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Abstract

This paper examines price level regulation in two-sided markets with linear demands. We find that (i) price level
regulation increases the price allocation asymmetry when reservation prices differ between the two sides of the
market; and (ii) changes in the level of the price cap are divided equally between the two sides of the market whether
demands are symmetric or asymmetric. Finally, and potentially important from a policy perspective, the numerical
simulations suggest that the efficiency gains from price level regulation are relatively modest for a wide range of cost
parameters.
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1. Introduction

A voluminous literature has emerged on pricing behavior in two-sided markets (Armstrong 2006;
Rochet and Tirole 2003, 2006; Weyl 2009a, 2009b, 2010). A prominent example concerns the
payment card market wherein the card issuer serves as the intermediary between merchants and
consumers (Wright 2004). Complaints over excessive fees charged for these services have led to
government regulation or investigations in several countries (Wang 2016; European Commission
2008).

The platform provider in a two-sided markets framework faces two different pricing
decisions—the level of the transaction price and the structure of the transaction price. The structure
of the transaction price is simply an allocation of the transaction price between the buyer side and
the seller side of the market to maximize the volume of usage for any given transaction price.

A principal objective of this paper is to begin to understand the effects of price regulation on
the structure of prices in two-sided markets. In certain applications, such as that of the zero-price
mandate for broadband (Hemphill 2008),' regulation imposes constraints on the structure of prices
rather than their level.

This analysis yields several important findings. First, price level regulation increases the price
allocation asymmetry when reservation prices differ between the two sides of the market. Second,
changes in the level of the price cap are divided equally between the two sides of the market
whether demands are symmetric or asymmetric. Third, the numerical simulations suggest that the
efficiency gains from price regulation are quite small over a wide range of cost parameters.

The format for the remainder of this paper is as follows. Section 2 explores the general
structure of the platform provider’s problem in terms of the profit-maximizing transaction price
and the allocation of that transaction price to each side of the market. The general structure of the
regulator’s problem is examined in Section 3. Section 4 investigates the effects of price regulation
on the price structure (allocation) and the corresponding welfare effects. Section 5 concludes. The
proofs of all formal propositions are contained in the Appendix.

2. The Platform Provider’s Problem

Let the transaction price be given by p = p? + p5, where p? is the price to the buyer and p* is the
price to the seller. The price structure is determined by the allocation of p between p? = ap
and p5 = (1 — a)p, where a € [0,1].2

Let nB(pB) and nS(p®) denote the number of buyers and sellers, respectively, and let c
denote the marginal cost of the transaction. Following Rochet and Tirole (2006) and Schmalensee
(2002), the profit for the platform provider is given by

! The zero-price mandate in broadband markets prohibits paid prioritization that facilitates faster delivery of Internet
traffic. The concern is that this practice will create ‘fast’ and ‘slow’ lanes on the Internet and harm edge (content)
providers (see FCC 2015). In a speech delivered on April 26, 2017, the FCC Chairman announced plans to roll back
Title II regulation of the Internet (Pai 2017). In December 2017, the FCC voted in favor of these proposed roll backs
(FCC 2018). The Canadian Radio-television and Telecommunications Commission is evaluating similar issues as part
of its ongoing proceeding on differential pricing practices related to Internet data plans. See
http://www.crtc.gc.ca/eng/archive/2016/2016-192.htm.

2 In certain cases, one side of the market may receive ‘rewards’ for participation in the transaction in which case a* is
not bounded on [0,1]. An example of this phenomenon is the cash rewards that users of the Discover card receive
based on the amount of their purchases.
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m=nf(p®) x n*(P%) x (P +p° o). (1)
A formal statement of the platform provider’s problem is therefore given by
a*,p* € argmax = nf (ap) n5((1 — a)p)(p — ©). (2)
{a.p}

Linear demand functions are employed in the analysis to obtain closed-form solutions and to
facilitate the numerical simulations. The linear demand functions for the buyer and seller side of
the market are given, respectively, by

nf = ap — dBPB; 3)
nS =as — dSpS' (4)

where all parameters are positive with n? > 0 and n® >0 va € [0, 1].
Substituting (3) and (4) into (2) and solving for the profit-maximizing price structure and
transaction price level yields Proposition 1.

Proposition 1. Given (3) and (4), the platform provider’s profit-maximizing choices for @ and p
are given by

2apds—asdg+cdpd
a* — BUS—UsUB B S. (5)
apds+agdg+2cdpds
+ _ apds+agdp+2cdpdg
p = : (6)
3dgdg
It follows immediately from (5) and (6) that
* 2apds—asdp+cdpd 1 k
B = e  2ondsostodads _ 1k g
3dpds 2 2dgdg
S* __2asdp—apdg+cdgds 1 k
p> =A—a)p’ = =sp : ®)
3dgds 2 2dgdg

where k = [agdp — agds] is independent of p (Weisman 2010). The expressions on the rightmost
side of (7) and (8) reflect the seesaw principle of two-sided markets as illustrated in Figure 1.
Specifically, a higher price on one side of the market is associated with a lower price on the other
side of the market with the sign of k determining the side that pays the higher (lower) price. The
deviation from a symmetric price allocation is equal, though of opposite sign, on both sides of the

market when k # 0. In addition, it is straightforward to show that p8 — p5" = Z—B - %. The
B S

difference in the equilibrium prices across the two sides of the market is equal to the difference in
the reservation prices (Krueger 2009, 276).
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Figure 1. Seesaw Principle for Linear Demands (Platform Provider’s Problem)



It is instructive to explore how the price structure rule diverges from a balanced price
allocation in which each side of the market bears an equal burden.

Corollary 1. The profit-maximizing price allocation rule can be expressed as
« _ 1 3(apds—asdp)

a =-+ (9)

2 2(apds+asdp+2cdpds)’

Corollary 1 reveals that the platform provider allocates the price burden equally across the two
sides of the market when reservation prices are equal, Z—B = %. Otherwise, the greater price burden
B S
is borne by the side of the market with the higher reservation price.
The following corollary reveals that demands are equal when both sides of the market exhibit
the same degree of price sensitivity.

Corollary 2. For any given transaction price, p, n® (p?) = n%(p>) in equilibrium when dy = d;.

3. The Regulator’s Problem

Following Rochet and Tirole (2003) and Weyl (2009b), the consumer surplus (CS) on the I side of
the market, where I = B, S is given by

cs'@'p’) = (%) [0 n' d@"), 1=B,S; ]=SB,1#]. (10)

nl

where ;? is the reservation price for the 7 side of the market. Hence, social welfare (SW) can be
expressed as

SW =m + CSB + CS3. (11)
A formal statement of the social planner’s problem is therefore given by
2SN\ P B S
asW,pSW € argmax SW = + (n—B) fp’; n®d(p”) + () fp’; n’ d(p%), (12)

{a.p}
where the reservation prices p_B and E are equal to :—B and 3—5 , respectively, when demands are
B S
given by (3) and (4).

Proposition 2. Given (3) and (4), the regulator’s welfare-maximizing choices for @ and p are given
by

Ssw __ 4apds—2asdg+2cdgds—dg-ds

a” = . 13
2(agpds+agdp+2cdgds—dg_ds) ( )
sw _ apdstasdp+2cdpds—dp_dg
pSW — . (14)
3dgds
It follows immediately from (13) and (14) that
pst — asprW — 4agds—2agdg+2cdgds—dp_ds — lpSW _ k (15)
6dpdg 2 ZdBdS.
pSWS — (1 _ aSW)pSW — 4asdg—2agds+2cdgds—dpg_ds — l SwW k (16)
6dpdg 2 ZdBdS.

Similar to the platform provider’s problem, the expressions on the rightmost side of (15) and
(16) illustrate the seesaw principle of two-sided markets as shown in Figure 2. Specifically, a



higher price on one side of the market is associated with a lower price on the other side of the
market with the sign of k determining the side that pays the higher (lower) price. The deviation
from a symmetric price allocation is equal, though of opposite sign, on both sides of the market
WS =28 _ 85 pe

dg ds
difference in the welfare maximizing prices across the two sides of the market is equal to the
difference in the reservation prices.

when k # 0. In addition, it is straightforward to show that pSWB -p
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Figure 2. Seesaw Principle for Linear Demands (Regulator’s Problem)

Corollary 3. The welfare-maximizing price allocation rule can be expressed as

1 3(apds—asd
asW =14 (apds—asdp) _ (17
2 2(apds+asdp+2cdgds—dpg-ds)

Corollary 3 reveals that the regulator allocates the price burden equally across the two sides of the
market when reservation prices are equal, Z—B = %. Otherwise, the greater price burden is borne by
B S

the side of the market with the higher reservation price.
The following corollary reveals that demands are equal when both sides of the market exhibit
the same degree of price sensitivity.

Corollary 4. For any given transaction price, p, n (p?) = n5(p°) in equilibrium when d = d,.

Proposition 3. The welfare-maximizing price is less than the monopolist’s profit-maximizing
price when demands are given by (3) and (4).

Let A = p* — pS%. It is straightforward to show from (A4) in the Appendix that ;TA < 0 and

B
aA S ) . o .
72 < 0. This implies that the difference between the profit-maximizing price and welfare-
S
maximizing price is decreasing with respect to both buyer-side and seller-side price sensitivity.
Alternatively stated, the interests of the monopolist and the regulator are more closely aligned with

higher degrees of price sensitivity.

Proposition 4. For linear demands, the welfare-maximizing price allocation for the buyer is less
(greater) than the monopolist’s profit-maximizing price allocation for the buyer when the buyer’s
reservation price is less (greater) than seller’s reservation price.



4. Price Level Regulation

Price regulation is a constraint on the level of the transaction price of the form p < p, where p <
p* is the price cap set by the regulator.

Proposition 5. When demands are given by (3) and (4), the monopolist’s allocation rule for any
given transaction price, p, is given by

(XM(p) — dpdsp—asdp+apds _ 1 k 3 (18)

2dpdgsp 2 ZdBdSp.
Once again, the buyer side of the market bears a greater (lesser) price burden when Z—B > (<) %. It
B S
. . daM daM C . .
is straightforward to show that % < 0 and % > 0. This implies that the allocation of the price
B S
burden to the buyer-side of the market is decreasing (increasing) with respect to the buyer-side
(seller-side) price sensitivity, ceteris paribus. An immediate implication of (18) is that a lower
transaction price gives rise to a less balanced price structure when k # 0, ceteris paribus.
To expand upon this last observation, suppose that a price cap is imposed that reduces the

transaction price below the profit-maximizing level. In addition, define the degree of price

K o<p< i
P

structure asymmetry with respect to the rightmost term in (18) as 6 = Tado >
BUS

00 k
S ) (19)
oplyp.o  2dpdsp

Equation (19) suggests Proposition 6.

Proposition 6. Price regulation in a two-sided market increases the price structure asymmetry
when k # 0 and has no effect on the price structure symmetry when k = 0.

When k # 0, the platform provider adopts a more (less) balanced price structure for higher
(lower) transaction prices. The choice of a more balanced price structure in response to a higher
transaction price prevents large reductions in the number of buyers and sellers given that the
platform provider’s profit depends on the product of the demands, n? (p?) x nS(p%).

Proposition 7. A change in the level of the price cap is divided equally between the two sides of
the market whether demands are symmetric or asymmetric.

The following proposition shows that both sides of the market benefit from price level
regulation.

Proposition 8. Price level regulation increases consumer surplus on both sides of the market and
decreases the monopolist’s profit.

Example 1. Table I below illustrates the platform provider’s best response price allocation rule,
a™(p), to the regulated transaction price for the specified parameters. The following observations
are noteworthy. First, the greater price burden is borne by the buyer side of the market since the
reservation price of 15 on the buyer side of the market exceeds the seller-side reservation price of
10 (Corollary 1, Corollary 3 and Proposition 5). Second, the green highlighted row indicates the

3 The monopolist’s choice of price structure (for any given transaction price) is efficient which explains the focus here
on price level regulation. See Rochet and Tirole (2003, 1009) and Weyl (2009b) for further discussion. In addition, as
Weyl (2009a, 6) observes, “The price balance chosen by the monopolist may well be optimal and when it is not it may
be difficult to determine which direction it would be beneficial for it to move.’



profit-maximizing choices for the platform provider (Proposition 1), and the yellow highlighted
row indicates the social-maximizing choices for the regulator (Proposition 2). Third, the welfare-
maximizing price is less than the monopolist’s profit-maximizing price (Proposition 3). Fourth,
the welfare-maximizing price allocation for the buyer is greater than the monopolist’s profit-
maximizing price allocation for the buyer since the buyer’s reservation price is greater than seller’s
reservation price (Proposition 4). Fifth, n® (p?) = nS(p>) given that dy = d (Corollary 2 and
Corollary 4). Sixth, imposing price regulation on the transaction price simultaneously increases
the degree of price structure asymmetry (Proposition 6) and decreases prices on both sides of the
market. Seventh, each unit reduction in the transaction price reduces the price on each side of the
market by one-half unit (Proposition 7). Finally, price level regulation decreases the monopolist’s
profit but increases consumer surplus on both sides of the market (Proposition 8).

Table 1. Platform Provider’s Best Response to Price Regulation: a” (p)

ag |as |dg |ds|c| p |aMp) | p® | p* | n® ns T csB | cs’ sw

30 (201 2 | 2 |1 6.00 0.92 | 5.50 | 0.50 | 19.00 | 19.00 | 1805.00 | 90.25 | 90.25 | 1985.50
3020 2 | 2 |1] 7.00 0.86 | 6.00 | 1.00 | 18.00 | 18.00 | 1944.00 | 81.00 | 81.00 | 2106.00
3020 2 | 2 | 1] 800 0.81 6.50 | 1.50 | 17.00 | 17.00 | 2023.00 | 72.25 | 72.25 | 2167.50
30 (20 2 | 2 | 1] 8.67 0.79 | 6.83 | 1.83 | 16.33 | 16.33 | 2045.30 | 66.69 | 66.69 | 2178.69
30 (20 2 | 2 |1]10.00| 0.75 | 7.50 |2.50 | 15.00 | 15.00 | 2025.00 | 56.25 | 56.25 | 2137.50
30 (20 2 | 2 |1]11.00| 0.73 | 8.00 | 3.00 | 14.00 | 14.00 | 1960.00 | 49.00 | 49.00 | 2058.00
3020 2 (2 |1]12.00| 0.71 8.50 | 3.50 | 13.00 | 13.00 | 1859.00 | 42.25 | 42.25 | 1943.50

The final proposition establishes that the gains from price level regulation are increasing with
the marginal cost of the transaction. This result derives from the fact that with linear demands the
price elasticity increases with price and price is increasing with marginal cost, ceteris paribus.*

Proposition 9. The percentage increase in efficiency from price level regulation is increasing with
the marginal cost of the transaction, c.

Example 2. Relying upon the same set of parameters as in Example 1, but allowing the marginal
cost of the transaction, ¢, to vary, Table II and Figure 3 illustrate the welfare gains from price
regulation. Recognize that as c rises, the price allocation becomes more symmetric in that it is
closer to %2 on each side of the market.’ For a relatively wide range of cost values the welfare gains
from price regulation are quite small.® Specifically, for marginal cost values that are no more than
80% of the sum of the reservation prices, which corresponds to ¢ € [0, 20], the welfare gains from
price regulation are less than 2.5%.” This suggests that implementing price regulation may fail the
cost-benefit test for a wide range of transaction cost values.

4 See the related discussion following Proposition 3.

> The social welfare maximizing price is increasing in ¢ and higher prices lead to greater price structure symmetry
(Proposition 6).

6 The platform provider’s profit depends on the product of buyer-side and seller-side demand. An increase in the
transaction price reduces quantity demanded on both sides of the market. These ‘complementarities’ engender a type
of self-regulation quality that serves to discipline pricing in two-sided markets. As a result, over a wide range of cost
values the incremental social welfare gains from price regulation are de minimis.

7 A similar pattern emerges when we vary the demand intercepts and price-sensitivity parameters.



Table II. Marginal Cost of Transaction and Efficiency Gains

ag | as |dp | ds | ¢ | p” P | &) | a"@™)| m@?) | n(@™) | %ASW
30|20 | 2 2 1 9.00 8.67 0.778 0.788 2048.00 | 2045.30 0.12
30|20 | 2 2 2 9.67 9.33 0.759 0.768 1802.52 | 1799.93 0.13
30|20 | 2 2 3 ] 10.33 10.00 0.742 0.750 1577.48 | 1575.00 0.15
30|20 | 2 2 |1 4 | 11.00 | 10.67 0.727 0.734 1372.00 | 1369.63 0.16
30|20 | 2 2 5 | 11.67 11.33 0.714 0.721 1185.19 | 1182.93 0.18
30|20 | 2 2 6 | 12.33 12.00 0.703 0.708 1016.15 | 1014.00 0.19
30 |20 | 2 2 7 | 13.00 | 12.67 0.692 0.697 864.00 861.96 0.22
30|20 | 2 2 8 | 13.67 13.33 0.683 0.688 727.85 725.93 0.24
30|20 | 2 2 9 | 14.33 14.00 0.674 0.679 606.81 605.00 0.27
30|20 | 2 2 | 10 | 15.00 14.67 0.667 0.670 500.00 498.30 0.31
30|20 | 2 2 | 11 | 15.67 15.33 0.660 0.663 406.52 404.93 0.35
30|20 | 2 2 | 12 | 16.33 16.00 0.653 0.656 325.48 324.00 0.40
30|20 | 2 2 | 13 | 17.00 16.67 0.647 0.650 256.00 254.63 0.47
30|20 | 2 2 | 14 | 17.67 17.33 0.642 0.644 197.19 195.93 0.55
30|20 | 2 2 | 15| 18.33 18.00 0.636 0.639 148.15 147.00 0.66
30|20 | 2 2 | 16 | 19.00 18.67 0.632 0.634 108.00 106.96 0.81
30|20 | 2 2 | 17 | 19.67 19.33 0.627 0.629 75.85 74.93 1.01
30|20 | 2 2 | 18 | 20.33 | 20.00 0.623 0.625 50.81 50.00 1.29
30|20 | 2 2 |19 | 21.00 | 20.67 0.619 0.621 32.00 31.30 1.71
30|20 | 2 2 120 | 21.67 | 21.33 0.615 0.617 18.52 17.93 2.38
30 |20 | 2 2 |21 (2233 | 22.00 0.612 0.614 9.48 9.00 3.55
30 |20 | 2 2 |22 | 23.00 | 22.67 0.609 0.610 4.00 3.63 5.86
30 |20 | 2 2 |23 | 23.67 | 23.33 0.606 0.607 1.19 0.93 11.61
30|20 | 2 2 |24 | 2433 | 24.00 0.603 0.604 0.15 0.00 35.00
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Figure 3. Efficiency Gains from Price Level Regulation




5. Conclusion

This paper analyzes price level regulation in a two-sided markets framework with linear demands.
We find that (i) price regulation increases the asymmetry of the price structure when reservation
prices differ across the two sides of the market; and (ii) changes in the price cap are apportioned
equally between the two sides of the market irrespective of whether demands are symmetric or
asymmetric. In addition, the efficiency gains from price regulation are quite small over a wide
range of cost parameters. This finding may well cast doubt on the merits of price regulation in two-
sided markets if the costs of regulation, broadly defined, are nontrivial.

In terms of future research, it would be interesting to explore the interaction between price
level regulation and price structure regulation in a two-sided markets framework with both demand
and cost uncertainty. It may also prove worthwhile to explore the welfare effects of price regulation
under the Ramsey optimum and when the regulator places a higher weight on consumer surplus
than on platform profits. A final, outstanding question concerns whether the findings derived
herein for linear market demands hold for more general functional forms.
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Appendix

Proof of Proposition 1.

Given (3) and (4), differentiating the profit of the platform provider in (1) with respect to & and p
and setting the expressions equal to zero yields

9% — [—dgpn® + dspn®](p — ¢) = 0. (A)

da
Z—Z = —[dgan® + ds(1 — a)n®](p — ¢) + nBns = 0. (A2)
Solving (A1) and (A2) simultaneously yields (5) and (6). [

Proof of Corollary 1.

Simplifying (5) yields (9). [

Proof of Corollary 2.

(A1) yields

dpdsp—asdg+apds
2dpdsp '

a(p) = (A3)

Given p® = ap and p° = (1 — a)p, the proof is immediate upon substituting (A3) into (3) and
(4) and setting dg = d. []
Proof of Proposition 2.

Given (12), differentiating social welfare with respect to @ and p, and solving the resulting
equations simultaneously yields (13) and (14). [

Proof of Corollary 3.
Simplifying (13) yields (17). []
Proof of Corollary 4.

Given (12), differentiating social welfare with respect to a and setting the resulting expression
equal to zero yields (A3). The proof is immediate upon substituting (A3) into (3) and (4) and setting
dB = dS' ]

Proof of Proposition 3.

(6) and (14) yields

_ o« _ sw _ (dp+ds)
A=p p>" = Sdpds > 0. [ (A4)

Proof of Proposition 4.
(5) and (13) yield

A= oSV — g* = 3(dp+ds) (apds—asdp) (AS)
2(agds+agdg+2cdpds—dg—ds)(agds+asdg+2cdpds)’

The denominator in (A5) is positive since agds + asdg + 2cdgds > 0 and pS" > 0 implies that
agds + a,dg + 2cdgds — dg — ds > 0. Hence, A > (<) 0 when Z—B > (<) %. O
B S



Proof of Proposition 5.

Given (2), differentiating the profit of the platform provider with respect to p and setting the
expression equal to zero yields (18). [

Proof of Proposition 6.

It follows immediately from (19) that

@_{>0, k+0
aw 0, k=0.

Proof of Proposition 7.

0 (A6)

Using (18) to obtain expressions for pZand p* yields

B k

1

p’ = a"(Pp =3P~ o (A7)
1

p’=(1-a"®)p =50+ 7o (A8)

Differentiating (A7) and (A8) with respect to p, obtain

o’ _op® _1

2 (A9)

Proof of Proposition 8.

Substituting (A7) and (A8) into (10) and differentiating the resulting equations with respect to p
yields

9csf _ dsp _ as _ apds (A10)

ap 4 4 4dg
0csS _ dpp _ap _ asdp (A11)

ap 4 4 4dg
Since p < — + (the sum of reservation prices), (A10) and (A11) are negative.
Subst1tut1ng (A7) and (AS8) into (1) and then differentiating the resulting expression with respect
to p yields

om _ dBdg [

> p] [“B +2 420 - 3p] >0, (A12)

apds+agdp+2cdpds 0
3dgds )

recognizing that the term in the second bracket is positive Vp < p* =

Proof of Proposition 9.
Substituting (5) and (6) into (11) yields

SwMOTlOpOliSt — (a5d3+a3d5—cd3d5)2[3(d3+d5)+2(a5d3+a3d5—cd3ds)] > O, (A13)
54(dpds)?

as
ds’
Substituting (13) and (14) 1nt0 (11) yields

recognizing that c < p < +

SwRegulator — [dB+dS+2(anB+aBdS_CdBdS)]3 > 0’ (A14)
216(d3d5)2




recognizing that ¢ < p < 2B 43
dp ds
The percentage change in social welfare under price level regulation is given by

SWRegulation _ SWMonopolist

WASW = < SwMonopolist

>><100=

25(dB+d5)2[dB+d5+6(a5d3+a3d5—cd3d5)] >0
(anB+aBd5—chd5)2[3(dB+d5)+2(a5d3+a3d5—cd3d5)] '

Differentiating (A15) with respect to ¢ yields

0%ASW 150dgds([dp+ds] [d3+d5+2(a5d3+a3d5—cd3d5)])2
ac - (asdg+apds—cdpds)3[3(dg+ds)+2(asdg+agds—cdgds)]?

O

> 0,

recognizing that ¢ < p < Z—Z + Z—z_

(A15)

(A16)



