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Technical Appendix

Proof of Proposition 1

Given that two firms are symmetric, we conduct the comparative statics from firm A’s
perspective. When firms adopt quality discrimination, second-period equilibrium quality
levels are:
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It follows that ¢}, — ¢, = 2(T1—1) > 0 for v > g, the region that we consider. Therefore,

firms reward repeat customers on the quality dimension. Second-period equilibrium prices
are:
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We can obtain that p;, — p;, = % > 0 for v > §. Therefore, firms reward new customers

on the price dimension. The second-period equilibrium profits are
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From the benchmark model, we know that firm’s second-period profits without quality

discrimination is %t.
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which is greater than zero. Therefore, quality discrimination increases firm’s second-period
profit.

Proof of Proposition 2

The benchmark model shows that without quality discrimination, firm’s first-period prices
are %. When firms adopt quality discrimination, first-period prices are
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which is less than zero for v > %. Given that firms’ first-period demand is % with or without
quality discrimination, lower first-period prices with quality discrimination lead to lower
first-period profits.

Proof of Proposition 3

Let superscript PP and CC' indicate the models with BBP only and with quality
discrimination. We compare firms’ total profits over two periods, consumer surplus, and
social welfare between these two cases.
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for v > %. Therefore, quality discrimination decreases firm’s total profits over two periods.
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for v > %. Therefore, quality discrimination increases consumer surplus.
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if and only if v < 0.65. Therefore, quality discrimination increases social welfare if and only
if v < 0.65.

Proof of Proposition 4

Let superscript PP and CC' indicate the models with BBP only and with quality
discrimination and superscript C'P indicate the asymmetric case in which only firm A uses
quality discrimination. We compare firms’ second-period profits in these cases because firms
decide whether to invest in quality discrimination at the beginning of the second period.
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which is positive if v < 0.19.
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which is positive if 7 < 0.15. Therefore for v < 0.15, II$? > II:FP and ;59 > TGS,
which leads both firms to use quality discrimination in equilibrium. If v € (0.15,0.19),
ISP > TP but ;Y < TSF. In this case, the asymmetric equilibrium in which one firm
uses quality discrimination and the other firm doesn’t arises. If v > 0.19, II}$¥ < II*FF and
I;5C < ISP, both firms do not use quality discrimination.

Proof of Proposition 5

Let v, and -, indicate the cost of quality provision for repeat and new customers, respectively
and § = 7—2 > 0 represent the cost efficiency of serving repeat customers relative to new
customers. Then 7, = d7,. We solve the main model as follows.

The second-period marginal consumers are located at 6, and 6, which take the same
forms as in the main model.
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Firms’ profit functions in the second period are

Ha2 - paoea + pan(‘gb - 91) - /YOQZO - /anznv (A22)

My = pro(l = 0p) + pon(th — 04) — %qz?o - %q;?n- (A23)

We solve for second-period prices and obtain p;,, = e 4 % + %, Do = gt — % +1,

ph, = Lelen — 20 4 ] and pj, = Loze 40 1 Then, we solve for the second-period
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quality and obtain ¢}, = 13%(185%_5_1) * Gao = ma bn = m’ and
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The first-period consumer is located at ;. We must have that
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Firms’ profit functions to maximize in the first period are:
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We obtain first-period prices:
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In equilibrium, firms’ second-period profits are
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firms’ total profits over two periods are
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The impact of § on profits are as follows:
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in the region of parameters that we consider. Since total profits increase with § but
second-period profits decrease with ¢, it follows that first-period profits increase with 4.
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Al Firm and Consumer Patience

Let ¢ and . represent the discounting factor of the firms and consumers. We analyze the
benchmark model with BBP and main model with quality discrimination. When firms and
consumers discount the second-period outcome, the second-period equilibrium stay the same
as without discounting. Thus, we focus on analyzing the first-period decisions.

Al1l.1 Benchmark Model

The first-period marginal consumer is located at ;. With consumer discounting, we have
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The total profits that firms maximize in the first period are
Iy = paby +1L,, (A34)
Hbt = pbl(l — 91) + H;Q (A35)

We solve for the first-period equilibrium prices and quality and obtain p}, = p;; = 1+ % —i-g—{.

A1.2 Main Model

Again, the second-period analysis is the same as in the main model because firm and
consumer discounting does not affect the second-period decisions. The first-period marginal
consumer at #; is solved as follows:
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Firms set first-period quality and prices to maximize the following profit functions:

Hat — palel + HZQ - qu (A37)
Oy = pu(l—0)+10, — g (A38)
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First-period equilibrium quality levels are ¢, = ¢;; = 151323633, -9283,)

A1.3 Verification of Main Results

With firm and consumer patience, proposition 1 remains the same as the second-period
: *CC *xCC _ 1 «CC «CC _ 3
outcomes do not change. To see this, ¢, — ¢;;° = =, Doy~ — Dan~ = 5, and
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H;gg - H;}gi = B Proposition 2 holds as Pl — et = kAo 0 and
* * _ —
™ — T = osoiess. o088, —13297 (w380, 7a2. < U, where Uy = 244268136005 +
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15993413416036505]% — 4520796596965? — 23648197247640% + 147283016348168.0; —
3500373505515]2@—512629822958450—1—853188665616(5f—386633673468 < 0. CS*CC-CS*PP =

U > 0, where Uy = 48465980, + 7385280202 + 53272807 +
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where Us = 1099206612530, + 13957694541646% — 3005808960053522 — 48279755776625% +
306852592640,07 + 2489356867 — 2118921121852 + T1491174244535% + 219317898352026% —
2007694428166.0% +1020207267840% — 87127488052 — 42413713020535 ; — 2018983254185207 +
3137673510726,0% — 5629341777920% + 396430070462 + 6502070307626 ; — 659430904445,.6% +
11658561054565% 4 6403870368002 — 2201881036320 — 10740670159318% + 134481277728+
3713800100225, > 0 for 8., 8, € [0, 1].

A2 Switching Costs

Let s denote the switching cost. We analyze the benchmark model and main model with
switching costs.

A2.1 Benchmark Model

When firms use BBP and consumers incur switching costs, the marginal consumers in the
second period become:
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Firms maximize second-period profit functions:
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Second-period prices are p}, = 3_4§I_S+qﬂ2gq”2 ph, = 1+5;291 a2tz = 49131—54_%25%2,
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The first-period marginal consumer is located at ;. We have
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The total profits that firms maximize in the first period are

Iy = paby +1L,, (A46)
Hbt = pbl(l — 91) + HZQ (A47)
We solve for the first-period equilibrium prices and obtain p}, = % — % and pj; = % — %

We summarize the rest of the equilibrium outcomes in Table A2

A2.2 Main Model

When both firms customize quality and consumers incur switching costs, the second-period
marginal consumers are
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Firms’ profit functions in the second period are

Ha2 = paoea + pan(eb - 91) - (qgo + qin) s (A52)
My = pro(l —6y) + pon(01 — 6,) — (qio + an) . (A53)

Second_period prices are p:;o — ang‘Ibn + % + 1-?")-8’ pzn — Qan;(Hm _ 49%—’-5 + 1’ pzo — QbogQan _

% + 1+ 3, and pj,, = ®ozfdee 4 % — 122 Then, we solve for the second-period quality and
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The first-period marginal consumer at ¢, is solved as follows:
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Firms set first-period quality and prices to maximize the following profit functions:

Hat = palel + HZQ? (A55)
My = pe(l—01) + IG5 (A56)
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Table Al: Equilibrium Outcomes with Switching Costs (7 = 0.12)

Benchmark Model Main Model
Second-Period Quality Qry: 0.167 Gnot 0.238 +0.143s
qrn: 0.095 —0.143s
Second-Period Prices Dao: 0.667 4 0.333s Dot 0.714 + 0.429s

ph,: 0.333 — 0.333s
piy: 1.333 + 0.667s
0.250 + 0.111s + 0.111s
0.667 — 0.333s

pr.t 0.286 — 0.429s
pry: 0.952 —0.762s
0.263 4 0.163s + 0.163s*
0.476 — 0.381s

First-Period Prices
Second-Period Profits (II%,)
First-Period Profits (IT*;)

Total Profits (IL%,)

0.917 — 0.222s + 0.111s?

0.739 — 0.218s + 0.163s”

Consumer Surplus (C'S*)

17.722 + 0.222s + 0.056s>

18.112 + 0.354s + 0.092s2

Social Welfare (SW*)

19.556 — 0.2225s + 0.278s2

19.591 — 0.082s + 0.418s*

20—16s 20—16s

First-period prices are p;; = =577 and py; = =35>, The rest of the equilibrium outcomes
are summarized in Table B2, In equilibrium, 07 = 51“535, 07 = %, and 0f = 9;55. The
equilibrium consumption pattern holds if 87 < 6] < 6; that requires s < %

We can verify that ¢}, — ¢, = 1*—725 and p;, — ph, = 3*—765. Thus, firms reward repeat
customers on the quality dimension and reward new customers on the price dimension.
Comparison of profits in two periods show that second-period profits are higher, first-period
profits are lower, and total profits are lower with quality customization. Therefore, all results

in the main model continue to hold.
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