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A1l. Derivation of demand functions

We only need to consider two-period strategies because a product lasts only for two periods. There-
fore, there are nine potential strategies: BNBN, BNBU, BUBN, BNX, XBN, BUX, XBU, BUBU,
XX. Note that in our model, holding onto a used product is equivalent to selling the used product
and buying it back. Therefore, under stationarity, the per-period net utility from purchasing a
new product (BN) is 6 — p,, + ppy, that from purchasing a used product (U) is 66 — p,, and from
remaining inactive (X) is 0. The net utility from any of these actions is independent of the action
in the previous period. Therefore, any strategy where a consumer chooses an action different than
its action in the previous period is dominated. For example, a strategy where the consumer pur-
chases a new product and continues to hold onto it for the next period is dominated (cf. Hendel
and Lizzeri 1999, p. 1099-1100 for an intuitive explanation for this). This leaves only three po-
tentially undominated strategies: BNBN (always buy a new product), BUBU (always buy a used
product), and XX (never purchase a product). The net present values for these strategies are given
by HC“Qf%;’”W‘ for consumers playing BNBN, w

for consumers playing XX.

for consumers playing BUBU, and 0

It is straightforward to see from the net present values that consumers who play BNBN will
have higher 6 than those who play BUBU, who have higher 6 than those who play XX. Let
the marginal consumer who is indifferent between BNBN and BUBU, BUBU and XX, be de-
noted by ©1()\;) and O2()\,), respectively. Consumers in § € (01()\,), 1] will always buy new
products (BNBN), consumers in 6§ € (O2()\;),01(A;)] buy used products from the secondary

market in every period (BUBU) and consumers in 6§ € (0,02(\;)] never purchase a product



(XX). Using the derived net present value functions, ©1()\;) and O3(\;) can be found by solv-
el(km)_kae_pn‘f’Ppu _ 6@1(>\x)_pu_)\er d 562(>\m)_pu_)\zQe
1—p - 1—p , an 1-p
%f;m and Oy()\;) = ]%’”Qe. Note that if ©2(\;) > O1()\;), then BUBU is dominated,

leaving only BNBN and XX as the undominated strategies. Under this situation, the marginal con-

él(Az)*AzQe*PnJrPPu _ 0
1—p -

ing

= 0, respectively. ©1(A;) =

sumer who is indifferent between BNBN and XX can be found by solving
and is given by ©1(\z) = pn — ppu + A2 Qe.

A2. Proofs

Proof of Proposition 1. We first begin by obtaining the rational expectations equilibrium for a
given price and product durability for our general heterogenous case.

©; is independent of \,, and O2(A;) & C:)l()\x) is increasing in \;. Let D,, denote the demand
for new products and D? denote the demand for used products, where = € {I,h}. Then D! =
max(3(01 — 02(\)),0), and D!, = max((1— )(©1 — O2()\;)),0). Since Oa();) is increasing in A,
we have that if D! > 0, then D! > 0 always holds. Therefore, we can have three different cases: a.
DI DL >0 (or ©5()\;) < O2(A\y) < O1), b. DL, > 0and D! =0 (or ©3()\;) < ©1 < O5()\1,)), and c.
D= DL =0 (or ©1 < 05()\;) < O2(\p)).

h

First, consider the setting where Du,Di > 0, i.e., there is demand for used products from

both the more snobbish and the less snobbish consumers. The aggregate volume of products
in use is then given by D(pp,0;Q.) = 1 — 01 + (1 — 5)(0©1 — ©2(N\;)) + B(©1 — O2(Ap)). The
market-clearing price under this setting can be found by solving D,, = D" 4 D!

wr
Dy = 5(71+2p"+6)7&&;2(6’\"“175»’). Now consider the setting where D! = 0 and D! > 0, i.e.,

and is given by

there is demand for used products only from the less snobbish consumers. D(p,, d; Q.) is then given

by B(1—01(Ap))+(1—B)(1—61)+(1—5)(01—O2()\;)). The market-clearing price under this setting

5(pn(2—B—55) ~(1-8) 1—pAnQe)) =M Qe (1-5)(1-9)
(T=B)(1-0)+pd (25— o) :

Finally, if D" = DL =0, then D(pn,8;Q.) = B(1 — ©1(\)) + (1 — B)(1 — ©1(N)) and p, = 0.

L2 t0)=Qe(oOBMEUDN) iy D! we get that Dl >

0 if and only if Qe < Qv = 5 rrsra (oo a—gn: @d D}, > 0 under this condition.

Similarly, substituting the value of p, = 2 n(2—,8—,86()1—_(;)—(?_(2)—f;\5;1(§i2:2§5(1—5)(1—6), D! > 0 if and
17pn+p6

only if Q. < Qy = B =BT B phn TN (1=59) where @, < @,. Therefore, we can characterize
D(pn,; Q) as follows: If 0 < Q. < Q., then D" D! > 0 (there is demand for used products from
both consumer types) and D(pn, d; Q) = 2(17p"+p57QfJ(rl£p2)/E?)‘h+(176))‘1)). If Qr < Qe < Qy, then
D!, > 0 and D! = 0 (only less snobbish consumers purchase the used products), and D(p,,d; Q.) =
2(1*5)(1*p?jfg;(?jgﬁ;(g)jﬁﬁjgg;*l><1+P5))). Finally, if Q, < Q., then D" = DL = 0 (there is no
demand for used products) and D(pp,d;Qc) =1 — pp — Qe (BAL + (1 — B)N).

Let 0(Qe) = D(pn,6;Qc) — Qe. 0(Qe) is non-increasing in Qe, o(0) > 0 and o(Q,) < 0.
Therefore, there exists a unique rational expectations equilibrium which is given by the value of
Q. between 0 and @ such that o(Q.) =0 (or D(pp,d;Qe) = Qc). The condition for whether this

value of Q. is smaller than @, is 0(Q;) < 0, which is given by § > 2(1 — 5)(Ay, — ;). Therefore,

can be found by solving D,, = D!, and is given by p,, =

By substituting the value of p, =




let d = 2(1 — B)(Ay — A;) and we can characterize the rational expectations equilibrium as follows:

2(1—B) (L—pn +p9) if 0 <6 <d
D(pn, 8) = Q. = { (=P IF)+p5E=B=F0)+20=F)EAn (e N (T=FFp(=50)) 1 =0 =

2(1—pn+p9) 7
TF31200+2(1+p) BT+ (1—B)N) ifd<d<1.

At the rational expectations equilibrium, the new-product demand is given by D, (pn,d) =
D(pn,8)/2 and is strictly positive (i.e., ©; < 1 or ©1 < 1), which implies that both consumer types
purchase the new product. However, note that when § < d, we have that Q, < Q. = D(py,d) < Qy,
which implies that used products are purchased only by the less snobbish consumers (DZ’ =0).

For a given 0, II(pn,0) = (pn — ¢(8))Dn(pn,d) is strictly concave in p,, for both forms of D,
(i.e., whether § < d or § > d). Solving the first-order condition with respect to p,, we obtain

pi(0) = M for both forms of D,,. p}(9) is independent of A, and \;, and increasing in §.

T * n * ~ . : d—c(d
Let TI(8) = TI(p;(6), 6) and Dy, (8) = Dy(p5(6),6). Da(6) is given by srsosmaris =)
7 1-8)(14p5—c(6)) . . .
for d < & < 1 and o gyrpyra 30 1201 4 (3 (L) Otherwise. It is straight-

forward to see that D,,(9) is weakly decreasing in A\, and \;. Differentiating D,,(d) with respect to §

gives that D, (0) is increasing in 8 if p > ¢ (8) and B, + (1 — B)A > A(8) = (1+p)§gl++c$2icc,((?))+pc(6)

7 L5 o 2HB-B62—p28) 1 (8)(1-F)(1+28Mn) +e(8) (3-26+2(1—B)n) <d
for 6 > d and A\ > A(0) = 21-8) P11 5e0)) ¢ B)(1+p—5) for 6 < d. For lthe
homogenous case (A, = A\; = A), we have d = 0. Therefore, D, (d) is increasing in ¢ for p > ¢ ()

and A > A(5). O
Proof of Proposition 2. Let A, = A, = 0 and p = 1. II(§) is then given by %
T1(0) — T1(6) = 22RO which is strictly positive for all § € (0,1] and ¢(6) < 1+ 4.
Therefore, 6* = 0. [

Proof of Proposition 3. The firm’s profit evaluated at p = 1 and A\, = \; = X is given by ﬁ(é) =
(1+6—c(8))?

The firm’s problem is to maximize ﬁ(é) by choosing § € [0, 1]. By solving the first-order

4(1435+4X) °

oy . =/ . —+/
condition for the unconstrained problem, IT (0) = 0, we get four roots given by r; = %, ro =
14++/1F4e 3—4c(1+40)—1/9+4c(—15+48A+4c(1+)1)2) 3—4c(1+40)+4/9+4c(—15+481+4c(1+))2)
5, T3 = 50 and rgy = 50 It

is straightforward to show that r;1 < 0 and 79 > 1 for ¢ € [0,1 + ¢] and r3 is a local minimizer
because ﬁ”(rg) > 0. Thus, we have only three candidate solutions for 6*: 0, r4 and 1.
We will characterize 0* in the A-c space. We begin by finding the condition when II(1) > II(0).

Let z1(c,\) = I1(0) — II(1). dwi(c,\)/de = {25 > 0, 21(0,A) = —3\/(2 + 10\ + 8A?) < 0 and

21(1,2) = 3/(8+40A+32)%) > 0. Thus, there is a unique indifference curve defined by ¢ = Cy(\) =
—% where I1(0) = TI(1); II(1) > II(0) only if ¢ < Co()) and II(1) < II(0) otherwise. The

condition ¢ < C2(A) can be rewritten as A > l;(c) = %

space in three different collectively exhaustive and mutually exclusive regions: ¢ < C1(\) =

. We are now going to divide the A-c

248\
134+16X°

C1(M\) <c¢<1/2and 1/2 < ¢. The reason for choosing these regions is as follows: If ¢ < C1(A) and
r4 is real-valued, 4 > 1 and can be ruled out. Moreover, limy_,o, C1(A) = 1/2. In each of these

regions, we will determine ¢* from the three candidate solutions (0, r4 and 1) by comparing ﬁ(()),
II(ry) and II(1).



First, if ¢ < C1(A), then 4 > 1 and is ruled out. We only need to compare 0 and 1. We know
that II(1) > II(0), i.e., 0* = 1if A > [1(¢) (or ¢ < Ca()\)) and 6* = 0 otherwise.

Second, if C1(A\) < ¢ < 1/2, then we can show that II(0) > II(1). Thus, we only need to

compare r4 and 0. However, r4 > 0 if and only if A > _6_4C+13€£§ VItde 1f N < _6_4C+13§? Vitde

then ry is ruled out and §* = 0. If A\ > 7674%13@5& I+ie then TI(ry) > I1(0) only if A > ly(c) =

B 2 —f— .
3\/1-&-180—&-108;26—(5—1%:55;—3—29c—16c . where l2(c) S =6 4c+136\£§\/1+4g Thus, if C1(\) < ¢ < 1/27 then

0* =0 for A\ < l3(c) and 6* = ry otherwise.

Finally, consider 1/2 < ¢: If A < 1/8, then 74 is not real valued and is ruled out. We only need
to compare 0 and 1. We can show that 1/8 < I;(c), which implies A < I1(¢c). Thus, II(0) > II(1)
for A < 1/8, i.e., 6* = 0. If 1/8 < \, then we can show that II(r4) > II(0) and II(r4) > II(1), i.c.,
0* = ry. Thus, if 1/2 < ¢, then §* =0 for A < 1/8 and §* = r4 otherwise.

Putting all three cases from above together: ¢* = 0 if and only if A < L(c), where L(c) is defined

as follows:
li(c) if e < Ci(N),

L(c) = lylc) if C1(A) < c<1/2,
1/8 if c<1/2.

If A > L(c), then §* > 0. If ¢ < C1(\) also holds, then §* = 1, otherwise §* = r4.[]

Proof of Proposition 4. Let p =1 and A\;, = \; = A. From Proposition 3, 6* = 0 for A < L(c),
* =1y for X > L(c) and ¢ > C1(\) (where C1(A) increases in A) and §* = 1 otherwise. Since ry
increases in A, 6* is non-decreasing in A. It is straightforward to see that p}(0) is increasing in ¢§
(since ¢() increases in ). Thus, p*(6*) is non-decreasing in A. When 6* = 0, Dy, (0) = 1/(2 + 8)),
which strictly decreases in A. When 0* € (0, 1), it is straightforward to show that dD,,(6*)/d) < 0.
Finally, when 6* = 1, D, (1)
in A.OJ

Proof of Proposition 5. When )\, > \; > 0, the firm’s design problem is given by maxg<s<1 I1(9),

= ﬁ, which strictly decreases in A. Thus, 5n(5*) strictly decreases

where
0 N (1-B) (14p6—c(5))? . -
T1(5) = () = A=A ) (Ao +2(1- ) A (L )T (L= (L)) if0<0<d
T - (14p5—c(6)) -
1(0) = Trrraap 2 n EA =B ifd<o<l

Let ¢(6) = 0 and p = 1. II,(6) and II;(8) are both convex in & and II(§) is continuous at § = d.

— - —(BAR+N(3— . . .
I1(0) —II(1) = 4(1“‘%?)\}1“!‘4)5;8—553\13%1+g)>\)h+>\l(1_6))’ which is negative for all 8 € [0, 1] and A\j, > \; > 0.

Therefore, I1(0) < II(1), i.e., 6* = 1. O

A3. The role of time inconsistency

We can consider a two-period model similar to the one in Desai and Purohit (1998), where time
inconsistency is present. We generalize their model to incorporate the exclusivity-seeking behavior
and cost of durability as in our main model (details about this are available on request). In such

a two-period model, the firm offers new products in the first period. However, in the second



period, consumers who purchased a new product earlier, can choose to sell the used product on the
secondary market. Therefore, while only new products are available in the first period, both new
and used products may be available in the second period. It can be shown that there can be at
most four consumer strategies in the two-period model: a consumer can buy a new product in both
periods (by selling the old product on the secondary market in the second period), a consumer can
buy a new product in the first period and hold onto it in the second period, a consumer can choose
to not purchase a new product in the first period and buy a used product from the secondary
market in the second period (if available).

While the optimal pricing decisions can be found analytically, finding the optimal durability is
analytically intractable. However, it can be found by numerical optimization (details available on
request) and is depicted in panel b of Figure 1. By comparing the panels in Figure 1, it can be
seen that our results also hold in the presence of time inconsistency: The firm may prefer to not
practice planned obsolescence in the presence of snobbish consumers, and the firm’s optimal design

strategy is similar under the infinite-horizon and two-period models.

Figure 1: Comparison of the optimal design strategy with A, = A; = A under an infinite-horizon
model (panel A) and a two-period model (panel B)
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A4. Alternative model where the firm cannot commit to its pricing decision.

In our main analysis, we assumed that the firm can commit to its pricing decision, which is also a
conventional assumption in the durable goods literature. Under this assumption, we imposed the
conditions for the rational expectations equilibrium before solving for the firm’s pricing decision.
We now consider an alternative assumption, where the firm cannot commit to its pricing decision
(i.e., the conditions for the rational expectations equilibrium are imposed while solving for the
firm’s optimal price (see Katz and Shapiro (1985), who also compare two such formulations in a
different context). We will show that even under such a formulation, our main result that the firm
may prefer to offer a higher durability product and avoid planned obsolescence remains unchanged.

For brevity, we focus on the homogeneous case to demonstrate this (i.e., A\, = \; = \). The above



change in assumption does not change that there are three undominated consumer strategies and
the marginal consumers also remain the same. The market-clearing price can be found by equating

1 —01(A) = O1(A) — O2()) and is given by p, = 5(_1+2Z’1"+§€Z2—p)f€(1_5). The demand for new

products is given by D, (pn|Qe,d) = 1 — O1(N\) = H'D‘SET(S;)‘Q%E(H”) .The firm’s pricing problem is

then given by max,,, (pn, — ¢(0)) Dy (pn|Qe, d) subject to the condition for rational expectations, i.e.,

Qe = D(pn|Qe,0) = 1 — O2()), as a constraint, which evaluated at the marketing clearing price

2(1=pn+6p=AQc(1+p))
1+d+wpd :

a function of )., and the condition for rational expectations is solved along with the first-order

is given by Q. = Note that under this formulation, the firm’s problem is

conditions for the firm’s problem to optimize p,.
1481+ p(3+5+20p)+cd (1+5+2XA+2p(5+)\)))
215+ A+25p+Ap)2

Dn(0) = Qe/2 = 5 Loc(9)p0 5j- The firm’s profit optimized at these values is given by II(d) =

1+0+2p0+ M (1+p
— 2 . . . . .
(f{fjﬁgz&r f((fltj)’fg . We now solve for §*. For brevity, we will restrict our attention to the special

case where durability is costless to provide (¢ = 0) and as in our main analysis for the firm’s design

and

Solving for the firm’s optimal price, we get p(0) =

strategy, we will assume p = 1. First, if A = 0, there is no difference in the firm’s profit under the
two formulations, i.e., even under this formulation if A = 0, then §* = 0. Therefore, to find §*,
we focus on the case where A > 0. While the profit is not strictly convex in 4, there are no local
maximizers between 0 and 1. This implies that there are only two potential solutions: §* = 0 or
0* = 1. II(0) — II(1) = Z@?’;‘)({% < 0 for A > 0. Therefore, 6* =1 for A > 0. This implies
that our result that the firm may prefer to avoid planned obsolescence and offer products with high
durability is robust to our assumption that the consumers form their expectations after the firm

has committed to the new-product price. [J
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