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Abstract

One of the mechanisms that is implemented in the cost containment wave in the health care
sectors in western countries is the definition, by the third-party payer, of a set of preferred
providers. The insured patients have different access rules to such providers whenill. The rules
specify the co-payments and the indemnity the patient obtains if patronizing an out-of-plan care
provider. We propose to study the competitive process among providers in terms of both prices
and qualities. Competition is influenced among other factors by the status of providers asin-plan
or out-of-plan care providers. Also, we face a moral hazard of provider choice related to the
trade-off between freedom to choose and the need to hold down costs.

Our main findings are that we can define a reimbursement scheme when decisions on prices
and qualities are taken simultaneoudy (that we relate to primary health care sectors) such that
the first-best alocation is achieved. In contrast, some type of regulation is needed to achieve the
optimal solution when decisions are sequential (specialized health care sector). We aso derive
some normative conclusions on the way price controls should be implemented in some European
Union Member States.
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1 Introduction

A common characteristic of the Welfare State in the OECD countries is the desire (need) to reform
the public hedth care system. This arises from the increasing difficulties in financing the system.
Also, within the European Union, the Maastricht criteria (particularly on budget deficits) to participate
in the EMU area has created an additional pressure to lower public expenditures. This pressure is
calling into question the so-called universal system of public health care. New organizationa forms
to improve efficiency are being tested, such asthe private management of public hospitalsthat isbeing
implemented in Spain and Portugal .1

Due to the elements of mora hazard involved in the health care insurance contracts, third-party
payers are implementing mechanisms to control for expenses. One of these mechanisms is the def-
inition of a set of providers to which the insured patients have access to obtain treatment when ill.
Associated with this goes the definition of the indemnity the patient obtains should (s)he address a
provider outside that set.

Surprisingly enough, there is very little literature on the process of selecting providers and on
competition among providers when different reimbursement rules apply, according to the provider
chosen by the patient. Our present paper specifically addresses this last issue.?

The results and their implications are of interest to insurers (private or public) whenever they set
specia agreementswith asubset of providers, asisthe casein some managed care experiments, and to
National Health Servicesthat use private providers (they may a so define preferred sets of providers)
and/or have own provision, which competes with private providers.

Our paper deals with the competitive effects on providers of different reimbursement rules. They
trandlate into being included or excluded in the list of selected providers by an insurer, which, in
turn, will have an impact on their decisions regarding quality and price. Also, we assume that all
our providers are aways active in the market. Generally, patients have to bear part of the cost of the
treatment provided by an in-plan care provider. If, instead (s)he visits an out-of-plan care provider,
(s)he paysthefull price and obtains the indemnity from the insurer specified in the insurance contract.

We will consider three basic alternatives for theindemnity associated with the out-of-plan provider.
The first one simply does not provide coverage for choices outside the “ preferred provider” set. This
captures a pure public system of health provision, such as the Spanish one, where a patient visiting

a private provider (instead of a public one) has to bear the full cost of the treatment. The second

0ther examples of experiments aimed at cost containment can be found in Le Grand and Mossialos (1999).
2A companion paper Barros and Martinez-Giralt (2000) addresses the former one.



aternative defines an indemnity equal to what the patient would have obtained should (s)he visited a
preferred provider. This alternative tries to capture the idea of indemnity based on areference price.
This captures some features of the French system. Also, it captures some important features of the
pharmaceutical sector. Finaly, the third alternative is equivalent to the scenario where both providers
have been selected by the insurer. This captures some features of the German system where together
with the public providers, thereis afringe of private providers regulated through bilateral agreements.

The type of questions we address refer to the characteristics of the market allocations according
to the type of insurance contract offered by the insurer and to different assumptions about the timing
of the decisions on prices and qualities taken by the providers.

We will then turn our attention to a market where the preferred provider acts as aleader. First, we
will consider an agency regulating both price and quality of the public provider acting as a Stackelberg
leader and the private provider as a follower. This should capture the present type of regulation in
health care markets such asin Spain. Finally, we envisage a possible regulation of the health sector in
the form of a three-stage game where the regulator setsthe level of quality to maximize welfare, then
the private provider decidesits quality level and finally both providers compete in prices. We address
the issue of whether public leadership, coupled with out-of-plan rules, are sufficient instruments to
achieve the first-best allocation.

Accordingly, Section 2 presents the basic framework. Section 3 reports the main features asso-
ciated with price competition. Section 4 sets the socia optimum allocation, which will serve as a
benchmark. Section 5 reports the analysis of both quality and price decisions. Section 6 deals with
leadership by a public provider. Finaly, section 7 concludes the paper.

2 The model

There is very little literature linking health insurance and differentiation in the health care market.
Ma and Burgess (1993) consider a model combining vertical and horizontal differentiation to study
the characteristics of equilibrium allocations under sequential decisionsfirst on quality then on prices
(locations are given). The authors show that sequentiality of decisions creates a strategic effect that
distorts decisions relative to socially optima decisions. Exploring the efficiency properties of two
regulatory policies, Ma and Burgess conclude that a two-part tariff yields better results than does a
simple regulation of prices. A similar strategic effect of sequential moves is aso present in some of
the variants of our model. We depart from Ma and Burgess on the set of instruments addressed: we

look at the reimbursement rules of the health plan.



In a more recent paper, Che and Gale (1997) propose a similar model where a principal decides
between two types of competition. Ex-ante competition approximates the idea of managed competi-
tion in that providers propose quality-price pairs to the principal. Then, the principal decides which
providerswill be activein the market. Ex-post competition simply consists of the providers proposing
those pairs directly to consumers. The authors conclude with a preference for the ex-ante competition
becauseit alowsfor the extraction of all the surplusfrom the providers, although it involvestoo many
providers offering too much quality with respect to the optimal values.

Finally, Wolinsky (1997) proposes a scenario of managed competition where providers competein
quality vs. asituation of asegmented market where there isaregulated monopolist in each submarket.
The aim of the paper is to find the conditions under which every situation is superior to the aternative
one3

In the definition of the model, we must draw attention to some stylized facts. The first one is
horizontal product differentiation of providers. The second one is the importance of quality. 1saacs
(1996) points out that the choice of provider by the patient isthe most difficult decision for the patient
in informational terms. The location of the hospital is usually the crucial element for most patients.
The reason being that although quality is regarded as important, different indices of quality convey
different rankings of providers. Also, it isnot always easy to understand the meaning of some of these
indicators. In contrast, the pricing policy and the location are relatively easy to compare.

The model we propose combines €l ements of vertical differentiation (quality) and horizonta dif-
ferentiation in a set up alaHotelling. Qualities are selected by providers. These are observable but
not contractible. They are the source of moral hazard. Patients obtain utility from their treatment.
This utility isincreasing in the level of quality supplied by the provider and on the indemnity; it is
decreasing on the price and on the transport cost. Transport cost may be understood either in terms
of the cost to move from the patient’s location to the hospital or in utility terms as the loss in utility
when the patient does not have access to his most preferred hospital. Insurers have already defined a
set of preferred providersto supply health servicesto their insured population. The insurance contract
specifies a co-payment that may vary according to the provider selected and the indemnity should the
patient address a provider outside of the health plan. Health insurance is assumed to be compulsory.

There are two providers in the market for provision of hedth care. Consumers have preferences
over providers. To describe these preferences, we assume providers to be located at the endpoints of

the segment [0,1].

3See also the introduction to the JEMS second specia issue on the industrial organization of health care by Ma and
McGuire (1997).



Consumers benefit from a health insurance system (public or private), heretofore the insurer,
which provides an indemnity in the case of illness. When ill, consumers demand one unit of heath
care. In each period, there are consumers in every point of the segment [0,1] that need care. That is,
consumers are uniformly distributed in terms of their preferences for providers along the line [0,1],
with density one.

Theinsurer has an arrangement with provider A (located at zero), which implies that individuals
pay only ¢% of pricein case of choosing this provider. Theremaining (1— )% of total health care cost
ispaid by theinsurer. We assumethat ¢ > 0, that is, insurance contracts do not provide full insurance.
If the consumer chooses the other provider, several options may have been specified in the insurance
contract: (i) the consumer has to pay the full price (no insurance is given); (ii) the insurer pays the
amount that it would pay were provider A chosen (as long as the price of provider B exceeds that
amount, otherwise it pays the amount charged by provider B); and (iii) give the same co-insurance
rate, meaning that no preferentia treatment exists. This last case corresponds to a system where the
insurer treats both providers equally, and in fact provides the sameinsurance level whichever provider
is selected. There is no preferred set of providers. The three cases differ only in the amount of
reimbursement given to consumers who choose provider B.#

Providers set prices and qualities of the services provided freely, unless otherwise stated. De-
note by P; the price and by T; the quality selected by provider i,,i = A, B. The production
cost of hedth care is normalized to zero. The utility of a consumer located at « when choosing

provider i, V (i, z),i = A, Bisgiven by
V(A,x) =Y + Ty — Pac — tx; V(B,z) =Y +Tp+1—-t(l—z)— Pp

where Y is income, tx is the cost of going to provider A, measured in monetary units (similarly,
t(1 — x) isthe transport cost of choosing provider B), and I isthe indemnity received when selecting
the out-of-plan care provider (provider B is our model). It is required that I < Pg for consistency

with the less-than-full insurance assumption (¢ > 0). In the above-mentioned cases, we have:
e (i) I = 0; Thisisdenoted as “pure preferred” provider system (PP);
e (ii) I = (1 —c)Py; Itiscaled “fixed co-payment” system (FC);

e (iii) I = (1 — ¢) Pp; Thisis named “fixed reimbursement rate” system (FRR).

“As stated above, in this paper we are not dealing with providers’ fees in the spirit of e.g. Glazer and McGuire (1993).
We address this issue in our companion paper, instead.



The three cases can be easily included in the slightly more general specification:
I =a(l —c)Py+ BPp(1—c), ael0,1],5€(0,1,a+p<1

Case (i) implies (« = 0,3 = 0), case (ii) implies (o« = 1,8 = 0), and case (iii) occurs for (v =
0,8 = 1). A consumer goesto provider A if V(A,z) > V(B,z). This alows us to define 2’ such

that for z < 2’ consumers select provider A, while for z > 2’ provider B is selected.

3 Price Competition

Take qualities as given and equal, T; = T,i = A, B. The demand each provider faces is determined
by the location of the consumer indifferent between provider A and provider B. The indifferent
consumer is defined by

1 kPp— uPy
—_ 45 74 1
T 2+ o7 D

wherey =c+ (1 —c)a,k =1—5(1 —¢),u € [c,1],k € [c, 1]. Parameter values for the different

cases are summarized in Table 1.

Table 1: Critical parameter values

Ko
FRR|a=0,=1|¢ ¢
FC |a=1,=0|1 1
PP a=0,6=01 ¢

Demand directed to provider A issimply z, while demand faced by provider B is1 — x. Under

the assumption of zero production costs, profits of each provider are:
By = xPy; Bgp=(1—x)Pp
The system of first-order conditions for profit maximization on price decisions can be solved to get
the equilibrium prices:
Py=t/u;  Pp=t/k.

The following characterization comes out directly:

0Py 0Py _ 0Pg _ 0Pg oP, 0Pg 1
e < 0, a5 =0, a7 >Oac <0, 5 <0,JU—2

The equilibrium prices were obtained under the assumption that the requirement I < Pp holds. It

PA2P37

is straightforward to show it to be implied, evaluated at equilibrium values, by ¢ > 0 (the no-full
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insurance assumption). Equality of equilibrium prices holds for the corner case of o + 3 = 1, which
occurs for both fixed reimbursement and same co-insurance rate to consumers.

Define total payments of the health care system as T7C' = Pjx + Pp(1 — x), which yields,
a equilibrium values, for the different cases, the amounts reported in Table 2. Some qualitative
features emerge clearly. First, for a mixed health care provision market, it does, indeed, matter how
reimbursement is madeto the private provider. In particular, the way the insurer pays when consumers

opt the out-of-plan care provider influences the degree of competition in the market.

Table 2: Equilibrium under different rules

Reimbursement to
Provider A Provider B Prices Profits Total payments
(1 —c)Py 0 Py=t/c,Pp=t Bas=t/2¢,Bg=1t/2 (1+4+1/c)t/2
(1—¢c)Pa (1 —c)Pa Py=Pg =t By =Bp=t/2 t
(1—C)PA (1—C)PB PA:PB:t/C BA:BB:t/2C t/C

Setting (aw = 1, 8 = 0) gives the same amount of reimbursement, defined by preferred provider,
to whatever provider the consumer selects. This implies alower payment to be made by the insurer
than providing no insurance if an outside provider is chosen. The intuition behind the result is clear.
Giving no insuranceto outside providers softens competition to the preferred provider, which naturally
induces it to carry higher prices. Reimbursement of some amount to the outsider provider creates
tougher competition between providers, creating the conditions for lower prices. Note that in our
stylized model, al effect is carried out in the price of the selected provider. This needs not to be true
in more general settings.®

Another result obtained is that, according to the criterion of minimizing overall payments, ex-
cluding reimbursement to the outside provider's consumers is better than giving a co-insurance rate
¢, independent of the provider selected by the consumer. The reason is, again, the effect on the de-
gree of competition, induced by giving some reimbursement to outside providers. On the other hand,
giving the same co-insurance rate whichever provider is selected, softens price competition between
providers, which results in a higher price level. The basic intuition is that making the amount reim-
bursed (not the rate of coverage) equal for both providers maintains competition at the margin. This

basic mechanism will be present in the more general framework with quality choices, explored below.

SExtending the model to allow the possibility of the price being negotiated with the insurer does not eliminate this effect.



4 Social welfare

We define welfare as the sum of consumer surplus and provider surplus, i.e.

x 1
W:=/(ruu4mm+/ow4b4uamw—amww@m
0 x
— Y 4 Taz + Ts(1 — 2) +t<x—:c2— %)—qb(TA) — &(T) @

where ¢(T;), with ¢/ > 0, ¢"” > 0, isthe cost function of quality level T; of provider i.

Implicit in this setting is the assumption that quality isa“public good” at each hospital. Although
this assumption is probably applicable to many of the elements of quality our paper deas with, it
also raises the possibility that only one provider might be optimal .6 We can advance two arguments
to cope with this issue. On the one hand, our main interest here is to analyze the role of different
reimbursement schemes on the competitive process among providers. On the other hand, if we areto
understand the optimality of a single provider asjust closing down one hospital, say B, and compare
the welfare level achieved with provider A located at zero versus our two providers, it is easy to check
(assuming ¢(T') = 6T?/2) that at the optimal value, two providers yield a higher level of welfare.
Thiswould not be the case if the planner is alowed not only to close down one provider but to choose
the location for the remaining one as well.’

Now we analyze the optimal (first best) decisionin terms of quality levelsand demand distribution
between the providers. That is, we look at the vector (x, T4, Tp) maximizing the welfare measure

(2). The system of first-order conditionsis given by,

Ta—Tp+t(1 —2x) =0, ()]
T — (/J)/(TA) =0, 4
(1—2)—¢(Tp) =0. ©)

Solving for x, we obtain

t+Ts—Tg
r=——>=
2t

Thus, the socially optimal quality choices are given by

t+ T -1

L =d(T),  ij=ABii#]

SWe acknowledge an anonymous referee for drawing our attention to this point.
"Of course, high-enough fixed costs will also make optimal the single-provider market structure. Still, under zero fixed
costs, the point deserves some attention. Details on the argument can be found in * http://ppbarros.fe.unl.pt/papers.html’.



Given the symmetry of these conditions, in equilibrium it will bethe casethat Ty = T = 1. Hence,
the optimal value 7°° is determined by ¢'(7%) = 1/2. It dso resultsthat z° = 1/2. This constitutes

our welfare benchmark.

5 Priceand Quality Competition

Having highlighted the main features associated with price competition and social optimum in the
previous sections, we are now in a position to investigate the effect of different reimbursement ruleson
the choice of quality of providers, under two different timings for decisions. The natural interpretation
of the simultaneity or sequentiality of decisions by a supplier of any good or service hasto do with the
distinction of (low-cost) short-run decisions versus (high-cost) long-run decisions. In our framework,
a provider simultaneously deciding both the price and quality levelsillustrates well a situation where
the decision on quality is as easily reversible as the one regarding the price. This makes sense for
primary care services (first-level providers) where investments in facilities are relatively small. In
contrast, a sequentia decision better illustrates the situation of specialized care services (second-level
providers) where investment decisionsin e.g. surgery rooms or high-tech instruments, are necessarily
long-term decisions. Therefore, both simultaneous and sequential decisions on prices and qualities
have some appeal.
Demands are again defined by the indifferent consumer:

1 T4-—1T8 +I€PB—,U,PA

_ 1 6
TEgt T % ©)

where 1 and x carry the same expressions defined above. Profits of each firm are given by:

Ba = Puz — ¢(Tsa);  Bp=Pg(l—1)— ¢(Ts).



5.1 Simultaneousdecisions

Under simultaneous choices of prices and qualities by both providers, the equilibrium is given by the

solution to the following set of first order conditions:®

0By 1 TA—TB_i_HPB—,uPA_,uPA

P, 2 x ot TR
0B P

8—Tj = 2_?_¢/(TA): )

0B P

8_T§ = 2_f*¢,(TB):

We solve first for equilibrium prices, conditional on qualities, and then for qualities. It is straight-

forward to show that:

1 Ty —1T, 1 Tg —T
PA_—<t+u); PB_—<t+37A>. @
W 3 K 3
Then, the quality decisions are characterized by:
T — Ty r
(14257 ) 5 = @) ®
Ta-Tg\ 1
(1+ 2572 5 = S ©

Each of these conditions defines a best-response function in the space (T4, Tz). These best-response
functions are downward sloping, as qualities are strategic substitutes. Figure 1 illustrates the three
equilibria

For the case of fixed co-payment (o« = 1,5 = 0), it isthe case that Ty = T, from which it

followsthat P4 = Pp = t. By comparative statics on first order conditionsit is the case that

0T'4 0T .8TA 'aTB
o <0, 90 > 0; a5 < 0; a9 > 0.

Consider now the scenario in which consumers pay the same proportion of the expenses (fixed reim-

bursement rate) they generate regardless of the provider at which they are attended. Take (6 = 1, =
0), whichimpliesthat 1 = x = ¢. The equilibrium qualities are defined by the solution to equations
(8) and (9). From the symmetry of these two conditions, it must be the casethat Ty = T = T*

(and equilibrium prices are aso equal). Hence, the solution to the optimal quality choice problem

8Second order conditions require 4tu¢” (Ta) > 1 and 4tk¢’ (Ts) > 1, which we assume to be satisfied. We also
impose ‘ stability’ conditions (Dixit 1986), which amount to (6tk¢” (Ts)x — 1)(6tud” (Ta) — 1) — 1 > 0. Later on, these
conditions will be used to sign comparative statics results.
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Figure 1: Equilibrium choice of quality.

is ¢/(T*) = 1/(2¢). Naturaly, at this symmetric equilibrium, demand is shared equally by both
providers. It remains the case of pure preferred provider (o« = 0, 5 = 0), which leads to an asymmet-
ric equilibrium. In this equilibrium, quality of provider A exceedsthat of provider B, and P4 > Pp.°
The preferred provider achieves a higher market share.

This equilibrium exhibits comparative statics properties that differ from those of the “preferred
provider” contract. In this case, 0T;/dc < 0. That is, an increase in the co-payment rate, meaning
that individuals pay more at the point of consumption of health care, implies lower quality of both
providers. As price competition becomes stiffer, providers use less the quality level as a competitive
instrument for attracting consumers, relying more on the price instrument.

The difference in the comparative statics is due to the way selection of provider B istreated. In
the preferred provider contract, the consumer going to provider B receives an amount independent of
provider B’s price, while thisis not true under the fixed co-payment rate.

Intuitively, the results stem from the following. When the same co-insurance rate is given, no
matter the provider selected by the patient, price competition is relaxed. Both providers will set
high prices. In addition, quality becomes the main way to attract patients. Therefore, providers will

invest in it heavily. The fixed co-payment contract has some interesting properties, as well. This

SWealso impose ¢'(Ta) < 1 to ensurethat Pg > (1 — ¢)Pa.
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type of scheme does not change, at the margin, the incentive of provider B (the excluded provider)
to price aggressively. Charging a higher price implies the same demand response as in the absence
of reimbursement. Marginal effects to provider B’s price changes are unchanged. The important
difference liesin provider A’s incentives. Increasing its price now has two effects. There is a direct
change in demand, as it becomes a more costly provider. But a second (indirect) effect comes into
play: the share of the price paid by the patient when he chooses provider B decreases, making this
last provider relatively more attractive. This further reduces the demand to provider A. Itisin the
interest of provider A to have a more aggressive pricing behavior. Thus, the symmetric equilibrium
under this rule entails lower prices and lower equilibrium qualities. Finaly, since in the case of no
reimbursement if provider B is selected, it is clear that there is a competitive asymmetry created
between the two firms, with an artificial advantage given to the preferred provider. Hence, naturally,

provider A will have a higher pair quality-price than will provider B.

5.2 Seguential decisions

It isnow time to look at the case of sequential decision making. Providers choose quality levelsfirst,
which are observed by everyone, and then set prices. The game is solved by backward induction as
usual. Second-stage prices are equal to those of (7).

First-order conditions for the choice of qualities are:

3t+ Ty — Tp ,

B frg T
o ' (Ta),

3t +Tp — T ,

> rTos A T5).
Itk ¢(Ts)

These conditions imply the same qualitative features of the equilibrium asin the case of simultaneous
choices, and we will not repeat them here. The more substantial point isthat qualities are lower in this
case. Sequential decision making leads to lower equilibrium levels of quality than do simultaneous
decisions on price and qualities.

Consider that a fixed co-payment scheme isimposed. From substitution of (¢ = 0,5 = 1) and
symmetry of first order conditions, at the equilibrium 74 = Tz = T with 7' defined implicitly by
qS’(T) = 1/(3c). At this symmetric equilibrium demand is shared equally between both providers.
Similarly, for (« = 1, 8 = 0), asymmetric equilibrium arises, with quality choice given by ¢(T) =
1/3. Asto the remaining case, (o« = 0,8 = 0), the advantage given to the preferred provider again

induces an asymmetric equilibrium, where provider A has higher quality. Equilibrium prices follow

12



the same pattern as the case of simultaneous decisions.?

5.3 Propertiesof equilibria

One of the most controversial issuesin financia arrangements for provision of health careisthe effect

on quality. In this respect, the model provides the results summarized in Table 3.

Table 3: Equilibria properties
Provider A Provider B

i PP FRR FC | pFRR FC PP
Prices | Py* > Py "> Py~ | Pg"" > P~ > Py

Qualities | T4F > TIRE > ThC | TERE 5 7FC » TP
Note: the rankings hold for both simultaneous and sequential games.

In terms of qualities, the simultaneous (or sequential timing) does have an effect on the com-
parison with the socia optimum. The same ordering of schemes occurs in both timings. The main
difference between the two timings lies in the fact that quality choices are further distorted by the
strategic incentive introduced by the sequential move. Equilibrium qualities are lower, holding the
reimbursement system constant, in the sequential game relative to the simultaneous one. Under si-
multaneous decisions, it is easy to check that TV = TFC Thatis, the social optimum choice is
achieved by afixed co-payment rule. The other alternatives lead to excessive quality (relative to the
social optimum) of provider A. Provider B will have too high or too low quality, according to whether

afixed reimbursement rate or a pure preferred provider system is adopted, respectively. Table 4 sum-

marizes.

Table 4: Comparison with the socially optimal quality levels
FRR FC PP
Simultaneousgame Provider A | + +
Provider B +
Sequentia game Provider A + - +
Provider B + ? 7
Notes: +/- means higher/lower quality than the social optimum.
“?" means indeterminacy in the comparison.
The sequential game analysisisvalid only for ¢ < 2/3.

An important result to collect is that the optimal level of quality is achieved by a system that
reimburses the amount defined by the preferred provider to any provider selected by the patient. Here,

1t is now required 2/3 > ¢'(Ta) to ensure Ps > (1 — ¢) Pa, a the equilibrium.
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the preferred provider fulfillstherole of areference to definition of out-of-plan indemnity rules by the
third-payer.

It is important to recognize why the fixed co-payment system performs better. The existence of
insurance makes demand less responsive to price and alows for higher prices and competition on
quality, rendering too much quality from a social point of view. Trying to correct these incentives
by setting a preferred provider, with no reimbursement if the excluded provider is chosen, creates
pressure for price competition. This is especialy true for the excluded provider. However, as aside
effect, it gives an important competitive advantage to the preferred provider. Reimbursing the patient
by a fixed amount, regardless of the provider he seeks, with the amount defined by the preferred
provider’'s price, mitigates this artificia advantage. At the same time, it introduces incentives for
tougher price competition. This is so because a higher price of the preferred provider also increases
the amount received by the patient if he seeks the outside provider. This has a negative effect on the
demand of the preferred provider. It creates adis-incentive for ahigher price of the preferred provider.

One implication of the model is that, under some possible type of contracts, quality would be
asymmetric across providers. In particular, the preferred provider would exhibit higher quality than
would the pure private provider. This equilibrium feature is usually deemed to be an unfair and
undesirable.!* Whileit is not difficult to agree that for small problems people can (and do) make a
trade-off between quality, cost and horizonta differentiation effects (such astravelling time), for more
severe problemsthe main worry isquality of care, and therefore one may think that our argument (and
model) does not apply.

This objection is true, up to a point — people with more severe illnesses will lean towards the
higher quality provider. Nonetheless, the main features of the model are still valid, as we may extend
the modd to introduce marginal value of quality as increasing in illness severity.1> Moreover, the
existence of two qualities remains as an equilibrium for some types of contract.

As to the sequentia decisions timing, Table 4 presents the comparison of quality to the social
optimum. We have in mind a small ¢ in order to have a relevant role for insurance in protecting
consumers from risk, meaning that ¢ < 2/3 is the more likely situation.'® Except for the fixed co-
payment scheme in the sequential game, quality of provider A is never below the socia optimal one
(aslong as ¢ < 2/3). The other robust feature is that a fixed reimbursement rate induces too much

quality on the part of both providers, whatever the timing.

13See, in a different context, the discussion between Selden (1997) and Blomqvist and Johansson (1997a, 1997b).

2 full proof of thisclaim is available from the authors at http://ppbarros.fe.unl.pt/papers.html.

3The values of ¢ are typically around 20% to 30%, well below the threshold. For ¢ > 2/3, we have underprovision of
quality in all reimbursement systems, except for provider A in PP, where the comparison is ambiguous.
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Summarizing, in terms of short versus long-run decisions, we can see that enforcing a fixed co-
payment system allowsthefirst best solution in the primary heath care sector (simultaneous decisions)
to bereached. Also, thereisno way to attain such an outcomein the specialized care sector (sequential
decisions) without regulation. We take this issue up in the next section.

We cannot say anything about prices in comparison with the social optimum. As they are a
transfer from one set of agents to another, both carrying equal weight in the social welfare function,
such transfers have no social value. If a somewhat higher social vauation is given to a dollar in the
pocket of consumers, then prices will be too high from a socia point of view, although no distortion
to quality choices arises.

Our model also contributes to the discussion of moral hazard effects in heath care markets.**
Moral hazard is usually seen as providing too much guantity due to the insurance protection at the
moment of consumption. There is typically, no focus on the choice of provider. In fact, the choice
of provider isthe result of akey tension in our society, as we strive to balance the freedom to choose
against the need to hold down costs. Thus, there is a (potential) moral hazard of provider choice,
which can be addressed in the model.

Under the fixed reimbursement rate contract, we have (apparently) more insurance. Nevertheless,
this contract means lower price sensitivity on the part of consumers. In turn, providers are able to
charge higher prices and use their quality level to attract patients. Moral hazard, given fixed total de-
mand, appears through higher prices and higher (than socially optimal) quality. Moreover, comparing
the fixed reimbursement rate system with the fixed co-payment system, we find that, in equilibrium,
the patient pays more (has less insurance) in the former than in the latter. Since equilibrium prices
are different, risk borne by patients is aso different and it is greater in the fixed reimbursement rate
contract.

Besides this moral hazard aspect, we have another one. Under the preferred provider contract,
choices of patients are distorted relative to the first best. Thus, there is a (non-monetary) cost borne
by patients. Offering zero reimbursement for out-of-plan care may excessively harm the freedom to
choose (showing up as welfare loss for those patients closest to the alternative provider). Thisaddsto

the moral hazard problem in quality choice.

We thank arefereefor drawing our attention to this point.
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6 Public Leadership.

In this section, we intend to deal explicitly with the the mixed public/private provision of health care.
We have seen so far that without the intervention of a public agency, competition between two profit
maximizing providers (regardless of being public or private) very seldomly yields optimal (welfare
maximizing) levels of quality in the the market game. Since quality should be regarded as a main
goa in health care markets, we next propose to introduce some degree of regulation in the model.
Thus, agovernmental body (e.g. National Health System) sets the co-payment applied to patients and
regulates the quality and/or price of the preferred provider by direct operation in the market (turning
it into a public provider).

We feel that a reasonable way to analyze this scenario is to assign the leadership to the public
agency in deciding on the value(s) of the strategic variable(s). We can think of two possibilities
regarding the regulatory power of the public agency. In one case, the public agency sets the price and
quality levels of the public provider (Ileader) to maximize welfare, and the private provider adjusts
its decisions conditional upon the former. In the other case, the public agency decides the (welfare
maximizing) level of quality of the public provider. Then, the private provider will select its quality
level and finally both providers will compete in prices in a mixed oligopoly fashion (i.e. the public
firm choosing a price to maximize welfare, the private one choosing a profit maximizing price).

These two aternative ways of operating in the market illustrate two phenomena. First, we can
envisage regulation more as a concern of the public agency with regard to the services it provides
a the different levels of provision (and therefore, regardiess of the presence or absence of private
providers).

Second, the comparison of the results of two aternative ways of regulating the market will shed
light on (some of) the consequences of the present health care deregulatory wave in Western Euro-
pean countries. From a situation where the health care market was heavily regulated both in terms of
prices and qualities, we are withessing a move towards encouraging competition between providers
in the hope of achieving some cost containment goal. This competition takes different forms,from
leaving the management of public hospitals to private firms, to competing for patients through ad-
vertisement campaigns (especially through physicians and insurance companies) on the quality of the
different services a particular hospita provides. Nevertheless, the public agency commits to the wel-
fare maximizing objective by setting the corresponding level of quality on the public provider and by
encouraging competition in prices on the basis of amixed oligopoly market.

Several papers have addressed the welfare consequences of a mixed oligopoly in avariety of cir-
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cumstances. White (1996) anayzes the consequences of a privatization process in a mixed oligopoly
to find that welfare is not changed if subsidies are used before and after privatization, while subsidies
damage welfare if used only before privatization. George et a. (1996) study the interaction between
apublic firm and a private one when the former has a higher margina cost than the latter. They show
that when the public firm acts as a Stackelberg leader, partial privatization may be welfare improv-
ing. Delbono et a. (1996) show that a public leader in the quality stage serves the upper segment
of avertically differentiated market. In asimilar context, Grilo (1994) proves that when firms have
increasing costs with respect to quality an optimal solution can be achieved using the public firm as
a market agent. Finaly, in a model of horizontal differentiation, Cremer et al. (1991) compute the
number of private firmsin amixed oligopoly with one public firm that makes it socially preferableto a
pure private oligopoly. General surveys of earlier literature are Nett (1993) and de Fraja and Delbono
(1990).

Under either interpretation, the goal of the analysis is to examine whether the mixed oligopoly
structure of the market yields socially optimal results. The question we ask is whether owning a
provider, together with definition of out-of-plan indemnity rules, gives a sufficient set of instruments

to achieve the first best allocation.

6.1 Stackelberg leadership

Consider aregulator deciding on the levels of price and quality of the public provider that maximizes
the welfare function given by expression (2). Provider B, aprivate one, takes this price-quality vector
as given and acts as a Stackelberg follower to determine its profit maximizing price-quality pair.

Obtaining the equilibrium configuration is more demanding now. For simplicity, we assume
o(T;) = 017 /2.

As standard, we solve the model by backward induction. In the third stage, provider's B decisions

(best-response functions) are given by

0Bpg 1 Tp—Ta «kPp—pPs &k

°7B - “pPp=0
OPg SR 2 2t BT
dBp Pg

B _ B _grp—o.

T 2t 5=0
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Solving this system we obtain,

Ta—t—puPy
1 —4kt0
Pp = 20Tg. (11)

Ty (10)

Provider A’sam isto choose a price-quality pair to maximize welfare. That is, the program to
solve is to maximize the welfare function (2) where z, Tg and Py are given by (6), (10) and (11)

respectively. Solving for thefirst order conditions we obtain,®

1 — 2k + K2th
e
A 0T Y
. (Ot—1D(2k*0+ Kk —1)
PA == ,
1o
where T = 1 — 2x — k2 + 2x%t0. In turn, by substitution, we obtain the provider B’s equilibrium
values,
th—1
TS = %; Ph — 20075,

These equilibrium values are well-defined if t0 > 1. At these equilibrium values, provider A’s market
shareis given by,

. l1—2s+r%0 _ 1

= >

T 2

Finally, profits are given by

(K20 — 2k 4+ 1) (2 — p — 2t0 — K*O(4 + p — 4t0) +26(t0 — 1 + )
21072 ’

A=

B  K2(t0 — 1)%(4kt0 — 1)
5= 2072

Clearly, private provider’'s profits are positive if t6 > 1/4x. Also, the levels for the public provider
decided by the regulator have to ensure that its profits are non-negative, that is2 — 1 — 2t6 — k*t0(4 +
w—4t0) + 2k(t0 — 1 + ) > 0. Itis easy to verify that this condition is satisfied for the preferred
provider and fixed co-payment rules.'®

The comparison of both providers’ decisions (for k < 1) yields,

1-k
Py — Pp>0ifto {1,7} for ,
A B > > max = 1) K # 1

P) — Py < 0for sk = p,

. 1
TH— Tk >0if th < —.
K

Al proofs and second order conditions are reported in the appendix.
®For the fixed rate of reimbursement, an extra condition has to be imposed. See the details in the Appendix.
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We proceed now to compare the equilibrium qualities (for k < 1) with the socially optimal vaues:

5 - TV >0,

. 1+ &k
T: — TV > 0if to > i
B - - 2K

Figure 2 shows the relati onships among the different quality levels parametrized by x < 1. The case
k= lyieldsT; = T}, =TV, uP; = P}, and hence, z* = 1/2. Thus, public leadership and x = 1

is sufficient to achieve the first best allocation.

k

—1 =~

1+k
2
i > qt

Tg<TW<T, TW< Tg< Ty TW< Ty < Tg

Figure 2: Equilibrium quality levels (x < 1).

Remark 1. Summarizng,

e For k < 1, the public provider (Stackelberg leader) offers higher quality than the socially
optimal one and obtains a higher market share than itsrival; the private provider (Stackelberg

follower) offers higher quality than the socially optimal oneif t0 > (1 + 2k)/2k.

e For k = 1, thatis, under the fixed co-payment and preferred provider rules, the social optimum

choice of qualitiesis achieved.

We can think about these conclusions turning them around in the following fashion. Assume the
social planner sets the optimal quality level at the public provider and chooses the reimbursement
rule that would lead the private provider also to choose the right quality, that is, the one attaining
an optimal division of patients between the two providers. Then, the planner would choose either
the fixed co-payment or the preferred provider rule. Therefore, the first-mover advantage, together
with the fact of being a public provider, plus the choice of the reimbursement rules, join to become
a sufficient set of instruments for achieving the first best allocation. The public leadership allows the
distortion introduced by strategic considerations in the sequential game to be overcome.X’ It turns out
that the fixed reimbursement ruleisinferior to any of the other systemsin terms of achieving socialy

optimal qualities.

171t should be stressed that leadership only or public ownership without | eadership do not constitute sufficient instruments.
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Asthe setting of preferred providers or the fixing of co-payment rules both achieve optimal qual-
ities, the selection of the best system needs some further criterion. Using the payments made to
providers as an additional criterion , it turns out that afixed co-payment system does entail lower total
payments than does a preferred provider system. Therefore, under this additiona criterion the fixed

co-payment is again a superior way of setting reimbursement rules.
6.2 Semi-sequential equilibrium.

There is another sense in which the public provider can act as aleader. We call it the semi-sequential
game. This is a three-stage game where first the regulator selects T4, then provider B selects T'g
and finally, both providers compete in prices. This timing means that provider A acts as aleader in
the choice of quality, while price choices are ssimultaneous. The public provider maximizes social

welfare, subject to non-negativity of profits, while the private provider maximizes own profits.
Equilibrium prices in the third stage are given by:
py_t=TatTs o t-TatTp

7] K

Provider B’s profitsin the second stage of the game are

0
Bp(Tg) = Pg(1 — ) — §T§.

The second-stage optimal decision yields
=Ty
KOt —1°
Second order conditions require <6t > 1. Going back to the first-stage decision, maximization of

Tg

social welfare leads to the quality choice of provider A given by

24 (2—4R)t0 + K21260°
OA ’

Substituting this optimal choice for the second-stage optimal decision and feeding both back to the

T A =4 — 4kt + K*t0(2t0 — 1) > 0.

third stage, we obtain the remaining equilibrium values (well-defined since t0 > 1/k):
T = 2(t0 — 1)(kth — 1) 2kt(t0 — 1)(Kt0 — 1) P 2t(t0 — 1)(kth — 1).
oA ’ pA » 0B A
Finally, profits are given by,
CAOkt(t0 — 1) [ — 4+ Kk + TrOE 4+ £320° — K2t0(1 + 401)]

Py =

A

2u0A2
(2 +2(1 — 26)t0 + £24262)
a 2ubHA? '
By 200 — 1)%(kth —1)3
A2 ‘
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Provider B’s profits are positive since xtf > 1. Comparing the providers' decisions we obtain,
Py — P >0ifk>p, Th—Tp>0ifth <2/k.
Finally, we compare the equilibrium qualities with the socially optimal ones, to obtain:

: 2
T TV >0, Tp—-TY >0ifot > ;“.
K

In this case, the following is established

Remark 2. Itisnot possibleto attain the social optimal valuesin the three-stage game. In particular,
the public provider always offers a higher quality level than the socially optimal one (in the range
of parameters where its profits are non-negative). In turn, the follower provider also offers a higher

quality level than the socially optimal one when 6t > (2 + k)2k.

We can identify some features common to both cases of public leadership. First, the public
provider sets an excessive quality from the social point of view. Second, there is a range of pa
rameters under which the excluded provider has a quality level below the social optimum. And, third,
there is a range of parameters where quality of the private (excluded) provider exceeds that of the
public (preferred) provider. The relative quality level of the private provider is determined by the
magnitude of 6¢. Intuitively, a high value of # means high cost of quality provision, and a high value
of ¢ means high costs of horizonta product differentiation. Thus, when quality is more costly and
horizontal differentiation relatively more important, the public provider uses it less intensively than
does the private provider. This accounts for the reversal of relative positionsin quality choices.

Overall, leadership by direct operation of one provider does not ensure achievement of the social
optimum, dueto the strategic effects resulting from the sequential nature of the decisions. Only under
Stackelberg |eadership and for a particular set of reimbursement rules are the socia optimum qualities

achieved. Morover, the fixed co-payment system is again the best one.

7 Final remarks.

We have analyzed how a private market outcome for provision of health care is influenced by the
insurance arrangements typical of health care financing. In particular, we have looked at the rules
defining, or not, preferred sets of providers. In addition, Government action can go beyond setting
reimbursement systems to consumers. Ownership of a provider that competes in the marketplace with

pure private providers, is one such possibility.
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We identify providers making simultaneous decisions on prices and qualities as an approach to the
primary care sector, while sequential decisions (first qualities then prices) approaches the specialized
health care sector. Our main conclusion is that enforcing the fixed co-payment rule on the primary
health care sector is enough to make providers choose the optimal (welfare maximizing) prices and
qualities levels. In contrast, in the speciaized health care sector we need to consider a regulated
(public) provider to reach the first-best solution in prices and qudities and implement either the fixed
co-payment or the fixed reimbursement rules.

We now turn to the implications of our model for health system organization. All governments
in European Union Member states have looked at ways to contain health expenditures. Direct and
indirect controls over health care providers have been imposed in some countries where co-payments
play an important role. In several countries we find controls on prices (pharmaceuticas, per-day
treatment in hospitals), whilein others no such control sexist. Co-payment changes have been frequent
in European countries, mostly limited to the vaue of the co-payment while maintaining its structure
(fixed reimbursement rates).18

Moreover, co-payments are designed with insurance coverage in mind (typically, they have an
upper limit). No role as a market mechanism underlies the choice of the structure and the value of
co-payments. Thus, according to our model, the relative unsuccessful episodes of cost containment
through co-paymentsisnot totally surprising. The structure of the co-payment has been kept constant,
while our results highlight the fact that changing its structure would have a greater impact.

The market most closely related to our setting is the pharmaceutical market. Reference prices,
present in several countries, are much in the spirit of our approach.'® Under areference price system,
asingle price is set by the insurer (government or other institution) for a group of similar products.
Any excess above the reference price has to be paid by the patient. Companies have freedom to sat
their pricesin those countries which have adopted reference price systems. One objective behind the
adoption of areference price system has been to foster competition in the market. Several countries
use this system (New Zealand, Germany, The Netherlands, Denmark, Sweden and Italy). Providers
(pharmaceutical companies) have argued agai nst the reference price system on the basis that it distorts
clinical decision making and limits freedom of choice. Our analysis shows that in this respect afixed
co-payment system performs as well as a fixed reimbursement rate system, and adds the advantage

of tougher price competition among providers. It also reveals that exclusion of some providers from

185ee Mossialos and Le Grand (1999) for an overview of recent experiments in cost containment in European countries.
19See Bloor et al. (1998) for a short review of reference prices and Mosssialos and Le Grand (1999) for a more detailed
discussion.
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the reimbursement system (the pure preferred provider case) does induce distortionsin the decision to
visit a provider, which can be seen aslimitations on the freedom of choice.

Although the pharmaceutical market is a very good application of our analysis, we do believe it
can be applied in afruitful way to other providers. For example, visitsto general practitionersin some
countries (e.g. Ireland, France, Portugal, Sweden) are associated with co-payments, aimed at demand
control. Aslong as GPs retain some control over the prices they charge, namely in private practice,
we suggest that fixed reimbursement rate regimes should be changed to fixed co-payment systems.

Our analysis underscores the role of rules defining preferred providersin the way health care mar-
kets operate. We believe that our model is auseful framework in which to address market interactions

in health care markets where both private and public providers are present.
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Appendix
Simultaneous decisions

We claim that

O 0T o1 o

80é< ; er > 0; 8_ﬁ<0; %>O

The equilibrium choices of qualities, after solving for prices and substituting them in the remaining

two first order conditions, are determined by

VB = 3t+Tp—Ty— 6t (T)k =0

vd = 3t4+ Ty —Tg —6t¢ (Ta)p =0

To sign comparative statics results, wefirstimpose * stability’ requirementsto this system (as described
in Dixit 1986).

This amounts to thinking of an adjustment process where each firm increases its quality at agiven
pair (T4, Tp) if vt > 0:2

Ti = ’)/iVi(TA,TB), 1= A, B

where ~; is the adjustment speed. Linearizing around the equilibrium (77, TF) with a first order

approximation:

A

[ A ol *
[ Tx } _ | Yoy Aar, { Ta—-Th }
Ts % 183 | L T —T5

For stability requirements to be independent of adjustment speeds, we need:

oty
0T'4 ’ 0T
oA vt B oA vt -0
0Ty 0T 0T dTy4
The second order conditions imply
oA - ovB <0
0T’ 4 ’ 0T

Therefore, the extra condition we imposeiis:

(1 —6tug”(Ta)) (1 —6trg”(Tg)) —1>0

DFor asimilar analysis, although in a different context, see Henriques (1990).
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We are now in a position to investigate some comparative statics results. Total differentiation of the

reduced-form reaction functions v and 2 yields:

AT —dTy = 6t¢"(T)rdTg + 6td (T)dr

dTa —dTp = 6t¢"(Ta)udTs + 6t¢' (Ta)dp

Rewriting:

1 6t/€¢”(TB) —1 dTB . —6t(f>l(TB)d/£
66" (Ta)p — 1 1 } [ dT } - [ —6t/(Ta)dps }

Solving for the changes in the two endogenous variables, we get:

6t¢' (1) (616" (T5)k — D)y + 6t/ (Ti5)ds
(616" (Tp) — 1)(6t¢"(Ta)pr — 1) — 1

6/ (Ta)dp + (1 — 6tud" (Ta))6t/ (Ts)dr
(616" (T) — 1)(6t¢"(To)pr — 1) — 1

From the above condition, it is straightforward to see that

dl'y =

dlp

dTa ATy T dTp

T e U b B b
It also follows that
dT dT;, 0T 0T
—4 <0 — >0 —2 <0 —Z 50
o =0 @~ 3 Y g

Sequential decisions
Inthis case,

vA =3t + Ty — Ty — Mud' (Th)

vB =3t + T — Ty — 9tr¢' (Tp)
The associated stability conditionis:
(1 —9tug”(Ta)) (1 —9tr¢"(ITg)) —1>0

It is easy to see that the same comparative statics results emerge.
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Stackelberg L eader ship

By substituting (10) (11) and (16) into the welfare function (37) we derive the first order conditions
of provider A’s problem:
OW (Pa,Ta)  pOluPa(2k — 26210 — 1) + Ta(1 — k — 2K%t0) + t(k + 2k%t0 — 1))

0Py (4Kt — 1)2
OW(Pa,Ta) 1+ pfPs(1 — k — 26210) + 20T (4510 + 3x*t0 — 8K%t26% — 1) N
0Ty B (4kt0 — 1)?
t0(1 — 8k + 10x%t0)
(4rkt6 — 1)?
The hessian matrix of second derivativesis given by,
PwW PwW pu20(25—2k16%—1) uf(1—k—22t0)
H— or? OPs0Ts | _ ( (4rt0—1)2 (4rtO—T1)2 )
- 2w PwW - 10(1—k—2K20) 2p(4kt0+3K2t0—8K%t20%—1)
0T A0P, 1?3 (4rt0—1)2 (4rt0—1)2
so that second order conditions are,
2k — 220 — 1 < 0 (12)

kt0(4+ 3k — 8kth) —1 < 0
1-2k— K2+ 26%0=7T >0 (13

Solving the system of first order conditions, we obtain providers equilibrium values. Given that from
(13) T > 0, P; and T'; are well-defined if

to > 1 (14)

Inturn, (14) implies 1 — 2x + k%60 > (1 — k)?, so that 77 is also well-defined. Finally, given (14)
and (12), P} isdaso positive.
The comparison of both providers' decisions yields,

(t0 — 1)(k — 2utOk + 2t0k> — 1)
uoY

(k—1)(t0k — 1) . 1
> < —.
0T > 0ifto < -

Given (14) and that Y > 0, the sign of P} — P} is determined by the second term in the numerator

P - Pj =

T — T =

which can berewritten as k — 1 + 2kt(x — ). From the definitions of 1 and « it follows that,

. 1—k
forx > u, P > Py if t0 > 1, ————
ro A TE max{’zm—u)}’
fork < u, Py > Pg

fork = u, Py < Pp.

26



We proceed now to compare the equilibrium qualities with the socially optimal valuesgivenby 7" =
1/26.

TZ—TW:(l_%)Q

>0

207~
- W_(/ﬁ}—l)(1+li—2/€t9)> . 1+k
A g T >0if 6> — .

Semi-sequential equilibrium.

Wefirst examine second order conditionsin each stage. In the third stage, the second order conditions

are:

PW
P2

9’Bp

2
=—u"/2t <0 ——

=—k/t<0

The stability requirement of Dixit (1986) amounts to

MR _E
o (1-5) >0
which is aways satisfied.

In the second stage, the second order condition is

2
%:iw«), or Okt > 1
OTJZB Kt

Findly, inthefirst stage, we have

0*wW OA

T2~ 2(kth — 1)2

whichisfulfilledif A > 0 where A = 4 — 4t — xk?t6(1 — 2t0). Theroots of A, seen as polynomial

in ¢, are;

0)* = (4+Kx—VK>+8k—16)/4k
0t)° = (4+r+ VK2 +8k—16)/4r

The roots of x? + 8x — 16 are k = —9.54 and x = 1.65, implying negative values for the relevant
range of . Thus, A hasno real rootsfor « € [c, 1], and A > 0 for the entire relevant range.
We now check positivity of equilibrium values.

. 24 (2 — 4RO + K2t262
Ta= oA
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Since A > 0, it is sufficient to check the numerator. The roots of the numerator in ¢t are

u —142k— V1 —4k + 2K2

Yy = 3
K

b —1+4 2k 4+ V1 — 4k + 22
Yy = 2

The roots y* and yb arered values for k < 0.292. Thus, for > 0.292, T} is always positive. For
k< 0.292, it isalso straightforward to check that max{y®, 4’} < 0. Thus, in the relevant range of
gt > 0, the equilibrium value of 77 is always positive.

Direct inspection of equilibrium values of T, P}, Py, revealsthat parameter restrictions imposed
to satisfy second order conditions are sufficient for positivity of equilibrium values.

The comparison P} — P and T — T’ give no definite conclusion:
2t(k — p)(t0 — 1) (Kt — 1)

puA

#(k — 2)(ktd — 2)
A

P, — P; = >0ifr>p

T —Tj =

>0iftd <2/k

Finally, we compare the equilibrium qualities with the socially optimal ones, to obtain:

(k —2)%t

Ti-TV = 2259
4 2A
t(2 — k)(k +2 — 2ktH)
T, —TV =
B 2A
Thus, T3 > TV if k 4+ 2 — 2Kt6 < 0, 0r
24K
ot >
2K

Of course, if T} > T it must bethe casethat 75 > TV
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