Online Appendix

A. Proof of All Corollaries
Proof of Corollary 1:

Proof. We prove all the bullet points one by one.

e Second-period price: For the benchmark case, Proposition 2 has shown that r%,(v) = (1+£p)v.

For the main with GDPR, Proposition 1 has shown that 73,(v) = kv + min{v, py} —c <r¥(v).
For the price for the basic good, if the basic good is offered under both cases with and without

privacy rights, we notice that
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e First-period price: For the benchmark case, Proposition 2 has shown that pZ, = PP for
c<(2-=0+200)/(2—0+20p+250) and pP,, = PP for (2—0+200)/(2—06+20u+200) <c<
146/(1490) - p. For the main with GDPR, Proposition 1 has shown that pj,, = P; for ¢ < do/2
and p;y,, =1/2 for ¢ > do /2. We prove the claim in two cases.

In the first case, ¢ > do /2. Let’s first prove that PP < 1/2. In fact, because P decreases with c,

we only need to show that 1/2 — PP|._s,/2 > 0. Notice that,
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where the second last inequality is due to > 1/2+ (24 6)o as implied by Assumption 1.
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Next, we prove that P < 1/2. In fact, by the definition of P, we only need to show for ¢ > do /2,
1/2>[(1+60)> = (14+)(1+ 0+ 0p)c]/(2+ 6+ dp + do), which decreases with ¢. Thus, we only

need to show that 1/2>[(1460)*— (1+6)(1+6+0u)dc/2]/(2+ 0+ du+ do). Notice that,
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where the second last inequality is due to > 1/2+ (24 6)o as implied by Assumption 1.

So far, we have proved that pt,, > pP,, for ¢ > do /2. Next, we consider the other with ¢ < do /2.
It is easy to check that both P} — PP and P; — PP increase with ¢ by checking that the coefficient
in front of ¢ is positive. This completes the proof.

e Opt-in and demand: According to Propositions 1 and 2, we can write down,
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1, otherwise.

The number of consumers opted-in with and without privacy rights is 1 — v¥, and 1 — v}, respec-
tively. Therefore, we need to prove that v¥ <wv3,. Notice that both v¥, and v}, increase with ¢ and

are in [0,1]. This implies for ¢ <14 6/(1+0) - u, we have

1+(5a+(1+5)c< .
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Moreover, for ¢ >1+4§/(1+46) - u, Assumption 1 implies that ¢ > do, and thus v§ =vj, = 1. This

completes the proof for the claim regarding to opt-in.
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Next, notice that without privacy rights, the first-period demand is equal to the number of
consumers who opt-in, 1 —v%; with privacy rights, the first period demand is equal to 1 — v}, for
¢ < 00/2 and 1/2 otherwise. Therefore, for ¢ < do/2, the first-period demand is higher without
privacy rights. Meanwhile, it is straightforward to show that v¥ is continuous and increasing with
cand v¥ =1 for ¢>1+§/(1+446)- p. This implies that for ¢ > do /2, there exists a threshold, under
which, the first-period demand is higher without privacy rights, and above which, the first-period

demand is higher with privacy rights. =

Proof of Corollary 2:
Proof. First, let’s calculate consumer welfare C¥ and the firm’s profit 7% in the benchmark case,
given which, we have the social welfare, S8 =CE +n8.
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If c>146/(149)-p, no consumer purchases in either period.
Cp=78=0.

Next, we calculate consumer surplus C3%,; and firm profit 7}, with privacy rights, given which,
the social welfare S}, = C}, + 7},;. There are four cases to consider as implied by Proposition 1.
First, if 0 <c¢ < do/2, we have that
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Second, if 60 /2 < ¢ < §0/+/2, we have that
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Third, if do/v/2 < ¢ < do, we have that
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Lastly, if ¢ > do, we have that
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which do not depend on c.
e Consumer welfare: First notice that for ¢ >1+6/(1+06) - u, C;; >0=C5. We only need to
show that for ¢ =0, C; < CE. Then, by the continuity of C;, with respect to c except at ¢ = o /v/2

and continuity of CB with respect to ¢, we have proved the first half of the original statement in

this bullet point. In fact, under ¢ =0, we have that
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+ 1 (26 (64 + 406 — 146% — 36°) +20° (76 4 646 + 6°) 0 + 85" (2 + 30)0” — 85°0%) .
We only need to prove that H(u) > 0. In fact, notice that u>1/24 (2+d)o by Assumption 1.
H" (1) = 486*(4 — 6 +460) > 0,
H"(1/2+ (2+0)0) =26 (116 + 646 — 276°) 4+ 1656* (41 + 176 — 36%) o + 85°(53 + 2446)5” > 0.
These two together imply that H”(u) > 0. Moreover,
H'(1/24 (2+0)o) =67 (128 + 1966 + 126 — 276°) + 26° (308 + 3766 + 430> — 276°) &
+ 46" (236 + 2396 + 446% — 66°) 0 + 85° (57 + 536 + 126%) 0* > 0.
This in turn implies that H'(x) > 0. Moreover,
H(1/2+ (24 8)0) =0 <48 41086 + 6962 — 186° — 2?) +6” (320 4 6486 + 346> — 336° — 276" ) o
+ 6 (788 4 13966 + 6900° + 226° — 276*) o
+46* (210 + 3266 + 15767 4 180" — 26*) o

+46° (81 + 1146 +535° + 85°) 0* > 0.

This implies that H(u) > 0.
e Firm profit: First notice that for ¢ > 1+ /(1 +6) - u, 7}, > 0= 7%,. We next show that for
for ¢=0, w3, > 7%,. Then, by the continuity of 7}, and 7% with respect to ¢, we have proved the

original statement. In fact, under ¢ =0, we have that

5(2420+0%(—1+4+30—202%)+0u(4—06+4d0))
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> 0.

where the first inequality is due to two observations: (1) w3, — w9 increases with u, (2) pu >

1/2+ (24 6)o by Assumption 1. Therefore, for ¢ high and low, we have 7}, >0 =75
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Lastly, let’s show that for ¢ = do, w¥ > 7},;, which implies that for intermediate ¢, we have
78 > mt,. There are three cases to consider according to Proposition 2. First notice that ¢ = do <
14p/(1+0) always holds under Assumption 1.

1. c=00<(2—0+200)/(2—8+25u+200), or equivalently, u < (2—140)/(26%°0) +1/2—o.

In this case, it is easy to show that 7% — 7%, = H;(u)/(16 — 46 + 85 + 850), where H;(u)
is a second-order polynomial of p that satisfies that H{'(u) >0, H{(1/2+ (2+9)o) > 0 and
H,(1/2+(246)0) > 0. This implies that H,(u) > 0 for 4 >1/2+ (2+§)o and thus 75 — 7}, >
0.

2. (2-904200)/(2—06+20u+2060) <c=0d0<(1+d0)/(1+ du+ do), or equivalently, (2 —
8)/(20%0)+1/2—0 < pu<1/(6%) —o.

By Assumption 1, we have p > (3+d)o, which combined with u <1/(§%0) — o, implies that
§o <1/v/4+ 6 < 1/2. This further implies that u > (2—6)/(26%0) +1/2—0 > 3/(26) —1/2. We
have 78 — w4, = Ho(u), where Hy(p) is linear of p that satisfies that Hj(u) =6/2[1— (d0)?] >
§/2[1—(1/2)?] > 0. Moreover, utilizing o < 1/2, it is easy to show that Hy(1/2+ (2+d)o) >
(20 —1)/4 and H2(3/(20) —1/2) > —(26 — 1)/4. These two together implies that Hy(u) > 0,
for p > max{1/2+ (2+6)o,3/(28) —1/2}. This implies that 75 — 75, > 0.

3. (1460)/(1+0u+do)<c=do<1+d0u/(1+43), or equivalently, u > 1/(6%0) — . In this case,
it is easy to show that 7o — w5, = Hs(u)/[4(24 6 + du+ )], where Hs(u) is a second-order
polynomial of y that satisfies that H} (u) >0, H;(1/2+ (2+9)o) >0 and H3(1/2+ (2+0)0) >
0. This implies that Hs(u) >0 for p>1/2+ (2+d)o and thus 78 — 73, > 0.

e Social welfare: First notice that for ¢ >1+6/(1+9) - p, S;, >0=S5F. We only need to show
that for for ¢ =0, S;; < S¥. Then, by the continuity of S}, and S¥ with respect to ¢, we have
proved the original statement. In fact, under ¢ =0, we have that

0 H, ()
(2+0+0u+00)2(4—8+20u+260)?’

SE - Si=3

where we have H,(p) is a third-order polynomial of p that satisfies that H}'(u) >0, HJ(1/2 +
(240)0) >0, H(1/24 (2+6)o) >0 and Hy(1/2+ (2+6)o) > 0. This implies that Hy(u) > 0 for

u>1/2+(2+46)o and thus S§ —S;, >0 under c=0. m
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Proof of Corollary 4:
Proof. The statement regarding to first-period price and demand is obvious. For the statement
regarding to second-period price and opt-in, we prove them below.

e Second-period price:
re(v) =min{(p—o)v—c,8} < (u—0)v—c< (u—0o)v+minf{v —c,0} =r& (v).

e Opt-in: By comparing v}, = min{[0s+ (1+)c]/(0u),c/(60)} and v5 = ¢/(1+ d0), it is straight-

forward to prove the statement. m

Proof of Corollary 5:

Proof. For consumer surplus and firm profit with privacy rights, we calculate them in the proof
of Corollary 6. The social welfare S¢ = C¢ + nwy.. Here, we calculate the welfare of a consumer
with valuation v, ¢Z(v), the total consumer welfare CZ and the firm’s profit 7& in the benchmark

case, and the social welfare S& =CF +nr5. In fact,

cé(w)=max{v—c+6((1+pv—c—ri(v)),0}

CB:/O cg(v)dv:/c [v—c+6((1+p)v—c—rg(v))ldo,

1+60

e Consumer surplus: With privacy rights, the welfare of a consumer with valuation v is,
ci(v)=max{v—c+d((1+p)v—c—rg(v)),(1+5)v}
>max{v—c+6((1+pv—c—ri(v)),0} =c(v),
where we have utilized r(v) <rg(v).
e Firm profit: When ¢ =0, we have v5 = v% =0. Then r}(v) <rg(v) implies that
n n

5 [ 5 [
T = — / re(v)dv < / ro(v)dv=T18.
0 0

By continuity of 7}, and 75 respect to ¢, we have that when c is relatively low, 7¢ <7 5.
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When ¢ > 1+ do, we have 75 = 0. Similarly, v}, increases linearly with ¢ when c is sufficiently

high, v, =1 and 75, =0=ng5.

Lastly, when s < (u— (1+9)0)/(60) and 14+ do <c < (dpu—0s)/(1+0), we have that

Sp—(1+38)c—0
e, = Som (nJ; Je=08] oz,

14+d0 <c<(dp—0ds)/(149) implies that p>14+1/5+ (1 +d)o.
e Social welfare: When ¢ < min{dos/[u— (1+0)0o],do,1}, we have that

(1400 —)((1+00)(1+6+061) — (146 — 6+ 26(1 +6)o)c)

B _

Sc = 2(1+460)? ’
L1 (2(1+4)o — p)

SC:2<1+5—20(1+6)+5H+ = .

We have that
A(p+20p0 — (1+0)0 (24 300))

SB — 8% =
¢ e 2602(1+00)? ’
which is greater than zero if and only if
(1+6)o(2+300)
p= 14260

Notice that under Assumption 1, we have p > (3+d)o and

(1+6)o(243d0)
14260

(3+d)o > &1-04(3—6)do >0,

which always hold. This proves that SE > S7 for ¢ <min{dos/[n— (1+6)0o],d0,1}.
On the other hand, when c is sufficiently high, we have

146
ng%x):sg.

Proof of Corollary 6:
Proof. The statement on opt-in is obvious based on the expression of v}.. Below, we prove the
statements on consumer surplus and firm profit. Consumer surplus C¢, and each firm’s profit 7/,

are respectively,

*

C’é:/ [v—c+(5((l—l—u)v—c—r*c(v))]dv—i—(1+6)/()Ucvdv,
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C¢ and 7§ depend on vf and rf(v), which take different forms depending on the parameters.
Therefore, we have four cases to consider.

First, s < [u — (1 4+ d)o]c/(60) and ¢ < 6(pu — s)/(1 + &), under which case, v = (ds + (1 +
d)c)/(0p) <1 and 7% (v) = (u—o)v —c. We have,

0CE  (14+6)((14+9)c+0s—du)
= <0,
oc op

where the last inequality is due to ¢ <d(u—s)/(1+9).

org, — (1+90)s

0.
dc ny <

Second, [ — (14 0)o]c/(d0) < s < pu— o — ¢, which implies that ¢ < do. Under this case, v, =
c/(00),and r§(v) = (p—o)v—cfor vy <v<(c+s)/(p—o)and rg(v) =sfor (c+s)/(p—0) <v<1.

We have,

8002_1_5+ 4] +i ot s S0760<07
oc uw—o oo ph—0 oo

where the second last inequality is due to s <y — o — ¢ and the last inequality is due to ¢ < do.

ors  0*a’s+c(p—(1+9)0)”

Oc nd(pu—o)o? <0

Thirdly, s > 4 — o0 — ¢ and ¢ < do. Under this case, vi, = ¢/(d0), and 75 (v) = (u — o)v — ¢ for
vs <v < 1. We have,

0CL  c¢—do
de o <0,

where the last inequality is due to ¢ < do.

org 6 (p—(1+26)o)c <0
de  n ndo? '

Lastly, ¢>0(p—s)/(1+6) and ¢ > do, under which case, v > 1. We have Cf = 7% = 0.

By continuity of Cf and 7, with respect to ¢, we have proved the corollary. =



B. Analysis of Model Based on Browsing Data

We use subscript T' to denote this case.

With Privacy Rights: We consider the equilibrium where consumers with v > v will opt-in
for data collection in the first period; those with v < v% will not opt-in. We can follow exactly the
same procedure as the main model to analyze the equilibrium except that p; is set to zero. We

have

The second-period price for the basic good is p, = 1/2 if ¢ > §0/+/2 and pj, = 1 otherwise; the

second-period price for the personalized good is (v, i) =i, (v, pir) = (p—0)v+minf{v, pi.} —c.

Without Privacy Rights: Next, we consider the benchmark case when consumers do not
have privacy rights. Following a similar analysis with the monopoly case, one can show that the

personalized price is:

rE(v)=1+rp)v=(1+p—o).

Consumers with v > vZ make a purchase in the first period, where

B { 2496 1+5}
V7 = max c.

2—64+250" 1+ do

If 0 <1, the firm offers a basic good in the second period to those with v < vZ at the price of

pP. = (vB — ¢)/2; otherwise, if ¢ > 1, we have vZ < ¢ so consumers with v < vZ will not make a

purchase in the second period.

C. Relaxing Price Bound in Competition
We analyze the equilibrium without privacy rights. Consumers with valuation v > v? purchase in
the first period, where we use subscript “c” to differentiate with the notation in the main model.

We will verify this threshold structure below.
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Second Period: Consider a consumer with v > v? who has purchased from firm j in the first
period. In the second period, the consumer learns her k. If the consumer continue to purchase from
firm j, she pays r7(v) and expects utility of (1+ k)v — 17 (v) — ¢; if she purchases from firm %, she
pays py and expects utility of v — p§ — ¢; she can also take the outside option of zero. Therefore,

firm j’s profit from this consumer is
r (v) Pr (1+/€)v—rj(v)—czmkax{v—p’;—c,O}}
+ p) Pr [U—p%—c>r£12x{v—p’2“—c,(l—i—/i)v—rj(v)—c,O} .
J

Notice that consumers who opted-in cannot choose the basic good anymore, so there is no issue

of cannibalization. Consequently, competition always drives p% to be pZ = 0. To determine the

B

(&

equilibrium personalized price r.(v), there are two cases to consider. First, if v > ¢/(u — 30 +
1), it is optimal for the firm to satisfy both kg and x; consumers, and we have rZ(v) = (u —
o)v+min{v—e¢,0}. Otherwise, if v < ¢/(p — 30+ 1), it is optimal for the firm to only satisfy rpy

consumers, and we have r?(v) = (u+ o)v + min{v —¢,0} = (u + o + 1)v — ¢, where the second

equation is due to v < ¢/(p — 30 + 1) < ¢ under Assumption 1.

First Period: Bertrand competition among firms drives their profit to be zero. There are two
cases to consider.

First, if v® > ¢/(n — 30 + 1), all consumers opted-in will be offered rZ(v) = (u — o)v +
min {v —¢,0}, and pP, = —¢ fvlg rB(v)dv. A consumer of valuation v will purchase in the first period
if and only if her expected utility from the two periods, v — p2 — ¢+ dE[(1 + k)v — rB(v) — ] > 0,

which is equivalent to

B +e c—5fv1B [(p—o)v+min{v—¢,0} dv 5
v > c — c =05,
“ 1460 1+d0 ¢

where the inequality above verifies the threshold structure and the second equality above is by

definition. It is straightforward to calculate consumer surplus:

CcP :/ [(1+60)(v—vF)+ dmax {v—c,0}] dv.
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Second, if v? < ¢/(u— 30 + 1), consumers with v € [v?,¢/(n — 30 +1)] will be offered rZ(v) =
(L + 0+ 1)v — ¢ so that only Ky consumers purchase the personalized good; consumers with v €
(¢/(u—30+1),1] will be offered 72 (v) = (u — 0)v + min {v — ¢,0} so that all of them purchase the

personalized good. Therefore, we have

S 1
pﬁ:_g/u 351 [(M+U+1)v_c]dv—6/ [(p—o)v+min{v— ¢, 0}] dv.
vB

& ey
A consumer of valuation v will purchase in the first period if and only if her expected utility

from the two periods, v — p2 —c+§/2[(1+ p+ o)v —rE(v) — ¢] > 0, which is equivalent to

c

5 § [F=SeFT 1 ) B

v2p10+c:c—2/ (p+o+1)v—cldv—46 [(p—o)v+min{v—c, 0} dv=1v_,
UCB ;1,—3604»1

where the inequality above verifies the threshold structure and the second equality above is by

definition. If the solution of v” to the above equation is less than zero, we set vZ = 0. That is, all

consumers make a purchase. It is straightforward to calculate consumer surplus:

cP :/:;m(v—vf)dv—k/l [(1+60)v—v? + dmax {v—¢,0}] dv.
ve 8o t1

D. Competition among Ex-ante Asymmetric/Differentiated Firms

We extend our main model by introducing ex-ante asymmetry/differentiation to the n firms under
competition. Particularly, consider n consumer segments. For a consumer in segment ¢, her valua-
tion of firm j’s basic good is v — g(1 —6;;), where 0;; =1 and d,; =0 for i # j. That is, consumers in
segment ¢ prefers firm ¢ than all other firms, which they value equally. Moreover, her valuation of
firm j’s personalized good is (1+ k)v — g(1 — ;). This implies that consumers’ relative preference
between any two firms remains the same whether both of them provide personalization or neither
does. Lastly, it is assumed that consumer segmentation is common knowledge at the beginning of
the game and price discrimination based on consumer segmentation is allowed in both periods.?’
This assumption can be justified by allowing firms to garner consumer segmentation information

via traditional market research or loyalty programs. This segment-level information is in contrast

20 Without this assumption, the equilibrium price is either at monopoly level or only admits mixed strategies.
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with the consumer personal data we have considered so far that allows the firm to get individ-
ual consumers’ preference information (v). This assumption also implies that each firm essentially
makes separately independent decisions for each consumer segment so that we can without loss of
generality focus on just one consumer segment, ¢ in the subsequent analysis. Given this consumer
segment fixed, n firms are ex-ante asymmetric, where firm ¢ is more preferred than the rest of the
firms.

To connect this setup to our main models, notice that g > 0 captures the degree of ex-ante
differentiation/asymmetry among firms. Our main model of monopoly corresponds to the special
case with g sufficiently high (specifically, g > 1+ p+ o suffices), while our main model of competition
corresponds to the special case with g =0.

The following proposition summarizes the equilibrium under relatively low g that ensures the

market being relatively competitive.

. c 0s+(146)c .
PROPOSITION 5. Assume 0 < g <min {g, m} and define:
. [ e ds+g)+(1+0)c ds+(1+9)c
v =min<{ —, max , )
d(pn+1/2) S

. 1
o min{ L}
. ) st+g+c wvy)| 1
=min<{maxy —————<, — -
p2G 1+2(M_U)7 2 727g )
rg(v) =min{(p —o)v —c+pie, s+ 9} -

In an ex-ante differentiated market with privacy rights (under Assumption 1),

e consumers in segment ¢ with valuation v > vy, both purchase and opt-in from firm i in the first
period by paying pi.. They continue to purchase personalized service from the same firm in the
second period by paying r&(v);

e consumers in segment i with valuation vl > v > pj, make a purchase but opt-out of data
collection from firm i in the first period by paying pis. They purchase basic service from the same

firm by paying p;. in the second period;
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e consumers in segment i with valuation pi, > v > p5, do not make a purchase in the first
period. They purchase basic service from firm i by paying ps. in the second period;

e consumers with valuation v < pj. do not purchase in either period.

Proof. We solve the equilibrium by backward induction. In equilibrium, consumers with valuation
v > vk (p}) purchase and opt-in during the first period, where we use subscript G to denote “general

market setup”. We will verify this threshold structure below.

Second Period: Competition drives firms other than i to price both basic and personalized

good at zero. This implies firm ¢’s profit from a segment-i consumer is
() Pr[(1+K)v—7r'(v) —c>max{v—g,(1+Kk)v—g—c—s,v—p),0}]
+pyPrv—ph>max{v—yg,(1+kKv—g—c—s,(1+rKv—7"(v)—c0}].
Similarly, one can show that firm ¢’s optimal personalized price is:

rg(v,py) =min{(1 —o)v —c+min {p;.g,v},s+g} .

which incentivizes both k; and ky consumers to continue to purchase the personalized service
from him. One can verify that as g — 0, 7% (v, ph) — r&(v), and for g sufficiently large, r (v, pb) —
r;/[(vapé)'

Firm 4’s profit maximization problem in the second period is

1
max / (0, p)do + p max (v (p1) — pa, 0}

0<ph<g S, (p)
where we have made the restriction that 0 < p} < g, because pi, = g weakly dominates p} > ¢ in terms
of the firm’s profit. In fact, if p} > g, consumers who opted out will choose other firms’ basic good
at zero price, and for consumers who opted-in, we have r% (v, p}) =15 (v, g) for pb > g. To simplify
exposition, we will focus on the case with g relatively small-—to be more specific, g < v§(p1). We
will express this restriction in terms of model primitives after we solve the equilibrium. One can

show that the optimal choice of p} is:

ng(pozmm{max{ stgte vg<p1>} 1 }

1+2(u—0) 2
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First Period: In the first period, a consumer with valuation v will make a purchase and opt-in

if and only if,

v=pr—c+6((1+p)v—rg(v,p56(p1)) — ¢) = max{v —p1,0} + 8 (v =Py (p1)) -

We focus on the case with g relatively small so that v (pis) > pig, under which, the above inequality

can be reduced as v > v/, where

vg:min{;7max{5(s ;L(i):l(/l;)r 5)c7 58+Eslﬂ+ 6)c}}‘

Competition drives firms other than i to offer a zero price in the first period. This implies that

consumers will purchase from firm 4 if and only if p; < g. The firm’s profit maximization problem

in the first period is as the following:

1
max / [P+ 67 (v, pis)] o+ pr (v — pr) + Sl (0 — piss)

92p120 [, «
G

which leads to the following optimal first-period price,

Pic —mm{z,g}-

Recall that in the above analysis, we have assumed that v, > g and v, > pj,. Given the expression

of pi, it suffices to ensure that v, > g, which, given the expression of v{, is equivalent to:

oo g Settane)

Proposition 5 implies that consumer opt-in is reduced as the firms become more ex-ante differ-
entiated, because the equilibrium first- and second-period prices are higher. Figure 14 illustrates
the market segmentation, which is very similar to that in Case C of Figure 2a except that here

there is a new segment of consumers who opt out and delay their purchase to the second period.
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Figure 14 Equilibrium segmentation for ex-ante differentiated market.
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