()

In the second period, the retailer chooses quantity to maximize
e =(p,, —W,)d,, . Taking first order conditions, we find the retailer’s optimal response

to w, to be

YWy +ay

Opn(W,) = 2 +a)

In the first period, the profits of the retailer are 7;* = (p,, —W,)q,,. When used

goods are not sold in the second period, there is no inter-temporal link between first and
second period quantity choices due to the fact that there is a renewable market of
consumers. Therefore, the retailer’s optimal quantity choice in period 1 depends only on
w,. The best response of the retailer is given by:

l-w, +a
2(1+ )

The manufacturer can induce the retailer to choose the channel optimizing
quantities in each period by offering a wholesale price equal to the marginal cost of
production. In the second period, the retailer does not have the outside option to sell used
goods. The manufacturer can use a fixed fee in each period to leave the retailer with
profit just equal to its reservation payoff, which is normalized to zero without loss of
generality. Hence the fixed fee in each period is equal to the period’s channel profit. The
resulting quantities are presented in Table 3 in the paper and the resulting manufacturer
profit is presented in Table 4..

qln (Wl) =

Proposition 3: When the equilibrium solution involves sales of both new and used goods
in the second period, the manufacturer and the channel earn greater profits than when
there is no secondary market.

Proof:

The retailer will sell new and used goods in the second period if c < C*(y,,0).

The manufacturer’s profit when there is an imperfect secondary market, from equation
(12), 1s:
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g _ (1402147 -2 +a)1+y)  CR-0Ca+0)
41+ a) dl+ra)2a+0-ab—-0>) =

The manufacturer’s profit when there is not an imperfect secondary market, from Table
4, 1s:

2¢% —2¢(1+ )1+ )+ (1 +a)*(+y?) e
41+ ) -

The difference between the manufacturer’s profit when a secondary market exists and
when there is no secondary market is given by:

c?6?
41+ a)2a—abd+0—-6%)

. This value is greater than zero for all & < 6 <1.

Q.E.D.

For completeness, we analyze whether this result holds when the retailer, in equilibrium,
sells only used goods in the second period.

First, we look at when there are no new good sales in the second period when there is not
a secondary market, c> y(1+a):

2
% - " We are able to show that in
+a

this case, the manufacturer’s profit is greater with a secondary market than without one.

The profit without a secondary market is

If max{y(1+a),c’ (y,a,0)} <c<T(y,a,0):
The manufacturer’s profit when there is an imperfect secondary market, from Table 4, is:

LT (a(~1+7y)+y0)* N HaR-2c+a+ay)+0(1—-c+a+ay))’ o
420 +6) 4Ra+O)(A0(1+a)+8a+5a’)

We define Q(c,y,a,0) as the difference between the profits when there is a secondary

market and when there is no secondary market. We evaluate this difference at the upper
bound on c for this case, C=C(y,a,d). This equals

(—a + y(a +0))* B’ (64 +37a) +8a*0(32 + 23x) + 1600 (7 + 62) +166° (1 + @) -0
16(1+ a)2a + 0)> (3 + 20)* '

Note that:
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oQC,7,a,0) _a(a(l+3c+a—4y —4ay)—4y0(1+a))
oc 21+ a)(5a° +8a +40+4a0)

~0Q(c,y,a,0)
' oc

Claim is negative in the range for which there will be positive sales in the

no secondary market case.

oQ(c,y,a,0)
oc

3a’(1-Cc+a)
2(l+a)aB+5a)+4(1+a)0)’

all c <1+« . There are positive sales in the no secondary market case only if c <1+« .

oQ(c,y,a,0)
oc

Proof: This derivative is clearly decreasing in . evaluated at the lower

bound on y = is equal to which is negative for

Therefore, is negative for all C in the range.

Because Q(c,y,a,6) is decreasing in C in the range of positive sales and positive at
c=C(y,a,0), Q(c,y,a,6) is positive for all max{y(1+a),c’ (r,a,0)} <c<CT(r,a,0).

Ifc(y,a,0)<c<C(y,a,0):
The manufacturer’s profit when there is an imperfect secondary market, from Table 4, is:

2(-c+ya+yO)|a(2-2c+a+ay)+0(1-c+a+ay)]
[40(1+a)+8a+5a2J

4(1+0:+49)[05(2—2c+05+05;/)+19(1—C+0¢-|r0¢7/)}2
[40(1+a)+8a+5a" ]

ret

We may define T(c,y,a,6) as the difference between the profits when there is a

secondary market and when there is no secondary market. Evaluated at the lower bound
oncC, c=C(y,a,0), T(c,y,a,0)equals

(—a+y(a+6))*Ba’ (64 +37a) +8a>0(32 + 23a) +16a0* (7 + 6a) +160° (1 + ) 0
16(1+ @)2a + 0)> B +20)? '

Evaluated at the upper bound on ¢, ¢ =C(y,a,80), T(C,y,a,0)equals

(12¢ + 30 + 460 + 4a6)(—a + y(a + 0))* -0
41+ )3 +260)° '

Note that
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oTc,y,a,0) 1-c+a N a—-y(a+8) JIC,y,a,0)

. is decreasing in C and y. At the
oc 2+2a 3o +26 oc

minimum value of C, w is equal to — aQa +40)(ya+y0-a) which is
oc 41+ a)2a+6)3a+20)
negative for all <y< ﬂ. Therefore, LACYAD) is negative for all
a+0 2-0)a+06) oc

C(r,a,0)sc<C(y,a,0).

Thus, T(c,y,a,0) is positive over C(y,a,0)<c <C(y,,0), because T(C,y,a,0) is
quadratic in C, positive at C=C(y,«,#) and ¢ =C(y,,0), and decreasing in C over this
range.

IfC(y,a,0)<c<(l+a):

The manufacturer’s profit when there is an imperfect secondary market, from Table 4, is:

(1—C+0£7/+6’7)2 _ e
A1+ a+6) '

We may define A(C, 7, «,0) as the difference between the profits when there is a

secondary market and when there is no secondary market. Evaluated at the lower bound
onc, c=C(y,a,0), A(C,y,a,0)equals

Ba(4+a) +40(+a))(-a+y(@+0)’ _

41+ a)Ba +20)*
When A(C,y,a,0) is evaluated at the upper bound on ¢ for there to be any good sold

without a secondary market, ¢ = (1 + &), it is equal to

(-a+y@+0)”

40+ a+0)
Note that
M:l(l—y— ¢ +_1+C+7/),whichisnegativeforall
oc 2 l+a l1+a+6
~ . 20+ 6 .
C(y,a,0)<c<1+a,assuming <y< . Thus, A(C,7,a,0) is
a+6 2-0)a+6)

positive over C(y,a,0) <c <1+ a,because A(C,y,,0) is quadratic in C, positive at
c=C(y,a,0) and ¢ = (1+ «), and decreasing in C.
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Therefore, if ¢ > y(1+ ), the manufacturer earns greater profits when there is an

imperfect secondary market operated by the retailer than when there is no secondary
market.

Finally, we look at when there are new good sales in the second period when there is not

a secondary market, c < y(1+ &) :

22 —2c(+a)1+ ) +(+a)’(1+7?) e
41+ a) £

In this case, the manufacturer does not always earn greater profits with a secondary

market than without one.

The profit without a secondary market is

Comparing the profits of the manufacturer for ¢’ (y,a,0)<c<C(y,a,0) when the

retailer operates a secondary market (Table 4) to the profits when there is not a secondary
market, we find the manufacturer earns greater profits when the retailer does not operate
a secondary market in the region:

¢ (y,a,0)<c<c"(y,a,0)<C(y,a,0) < y(1+a) where

1+ a)Qa+0)a’ +8y+ay +4y0)
2Qa + 0)(a® +4a +20 +2ab)

J (1+a)2a +0)(5a” +8a +40 +4a0)(—2a° (y —1)* + &’0(y ~D)(1+ & — y +3ay) + 2070 + 470’ (1+ )
2Qa +0)(a® +4a +20+2a0)

c'"(y,,0)

Comparing the profits of the manufacturer for C(y,,0) < ¢ <C(y,a,0) when the

retailer operates a secondary market (Table 4) to the when there is not a secondary
market, we find the manufacturer earns greater profits when the retailer does not operate
a secondary market in the region:

C(y,a,0)<c<c"(y,a,0)<C(y,a,0) < y(1+a) where
(l+2)Ba+20)(5a + ya +260)
2(3a +26)*
\/— (1+a)Ba +20)* (a* 25+ a)(y —1)* —4ab(y —1)(5-10y +3a + 4ya) —40* (<1 —a + 4y — 4y +6y%a)—8y20° -

Cm(j/,a, 0) —

Comparing the profits of the manufacturer for C(y,a,0) <c <1+ y(1+a) when the

retailer operates a secondary market (Table 4) to the when there is not a secondary
market, we find the manufacturer earns greater profits when the retailer does not operate
a secondary market in the region:

C(y,a,0)<c<c(y,a,0)<y(1+a), where
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y+O0+all+a+y+60)

¢(y,a,0) =

(7.a.0) l+a+20

\/(l+a)(a(]/—l)(2—2]/+]/6’+0)+0(—1+4}/+}/2(—3+29)))
1+ a+20 ’

Proposition 4: When the equilibrium solution involves sales of both new and used goods
in the second period, the existence of a secondary market expands the number of
consumers who ever buy the product. Specifically, sales of new goods in period 1
unambiguously increase with the existence of a secondary market; sales of new goods in
period 2 decrease; and total new-good sales across the two periods may increase or
decrease with a secondary market. If total new-good sales across the two periods
decrease with a secondary market, incremental unit sales of used goods in period 2 more
than compensate for the loss in new-good unit sales.

Proof:

First, the existence of a secondary market expands the number of consumers who ever
buy the product :

The retailer will sell new and used goods in the second period if ¢ < C*(y,x,0).

In this range of ¢, the total quantity sold to consumers when there does not exist a
secondary market is:

l-c+« —-C+o 1+a)1+y)-2cC
q, +q, = 4 y _(A+a)(1+y)
21+ ) 21+ ) 21+ )

The total quantity sold to consumers when there exists a secondary market is:

l-c+a+ay+y 2ca(l-6)
2(1+ @) 21+ a)Ra—ab+6-6%)

Qin + 020 +0yy =

The difference between total quantity with the secondary market and without is:

cO(l+a—-0)
20+ a)a —al +0—-6%)

>0.

Therefore, when the retailer, in equilibrium, sells both new and used goods in the second
period, the existence of a secondary market expands the number of consumers who ever
buy the product.

Secondly, sales of new goods in period 1 unambiguously increase with the existence of a
secondary market.
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The difference between the first period quantity with the secondary market and the first
OU=0+c(@0-1)  \pen ¢=0 this
20(1+a)(2-06)

period quantity without a secondary market is

o(1-0)
2(1+a)(2-0)
which there will be new goods sold without a secondary market, this value is equal to

a(a+6)
2a(l1+a)(2-6)

Therefore, this value is positive and when the retailer, in equilibrium, sells both new and

used goods in the second period, sales of new goods in period 1 unambiguously increase
with the existence of a secondary market.

>(0. If c =1+ a, which is the maximum value for

value is equal to

Thirdly, sales of new goods in period 2 decrease.

The difference between the second period new good quantity with the secondary market
c 200+ 6
- =) <0.
21+ @) 20+ 60— -0
Therefore, when the retailer, in equilibrium, sells both new and used goods in the second
period, the sales of new goods in period 2 decrease with the existence of a secondary
market.

and without the secondary market is equal to

Finally, total new-good sales across the two periods may increase or decrease with a

secondary market.

The difference between the total new good quantity with the secondary market and

without the secondary market is equal to — od- 2C2_ 0+¢d) . When c < 1=0
2(a+a)(-2+0) 2-6

value is positive meaning the sales of new goods across the two periods increases with

, this

the existence of a secondary market. For ¢'(y,a,6)>¢C> , the total new-good sales

across the two periods decreases with the existence of a secondary market. This range
(1-0)2a+06)
(1+a)2-0)Ra-ab+6-0%)

exists if y >

Therefore, when the retailer, in equilibrium, sells both new and used goods in the second
period, the total new-good sales across the two periods may increase or decrease with a
secondary market.

O

For completeness, we analyze the impact of the secondary market on total sales in the
other regions.
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Region 1: (q,, —q;,) >0, 0,, =0 with a secondary market and q,, > 0 without a
secondary market; ¢ (y,a,0)<c<C(y,a,0)and c< y(1+a).

The total quantity sold to consumers when there exists a secondary market is:

Oin T l2n + 03y =
2a(2—2c+a+ay)+29(l—c+a+a]/)+l(3y_a(l+;/)_2a(l+3c+a+7(4+a)
5a” +8a +40 + 4al 6 20+6 50 +8a+40+4ad

The difference between the quantity sold with the secondary market and quantity sold
1 3c+3ay a(l+y) al+52)(1+3C+a+4y+4ay)

without one is equal to —( 2
l+a 20+ 6 1+ a)S5a” +8a +460 +4a6)

This is equal to zero at

co a(l+a)5a*(1-y)+20+4y0(1—0) + a(4+ 30 + 2y (4 - 50)))
2QRa+0)3a+20+2ab)

greater values of C, by fact that its derivative with respect to C is:

and positive for all

3a+2a0 +20

> 0.
(1+a)(5a” +8a + 40 + 4a0)

In other words, for ¢ (7, a,0) < ¢ <CT(y,a,0), there exists a value of ¢, above which

there is a greater total quantity sold when there is a secondary market operated by the
retailer than when there is not.

Region 2a: (q,, —9,,) =0, 0,, = 0with a secondary market and q,, > 0 without a
secondary market; C(y,a,0)<c<C(y,a,0)and c<y(l+a).

The total quantity sold to consumers when there exists a secondary market is:

2(-a+y(a+6
Oin t0on + 0y = ( 30{7_:_(20 ))

The difference between the quantity sold with a secondary market and quantity sold

_a(l=-y)+26(-y)
1+a 6o + 46
range of C: C(y,,0)<c<C(y,,0).

without one is equal to which is positive over the relevant

In this range, the existence of a secondary market expands the number of consumers who
ever buy the product.

Region 2b: (g,, —q,,) =0, 0,, =0 with a secondary market and q,, > 0 without a
secondary market; C(y,a,0)<c<y(l+a).
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The total quantity sold to consumers when there exists a secondary market is:

I-c+y(a+0
Oin t0on + 0y = ]/( )
l+a+6

The difference between the quantity sold with a secondary market and quantity sold
(1-a*)(1-y)+02c+(1+a)y-1)
20+ a)(1+a+0) '

without one is equal to

This difference is positive for over the relevant range of ¢: C(y,a,0)<c<y(l1+ ).

In this range the existence of a secondary market expands the number of consumers who
ever buy the product.

Region 3: (q,, —q;,) >0, 0,, =0 with a secondary market and q,, = 0 without a
secondary market; y(1+ a) <c<cC(y,a,0).

The total quantity sold when there is not a secondary market and ¢ > y(1+ &) is equal to:

l1-c+a

+Qy, =———.
Qin t U2 2t 20

The difference between the quantity sold with a secondary market and quantity sold
without one is equal to:

1(37/(1+2a)_a(1+}/)_a(2+5a)(1+3c+a+4;/+4a}/)
6 l+a 20+60  (l+a)(5a” +8a+40+4ab)

This is positive for over the range of ¢ for which q,, = 0 without a secondary market;
y(1+c)<c<l+a. Therefore, if y(1+a) <c<C(y,a,0), the existence of a secondary
market expands the number of consumers who ever buy the product.

In equilibrium, when there is not a secondary market, the total quantity sold when
Cc > y(1+ &) is strictly less than the total quantity sold when ¢ < y(1+ «) (The former

implying @,, =0 and the latter implying ¢,, > 0).
Because the existence of a secondary market expands the number of consumers who ever

buy the product for Regions 2a, 2b and 3, we may conclude that the same result holds in
the following two cases:

Region 4a: (q,, — 9,,) =0, 0,, =0 with a secondary market and g,, = 0 without a
secondary market; C(y,a,0) <c<C(y,a,f)and c>y(l1+ ).
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Region 4b: (q,, —q,,) =0, 0,, =0 with a secondary market and ¢,, = 0 without a
secondary market; ¢(y,a,0)<c<(l+a) and c > y(1+ ).

Therefore, the secondary market expands the number of consumers who ever buy the
product for any ¢ > y(1+ ).
O

Q.E.D.

Proof that allowing for used used -oods to offer lower value to consumers than a
used new-good does not have a qualitative impact on the results in this paper. (See
Footnote 8)

We modify the model in the following way:
Second-period buyers’ gross valuations of the goods are the same as for first
period consumers, with the additional option of purchasing a used good:

V(g,)=(1+a)p, if a new product is owned in the second period and
subsequently

o1+ a)g, if a used product is owned in the second period and
subsequently.

By the same analysis as conducted in the paper (see Section 1.2), this leads to
inverse demand equations:

C, = (1-q,+ qzu)a

P =(A—=0,) +E(C)
=(1+a)(1-q,,)+aE(Q,,).

Py =0(y =0y, — 0y )1+ )

P, = (7 =%, A =O)(1+ )+ Py,
=(+a)(y =0y = 00y)

With this new model set-up we will show two things:

1) The profits of the integrated channel with new and used goods sold in the second
period is greater than the profits of the integrated channel without a secondary
market. (As shown in the paper, when new and used goods are sold, in
equilibrium, in the decentralized channel, the manufacturer can replicate this
outcome)

2) With a secondary market, the new good quantity in the first period will increase,
the second period new good quantity will decrease and the total quantity sold
across two periods will increase.

The results of Propositions 1 and 2 in the paper follow straightforwardly using the
analysis set forth in the paper and technical appendix.
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The channel’s objective is again given by:

max ”t:zhannel = (p2n _C)QZn +(p2u —Cy )qzu +(p1n _C)qln
QZnquU’qln N
St {02n5024501n 1 20, 0py 20y,

Restricting our attention to when the vertically integrated seller with quantity
commitments to consumers will sell new and used goods in the second period, the
optimal quantity choices are:

. _a(l-0)-0c-(+a)) -0’ (1+a)l-c+a)

" 20+2(1+ )’ 0-2(1+a)*6*

| C(a+60+ab)

Oy == — 3 2 3
2 a(l+a)+0(+a) -0 (1+a)

. cla—60—-ab)

0y =

20+2(1+a)’0-2(1+a)*6*

Notice, that again we may define a ¢’ (7, &, ) such that c<c’(y,a,8) will imply positive
new good sales in the second period and c>¢"(y, a,8) will imply that the vertically

integrated seller with quantity commitments to consumers will cease new good sales in
the second period.

This leads to a total profit equal to

CQR+a—-ab-0) a+0+ab)

20 +2(1+a)’0-2(1+a)* 6>

We now compare this profit to the profit without a secondary market. Note that the
demand equations for when there is not a secondary market are unchanged by altering the

assumptions about the valuations of buying used goods. The additional profits from the
existence of the secondary market is then:

c(al—-a+6) -
da(l+a)+40(1+a) +46°(1+a)’

i(—zc(l + )+ +a)1+ )+

Thus, the qualitative result of Proposition 3 is preserved with the change in assumptions.

The additional sales in the first period with a secondary market versus when there is no
secondary market are given by:

ca(ald—a+0) 0
2a(1+a)+2(1+a)’0-2(1+a)' 6’

The decrease in sales of new goods in the second period with a secondary market versus
when there is no secondary market is given by:
B cO(al—a+0) -

20 +2(1+a)’ 0-2(1+a)’ 6’

Technical appendix for Used goods, not used bads page 28 of 29 pages



The additional total units sold across period with a secondary market versus when there is
no secondary market are given by:

c(l-abf-0+2a)ab—a+0)
2a(1+a)+2(1+a)’0-2(1+a)' 6’

Thus, the qualitative results of Proposition 4 are preserved with the change in
assumptions.

Q.E.D.
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