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Abstract

We compare duopoly competition with a regulated public monopoly in the health care insurance sector

using the two-sided market approach. Health plans allow policyholders and physicians to interact. Policyhold-

ers have a preference for one of two health plans and value the diversity of physicians. Physicians value the

number of policyholders because they are paid on a fee-for-service basis. This is a positive network externality.

We find that the resulting Nash equilibria are explained by the two standard effects of product differentiation:

the price competition effect and the market share effect, and by two opposing effects related to the network

externality. We call these the positive earning effect and the negative spending effect. Overall the comparison

between the two types of organizations shows that regulation is preferred when the physicians’ market is not

covered and competition is preferred when it is covered. But each time the choice is made at the expense of

one type of agent.
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1 Introduction

In Iceland, Norway, Sweden, and the United Kingdom, the government pays a large share of health care resources,

whereas the United States together with Mexico and Chile are the only OECD countries where less than 50 percent

of health spending is publicly financed. The public share of health expenditure in the United States was 48.2

percent in 2010, much lower than the OECD average of 72.2 percent (OECD, 2012 in [18]). Today, a specific type

of organization dominates the United States health care insurance marketplace: managed care. There is a wide

range of institutional arrangements for managed care and no single definition of them. For example, managed care

practices can consist in denial of care, limiting choice of provider, or monitoring service utilization, all in order to

limit health care costs. But the majority of managed care organizations (MCO) use networks of providers (Ma

and McGuire, 2002), through exclusive or non-exclusive contracts. Thus they combine the functions of health

insurance, delivery of care, and administration.

Managed care health plans can be seen as “two-sided markets” because they are platforms which allow

two groups of agents to interact. A two-sided market is defined by Rochet and Tirole (2006) as a market in

which interactions between end-users are enabled by one or several platforms competing for the two sides of

the market.1 This platform may also be called a network. In a two-sided market there are some cross-group

externalities because an agent on one side of the market exerts a positive (or negative) externality on each agent

in the other group.

Our paper builds on this recent literature on two-sided markets and on the literature on product differentiation.

For public policy purposes, we seek to compare two types of health care insurance system: a duopoly competitive

system and a regulated system with a public monopoly. The choice between a competitive organization and

a regulated monopoly is a recurrent issue of economic policy in the health care insurance sector. Belgium,

Germany, the Netherlands, and Switzerland have regulated competitive systems and it is more competitive in

the United States. In France health insurance is provided by a regulated public monopoly. But each country

tries to implement the relevant regulation, the main objective being to ensure universal service for everybody to

improve efficiency in health care production.

Following the literature on two-sided markets, we assume that health plans are two-sided platforms which pro-

vide interaction services between two groups of agents: policyholders and health care providers. First we consider

duopoly competition and we determine non-cooperative Nash equilibria. Then we consider a regulated public

monopoly and we characterize the optimal situation. We also compare the resulting surpluses in each situation.

The externality from policyholders to physicians (and from physicians to policyholders) is positive because a

policyholder becoming sick provides more payment to a physician when the latter is paid on a fee-for-service

basis. And a supplementary physician affiliated to the platform exerts a positive externality on policyholders

because they value the diversity of physicians. But contrary to most papers on two-sided markets (see for example

1The “side” of the market is one of the groups of agents who interact through the platform. If there are several sides, it is a
multi-sided market.
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Caillaud and Jullien (2003), Rochet and Tirole on the credit card industry (2003, 2008), Gabszewicz, Laussel and

Sonnac (2004), Peitz and Valletti (2004), Anderson and Gabszewicz (2006) on the media industry and Armstrong

(2006) on shopping malls), this network externality is of particular nature. Indeed, health plans do not make

profits on both sides of the market. They make profits on the policyholders’ side only, while they have to pay

physicians to attract them. Bardey and Rochet (2010) also use this framework to study health plan competition.

They consider a Health Maintenance Organization (HMO) and a Preferred Provider Organization (PPO). They

assume that there are more affiliated physicians to the PPO than to the HMO, and therefore the PPO attracts

riskier policyholders. They also assume that both health plans have access to two identical but distinct groups

of physicians and the physicians’ market is not covered. Thus there is a hidden assumption: physicians are

single-home.2 Moreover health plans do not compete on this side of the market because of their access to two

different pools of physicians.

Our paper is also built on the Hotelling literature of product differentiation. We consider exogenously hori-

zontally differentiated health plans but we do not have a single attribute of the product as in Hotelling (1929).

We consider two attributes of the “health insurance” service offered by health plans represented through the lo-

cation of health plans (exogenous horizontal differentiation) and the number of affiliated physicians (endogenous

vertical differentiation) like Neven and Thisse (1989) who consider a model with both endogenous horizontal and

vertical differentiation. They show that firms try to reduce their differentiation on some attributes of the product

only if they are differentiated enough on the other attributes. A similar conclusion appears in Ansari, Econo-

mides and Steckel (1998). They consider a variant of Hotelling’s model with an n-attribute product model.3

In the two-dimensional model, they show that when consumers assign a high weight to one attribute of the

product, both competitive firms are maximally differentiated on that attribute and minimally differentiated on

the other attribute. Thus there can be what they call a max-min equilibrium or a min-max equilibrium. And

when consumers assign roughly comparable weights to each attribute, Ansari et al. (1998) show that both types

of equilibria exist. Our results partly confirm these analyses within the framework of exogenously horizontally

differentiated two-sided platforms. Besides being maximally horizontally differentiated, we find that health plans

are minimally vertically differentiated when policyholders have a low preference for the diversity of physicians.

This confirms both the results of Neven and Thisse (1989) and Ansari et al. (1998). When both the policyholders’

preference parameters are intermediate, we find both symmetric and asymmetric equilibria. This point is more

like the analysis of Ansari et al. (1998). And when policyholders have a high preference for the diversity of

physicians, again health plans tend to be minimally vertically differentiated. This is a novel aspect in comparison

to the model of product differentiation of Ansari et al. (1998) and it is explained by the network externality.

More specifically, the Nash equilibria depend on four effects with two effects directly depending on the network

externality. In addition to the standard effects of product differentiation: the price competition effect which

2Single-home agents are affiliated to one network only, whereas multi-home agents are affiliated to two or more networks.
3They analyze two- and three-attribute product models only.
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drives health plans to be differentiated (Chamberlinian incentive) and the market share effect which drives them

to play symmetric strategies, we find a positive “earning effect” and a negative “spending effect”. On the one

hand, when health plans decide to hire more physicians, the network externality makes it possible to set a higher

premium and thus to make more profits. On the other hand, this raises costs through payments to physicians.

Therefore the double effect of the network externality has to be taken into account when considering a model of

product differentiation within the particular framework of a two-sided market.

A model of a regulated public monopoly considered as a two-sided market providing health care insurance

services has not been studied yet. But Armstrong (2006) and Rochet and Tirole (2003, 2006) establish a general

framework of a monopoly platform. The main difference between their articles is the tariff charged by the

platform. Armstrong assumes fixed fees, whereas Rochet and Tirole assume per-transaction charges in their

2003 paper, and both types of charges in their 2006 paper. So there is pure membership pricing in Armstrong’s

model, and pure usage pricing in Rochet and Tirole (2003). In our paper under regulation as under duopoly

competition, health plans set a charge on the policyholders’ side and pay a fee-for-service rate on the physicians’

side. Under regulation, we find that only the two effects related to the network externality remain. The regulated

public monopoly decides to hire all physicians only when the policyholders’ preference parameter is high enough.

Moreover, under the maximization expected welfare criterion, the comparison between competition and regulation

shows that when the physicians’ market is not covered and when the social cost of public funds is relatively low,

the regulated situation is preferred to the competitive situation to the detriment of health plans. But when

the physicians’ market is covered, the competitive situation will be preferred to the regulated situation to the

detriment of policyholders.

The rest of the paper is organized as follows. Section 2 describes the model. Section 3 defines the equilibria

under duopoly competition. The situation under a regulated public monopoly is derived in section 4. The policy

comparison is presented in section 5. And section 6 concludes.

2 The model

Three categories of agents interact: health plans, policyholders, and physicians.

2.1 Health plans

First we consider duopoly competition between two MCOs providing health insurance to policyholders and buying

physicians’ services. We assume that health plans are horizontally differentiated. They can differ in the range of

devices they offer to policyholders and physicians. They can also differ in working hours, in values they support

which contribute to their reputation, or in the organization’s size. We use a Hotelling specification to model

horizontal differentiation among health plans. The location of health plans is exogenous on the segment of unit

length, representing the town. Health plan 1 is located at one end of the town, at 0, and health plan 2 is at the
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other end, at 1. Both health plans have access to the same group of physicians. Then we assume that each health

plan charges a fixed insurance premium to policyholders and pays its affiliated physicians on a fee-for-service

basis. We assume that price discrimination is forbidden: the insurance premium is not a risk-based premium.

The profit function of health plan i ∀i = 1, 2 is then given by:

πi = pini − TP i, (1)

where pi is the insurance premium paid by policyholders to health plan i, ni is the number of policyholders joining

health plan i, and TP i is the total payment paid by health plan i to physicians. It equals the fee-for-service rate

set by health plan i multiplied by the expected number of patients in health plan i.

2.2 Policyholders

Insurance is mandatory for subscribers who are single-home. This means that they can choose only one health

plan. We assume that there is a mass N of policyholders that we normalize to one hereafter. Policyholders are

characterized by their probability of illness θ, which is uniformly distributed over the interval [0,1]. They also

have an ideal health plan represented by their location x in the town, with x distributed over [0, 1] according to

a cumulative distribution function F (.) and a density f that is everywhere positive. Their preferences are about

the range of devices offerred by health plans, opening hours, or values claimed by the organizations. We assume

that policyholders are risk-neutral 4 and they can interact with physicians through the network only. They value

the diversity of physicians in a health plan according to the parameter β. All policyholders are assumed to have

the same parameter. Moreover, they have to pay a fixed insurance premium pi to health plan i in exchange for

the insurance service provided.

Their utility in health plans 1 and 2 is given by: U1(β, x) = ω + βn1
B − θB + θR − p1 − tx and U2(β, x) =

ω + βn2
B − θB + θR− p2 − t(1− x), where ω is the policyholders’ initial wealth, niB is the number of physicians

affiliated to health plan i, B represents the loss due to illness, R is the insurance’s reimbursement, and t is the

policyholder’s “transportation cost” parameter. We assume full insurance coverage so that R = B. Therefore

the policyholders’ utility depends on their preference parameter β and their location x. It does not depend on

their probability of illness θ because of the full insurance coverage.

2.3 Physicians

Using the Hotelling’s framework, we assume that physicians are characterized by their location y in the town

represented by a unit segment. We assume that y is uniformly distributed on the interval [0, 1] and corresponds

to the ideal health plan of physicians.5 This means that if health plans offer the same fee-for-service rate to

4We assume that insurance is mandatory (so policyholders cannot avoid paying the insurance premium). And because we also
assume that insurance premiums never drive policyholders out of the market, we can make the assumption that policyholders are
risk-neutral, like Glazer and Mc Guire (2000).

5Like policyholders, it refers to the horizontal characteristics of health plans.
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physicians, there will be a positive demand from physicians for each of them. And in this case, physicians will go

to the health plan which is closest to them. The mass of physicians is NB , which we normalize to one hereafter.

We assume that physicians can choose to be affiliated to health plan 1, or to health plan 2, or to both health

plans at the same time, given their utility when they join one or other health plan, or both. So physicians are

not necessarily single-home like policyholders, they may be multi-home.6 And as they can join both health plans

at the same time, they do not sign an exclusive contract with their employer. Moreover, we assume that the

physicians’ decision to join one health plan is independent of their decision to join the other health plan, i.e.

it is not an “either-or” decision as described in Armstrong (2006). This assumption of independent decisions

means that in fact health plans do not compete to attract physicians. Finally, in our paper there is a positive

cross-group externality between policyholders and physicians. Policyholders value the diversity of physicians.

And the more affiliated policyholders there are falling ill, the higher physicians’ income will be because they are

paid on a fee-for-service basis.

The utility functions of physicians under health plan 1 and health plan 2 are respectively: U1
B(y) = TR−tB ·y

and U2
B(y) = TR−tB ·(1−y), where TR is physicians’ total revenue and tB is the “transportation cost” parameter

that physicians incur because they are not affiliated to their preferred health plan. Physicians’ total revenue equals

the fee-for-service rate net of the unit treatment cost, multiplied by the average expected number of patients.

3 Equilibria under duopoly competition

We define the policyholders’ and physicians’ demands for each health plan. Then we determine Nash equilibria

which are such that (niB
∗,pi∗) is an optimal response to the health plan j’s strategies ∀i 6= j. If at the resulting

equilibria the number of physicians affiliated to health plan 1 is different from the number of physicians affiliated

to health plan 2 (n1
B
∗ > n2

B
∗ or n1

B
∗ < n2

B
∗), there are asymmetric Nash equilibria and the model incorporates

both horizontal and vertical differentiation. But if n1
B
∗ = n2

B
∗ there are symmetric equilibria and health plans

are horizontally differentiated only.

3.1 Demands

Policyholders’ side

A policyholder prefers to join health plan 1 rather than health plan 2 if: U1(β, x) ≥ U2(β, x), then if:

x ≤ 1

2
+
β(n1

B − n2
B)− p1 + p2

2t
= x̄. (2)

Conversely a policyholder prefers to join health plan 2 rather than health plan 1 if x ≥ x̄. Assuming full market

6The situation in which one of the two groups of agents who interact through the health plan single-homes and the other group
multi-homes is called a “competitive bottleneck” situation. See Armstrong (2006). Our model approaches this model because we
have assumed that policyholders single-home and physicians can multi-home.
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coverage and N = 1, policyholders’ demands are defined by n1 = F (x̄) and n2 = 1− F (x̄).

Physicians’ side

As we have assumed that physicians do not make an “either-or” decision as regards their choice of health plan,

to define the marginal physician we have to compare the utility of physicians under health plan i ∀i = 1, 2, to

their reservation utility set to zero. Hence physicians opt for health plan 1 (independently of their decision to join

health plan 2), if U1
B(y) ≥ 0, then if: (s1−c)F (x̄)

n1
B

·
∫ 1

0
θf(θ)dθ− tBy ≥ 0, where s1 is the fee-for-service rate set by

health plan 1 and c is the unit cost of treatment. Moreover, as the probability of illness θ is uniformly distributed

on the interval [0, 1], the expected number of patients under health plan 1 is: F (x̄) ·
∫ 1

0
θf(θ)dθ = F (x̄)

2 , yielding:

y ≤ (s1−c)F (x̄)
2n1

BtB
= ȳ. Hence physicians’ demand for health plan 1 n1

B corresponds to the number of physicians

who choose this health plan. Physicians whose location y is lower than the threshold ȳ opt for health plan 1. As

NB = 1 we obtain:

n1
B =

(s1 − c)F (x̄)

2n1
BtB

. (3)

In the same way as for health plan 1, physicians whose location y is higher than the threshold ȳ′ opt for

health plan 2 if: y ≥ 1− (s2−c)(1−F (x̄))
2n2

BtB
= ȳ′. Hence the market share of health plan 2 on the physicians’ side is:

n2
B =

(s2 − c)(1− F (x̄))

2n2
BtB

. (4)

3.2 Equilibria

The profit function of health plan i ∀i = 1, 2 is given by equation (1), which can also be written:

π1 = p1F (x̄)− s1F (x̄)

2
π2 = p2(1− F (x̄))− s2(1− F (x̄))

2
.

We can rewrite equations (3) and (4) to express profit functions as functions of the insurance premiums pi and

of the numbers of physicians niB :

(n1
B)2tB +

cF (x̄)

2
=
s1F (x̄)

2
, (5)

and

(n2
B)2tB +

c(1− F (x̄))

2
=
s2(1− F (x̄))

2
. (6)

Because physicians opt for one health plan (or both) independently of their choice to join the other health plan,

there is competition on the policyholders’ side only. Health plans have two instruments to attract policyholders:
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the insurance premium pi and the number of physicians niB , because policyholders value the diversity of physicians.

Using equations (5) and (6), profit functions can be rewritten as:

π1 = p1F (x̄)− (n1
B)2tB −

cF (x̄)

2
, (7)

π2 = p2(1− F (x̄))− (n2
B)2tB −

c(1− F (x̄))

2
. (8)

Each health plan i maximizes its profit function πi with respect to pi and niB , subject to the following

constraints:

niB ≤ 1 (9)

x̄ ≤ 1 (10)

We show in Appendix 1 that constraints (9) and (10) for each firm may be simultaneously not binding. They

may also be simultaneously binding, or constraint (9) may be the single binding constraint for one of the two

health plans only. The resulting Nash equilibria of the non-cooperative game between both health plans are given

in the following proposition.

Proposition 1 Under duopoly competition, with x̄ defined by (2),

• when 1− 2tB
β < F (x̄) < 2tB

β , i.e. β < 4tB, i.e. no constraints are binding, the Nash equilibrium is symmetric

and characterized by:

p1∗ =
c

2
+
F (x̄)

f(x̄)
2t, (11)

p2∗ =
c

2
+

(1− F (x̄))

f(x̄)
2t, (12)

n1
B
∗ =

βF (x̄)

2tB
, (13)

n2
B
∗ =

β(1− F (x̄))

2tB
. (14)

• when F (x̄) < Min{ 2tB
β , 1− 2tB

β } = 1− 2tB
β if β < 4tB, Min{ 2tB

β , 1− 2tB
β } = 2tB

β if β > 4tB, i.e. constraint

(9) is binding for health plan 2 only, the Nash equilibrium is asymmetric and characterized by: n2
B
∗ = 1,

and equations (11), (12), (13), with α = β(1− F (x̄))− 2tB > 0.

8



• when F (x̄) > Max{ 2tB
β , 1− 2tB

β } = 2tB
β if β < 4tB, Max{ 2tB

β , 1− 2tB
β } = 1− 2tB

β if β > 4tB, i.e. constraint

(9) is binding for health plan 1 only, the Nash equilibrium is asymmetric and characterized by: n1
B
∗ = 1,

and equations (11), (12), (14), with µ = βF (x̄)− 2tB > 0.

• when 2tB
β < F (x̄) < 1 − 2tB

β , i.e. β > 4tB, i.e. condition (9) is binding for both health plans, the Nash

equilibrium is symmetric and characterized by: n1
B
∗ = n2

B
∗ = 1, and equations (11) and (12), with the

Kuhn-Tucker multipliers µ and α > 0.

Moreover the second-order conditions are locally satisfied,7 thus the profit functions are locally quasi-concave,

which ensures local maxima.

Uniform distribution

In the case of a uniform distribution of the location of policyholders we obtain four equilibria (equilibria 1,

2, 3 and 4 hereafter):

1. when no constraints are binding, the second-order conditions are satisfied and the profits of health

plans are strictly positive, i.e. β < 4tB and β2 < 8ttB , there is a symmetric Nash equilibrium:

F (x̄) = 1− F (x̄) = 1
2 , p1∗ = p2∗ = c

2 + t, and n1
B
∗ = n2

B
∗ = β

4tB
;

2. when constraint (9) is binding for health plan 2 only, the second-order conditions are satisfied and the

profits of health plans are strictly positive, i.e. β < 4tB , 6ttB < β2 < 8ttB and β < 3t, there is an

asymmetric Nash equilibrium:

F (x̄) =
2tB(β − 3t)

β2 − 12ttB
, (15)

1− F (x̄) =
β2 − 2tB(β + 3t)

β2 − 12ttB
, (16)

p1∗ =
c

2
+

4ttB(β − 3t)

β2 − 12ttB
, (17)

p2∗ =
c

2
+

2t[β2 − 2tB(β + 3t)]

β2 − 12ttB
, (18)

n1
B
∗ =

β(β − 3t)

β2 − 12ttB
, (19)

n2
B
∗ = 1; (20)

7See Appendix 1.
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3. when constraint (9) is binding for health plan 1 only, under the same conditions, the results of equi-

librium 2 are reversed. F (x̄) is defined by equation (16) and 1−F (x̄) by equation (15), p1∗ is defined

by equation (18) and p2∗ by equation (17), n1
B
∗ = 1 whereas n2

B
∗ is defined by equation (19) ;

4. when constraint (9) is binding for both health plans, the second-order conditions are satisfied and the

health plans’ profits are strictly positive, i.e. β > 4tB , and β2 < 8ttB , there is a symmetric Nash

equilibrium with: F (x̄) = 1− F (x̄) = 1
2 , p1∗ = p2∗ = c

2 + t, and n1
B
∗ = n2

B
∗ = 1.

Existence of Nash equilibria

We have a multiplicity of equilibria as in Ansari et al. (1998). When the physicians’ market is not covered:

β < 2tB , 8 equilibrium 1 is the sole equilibrium. But when the physicians’ market is covered and β is

not too high (β < 4tB), both equilibria 1 and 2 (or 3) exist. We do not know which of equilibrium 2 or

equilibrium 3 will arise. In this case, we have the contrary of a coordination game (like the battle of the

sexes game). The outcome of the game is unpredictable because health plans simultaneously choose the

number of affiliated physicians and prices. And we cannot consider a two-step game because the choice of

the number of physicians is directly determined through the choice of a fee-for-service rate as in Bardey and

Rochet (2010). When equilibria 1 and 2 (or 3) coexist, it can be shown that equilibrium 1 is suboptimal

relative to equilibrium 2 (or 3).

In this paper, we consider two attributes of the “health insurance” service: the location of health plans,

which corresponds to the horizontal differentiation, and the number of affiliated physicians, which corre-

sponds to the vertical differentiation. Thus given the firms’ location, even when the diversity of physicians

between both firms is not great, they do not have incentives for undercutting9 as explained in Economides

(1984)10 because they are already differentiated on one attribute. Moreover the insurance premium cannot

be lowered indefinitely. Because of the existence of a network externality of a particular nature, it cannot

be too small because the profits made by health plans from policyholders are used to pay physicians. And

without physicians, there is no demand from policyholders and thus no market. Finally, for the existence

of Nash equilibria, we have verified that the second-order conditions are satisfied locally.11

Differentiation of health plans

The first attribute of the “health insurance” service offered by health plans is their location. This cor-

responds to their own characteristics.12 The weight that policyholders assign to this attribute is t. The

8The physicians’ market is covered when n1
B

∗ + n2
B

∗ ≥ 1. At equilibrium 1, n1
B

∗ + n2
B

∗ = β
2tB

< 1 for β < 2tB .
9Here undercutting would consist in lowering the insurance premium to attract more and more policyholders.

10Economides (1984) explains that a Nash equilibrium in prices does not always exist when firms are located close together because
in this case undercutting is always optimal. And this is caused by the non-quasiconcavity of the profit functions. The rival firm
always benefits from lowering its price to poach the other firm’s market share.

11See Appendix 1.
12In section I, as examples of health plans’ characteristics, we have mentionned the range of devices offered to policyholders and

physicians, working/opening hours, values claimed by the organization and its size.
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second attribute is the number of physicians affiliated to the health plan, which conveys the diversity of

physicians offered by health plans. The weight that policyholders place on this attribute is β. Thus our

model can incorporate both horizontal and vertical differentiation when health plans have different numbers

of physicians.

The profit variation of each health plan divides into four effects. The total differential of the profit function

can be used to underline these effects: dπi = ∂πi

∂ni
B
dniB + ∂πi

∂pi dp
i ∀i = 1, 2, yielding:

dπi =

[(
pi − c

2

) β
2t
− 2niBtB

]
dniB +

[(
pi − c

2

)(−1

2t

)
+ ni

]
dpi ∀i = 1, 2. (21)

The first term of (21):
(
pi − c

2

)
β
2t ·dniB , is the positive effect of vertical differentiation because it corresponds

to ∂πi

∂(ni
B−n

j
B)

, meaning that when the difference between niB and njB increases, πi increases too.13 It can be

linked to the price competition effect which drives firms to become differentiated. The second term of (21):

−2niBtB · dniB , is the negative effect of the network externality. We call it the “spending effect” because

when the number of physicians increases, even if this also has a positive effect, charges for the physicians’

payment increase for health plans, which lowers their profit. The third term of (21):
(
pi − c

2

) (−1
2t

)
· dpi,

is the negative effect of vertical differentiation corresponding to ∂πi

∂(pi−pj) . It is comparable to the market

share effect which drives firms to play similar strategies. And the last term of (21): ni · dpi, is the positive

effect of the network externality. We call it the “earning effect”. Indeed, hiring more physicians makes it

possible to set a higher premium on the policyholders’ side and to make more profits. These four effects

will determine equilibria.

Our paper comes close to the conclusions of Neven and Thisse (1989) and Ansari et al. (1998). At

equilibrium 1 when β is low: β < 2tB and t is high: t > β2

8tB
, health plans are minimally vertically

differentiated and (exogenously) maximally differentiated as expected in the models of Neven and Thisse

(1989) and Ansari et al. (1998). Thus equilibrium 1 is a max-min equilibrium following Ansari et al. (1998).

When β and t are intermediate: 2tB < β < 4tB and β2

8tB
< t < β2

6tB
, there are two equilibria: equilibrium

1 and equilibrium 2 (or 3). In the two-dimensional model, when the attributes’ weights are nearly the

same, Ansari et al. (1998) also find two equilibria: a max-min equilibrium and a min-max equilibrium.

In our case, whereas equilibrium 1 is a max-min equilibrium, equilibrium 2 (or 3) cannot be a min-max

equilibrium, nor a max-max equilibrium. Indeed, because we assume an exogenous maximal horizontal

differentiation, we necessarily have a “max-... equilibrium”. Moreover, health plans cannot be maximally

vertically differentiated because of the specific “diversity of physicians” attribute which cannot be zero for

one of the two health plans. Thus the equilibrium cannot be a “...-max equilibrium”, and therefore not a

“max-max equilibrium”. We can say that we obtain a “max-intermediate equilibrium” at equilibrium 2 (or

3) because health plans are vertically differentiated but not maximally so.

13This effect is positive because for all equilibria pi > c
2
∀i = 1, 2.
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Finally when β and t are high: β > 4tB and t > β2

8tB
, we obtain a max-min equilibrium with both health

plans hiring all physicians due to the positive effect of the network externality. Following Neven and Thisse

(1989), health plans are maximally differentiated on one attribute (horizontal differentiation), and they are

minimally differentiated on the other attribute (vertical differentiation).

This analysis can be summarized as follows. In the case of a uniform distribution on the interval [0, 1]

of the location of policyholders, health plans’ strategies depend on the two standard effects of product

differentiation. The price competition effect, which drives health plans to be vertically differentiated to

soften competition, and the market share effect, which drives them to play symmetric strategies to increase

their market share on the policyholders’ side. Health plans’ strategies also depend on two effects related

to the particular network externality: a spending effect which drives health plans to hire fewer physicians

because of charges, and an earning effect which drives them to hire more physicians to set a higher premium

for policyholders, so as to make more profits.

4 Regulated public monopoly health plan

We now consider a single health plan which is a regulated public monopoly. Regulation concerns activities

whose organization is a network and public utilities, like health care production. In this type of sector,

there is often a natural monopoly because of the existence of network externalities and risk mutualization.

Because, in most of these cases, market failures can arise, regulation may be useful to attempt to prevent

socially undesirable outcomes and to direct market activity toward desired outcomes.

We assume that the health plan is located at x = 0 in the town represented by the unit segment. Full

insurance coverage is still mandatory for policyholders. Therefore they all join the regulated health plan

whereas physicians can choose between joining the market or staying outside. The model described in

section 2 also applies here taking account of changes in market shares. As all policyholders are affiliated

to the health plan and as their mass is normalized to one, n = 1 policyholders join the health plan. The

system is funded through taxes and therefore policyholders pay a tax T to finance their insurance, and not

a fixed premium any more. They bear the social cost of the tax λ, because a tax system implies distortions.

We assume that the health plan seeks to maximize social welfare under the balanced-budget constraint, by

adequately fixing the tax T paid by policyholders and by choosing the right number of physicians employed.

It also has to take into account that the number of physicians cannot exceed one.

With a full insurance coverage, the utility of policyholders is given by: U(β, x) = ω+βnMB −T (1 +λ)− tx.

And the physicians’ utility function is:

UB(y) =
(sM − c)
nMB

·
∫ 1

0

θf(θ)dθ − tB · y. (22)
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As N = 1 and the probability of illness θ is uniformly distributed on the interval [0, 1], the expected number

of consultations in the network is 1
2 . Thus (22) can be rewritten as: UB(y) = (sM−c)

2nM
B

− tB · y.

We can define the physicians’ demand for the health plan from the physicians’ participation constraint:

UB(y) ≥ 0, then if: y ≤ (sM−c)
2nM

B tB
= ȳ. Therefore the physicians whose location y is lower than the threshold

ȳ decide to join the regulated public monopoly. And the number of physicians affiliated to the monopoly

health plan is: nMB = (sM−c)
2nM

B tB
, yielding:

(nMB )2tB +
c

2
=
sM

2
. (23)

Expected welfare can be written as:

EWM =

∫ 1

0

U(β, x) dx+

∫ ȳ

0

UB(y)dy (24)

= ω + βnMB − T (1 + λ)− t

2
+

(sM − c)2

8(nMB )2tB
.

The regulator’s constraints are the balanced-budget constraint and the constraint on the number of physi-

cians: T · n = sM ·
∫ 1

0
θf(θ)dθ, then:

T =
sM

2
= (nMB )2tB +

c

2
, (25)

from equation (23), and

nMB ≤ 1. (26)

Therefore the regulator has to maximize (24) under (25) and (26).

Proposition 2 Social welfare is maximized14 when constraint (26) is not binding, i.e. β < tB(1 + 2λ), if

nMB
∗ = β

tB(1+2λ) . Otherwise constraint (26) is binding and nMB
∗ = 1.

Then when β < tB(1 + 2λ): T ∗ = β2

tB(1+2λ)2 + c
2 and sM ∗ = 2β2

tB(1+2λ)2 + c. Otherwise, T ∗ = tB + c
2 and

sM ∗ = 2tB + c. The policy choice of the regulator depends on the earning and the spending effects only.

There is a trade-off between hiring more physicians to offer a higher diversity to policyholders, and charges

due to the physicians’ wages. When β is high enough, the regulator hires all physicians.

14See Appendix 2 for more details.

13



5 Welfare comparison

We compare the agents’ equilibrium surpluses and expected welfare under duopoly competition with a

uniform distribution on the interval [0, 1] of the location of policyholders, and under the regulated public

monopoly when it is relevant, i.e. when the physicians’ market is not covered and when it is covered by all

platforms. Let S be the policyholders’ surplus, SB be the physicians’ surplus, and W be expected welfare

under duopoly competition. Let SM be the policyholders’ surplus, SMB be the physicians’ surplus, and WM

be expected social welfare under the regulated public monopoly.

Under duopoly competition, one of the two health plans hires all physicians from β > 2tB and both health

plans hire all physicians from β > 4tB . For λ = 1
2 , i.e. 2tB = tB(1 + 2λ), and β > 2tB , one of the two

competitive health plans and the regulated monopoly hire all physicians. For λ = 9
2 , i.e. 4tB = tB(1 + 2λ),

and β > 4tB , all health plans hire all physicians. The social cost of public funds is assessed to be around

0.3 for most of the developed economies (see Ballard, Shoven and Whalley, 1985) thus we can assume that

λ < 1
2 for the rest of the comparison. λ < 1

2 implies that β > 2tB > tB(1 + 2λ), thus the regulated public

monopoly hires all physicians at a lower threshold of β than competitive health plans because only the

effects of the network externality matter for it.

The physicians’ market is not covered under each type of organization

When β < tB(1 + 2λ) < 2tB , the total number of physicians at equilibrium 1 is: n1
B
∗ + n2

B
∗ = n∗B = β

2tB
.

Then, given the value of λ, the diversity of physicians offered to policyholders is higher under regulation

than under duopoly competition: nMB
∗ = β

tB(1+2λ) >
β

2tB
= n∗B . But the tax paid by policyholders under

regulation is decreasing with λ. If λ > λ̄ = β
2
√
ttB
− 1

2 , they will pay a lower charge under regulation than

under duopoly competition: T ∗ = β2

tB(1+2λ)2 + c
2 <

c
2 + t = p∗.

Assuming that β
2
√
ttB
− 1

2 < λ < 1
2 , which is true only if t > β2

4tB
, or else if the importance that policyholders

attribute to horizontal differentiation is high, competitive health plans take advantage of the policyholders’

preference to set a higher premium. Therefore, in this case, policyholders benefit from a higher diversity

of physicians and pay a lower premium under regulation than under duopoly competition.15 More broadly,

the comparison of the policyholders’ surplus under duopoly competition and regulation shows that it is

better under the regulated monopoly: S∗ − SM ∗ = β2

tB

[
1
4 − λ

(1+λ)2

]
− c

(
1 + λ

2

)
− 14t

8 < 0, i.e. if:

β2

4tB
<

β2λ

tB(1 + λ)2
+ c

(
1 +

λ

2

)
+

14t

8
. (27)

Given the assumptions required for the parameters’ values, condition (27) is verified. Moreover the fee-

for-service rate set by the regulated monopoly for physicians is higher than the one set by competitive

15But the physicians’ market is not covered in each case.
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health plans: sM ∗ = 2β2

tB(1+2λ)2 + c > β2

4tB
+ c = s∗. The expected number of patients16 ( 1

2 vs 1
4 ) is

also higher under regulation. But competition between physicians is fiercer under regulation, which tends

to lower their total revenue. Accordingly the physicians’ total revenue will depend on these two oppos-

ing forces. A comparison of their expected total revenue in each situation shows that it is higher under

regulation than under duopoly competition given the assumed value of the social cost of public funds λ:

sM∗

2nM
B

∗ − s∗

2n∗
B

= 8β2 + (1 + 2λ)(8ctBλ − β2) > 0. There is only a drawback for physicians whose location

y > 1
2 because their transportation cost will be higher under regulation. As a whole, the comparison of

the physicians’ surplus in each type of organization gives: S∗B − SMB ∗ = (β−tB)
2 − β2

2tB

[
1
8 + 1

(1+λ)2

]
< 0,

which is true in this case of uncovered physicians’ market. Thus the physicians’ surplus is higher under

regulation than under duopoly competition even if the competition is fiercer. Concerning expected welfare,

if we assume that β = tB = 4t, or else that β = tB
2 = 5t17, and c > 0 the comparison18 between EW ∗ and

EWM ∗ shows that EW ∗ > EWM ∗ if λ is high and EWM ∗ > EW ∗ if λ is low. This result is due to the

distortionary taxation and is consistent with the observations made on the surplus of each type of agent.

Therefore for a relatively low social cost of public funds (λ < 1
2 ), the expected welfare is likely to be greater

under regulation even if health plans make zero profit.

The physicians’ market is covered under each type of organization and by all health plans

When β > 4tB > tB(1 + 2λ), or when all health plans hire all physicians, under duopoly competition

physicians can choose which health plan they join and are better paid: s∗ = 4tB + c > 2tB + c = sM ∗.

Their surplus and expected welfare are always higher than under regulation: S∗B−SMB ∗ = tB− tB
2 = tB

2 > 0

and EW ∗ − EWM ∗ = t
4 + λ(c+tB)−tB

2 > 0, only if: λ > 2tB−t
2(c+tB) = λ̄, with λ̄ < 0 because t > 2tB at

equilibrium 4. Competition is always preferred to regulation by health plans because they make profits.

The policyholders’ surplus is also higher under duopoly competition than under regulation only if λ is high.

In this case, insurance is too costly for policyholders under regulation. But even when λ is low and thus

the policyholders’ surplus is higher under regulation, the gain they make does not offset the lesser gains

of physicians and health plans. Financing health insurance by taxation implies distortions which are not

offset by gains when the situations are identical under duopoly competition and under regulation.19

Using the expected welfare maximization criterion, this comparison shows that the choice between a duopoly

and a regulated monopoly depends on the size of the physicians’ market. When the physicians’ market is

not covered, if λ ' 0.3 it is more likely that expected welfare under regulation will be higher than under

duopoly competition. Indeed, the policyholders’ surplus is maximized under regulation and is higher than

16The expected number of patients on each HP is given by: N
∫ 1
0 θf(θ)dθ.

17In the case that we study, we must have: β < 2tB , β < tB(1 + 2λ) and t > β2

6tB
.

18In the uncovered physicians’ market, EW ∗ − EWM∗ = β−tB+cλ
2

+ t
4

+ β2

2tB

[
1
8
− 1

(1+2λ)

]
.

19When insurance is mandatory for policyholders and when all physicians are affiliated.
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under duopoly competition, the physicians’ surplus is also maximized under regulation and is greater than

under duopoly competition, but the profits of health plans are only maximized under duopoly competition.

And expected welfare is higher under duopoly competition than under regulation when the physicians’

market is covered by all health plans. All physicians are multi-home under duopoly competition. The sum

of the surpluses that they receive is higher than their maximized surplus under regulation (S∗B = 2SMB
∗).

The profits of health plans are maximized under duopoly competition, and the policyholders’ surplus is

maximized under regulation but turns out to be smaller than under duopoly competition if the social cost

of public funds becomes too high. But given that this latter ' 0.3, they are more likely to obtain a greater

surplus under regulation. Thus, the choice of a way of financing health care insurance is made to the

detriment of one type of agent.

Armstrong (2006) shows that in a competitive bottleneck model, the interests of the multi-homing group

are always ignored at equilibrium. By contrast the joint interests of the competitive platform and its single-

homing group are maximized. Indeed, the platform maximizes its profit subject to delivering a required

utility to the single-homing group. Our model is not a real competitive bottleneck model because under

duopoly competition physicians can multi-home but they are not necessarily multi-home. But we find that

given the policyholders’ preference parameter for the diversity of physicians β and if λ ' 0.3, if a regulated

system is preferred, the health plans are unfavoured while if a competitive system is chosen, policyholders

are unfavoured.

6 Conclusion

In this article, we have used the two-sided market approach to characterize a duopoly competition between

two exogenously horizontally differentiated MCOs where policyholders are single-home and physicians can

be multi-home. We also studied a regulated situation with a public monopoly.

We derived non-cooperative Nash equilibria under duopoly competition and characterized the optimal si-

tuation under regulation. We have found symmetric equilibria where health plans play symmetric strategies

and asymmetric equilibria where health plans choose to be vertically differentiated besides being horizontally

differentiated. Overall we observed that the strategy chosen by health plans at each equilibrium depends

on four effects with two effects related to product differentiation and two effects related to the network

externality. The first two effects are the standard effects of product differentiation: the price competition

effect and the market share effect. And the other two effects are the earning effect and the spending effect.

Each time there is a trade-off because differentiation makes it possible to soften competition but similar

strategies can capture a greater share of the market. And offering a greater diversity of physicians makes it

16



possible to set a higher premium on the policyholders’ side but it also gives rise to more expenses through

the physicians’ payment. This latter point extends the results of product differentiation to a two-sided

market structure with a network externality which differs from most of the modeled externalities in the

two-sided market literature.

Under regulation, only the earning and the spending effects remain. This is consistent with the market

structure. The regulated public monopoly will hire all physicians only for a relatively high policyholders’

preference parameter for the diversity of physicians. Moreover, the comparison of expected welfare under

duopoly competition and under regulation shows that when the policyholders’ preference parameter and the

social cost of public funds are low and the physicians’ market is not covered, the expected welfare is higher

under regulation. Whereas when the importance that policyholders place on the diversity of physicians is

high and when the physicians’ market is covered, expected welfare is higher under competition. But in each

case, the interests of one group of agents are ignored.
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Appendix

Appendix 1

In Appendix 1, we detail the maximization programs

of health plans 1 and 2 under duopoly competition.

Health plan 1 maximizes equation (7) and health

plan 2 maximizes equation (8), under constraints (9)

and (10). As these constraints are linear, the con-

straint qualification condition is automatically veri-

fied. Since − ∂x̄
∂p1 = ∂x̄

∂p2 = 1
2t and ∂x̄

∂n1
B

= − ∂x̄
∂n2

B
= β

2t

and with µ and λ the Kuhn-Tucker mutipliers, the

Kuhn-Tucker conditions for platform 1 are:

∂L1

∂n1
B

=
β

2t

[
f(x̄)

(
p1 − c

2

)
− λ
]
− 2n1

BtB − µ ≤ 0

(28)

∂L1

∂p1
= F (x̄) +

λ

2t

[
1− f(x̄)

(
p1 − c

2

)]
≤ 0 (29)

n1
B

[
β

2t

[
f(x̄)

(
p1 − c

2

)
− λ
]
− 2n1

BtB − µ
]

= 0

(30)

p1

[
F (x̄) +

λ

2t

[
1− f(x̄)

(
p1 − c

2

)]]
= 0 (31)

∂L1

∂µ
= 1− n1

B ≥ 0 (32)

µ(1− n1
B) = 0 (33)

∂L1

∂λ
= 1− x̄ ≥ 0 (34)

λ(1− x̄) = 0 (35)

n1
B ≥ 0, p1 ≥ 0, µ ≥ 0, λ ≥ 0. (36)

As for health plan 1, with α and γ the Kuhn-Tucker

multipliers, the Kuhn-Tucker conditions for health

plan 2 are:

∂L2

∂n2
B

=
β

2t

[
γ − f(x̄)

( c
2
− p2

)]
− 2n2

BtB − α ≤ 0

∂L2

∂p2
= 1−F (x̄)+

1

2t

[
f(x̄)

( c
2
− p2

)
− γ
]
≤ 0 (37)

n2
B

[
β

2t

[
γ − f(x̄)

( c
2
− p2

)]
− 2n2

BtB − α
]

= 0

(38)

p2

[
1− F (x̄) +

1

2t

[
f(x̄)

( c
2
− p2

)
− γ
]]

= 0 (39)

∂L2

∂α
= 1− n2

B ≥ 0 (40)

α(1− n2
B) = 0 (41)

∂L2

∂γ
= 1− x̄ ≥ 0 (42)

18



γ(1− x̄) = 0 (43)

n2
B ≥ 0, p2 ≥ 0, α ≥ 0, γ ≥ 0. (44)

If we consider both health plans simultaneously, we

find four equilibria:

1. In the first case, µ = λ = α = γ = 0, i.e. there

are no binding constraints, and from the first-

order conditions we obtain:

p1∗ =
c

2
+
F (x̄)

f(x̄)
2t, (45)

p2∗ =
c

2
+

(1− F (x̄))

f(x̄)
2t, (46)

n1
B
∗ =

βF (x̄)

2tB
< 1, (47)

↔

2tB
β

> F (x̄),

n2
B
∗ =

β(1− F (x̄))

2tB
< 1, (48)

↔

F (x̄) > 1− 2tB
β
,

x̄ =
1

2
+ (2F (x̄)− 1)

[
β2

4ttB
− 1

f(x̄)

]
< 1, (49)

↔

2 < 4F (x̄) + f(x̄)

[
1 +

β2

ttB

(
1

2
− F (x̄)

)]
,

Equilibrium profits are then given by:

π1∗ =
(F (x̄))22t

f(x̄)
− (F (x̄))2β2

4tB
> 0 (50)

↔

8ttB
β2

> f(x̄),

and

π2∗ =
(1− F (x̄))22t

f(x̄)
− (1− F (x̄))2β2

4tB
> 0

(51)

↔

8ttB
β2

> f(x̄).

Thus this equilibrium exists only if 1 − 2tB
β <

F (x̄) < 2tB
β , i.e. if β < 4tB . And if 8ttB

β2 > f(x̄).

2. In the second case, µ = λ = γ = 0, α > 0, i.e.

only constraint (9) is binding for health plan 2.

Then n2
B
∗ = 1 and p1∗, p2∗ and n1

B
∗ are respec-

tively defined by (45), (46) and (47). Moreover,

x̄ =
1

2
+
β(βF (x̄)− 2tB)

4ttB
+

(1− 2F (x̄))

f(x̄)
< 1,

↔
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2 < f(x̄)

[
1 +

β

t

(
1− βF (x̄)

2tB

)]
+ 4F (x̄),

α = β(1− F (x̄))− 2tB > 0,

↔

1− 2tB
β

> F (x̄).

The equilibrium profit of health plan 1 is given

by (50) and that of health plan 2 equals:

π2∗ =
(1− F (x̄))22t

f(x̄)
− tB > 0 (52)

↔

(1− F (x̄))2

f(x̄)
>
tB
2t
.

Thus at this equilibrium we must have: F (x̄) <

Min{ 2tB
β , 1 − 2tB

β } = 1 − 2tB
β if β < 4tB and

Min{ 2tB
β , 1 − 2tB

β } = 2tB
β if β > 4tB . And

for positive profit functions we must also have:

8ttB
β2 > f(x̄) and (1−F (x̄))2

f(x̄) > tB
2t .

3. In the third case, λ = α = γ = 0, µ > 0, i.e.

only constraint (9) is binding for health plan

1. Then n1
B
∗ = 1, p1∗ and p2∗ are respectively

given by (45) and (46) and:

n2
B
∗ =

β(1− F (x̄))

2tB
< 1,

↔

F (x̄) > 1− 2tB
β
,

x̄ =
1

2
+
β[2tB − β(1− F (x̄))]

4ttB
+

(1− 2F (x̄))

f(x̄)
< 1,

↔

2 < f(x̄)

[
1 +

β

t

(
β

2tB
(1− F (x̄))− 1

)]
+4F (x̄),

µ = βF (x̄)− 2tB > 0,

↔

2tB
β

< F (x̄).

The equilibrium profit of health plan 2 is given

by (51) and that of health plan 1 equals:

π1∗ =
(F (x̄))22t

f(x̄)
− tB > 0 (53)

↔

tB
2t

<
(F (x̄))2

f(x̄)
.

Then this equilibrium exists only if: F (x̄) >

Max{ 2tB
β , 1 − 2tB

β } = 2tB
β if β < 4tB and

Max{ 2tB
β , 1− 2tB

β } = 1− 2tB
β if β > 4tB . And

profits are strictly positive only if: 8ttB
β2 > f(x̄)

and tB
2t <

(F (x̄))2

f(x̄) .

4. Finally in the fourth case, λ = γ = 0, µ > 0

and α > 0, i.e. constraint (9) is binding for

both health plans. Then n1
B
∗ = 1 and n2

B
∗ = 1.

p1∗ and p2∗ are respectively given by (45) and

(46) and:
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x̄ =
1

2
+

(1− 2F (x̄))

f(x̄)
< 1

↔

2 < f(x̄) + 4F (x̄),

µ = βF (x̄)− 2tB > 0

↔

F (x̄) >
2tB
β
,

α = β(1− F (x̄))− 2tB > 0

↔

1− 2tB
β

> F (x̄).

Equilibrium profits are given by (53) and (52).

This equilibrium exists only if: 2tB
β < F (x̄) <

1 − 2tB
β , i.e. if β > 4tB . For strictly positive

profits, we must also have: tB
2t < (F (x̄))2

f(x̄) or

tB
2t <

(1−F (x̄))2

f(x̄) .

Now we verify that the problem is locally con-

cave by calculating the second-order condi-

tions at each equilibrium. At equilibrium 1,

(n1
B
∗, p1∗) is a strict local maximum for health

plan 1 if:

∂2π1(.)

∂(n1
B
∗)2

< 0 (54)

then if

2 >
f ′(x̄)F (x̄)

(f(x̄))2
, (55)

and if the determinant of the Hessian matrix is

strictly positive:

∂2π1(.)

∂(n1
B
∗)2
· ∂

2π1(.)

∂(p1∗)2
−
[
∂2π1(.)

∂(p1∗)2

]2

> 0 (56)

then if

2 >
f ′(x̄)F (x̄)

(f(x̄))2
+
β2f(x̄)

4ttB
. (57)

(n2
B
∗, p2∗) is a strict local maximum for health

plan 2 if:

∂2π2(.)

∂(n2
B
∗)2

< 0 (58)

then if

−2− f ′(x̄)(1− F (x̄))

(f(x̄))2
< 0, (59)

and if the determinant of the Hessian matrix is

strictly positive:

∂2π2(.)

∂(n2
B
∗)2
· ∂

2π2(.)

∂(p2∗)2
−
[
∂2π2(.)

∂(p2∗)2

]2

> 0 (60)

then if

2 >
β2f(x̄)

4ttB
− f ′(x̄)(1− F (x̄))

(f(x̄))2
. (61)

Equation (59) is always satisfied and equations (55)

and (61) are also satisfied whenever equation (57) is

satisfied.

At equilibria 2, 3 and 4, we have to consider the bor-
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dered Hessian matrix H because the problem is con-

strained. If the determinant of the Hessian is positive

at a Lagrange critical point, then it is a maximum,

and if the determinant is negative, it is a minimum.

At equilibrium 2, only the optimization problem of

health plan 2 is constrained with (9) binding. The

determinant of the bordered Hessian matrix is:

∣∣H
∣∣ =

f ′(x̄)

2t
· (1− F (x̄))

f(x̄)
+
f(x̄)

t
> 0. (62)

(62) can be rewritten as:

2 >
−f ′(x̄)(1− F (x̄))

(f(x̄))2
(63)

which is true. Moreover this condition is the same as

condition (59). Thus equilibrium 2 is a local maxi-

mum if (57) alone is satisfied.

At equilibrium 3, the optimization problem of health

plan 1 is constrained because (9) is binding. The de-

terminant of the bordered Hessian matrix is:

∣∣H ′
∣∣ =
−f ′(x̄)

2t
· F (x̄)

f(x̄)
+
f(x̄)

t
> 0. (64)

(64) can be rewritten as:

2 >
f ′(x̄)F (x̄)

(f(x̄))2
(65)

and this condition is the same as the condition (55).

Thus equilibrium 3 is a local maximum if (55) and

(61) are satisfied.

At equilibrium 4, constraint (9) is binding for health

plan 1 and health plan 2. Thus, this equilibrium is

a local maximum only if (63) and (65) are satisfied.

And (63) is always satisfied.

Appendix 2

In this appendix, we solve the maximization prob-

lem of the regulated public monopoly. Expected wel-

fare is given by (24). The regulator maximizes this

welfare function subject to nMB under the constraint

that the number of physicians is not higher than one

(condition (26)). As the constraint is linear, the con-

straint qualification condition is automatically veri-

fied. With δ the Kuhn-Tucker multiplier, the Kuhn-

Tucker conditions are:

∂L

∂nMB
≤ 0

then

β − 2nMB tB(
1

2
+ λ)− δ ≤ 0 (66)

nB ·
∂L

∂nMB
= 0

then

nMB

[
β − 2nMB tB(

1

2
+ λ)− δ

]
= 0 (67)

∂L

∂δ
≥ 0

then

nMB ≤ 1 (68)

δ · ∂L
∂δ

= 0

then
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δ(1− nMB ) = 0 (69)

nMB ≥ 0, δ ≥ 0. (70)

Therefore, if constraint (26) is not binding, nMB < 1,

then δ = 0. With nMB > 0, ∂L
∂nM

B

= 0. We find one

critical point: nMB = β
tB(1+2λ) .

If constraint (26) is binding, δ > 0, then nMB = 1

and ∂L
∂nB

= 0. Thus the critical point is nMB = 1

and δ = β − tB(1 + 2λ) which is strictly positive if

β > tB(1 + 2λ).

Now we verify that the critical points are local or

global maxima or minima. When (26) is not bind-

ing, the second-order condition is:

∂2EW

∂(nMB )2
= −tB(1 + 2λ) < 0.

Thus as the expected welfare is strictly concave,

nMB
∗ = β

tB(1+2λ) is a global maximum. And when

(26) is binding, because EW is concave and the con-

straint (26) is linear, then nMB
∗ = 1 is also a global

maximum. Therefore there are two solutions:





n∗B = β
tB(1+2λ) if β < tB(1 + 2λ)

n∗B = 1 otherwise.
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