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A. Non-negative price constraints

We show that achieving Pareto improvement does not necessarily require that the platform subsidizes
either buyers or low-type sellers. The complete analysis is rather intricate and is available upon
request. Nevertheless, it can be shown that when moving from a scenario where all participation
fees are positive under uniform pricing (which needs additional conditions beyond those outlined
in Assumption 1), three distinct cases may emerge with the adoption of price discrimination: (i)
participation fees turn negative solely for low-type sellers; (ii) participation fees turn negative solely

for buyers; (iii) participation fees turn negative for both buyers and low-type sellers.

Consider case (i), for instance, where we have to impose f;, = 0 since the beginning and then recompute
the equilibrium under price discrimination. We obtain that our welfare results hold true only when
network effects are particularly strong. Otherwise, not only are high-type sellers worse off, but total
welfare may also diminish with the adoption of price discrimination. The distortion caused by the

non-negative price constraint may then overturn our main welfare results.

However, when network effects are high enough, then welfare increases and high-type sellers may also

benefit from price discrimination, thus confirming that Pareto improvement is still possible. Take

*Toulouse School of Economics, Université Toulouse 1, Toulouse, France. Email: alexandre.de-corniereQtse-
fr.eu

TTBS Business School, Toulouse, France. Email: a.mantovani@tbs-education.fr

ITilburg School of Economics and Management, Tilburg, Netherlands. Email: shiva.shekhar.g@gmail.com,
s.shekhar 1@tilburguniversity.edu


shiva.shekhar.g@gmail.com
s.shekhar_1@tilburguniversity.edu

the following numerical values, for example: 0y = 1,0 = 0.4, b = 0.55, and v = 0.1. It is possible
to verify that welfare increases (SWP — SWUV = 0.019) and that high-type sellers are better off
(DSE — DSY = 0.005). Furthermore, all participation fees are non-negative (PP = 0.001 < PV =
0.028; fP =0 < fYV =0.017 < f£ = 0.062), and the conditions for interior solutions remain satisfied.

Similar results can be obtained for cases (ii) and (iii).

B. Seller-specific buyers’ benefits

B.1. Proof of Lemma 1

Straightforward computation of the equilibrium under price discrimination gives

D v(0; — b(6:))
4= (0 +b(0m))2 — (0L +b(01))%

Comparing the fees offered to the two types of sellers, we have

v(fr —b(0L) — (0 — b(0n)))

I = I = T G+ b0 — 01+ b(0)”

The above fee difference is positive when 07, — b(01) > 0y — b(0n).

B.2. Proof of Proposition 6

We study the platform’s dual problem of choosing the participation level on each side to maximize
profit. The aim is again to show that the platform can attract more buyers under price discrimination,

and this in turn entices more sellers to join the platform.

Uniform pricing Under uniform pricing, one can view the platform’s maximization program as
choosing Np and Ng to maximize profit, without being able to adjust Ny, and Ng. For a given fee f,

we have

NHZGHNB—f, and NLIGLNB—f. (Al)

Adding these two equations, one gets the market clearing uniform price

0 0 N,
FU(NB,NS):gN _ 5
2 2
On the buyer side, demand is given by
Ng =0yNyg + 0Ny —p. (A2)



The market clearing price thus depends on the allocation Ny and Ny, not only on the aggregate
number of sellers Ng. However, using (A1), we know that under uniform pricing Ny and N will
necessarily satisfy Ny = Np, + (0 — 01)Np. This implies that

N N
Ny = 75 — (91{ —GL)NB, Ny = 73_‘_ (91{ —QL)NB.

Plugging this into (A2)), we obtain the market-clearing buyer price:

b(0n) + b(01)
2

PU(NB,Ns) = Ns—(1—|—(b(9H)—b(@L))(QH—QL))NB.

The platform’s profit is

1Y (Np, Ng) = NgFY(Ng, Ng) + NgPY(Ng, Ng).

It is straightforward to check that % > 0, so that Zr\f;U (Np) and Ng (Ng) are increasing.
The first-order conditions are
ONY(Ng, N — b6 b(0 O +01)N
(a]\? S):O@NSU(NB):((H)"F(L);‘ m+0r) B (A3)
S

oY (Ng, Ng)

(b(0rr) +b(0L) + 0 + 61,)Ng
ONg '

2

— 0 2(1+ (b(8x) — b(61)) (8 — 61)) N (Ns) =
(A4)

Price discrimination Under price discrimination the platform can choose Np, N; and Np.
Market-clearing prices are given by

FP(Np,Ni) =60,Ng — N, F}(Ng,Ng)=0xgNp— Ng,

PP(Np,Np,Ny) = b(0i)Ny + b(0,)N;, — Np.

The platform’s profit is
IP(Np, Ny, Ny) = Ny FP (N, N.) + FE(Ng, Ny) + Ng PP (Ng, N1, Ng).

The first-order conditions are

NP (Ng, Np, Ng)

o =06 ANR (N, Nir) = (b(6i) + 6)Ne + (W61) +0)Ni, (A)
D —_—
O (N, Np, Nu) _ 0 NP(Np) = MNB, (AG)
Ny 2



ONP (N, N1, Nx) b(0r) + 01,
ONy, 2

Note that adding 1) and lb gives ]@(NB) = b(eHHQH;b(QL)HL Np = ]Vg(NB) (by ): for a

given buyer participation level Npg, the optimal seller participation level is the same under the two

— 04 NP(Ng) = Np. (A7)

pricing regimes.

Next, using (A6) and (A7), we obtain that:

— B b(0m) + O0n D
N (NB) = §os 60+ 5(62) +9L<ND<NB)~ + NP (Np).

=N (Np)

NP(Ng) = O 0L (),

b(0m) + 60 +b(0r) + 01,

Because the optimal ratios Ny /Ng and Ny, /Ng are constant, we can rewrite (A5]) as a function of Ng:

(b(0rr) + 0r)* + (b(0L) + 01.)*
b(0r) + 0 +b(01) + 01

Because b(0y) + 0 > b(fr) + 9L, the right-hand side of the previous equatlon is larger than
MO0 UNOLL0L N which, by (Ad)), is equal to 2 (14 (b(07) — b(61)) (0 — 1)) N§ (Ns). This im-
plies that ND(NS) > NU(NS)

2NEP(Ng) = Ng.

Putting things together, the facts that (i) all the Ng functions are increasing, (ii) @(NB) = NP (Np),
and (iii) NJ(Ns) > NY(Ns), imply that, in equilibrium, N¥ > N{ and N§ > NY.

C. Ad-Valorem Fees: Proof of Proposition 7

In this extension, we consider the case where the monopolist platform charges sellers ad-valorem fees.
As in the benchmark, we compare the uniform pricing regime where the platform charges the same

ad-valorem fee to all sellers (rg = rz, = r) to the one where it sets g # 7.

Sellers’ payoffs. Suppose the platform charges ad-valorem fees r; to sellers of type j. The payoff
of a seller from group j € {H, L} with participation cost k° from affiliating with the platform is

#5(k°%) = (1 —r;)0;Ng — k5,

where Nj is the sellers” expectations on the total mass of buyers affiliating with the platform.

Sellers affiliate with the platform if and only if they obtain positive utility from participating ﬁ'j(ks ) >
0 = kKW <(1- r;))0jNg for j € {H,L}. Thus, the mass of sellers of type j participating in the



platform ecosystem are
Nj(Ng,fj) = (1 — rj)HjNg.

The total mass of sellers active on the platform under price discrimination is then

NS(NE,TH,T'L) = ((1 — TH)QH -+ (1 — T‘L)HL)NE. (AS)

Under a uniform pricing regime, the total mass of sellers active on the platform is instead

NS(NE’Tv’r) = (1 - T)(GH =+ GL)N§~ (AQ)

Platform payoffs. Platform profit when employing uniform pricing and discriminatory pricing

regimes are respectively given as

H}%XHU = (p+ ’I“(QHNH + HLNL))NB, mapoD = (p+ rg@gNyg + ’I"LHLNL)NB.

THSTL,

Timing and equilibrium concept are the same as in the baseline model, and to ensure an interior

solution, we make the following assumption.

Assumption Al. We assume that buyers’ and sellers’ valuation for participation on the other
4—2b%—2b0r —6%,—2b0 1, — 62
2 ’

side as well as buyer intrinsic valuation are not too large, namely: 0 < v <
— — 2_ —
b < VOO Onton) 5, 6,), and 03 + 0% < 4 and 0y, < /2.

Uniform pricing. In this pricing regime, recall the buyer and seller participation from equations
(1) (in the main text) and (A9)), respectively. In a rational expectations equilibrium agents correctly
anticipate participation by the other group, so that participation levels Ng and N SU satisfy

Nj =v+bN¢ —p and N§ = (1-r)(6 + ) NE.

Solving the above system of equations for Ng and N, g yields buyer participation and seller total

participation as functions of prices:

(Or +0r)(v —p)(1 —7)
1-b(1—7)0n+0r)

U v—Dp oU
= N =
NB(par) 1_b(1_r)(9H+9L)7 S(par)

Seller demand can be further decomposed into

N (pr) = 0D D Y )




The platform sets prices to

max(p + r(0g N (p,7) + 0. NE (p,7)))Ng (p, 7).

p7’r‘

Differentiating platform profits with respect to p and r and solving the system of first order conditions

yields the following prices.

v v(0F +67)(2 — 0 — 67 — b(0m +01))
D b, 0% T 2000, (b+ 01) — 02 (4 — (b+ 01)2) — 02 (4 — b2 — 260, — 262)’
U 0?,+9%—b(9H+9L)_

2(0% +63)

The associated equilibrium seller demands for type j € {L, H}, buyer demand, and platform profit
are respectively given by:
pY0;(03 + 07 + b(0n +01))

i - 2pY
U (U Uy NU(U Uy —
L AN S 1 R ML AU Rl C Wy oy &

UﬁU

v = )
(20} — 607 —b(0n +61))

Buyer surplus and type j € {L, H} sellers’ surplus are respectively given by

~aV NE @Y. GU (U U GU (U ~U U _ 1.B\.q.B
cs’ = | (04 UNH (B, 7) + N (6, 7)) — 5 — k)
0

_ 2(pY)?
(203 — 07 —b(0m +01))*

VU (5U #U

ol N (077 Unp U (<U <U S\ 11,8
DSt :/ (1= 7)o, NY (Y, 7V — kS)dkS =
0

for a total welfare of

sl =8’ i+ Y DsY = V),
i=1,2

where

_0%(2(6 —62) —b* —2b0;) + 62 (12 — (b+ 01)%) — 03, — 2603, — 26050,,(b+ 61,)
B 2002 +602)(2 — 0% — 02 — b0 +01,))?

X



Price discrimination. Under price discrimination, buyer participation is still given as in equation

(1) in the main text, while seller participation is given as in equation (A8]). Under rational expectations,
equilibrium participation thus satisfies the following system:

NE =v+bNP+NDY—p, NE=Q1—-ry)0gNE and NP =1 —-r )0, NE.

Solving the above system of equations for N g , N g and N 5 yields buyer participation and seller

participation as functions prices. We present these demands below. The solution is

v—p
NE(p,rw,71) 1=0((1—7rg)0g + (1 —rp)0r)’
~ B (v—p)(1 —rg)fy
Nit(p,risre) = 1—b((L—ry)0u + (1 —r)0r)’
5 B (v—p)(L—rp)d
NL(pra,rL) = 1—b((1 —rg)0y +€1 —LrL)GL)'

The platform sets prices to maximize profits

pTg?}ﬁL(p + THGHNI?(P, rH,TL) + TLOLNII?(pa TH,TL)) g(pa TH,TL)-

Differentiating platform profits with respect to p and r;, for j € {L, H} and solving the system of first

order conditions yields the optimal prices as follows.

o w(2-0} 03 —bOu+6L) o Oi-b .
- ;= fi H, L
4-21)2—0%{—9%—21)(9[_[4_9[/)’ T'j 29] , Tor j € { ) }7

where superscript D indicates the case with price discriminationﬂ The associated equilibrium seller

demands for j € {L, H}, buyer demand, and platform profit are respectively given as

I 422 0% — 03 — 20 +6) P 4—202— 6% — 62 —20(0y +61)

fiD v’

T 4202 — 0% — 02 — 2b(0 + 01)

Before proceeding further, we make a few observations.

Observation 1. The following equality holds true.

Under price discrimination, the price charged to buyers remains unchanged regardless of the
pricing structure incident on sellers — i.e., p? = pP.

'The denominator is positive by Assumption Al.



e Under price discrimination, the total price charged to sellers remains unchanged regardless of

the pricing structure incident on sellers — i.e., ij@HNg(ﬁD, D) = ij.

The above implies that the mass of buyers, sellers and platform profits are identical under price
discrimination regime regardless of whether platforms charge sellers a fixed participation price or an

ad-valorem fee. As a consequence, consumer surplus and welfare expressions are identical as well.

Price discrimination vs. uniform pricing. In the following, we show the robustness of the

main result obtained in the baseline model.

Comparison of total participation of buyers and sellers. Total participation of both

buyers and sellers is higher under price discrimination than under uniform pricing:

2[)21)(9[{ - 9[,)2

NP - NY = > 0;
BB (4— 202 — 0% — 62 — 2b(0 + 01))
(9121](4 — b2 — 2607, — 29%) — 9%(4 — (b + QL)2) — ZbGHHL(b + QL) — 9}5 — QbQ?{)
NP Y = 00 + 01) (0% + 0% +b(0x +01)) S0

(02,(4 — b2 — 2007, — 20%) — 02 (4 — (b+01)%) — 2600 (b + 01) — 03 — 2b03;)

In both inequalities, the numerators are positive, as it can easily seen, and the denominators are

positive under Assumption Al.

Comparison of platform profit. Considering platform profits, we obtain that:

b2 (0 — 01)?
(4 —2b% — 602, — 62 — 2b(0 + 01.))
(0%,(4 —b% — 200, — 202) — 02 (4 — (b+01)%) — 20050 (b + 1) — 07, — 2b03;)

HD_ﬁU:

We observe that the sign of the difference in platform profit is determined by the sign of the expressions
in the denominator. The two terms in the denominator of the difference in profits are positive as they
are just the terms in the denominator of the platform profits in the two pricing regimes. Since
Assumption Al guarantees platform profits are positive, they must be positive as well because the

numerator of the profits is always positive.

Comparison of consumer surplus. Comparing consumer surplus under price discrimination

with the consumer surplus under uniform pricing yields

2

—U
csP —cS =
(2 - 03 — 07 —b(0n +01))

5 (072 = (7)) .



Hence, the difference in buyer prices determines the sign of the difference in consumer surplus.
(p7)? = (8Y)* = A((61 + 63/)(8 — 30 — 4bfr, — 467) — 20061 (b+201) — 263 (611 +20)),

where A is a composite term of squared expressions:

202020y — 01)?
(4 —20% — 03, — 07 —2b(0 + 01))?
(02,(4 — b> — 200, — 202) — 02(4 — (b+01)%) — 2b00L(b + 01) — 03 — 2b03;)?

A= > 0.

Therefore, the sign of (pP)? — (p¥)? is determined by the sign of
B = ((62 +6%)(8 — 3b> — 4bf, — 46%) — 200601 (b + 201) — 203 (0 + 2b)).

Differentiating B with respect to b yields

oB

o5 = ~2200n + 00)(0% + 67) + b(36% + 367 +20y01)) < 0.

Thus, it is sufficient to show that B at b = 5% is positive.

B‘ o (9[{ — 9L)2(4 + 2001 — (9[{ + 9[,)\/(8 — (9}[ — HL)2))
bl = 9 .

The second term in the numerator given by (4+20y0, — (0 +601)\/(8 — (0 — 01,)?) is always positive
for O > 07, > 0. Thus, we show that consumer surplus is always higher under the price discrimination

regime than under a uniform pricing regime.

Comparison of low-type seller surplus. Turning to the low-type sellers, a sufficient statistic

for seller surplus is seller participation:

(0 — 01) 21,
(4—2b% — 0% — 62 — 2b(0y +01))
(0%,(4 —b% — 2007, — 202) — 02 (4 — (b+01)%) — 26050 (b + 01) — 03 — 2003;)

NP — N =

where
Zr = (0g(4—(b+0m)*) — (b+0m)0L(b+0L)).

The sign of N LD — ]VLU is determined by the sign of the term Z as all other terms are guaranteed to

be positive under Assumption Al.
Differentiating Z;, with respect to b yields

0Zp,

i = (201 (b+0n) +00(2b+011) + 67) < 0.



Thus, it is sufficient to show that Z at b = Ead(HH, 1) is positive.

(0w —00)(4— 07 —0u(v/(8— (0w —0L)%) —01)
ZL|b:5ad = 5 .

The second term in the numerator given by (4 — 6% — 0y (\/(8 — (0 — 01)%) — 1) is always positive
as Assumption Al ensures 0y > 61, > 0 and 6% + 02 < 4. Thus, we show that the surplus of low-type

sellers is always higher under price discrimination than under uniform pricing.

Comparison of total welfare. Comparing total welfare under price discrimination with the

total welfare under uniform pricing yields
sw? - s = Ay,

where Y £ 4603 + 09, +2b0 01, (203 +5b0% — 01, (24 —5b%) — 2b(6 — b?)) + 67 (80 — 2b? (18 — b*) — 660, (8 —
b?) — 62 (24 — TH2) + 4b03 + 0F) + 0% (Tb? + 401, — 3(8 — 62)) + 2603 (3b? + 50y, — 4(6 — 02)) + 62,(80 +
2b% + 10630, — 48602 + 307 — 8bOL(6 — 67) — 2b%(18 — 76%)). Differentiating )V twice with respect to b

yields
By 2 2
S5 = 12000 +01)(36% + 367 + 20501, + 4b(0n +01)) > 0.

Computing the second derivative of ) with respect to b at b = Ead yields

82
Tg‘bzgad = —2(0[{ — QL)2 <12 + 2(9[{ + 9[,)2 + 2001 — 3(0[{ -+ 9[,)\/8 — (9[{ — QL)Q) < 0.

Thus, we confirm that %%, is always negative in the feasible region.
Evaluating the first derivative of ) with respect to b at b = 0 yields

0y

%,bzo = —4(0g +01)(6% +62)(12 — 6% — 67) < 0.

The above is negative as Assumption Al ensures that 0% + 67 < 4.

Finally, computing Y at b = [ yields

VI, _sa = 4(6y — 61)° (4 20, — (01, + 0)2 /8 — (B51 — HL)2) S0

The above is always positive as Assumption Al ensures that 6% + 07 < 4. Hence, we show that total

welfare is always higher under price discrimination than under uniform pricing.

10



Comparison of high-type seller surplus. A sufficient statistic for seller surplus is seller par-

ticipation, which yields:

(0 —01)Zg
(4—20% — 0% — 62 —2b(0y +01))
(0%,(4 — b — 200, — 20%) — 0% (4 — (b+01)%) — 2600 (b + 0L) — 03 — 2b03;)

Nf — N =

where

Zi = ((b+05)(0% + 6% +b(0 +01)) — 467).

The sign of NP — ]VLU is determined by the sign of the term Zp as all other terms are positive under

Assumption Al.
Differentiating Zz with respect to b yields

0Z
Tlfl = 0% + 262 + 001, + 2b(05 + 01) > 0.
Computing Zg at b = 0, yields

Zlp—0 = 00.(4 — 67 — 6%,) > 0.

The above is positive as Assumption A1 ensures that 0% + 67 < 4.

Similarly, computing Zy at b = ™ yields

= (9[-[ — QL)(4 — 9%1 + 0yl — HL\/(S — (9[{ — QL)Z)
b=b"" 2

2yl

The second term in the numerator given by (4 — 6% — 0y (\/(8 — (g — 01)%) — 1) is always positive
as Assumption Al ensures 6y > 0 > 0 and 01%1 + 9% < 4.

Thus, by intermediate value theorem, there must exist a critical level of b denoted by

b0y, 01) =

1 (\/0h +204600(8 — 03)) + 03 (16 + 6%3) — 263 )
2 Oy + 01, A

where NI? — Ng =0. For b > I;ad(QH, 1), we must have Ng — Ng > 0 and for b < %, we must have
NE - NY <o.

Thus, we show that the surplus of high type sellers can also increase giving us the result that price

discrimination can result in Pareto improvement over uniform pricing.

11



D. One-sided pricing: Proof of Proposition 8

As in the benchmark case, in order to ensure that the maximization problem is concave, we impose

the following conditions:

Assumption A2 Provided buyer intrinsic valuation as well as sellers’ valuations are low enough,

FL A 2 2 v v—
we consider the region max{0, %} <b< b/(HH, 0r) = ACI 8)+8)(0H+0(§::29L2;950L+( D0 +0s)

Reproducing the analysis carried out in Section 4 (in the main text), we can easily see that Subsection
4.1 does not change, the only caveat being that we have to consider p = 0. As per the modification to

Subsections 4.2 and 4.3, we obtain the following results.

Uniform pricing. The platform sets the uniform fee to maximize profits fNY (f), which yields

the equilibrium fee:
fU _ 'U(GH + HL)
1

The associated equilibrium seller demands for type j € {L, H}, buyer demand, and platform profit
are respectively given by:
v _ v(0;(3—bb;) —6_;(1—bo_;)

NV = NY =
J 4—4b(0y + 0r) B

U(Q — b(@H + 9[,))

v — v*(On +01)°
2_2b(9H+9L) ’

- 8—8b(Ay +0r)

v(O@u+0r)

Total participation of the sellers is then N g =NV 4+ NY = =9b(05 101"

Buyer surplus and type j € {L, H} sellers’ surplus is respectively given by

. ’L)2(2 — b(@H =+ 9[,))2

v2(0;(3 — b6;) — 0_;(1— bO_;))?
Cs” = 8(1— b0 +01))> j : : |

DSV =
’ Sj 32(1 — b(HH + HL))2

Total welfare amounts to:

gl — Uz(b2(2 + (HH — HL)2)(9H + QL)Q —2b(0g + HL)E)
16(1 —b(@H—i-GL))Q ’

where ¥ = (4 + 30% — 2050, + 30%) + 8 + 7(0% + 03) — 20p0L).

Price Discrimination. The platform sets two different fees in order to maximize fy N2 (fu, fr)+
fLNP(fu, fr), which yields at equilibrium

0 = U205 = b6;) —b0(6; = )
J 4—4b(9H+9L)—b2(9H—9L)2’

for j € {H, L}.
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The associated equilibrium seller demands for j € {L, H}, buyer demand, and platform profit are:

ND v(6;(2 — bb;) + b6? ) ND 20(2 — b(0y + 01))
I 74— 4b(0g +0L) —b2(0g —00)2 B T 4 —4b(0y +01) — b2(0 — 01)%

HD _ 'UQ(OH +9L)2
4 4b(0p +60r) — b2(0 — GL)Q.

Total seller participation is then given as

1}(2(2 + 9[,) — 2b01, — bQH(Q — 0 — (QL))

NP =NP 4+ NR =
S L+ NH 4—4()(9H+9L)—b2(9H—9L)2

Buyer surplus and type j € {L, H} sellers’ surplus are respectively given by

202(2 — b0y + 01))?
(4—02(0 — 01)% — 4b(0y + 01))2

’1)2(9]'(2 — b9_j) + be%j)

D __
¢S = 2(4 —b2(0y — 01)2 — 4b(0g + 01))?

D _
, DSP =

Total welfare amounts to:

p V(16 +12(0% + 07) — 8b(0n + 01)(2 + 6% + 67) — b2A)

SwW 2(4—()2(9}]—HL)2—4b(9H+9L))2 ’

where A = (0%, — 20%,01, — 402 + 0% — 20%(2 — 02) — 200, (4 + 62)).

Price discrimination vs. uniform pricing. Firstly, it is straightforward to show that the

platform earns higher profit under price discrimination than under uniform prices.

Before we proceed further, it is informative to keep in mind how seller prices change under price

discrimination. Comparing prices, we observe that

7)(2 + b(@H — HL))(GH — QL)(Q — b(GH + HL))

U D __
S = T 0 — 00— W+ 01)
and (O —00)((2 — by)? — b26?%)
v_ep_  vla—0r —YH) — P UL
P = = 50y - 002 — 400 + 61))

A corollary from the above price relations is that the low-type sellers are always better off.
Secondly, we find that total seller participation rises:

bU(QH — QL)2(2 — b(QH + 9[,)

31— b0 + 00)) (4 — B2(0p1 — 0,)° — 4b(0m 1+ 0,))

N - N§ =

The above is always positive because both (2 — b(6y + 01) at the numerator and the expressions at

the denominator are positive under Assumption A2. A direct consequence of the above is that buyer

13



surplus rises. This is because the buyer price is set at zero and seller participation increases under
price discrimination, thus benefiting buyers. Regarding buyers, their total participation increases, as

it can be obtained by investigating the sign of:

2U(4b3(t9H +0r) — b2(8 — 6(9%1 — 9%) —40[0r) — b0y +01)(8 — (0 + HL)2) —2(0g + GL)Q +8)

NE-N§ =
BB (8 — (2b+ 0 +01)2)(4 — b2(0gr — 0)2 — 4b(0p7 + 01)) ’

which is always positive under Assumption A2.

Finally, in order to show that Pareto improvement is a possibility, it is sufficient to find conditions
under which the high-type sellers can be better off under price discrimination. A sufficient statistic
for this result to hold is to show that the participation of high-type sellers is higher under price
discrimination than under uniform pricing despite the fact that participation fee to the high-margin
type rises. This can be formally demonstrated as follows. Taking the difference of participation of the

high type under price discrimination with its participation under uniform prices yields

U(@H — HL)(Q — b(@H -+ QL))Q

ND —NU —
B H ™ 41— b0 +01))(4 — 020 — 01)2 — 4b(0 +61))’

where Q = (2 — b*(0y + 01) + (30 + 01)). Note that the sign of NF — N follows that of Q as all

other terms are positive under the assumption that the problem is concave.

Differentiating €2 with respect to b, we observe that

Q
%b =30y + 01, 4+ 2b(0y — 01)% > 0.

Further, computing {2 at the two bounds, we find that

4(0% + 0ufr, +2603) — 2(05r + 301)\/2(6% + 62)
Qoo = -2, Q|, - = > 0.
b=b (9H — GL)Q

Thus, by the intermediate value theorem, we can state there exists a cut-off denoted by b above which

Q) > 0 and negative otherwise.

Equating € to zero and solving for b yields the following threshold

V1703 — 1000, + 963 — 30 — 0,

B/(aHaeL) - (9[—[ — 0L)2 )

which is within the admissible parameter bounds, as it can be easily demonstrated.

Finally, comparing social welfare in the two cases, we find that SWP? > SWV if and only if b >
by (0, 01) with by, (0p,01) < I;/(GH, 01); the analytical expression of by, (0, 0r) is very complex but

can be provided upon request.
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E. Price-discrimination on both sides: Proof of

Proposition 9

We reproduce the analysis of Section 4 (in the main text) and limit our comparison between uniform
pricing and price discrimination to the parametric region where second order conditions are satisfied
and where participation on both sides can be expanded. However, calculations with two groups of users
on each side become more cumbersome than in the benchmark case, and precise conditions cannot
be easily written. The same holds for the most relevant comparisons between the two scenarios. For
this reason, in this appendix we only write the relevant equilibrium expressions and those calculations
that are analytically feasible. Full calculations are however available upon request. Finally, in order

to shorten the expressions, we use the following notation:

A = Oy —0;,>0, Ab=b, —b >0, S0 =05 +01, Tb=b,+b,
© = ((b7 +b7)(8 — AB?) + 86,20 + 8(0% + 02 — 2) + 2by,(b6% + 2051(2 — bifL) + 01(4 + b0L)),
A = 2b,(by +20)(1 +bX0) — b7 (1 +20)(1 — X6) — b (1 + 2by(by + 26) — £6?),

o = bF(28 —5(0% +62) —20p61) + by (b(12 — AG?) — 6%6),
= 3b7(8 — AG%) — 120,20 — 2(28 — 5(0% + 62) — 20401),
¥ = 8%0 — b(40 — b7 (12 — AG?) + 66,260 + 2(5(0%; + 07) + 20401)).

The following assumption will be adopted throughput the analysis as they ensure the maximization

problem is concave.

Assumption A3 Provided buyer intrinsic valuation v is sufficiently low, we consider the region
where (2 —Xb—%0) > 0 and ¢ > 0.

The remaining conditions are quite tedious. Nevertheless, we can show that the results of our analysis
hold when we impose reasonable parameter values that fulfill all required restrictions such as the

second order conditions and interior solutions.

Uniform pricing. The platform sets the uniform fees to maximize profits fNY (f,p) +pN§ (f,p),
which yields the equilibrium fees:
U v(2 — 30(Xb + X0))

_ U _
e S ST R e Sy

v(X6 — Xb)
2-Sb—%6)(2+3b 1 26)

The associated equilibrium seller demands for type j € {L, H}, buyer demands for type i € {l,h},

and platform profit are respectively given by:

U(39j — ij + Eb) U ’U(2 + b@(bz + 29) — bfi(bfi + 29))
2-Sb—%0)(24+Zb+3%0) P (2-Sb—%0)(2+Zb+360)

U _
N§ =
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nv =
2-3b—-%0)(2+Xb+30)

Total participation of sellers is then N g =N, gL + N, gH and that of buyers is N§ = Ngh + Ngl; full

expressions are straightforward and omitted for brevity.

Seller surplus for type j € {L,H} and buyer surplus for type i € {l,h} are respectively given by
DSJU = (Ng)2/2 and CSY = (Ng )?/2. Total welfare amounts to:
v V(124 b} + b} + (0 — 30L) (305 — 01) +2(b) + b} — b)) (26 + A)

W= (2= Sb— S0)2(2 + Sb+ 50)2 '

Price Discrimination. The platform sets four different fees in order to maximize fHNg)H (fm, fr,ph,p1)+

fLN,Sl')L(fH7fL7ph7pl) +thBPH(fH7fLaph7pl) +plN§L(fH7fL7ph7pl)7 WhiChu fOI‘j € {L7H} and 7 €
{l, h}, yields at equilibrium:

fD B v(b%(?ﬁj + 9_]') — Qbh(bl(?)Hj + 9_]‘) - 2) + bl(bL(?)@j + Q_j) + 4) — 89])
] )
¥

p 0(20;(360 4+ b_; (A0 — 2)) + 6b_;30 — (bl2 + b2_2-)A0 +4b_; + 8(9125, + 9% - 1))
b = .
¥

The associated equilibrium seller demands for j € {L, H}, buyer demands for ¢ € {l, h}, and platform

profit are:

0((0F + 070 — 200nbu + 4)0; — AVO_; —4S8) py  20(4— 1 + 2byby + (b = b)2)
y4AVB, — )

¥ ' ¥

D _
NE =

b — 202(4 — Ab2).
2
Total seller participation and total buyer participation are respectively given by N 5’? =N Sl?L + N SQH

and N g =N BPH + N BPL’ whose expressions are straightforward and omitted for brevity.

Seller surplus for type j € {L,H} and buyer surplus for type ¢ € {l,h} are respectively given by
DSJD = (N£)2/2 and CSP = (Ngl_)2/2. Finally, total welfare amounts to:

S — v2((b} + b})(24 — AG?) + 8b;(3bF — 4)20 + 32(6 — 62, — 62) — 4o + 2b2s — 4bh19).
1,02

Price discrimination vs. uniform pricing. Firstly, we show that the platform earns higher
profit under price discrimination than under uniform prices. This arises directly from the fact that it

has more tools to extract surplus from the different sides. Formally,.

Pl — 202 (4062 + AV?(Eb(Xb + X0) + 40401))

G—Sh-S21Sb+50)p "

16



given the conditions on Assumption A3. The same conditions enable us to demonstrate that total

participation rises on the seller side:

20(3b + 20)(4A0% + Ab(4 — AH?))

ND _NU _
s 08 (2—-3b—%60)(2+ b+ 20)p

> 0.

Similarly, we confirm that total participation rises on the buyer side:

4u(25DZOAY? + 4(A0? + Ab2001) + (b3 — b3)?)

2-%b—0)(2+ b+ S0)p > 0.

NE — Np =

We can also demonstrate that low-type buyers and low-type sellers are always better off under price
discrimination. Comparing the total welfare in the two regimes, we can then show that it is higher
under price discrimination. Finally, we find that Pareto improvement occurs only if both high-type
sellers and high-type buyers sufficiently value participation on the other side, i.e. if both 85 and by,
are high enough. Calculations are however very complex and we simulate our welfare and Pareto
improvement results when 87 = b = 0.25 and v = 0.1. A graphical representation is provided in
Figure Panel (a) shows that total welfare under these parameters is always higher under price
discrimination, whereas Panel (b) shows the presence of a Pareto improvement when the value of

interactions of buyers and sellers is high enough.

10— 10l |

7

0.8 B

061 Pareto Improvement i

g
o
T
!

swP-swY>0 \

High type buyer's interaction value (by}

High type buyer's interaction value (bp)

No Pareto
\ Improvement
0.4 \ . 04f .
0.4 0.6 0.8 1.0 0.4 06 0.8 1.0
High type seller's interaction value (6y) High type seller's interaction value (8y)
(a) Total Welfare (b) Pareto Improvement.

Figure E.1: Total welfare and area of Pareto improvement under price discrimination. Param-
eter values: 0;, = b, = 0.25 and v = 0.1.
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