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Reimbursement schemes for physicians: risk sharing, asymmetry of information and patients’
choice

Rosella Levaggi and Lise Rochaix

Abstract

Primary health care is experiencing a process of radical change as concerns, finance, organisation
and the role the patient is playing in determining the quantity and the type of health care to be
supplied. As concerns financial issues, asymmetry of information does not allow to reach a first-
best allocation of resources. For this reason, physicians' payment schemes are constantly being
reformed to enhance their own performance and to ensure a more optimal allocation of scarce
medical resources. On the other hand, the relationship between the patient and his physician is
changing. The patient is (or thinks to be) informed about his need for health care and makes a
critical assessment of the medical advice he receives. In this paper we present an optimal payment
scheme for physician that combines the rules for incentive compatible mechanisms with the
exploitation of the competition among doctors that patients might be able to generate.

In our model we focus on the possible competition between physicians and specialist and we show
that even when patients do not have priors on their medical conditions, the competition they are
able to generate reduces the information rent that doctors derives from their ability to observe the
true medical state of each patient before making their effort.



1-Introduction

Public health care systems are under a great deal of pressure to enhance their efficiency in
delivering health care. The reforms proposed have been mainly focussed on hospital production
where the introduction of internal markets for health care has represented a very important step in
the innovative process aimed at introducing competition in a sector that was dominated by the rules
of bureaucratic production. With some important exceptions', primary care has not been so widely
reformed. However GP’s play a very important role in the determination of health care for their
twofold function of gate keepers for Central Government and agents for the patients. It is for these
reasons that the system of payment for GP are being widely revised to provide better instruments to
control the quality and the quantity of services. A primary health care system is based on two
elements: the payment scheme and the access rules to specialist care. The remuneration options for
GP’s are numerous and a number of studies have been proposed to explain the reactions of doctors
to alternative systems®. As per access, there are two basic methods: a vertical organisation where
the patients have to go and see a GP first or an horizontal structure where the patient can choose
which provider to consult. The literature dealing with primary care has not always taken into due
account an important aspect related to the supply of health care, i.e. uncertainty. In the provision of
primary health care uncertainty has at least three important dimensions: the health status, the
severity of illness and patients’ personal ability to take advantage of medical care. These variables
can be observed at national level and are expressed by the aggregate probability of being ill and of
recovering, but cannot be observed by both parties. The GP, by being closer to the patients, can
predict the probability of the patient being ill and of recovering. In this process the patient is
assumed to play a passive role: he is considered to be so ignorant about his health status that he
cannot translate his need for health care into the demand for a specific service. Consequently, he is
assumed to delegate choice to a physician and to strictly comply with the recommended course of
action, a type of behaviour parallel to Hirschman?® notion of loyalty. Several papers show that this
ignorance does not imply a passive role. Gravelle and Masiero (2002) use patients expectations to
improve the quality of health care while Levaggi and Rochaix (2003b) show that patients choices
can be used to reduce the scope for opportunistic behaviour in an asymmetry of information

framework.

In this paper we propose a payment system that takes explicit account of asymmetry of information

L n this context it is interesting to remind the introduction of GP fundholders in Britain. The experience has not been positi ve and in Britain a new
organisation for primary care has been recently introduced .
2 See Gravelle (1999), Gravelle and Masiero (2000), Franc (2002)

8 cf. Hirschman A.O., (1970), ‘Exit, Voice and Loyalty’, Harvard Univ. Press, Cambridge, Mass..
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and patients choices. The theoretical foundations of our model are presented in Levaggi and
Rochaix (2003a,b). The paper will be organised as follows: in the following section we describe the
environment in which health care is delivered and the payment options that can be adopted, in
section three the model is outline; in section four the payment system when information is
symmetric is presented; section five presents the results under information asymmetry and finally

section six concludes the paper.

2 — Primary care systems

Primary care systems are characterised by two important elements: the payment scheme, i.e. the
system chosen to pay for physicians services and the organisation of the service, i.e. the definition
of the access routes to specialist care. The properties of the different systems and the role of patients
choice are discussed at length in Levaggi and Rochaix (2003a); in this article we extend that
analysis in two directions: we explicitly model the risk sharing properties of the payment schemes

and we introduce diagnostic,

2.1 The payment schemes

There are three basic methods for compensating clinicians and they are salary, capitation and fee-
for-service (FFS). Each method presents strengths and weaknesses and has different performances
in the presence of asymmetry of information®. The first method, salary, foresees the payment of a
reward to the doctor based on the number of hours he agrees to “work”™. It is important to note that
the concept of working is not strictly related to the concept of producing health care. The
dycothomy is due to the presence of uncertainty on the probability of the patient being ill. The
salaried physician, in fact, is asked to spend a predetermined amount of hours in his office where he
will take care of his patients. In the event of nobody going to his clinic, he waste his effort, in terms
of hours, because he is paid without being able to produce a service. This method is quite effective
as concerns cost control and it leaves very little to cheating under asymmetry of information. On the
other hand, its application does not allow to reach a technical efficient position since too much
effort is wasted in the waiting process. From an applied point of view, one has also to consider that
in the salary system fixed costs are quite high. It is only in theory that the optimal effort can be
expressed in terms on units per patient. In its actual implementation, the system foresees the
payment of the doctor for a predetermined number of hours of surgery. Even in a world of perfect
information on the productivity of the effort, Central Government should assign to each GP a

number of patients to match the optimal effort and this might not be possible, given the distribution

* See Levaggi and Rochaix (2003a) for a review

Commentaire [L1]: Has to be written
better.




of the population and/or their health requirements. For these reasons, we think that this type of
payment is more appropriate for hospital health care and it will not be considered in our analysis.

The second method for paying physicians involves capitation. Pure capitation pays a lump-sum per
persons in a physician’s list of “clients” and offers health care when needed. This is the system by
which GP’s are paid in Italy and the U.K., with some corrections. The physician has to produce a
minimum amount of work represented by the number of hours of surgery he has to offer and after
this he will be able to modulate his effort to the real need of each patient for health care. This
system has the advantage, as the previous one, to control cost and in an environment without any
type of information asymmetry, it would be superior to the previous scheme since it allows the GP
to reduce the number of hours he spends in his surgery without producing health care. However, in
the presence of asymmetry of information the doctor might have an incentive to refer patients to

specialist care or to choose for his list those patients with a lower probability of being ill.

The third important category of payment is that of fee-for-service (FFS). This was the predominant
system for paying for health care, but it is now declining. Under fee-for-service, the payment
depends on the unit of work the physician produces, measured in terms of services that are actually
offered to the patients. In this case it might seem that the effort of the doctor is even more related to
the patient’s health condition. In a world where information is symmetric, this would be the case
and it is for this reason that for a long time this method was the preferred one to reimburse doctors.
However, in an asymmetric world, this system produces perverse effects to the behaviour of
doctors. The doctor has, as in the first case, an incentive in reducing the effort if the patient is going
to recover quickly, but he would instead choose patients that are going to be ill to improve his

reward (Jaegher and Jeger, 2000).

2.2 The organisation of the service
The organisation of the service defines the set of rules that governs access to specialist and hospital

care. Two are the main models: direct access to specialists (hereafter called the horizontal
structure) versus indirect access through referral from GPs (hereafter the vertical structure). In an
horizontal structure patients are allowed to choose any GP or any specialist they like according to
their preferences. If the system is instead organised in a vertical structure, patients are asked to go
and see their GP first; on the basis of this first visit, the physician decides to treat the patient or to

refer him to a specialist.



3 - The model

The model proposed here is designed to explain the relationship between patients, GPs and
specialists. In particular, we want to focus on the incentives to opportunistic behaviour caused by
asymmetry of information and on the corrections to the payment scheme and access rules that can

be introduce to reduce these problems.

3.1- The environment

The model focuses on a limited part of the decision process that a Central Government faces
regarding the provision of health care to the population. The environment in which such decisions
are taken is one of uncertainty and information asymmetry. Uncertainty mainly depends on two
factors: Central Government cannot observe the health status of each individual; for those falling ill
neither the severity of illness nor their ability to take advantage of health care can be observed. Each

event has however a known probability that is common knowledge.

Each individual is endowed with a stock of health H. Iliness implies a given health loss H so that
the patient is left either with H — H with probability (1-py) or with H with probability py. The loss
of health might derive from two diseases labelled A and B. The patient is assumed to be ignorant
about his health status; in particular we will assume that while any individual falling ill will go and
see his doctor, also a fraction p of the ones not being ill will go and consult a physician to be
reassured about their health status. If medical care is appropriate (MC) the system allows the
patient to restore his health completely. Each illness can be either mild or severe. If the patient has a
severe condition, it is assumed that the GP cannot treat the case and has to refer it to a specialist. In
this case, the GP has to make an effort e* which corresponds to the time for referral. For a mild
disease, GP’s treatment is appropriate, but the level of care that has to be used depends on the
ability of the patient to recover. Medical care is the throughput or intermediate output of the GP’s

effort and is obtained through the following production process:
MC = f (e) @

Uncertainty prevailing in the production of health is introduced in a multiplicative form in the
production function: H = o MC. This random parameter reflects the patient's reaction to the
treatment, itself a function of factors such as education, or psychological / physical abilities (as in
the Grossman approach). We assume for simplicity that it only takes two values, namely oy, (for the
low productivity patient) and oy (for the high productivity patient) with known probability z for the
former and (1-z) for the latter type of patient. To simplify the analysis we assume that the
probability distribution of z and p are independent. This allows to simplify the exposition without
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altering the results of our model.

When the patient falls ill, the health care system allows him to restore his health completely, i.e.
there is no trade off in this model between cost for health care and health recovered®. The effort of
the physician is uniformly distributed across the time necessary for the therapy. Care is then defined
by a set number of consultations established on the basis of protocols. This assumption allows us to
transform the effort of the physician in number of consultations (v). As a result of these

assumptions, we can summarise the health status and the effort by the GP as follows:

Status Probability Health  level |Health  level | Effort Number of
before after Visits

Not ill  /no|pn(1-p)=po H H 0 0

consultation

Not ill/ easy |pnpd=p; H H e* 1=v,

diagnosis

Not i/ prp(1-8)=p2 | H H & V=

difficult L

diagnosis

Mild ill /high|pmz =ps H-H H S H) v = B

recovery o = F | — | V3™ o
Oy y

Mild ill / slow | pm(1-z)=pa4 H-H H S HY| v, =8

recovery e = 17| — ex
oL

Severely ill Ps=Ps H-H H e* 1; vs*

*
effort made by the specialist

Tab. 1: Health status, associated probabilities and physicians’ effort

where vs>Vv, and v4>V,. The specialist is disease-specific, i.e. he can treat any degree of severity of
the condition he is specialised in, but he cannot cure any type of the other ailment. To simplify the
exposition it will be assumed that to treat a severe case of either A or B, vs visits are necessary. Both
specialists are paid on a FFS basis at a rate equal to ysp; patients falling ill are uniformly distributed
among the two diseases so that the probability of having a mild (severe) attach of ailment A is equal

to %2 pm (Y2 ps) and so on.

® The trade off between these variables has been extensively studied in Levaggi and Rochaix (2003a)
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3.2 The actors of the game

In this model there are three active parts: the physicians, the patients and CG each of them having
specific objectives that might be in contrast with one another. Some of these conflicts can be used to
improve the performance of the system as it will be shown in this paper.

3.2.1 The physicians

In this model we assume that physicians are utility maximisers over two distinct levels. At the first
level, they decide their participation in the productive process. The utility of the physician is given
by the difference between the payment received and the effort made:

EUg = EU(R(v) —d(e,v)) )
where e is the effort and R(v) is the state contingent payment. For capitation, it will be equal to a
fixed amount CP; for FFS R(v) depends on the number of consultations that have to be made. The
function is assumed to be separable and additive in the two components. To concentrate on risk
sharing issues, it is assumed that each consultation made by the physician, whether it is to determine
if the patient is ill, to refer him or to administer care, requires a fixed effort e* and, if the payment

is made on a FFS basis a fixed remuneration ygp is foreseen for each consultation. The disutility is

2
increasing in the effort (2—d>0;(2—?>0), and linear in the number of consultations
e e

2
(% >O;ZT(3 =0) so that the expected utility of the physician can be written in terms of the care

needed by each patient as follows:

EUg = EU R(v) - E(v)d(e*)_ (2a)

The physician accepts the contract if the utility he expects to receive is greater than his reservation
utility U that is agreed at central level by the Government and the medical profession
representatives. To simplify the analysis we will assume U =0.

If the contract satisfies the participation constraint, the physician then maximises his net income
through the following function:

Ver =V (NER) - Eg(n) ®)

where n is the number of patients treated by the GP and Eg(n) is the expected cost to enrol patients:

it comprises administrative and marketing costs. ER is the expected income the physician gets from

treating a patient.



3.2.2 The patient

Each patient has a fixed income Y; and is maximising a utility function which depends on his private
consumption, on the time spent to be reassured on his health status and on the expected time
needed to get back to his former health level®. The system entitles each patient to free treatment
until full recovery, which implies that the only cost considered here is the opportunity cost of the
time spent in the health care system. The time spent for being reassured it is assumed that it does
not produce any disutility to the patient since the loss is compensated by the reassurance; the time
spent to recover his health level produces instead a disutility that is assumed to be proportional to
the time spent to get back to full health. Utility is assumed to be additive in these elements:

EU =U(Y,) - E(t) 4)
When care is organised according to an horizontal structure, the patient can choose whether to see a
GP or a specialist; in a vertical system he will instead be forced to go and see a GP first. The first
system allows the patient to choose the solution that maximises his expected utility; in the second

case CG determines through his choice the level of expected utility of the patient.

3.2.3 Central Government

Central Government’s objective is to restore health to those that have lost it because of illness at the
minimum expected cost. Cost for ambulatory care has three main components: the remuneration
for the GP, the payment to the other physicians and other costs related to drugs, test etc. In this
article we focus on the first two categories. Specialists are paid on a FFS basis at a rate ysp for each
consultation made. As per the GP, the two main systems are capitation and FFS’.

We assume CG’s preferences to be lexicographic over the following three objectives: maximising
the patient’s health outcome, minimising expected cost per patient and minimising the patient’s
opportunity cost of time spent seeking care. The first objective is met by the assumption that each
patient is entitled to free care, up to full recovery . The second objective will drive the comparison
between alternative structures. CG will only consider the third objective if the second is fulfilled
and if patients preferences are such as to value choice per se. In formal terms, CG’s objective can be

written as:
Min P.#(R,) P.#(R,) + Pid(R,) + Psg(Ry) + Pu#(R,) + psp(Rs) ®)

6 Write-nete-on-fisealHusionThe utility of the patient should also depend on the cost for health care. Even if it is free at the point of use, the cost will
have to be borne through taxation so that the patient has an interest in keeping it as low as possible. However, the impact on the tax rate of each single

treatment is marginal and for this reason it has not been considered
" See Levaggi and Rochaix (2003a, 2003b) for a review




Once the payment scheme has been determined, CG will have to choose the organisation
(horizontal or vertical) that allows cost minimisation and finally it will take account of patients

preferences.

4 — Payment systems when information is symmetric
In this section we examine the optimal payment system that Central Government might offer to GPs

in a context characterised by symmetry of information. The time flow of the contract is presented in

Commentaire [L2]: 1Assess whether to
introduce the section The rules of the game

figure one.

t=0 t=1 t=2 t=3 t=4
CG offers GP accepts health status effort by Outcome
a contract [refuses observed GP

Figure one: The timing of the contract when information is symmetric

When the contract is signed the health status of each patient is not known; this information will be
available at some later stage and it will be observed by both agents. In this environment, the form of
the contract depends on the attitude towards risk of the two parties which in turn determines the risk

sharing rules.

4.1 Payment schemes
The payment schemes we analyse in this paper ranges from pure capitation to FFS. They can be

summarised in the following formula:
R=a+ b7/GPViR (6)
where a and b are two parameters that determine the risk sharing properties of the contract. The risk

shared is the cost to restore health care to each patient falling ill which is in turn determined by the

uncertainty on the health status and the ability of taking advantage of health care.
viR is the number of consultations to be reimbursed; in a symmetric world, this is equal to the
number of visits made by the GP as one might expect. When information is asymmetric, viR

becomes a strategic variable to avoid an opportunistic behaviour by GP.

For b=0 and a>0, we have a pure capitation scheme and the provider bearing all the risk; if a=0
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and b=1 the payment is FFS and the purchaser takes on the risk. Finally if a>0 and 0<b<1 a mixed

payment scheme is to be implemented.

The optimal payment scheme is derived from the solution of a principal-agent problem in which CG

acts as the principal. In formal terms we can write it as:

Min po¢(a) + (pl + p5)¢(a + b7GP) + pz¢(a+ b}/GPV;) + p3¢(a+ byGPV:?) + p4¢(a+ byGPVE)
st po P@F (o + p) Pa+bvr —d@) 4 p, Pla+bviye —v,dE) |
+p, fa+bviye —v,de) 3 p. fa+bviye —v.dee) 20 @

a=>0
b>0
b<1

The first constraint represents GP's expected utility and defines his minimum reservation utility.

This constraint represents the imperfection of the market for health care. The presence of

occupational licensure allows GP's to have a monopoly power which means that they are not paid a

price based on the marginal productivity of their effort alone. In the context of the GP - Central

Government relationship it might be set by an agreement between the representatives of the two

parties, much in the same way as trade union agreements. The results of the model are presented in

appendix one and are summarised in table two.

Tab. 2: Payment schemes and risk sharing

Physician Risk averse Risk neutral

Central Governmen

Risk averse Any (Mixed) Capitation Commentaire [L3]: To be done: is it
possible to define conditions for U and

Risk neutral FFS Any (Capitation) ¢ that allows to say that the choice will be a
mixed payment scheme?

L op . 0% L
If Central Government is risk averse (—=> 0,W >0and the physician is risk neutral

U
OR?

R

a=CAP
b=0
CAP =E(v)d(e) = E(V)yg

=0), the optimal system is capitation:

®)

where E(v) is the expected number of consultations. The payment made to the GP is independent of

any uncertain event such as the health status and the ability of the patient to recover health. The GP

is in fact paid a fixed amount based on the expected number of consultations that the protocol

defines as appropriate for each ailment. The GP will have to make a state contingent effort that
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depends on the actual health status of each patient.
Capitation might be the optimal solution also for a system where CG and GP are risk neutral. In this
case, any solution is optimal, but we might think that public choice issues in this case will make CG

opt for capitation®.

If Central Government is risk neutral and the physician is risk averse, it is optimal to choose a FFS
that allows the physician to receive his reservation utility in any case. The payment will beequal to:
a=0
b=1
Yo =0(E) ©)
When both agents are risk averse, any solution is compatible with (7) and the choice depends on the
relative degree of risk aversion. The most likely solution is a mixed payment system where the
physician is paid a fixed amount for each patient in his list and a reimbursement for each visit he
makes that is lower than its actual cost in terms of utility.
The second level of maximisation, i.e. the number of patients to enrol is not affected by the
reimbursement scheme. In this case, in fact, because information is symmetric, the GP cannot cheat
on the number of consultations or on the severity of illness, hence he will choose the number n of
patients so as to maximise his utility. The FOC can be written as:
V(ER)) _dg

on on

(10)
4.2 Access rules

If the type of organisation chosen is horizontal, the patient can choose the type of care he prefers.
Three possibilities are opened to the patient: consulting the GP’s or seeking care by one of the two
specialists. In either case, the patient has a given probability of being right and each action has an
associated time cost. Various treatment paths can be identified®; if the patient has sought the right
provider, he will be treated, otherwise he will be referred back to another provider. Note that for a
mild condition the time cost for the patient associated with specialist or GP care is identical,
provided he has chosen the right specialist. In this case, in fact, the specialist takes care of the
patient instead of referring him to the GP. From the patient point of view, this is the most efficient

outcome and it allows the specialist to increase his income. Finally we will assume that the choice

8 Risk neutrality means that there is no trade off here between expected payments and thier variance. It is however reasonable to assume that when
confronted with the choice of a certain payment and an uncertain one having the same mean,CG will chose the certain one. If the payment is fixed,
this means that its finance is less complicated since budgets can be defined in advance without any risk of overspending

% See Levaggi and Rochaix (2003b)
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of seeing a specialist or a GP is just related to health states that requires care. The patients that are
not ill and still go and consult a physician to be reassured on their health status are assumed to go
and see a GP. This assumption can be justified in several ways: one might think that the patient that
is not sure about his health status would go and see a GP because would not know which specialist
to choose; for our analysis another consideration is more important: patients that need to be
reassured about their health status might receive positive utility from the time spent in care. This
means that equation (4) should have a specific form according to the health status. For our analysis
it is however sufficient to assume that patients choose their provider only if they are ill. We will get
the same results in terms of choice and competition among providers and a much simpler model.
We assume that to recover from a severe attack of either A or B, vs visits made by the specialist are
required. Table 3 shows the time cost of each action and the associated probability of incurring such

a cost.

Tab 3: Time cost for the different alternatives

Action Time cost Probability

Goingto GP  vs;vy;1+vs P3;P4;Ps

Going to SPa  V3;V1+V3;Va;Vi+Vg;Vs; 14Vs Y5 P3; Y2 P3;Y2 Pa: Y2 Pa¥e Ps. Y2 Ps
Going to SPg  Vi+V3;V3;V1+V4;Vy;1+Vs Vs Y5 P3; Y2 P3;Y2 Pa: Y2 Pa¥e Ps; Y2 Ps

The patient will choose the alternative that allows him to maximise his utility. The utility level for
the three alternatives can be written as:

EUGP :U(Y)—[p3v3 + PV, t+ p5(1+V5)]

1 1 1 1 1 1

EUgp, =U(Y) _[E P3Vs +§ P (V; +V5) +§ (A +E P, (Vy +V,) +§ Ps (Vs) +§ Ps (1+Vs)] (11)
1 1 1 1 1 1

EUSPb =U (Y) _[E p3(vl +V3) + E PsVs +E p4(V1 +V4) +E A +E p5(1+V5) +E ps(vs)]

If the utility is linear in the time spent in care and all the events have the same probability, the
patient is indifferent between going to the GP or to the specialist'. From a policy point of view, this
means that choosing the provider has no value for the patient in this context and Central
Government can choose the type of organisation of the service that allows him to minimise the cost

of provision.

10 The more general case is presented in Levaggi (2003b)
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4.3 The organisation of the system
In an environment characterised by uncertainty and symmetric information the decision on the type

of organisation can be separated from the choice of the payment scheme. In particular, after
choosing the payment scheme on the basis of the degree of risk aversion of the two main actors (CG
and the physicians), the rules of the access to the service can be laid down. CG will of course
choose the system that minimise his expected costs.

For a vertical organisation, the total expected cost depends on the probability of each event; if the
system is organised in an horizontal way it also depends on the choice of the patients. In the model
presented here we assume a linear disutility in the time spent to get health care and uniform
probabilities on the type of disease so that the patients are indifferent between the two providers; we
can then assume that in an horizontal system the probability of going to specialist or a GP is equal

to %2 . The costs for the different alternatives are presented in table four.

Tab. 4: Expected total cost for patient

Payment |Expected cost for each patient

scheme
Vertical organisation Horizontal organisation
1 1 1 1 1
CAP + pSySPVS E(CAP + Ps¥spVs) +§|:CAP + E(pa;’spva + Pa¥sp)) +§(p47spva +p,) +§(p57sp
Capitation 1
=CAP+ psyspVs + 3 7o BalVa + D+ P, (Vg +D) 4+ s ]
1
2 ﬁoo*' PiVee + P2VepVa t Pal¥epVs + PaZeeVa + PsVep + PsVspVs }
FFS Po0+ Py7p + PoYcpVa + Ps¥opVs + PaZcpVs

1
1 Po0+ Piyep + P27 cpV2 *E P b Ger +760) +7e
2

+PsVep + Ps¥spVs

1 1
=CAP + psy Vs *E Py IA(VGP +}/SP)+7SP} Ps7spVs +E;/SP

1 1- 1 1-
=Po0+ Piyge + PoVceVs + PaVs E7ep *E}’ + P4V E}’ep +E}/

1 1
+Ps o7e +275p + PsVspVs

If CG chooses a capitation system, the choice of a vertical organisation is necessary because the
payment made to the GP is independent of the prevailing state of the world. The cost of an
horizontal organisation, where the patient chooses to go straight to the specialist and might make a
mistake, is always higher.

FFS is in theory compatible with both system; the choice depends on the relative cost of the GP’s
and the specialist effort and on the distribution of probabilities among the different states of nature.
In our case where the probability is uniform and given that specialists fees are usually higher than

GPs’, a vertical organisation is less costly.
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The same considerations can be made for priors of patients; in our system patients do not have
priors on neither on the severity nor on the type of disease. If this assumption is relaxed and if their
priors are not biased, it might once more possible that an horizontal system is more efficient than a
vertical one at reducing cost.

In general, we can conclude that a vertical system allows a stricter control of expenditure and might
be preferred for planning reasons: the variation in expenditure for patient depends only on the
probability of having a severe disease. The system allows to reduce the risk that wrong priors by
patients increases expenditure by making the wrong choice of going to the specialist (either because
it is the right one or because it was not appropriate). However, this system does not allow to take
advantage of right priors of the patient and, as we will see in the following section, it does not allow

to use competition among providers.

5 - Information asymmetry
In an uncertain world, information is a resource that has, as any other commodity, a price. In the

context of our model, we can assume that, although when the contract is stipulated both parties
cannot observe o or the severity of the patient, this information can be acquired later by the
physicians (GPs and specialists) that can use it to their own advantage. The time flow for

information in this environment is presented in figure two.

t=0 t=1 t=2 t=3 t=4
CG offers GP accepts only GP observes effort by Outcome
a contract [refuses health status GP

Fig.2 : Contract schedule: asymmetry of information

There are two areas of uncertainty in the model which correspond to two separate possibilities for
the GP to set up a strategic behaviour to his own advantage. The first possibility is that of reporting
a false o if the patient is ill, a behaviour that can be classified as moral hazard. The schemes
proposed offer different comparative advantages to these policies and present different solution to

the problem of stopping GP's to use this type of strategic behaviour.
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If capitation is the system chosen, GPs do not have any incentive in reporting a false ¢ because the
payment they receive is not correlated to state contingent effort. In FFS, the payment is related to

the number of consultations, if they cheat on o, they can make more visits and reduce the effort. For

H *
an high recovery patient, the GP should make the effort e, =i _ V€7 =e* but, if he reports
Oy Vs

that the patient is a slow recovery, he is entitled to make v, consultations, so that the unit effort is

equal to eS*™ = Y€ cex If the patient is slow recovery, the GP has not got any incentive to cheat.
v

4

H -
— =v,e* hence the effort for each visit is
O,

L

The total effort to treat him is in fact equal to e

im T

*
equal to e5" ~ Y€~ S e* Given that the disutility is increasing in the effort, the physician will

V3
cheat in the first case and will not have an incentive in reporting a level lower than the actual one.
A second way of cheating consists misreporting the level of severity of the patient. This behaviour
could be classified as adverse selection and it is usually referred in the literature as cream skimming
or dumping®. In this case, the study of the incentives is more complex.
In a system of capitation, the GP has an interest in minimising the number of consultations he has to
make to the patient. Given the assumptions of our model, this would mean that the GP is indifferent
between reporting that the patient is not ill or that he is severely ill. In both cases, in fact he will
make one consultation. For ethical reasons it seems reasonable to assume that the GP will follow
the second alternative. The outcome of the opportunistic behaviour in a capitation scheme is
presented in table five

Tab. 5: Opportunistic behaviour in a capitation scheme

True state Reported state Conditions for cheating
Not ill Not ill

Not ill /difficult diagnosis Refer to specialist v2>1

Mild ill /high recovery Severely ill vs>1

Mild ill / slow recovery Severely ill vs>1

Severely ill Severely ill

! See Ellis (1997), Lewis and Sappington (1999)
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The incentive for the GP to an opportunistic behaviour depends on the number of consultations he
has to make in each case. Since the health status of the patient can always be verified ex post, the
GP cannot cheat by offering treatments that will make the patient not recover his full health.
Referring when it is not necessary is a possibility allowed in this model by the assumption that
specialists are paid, as it usually happens, on a FFS basis hence they do not have any incentive in

referring the patient back to the GP.

If the system is pure FFS, physicians have then an incentive in maximising the number of
consultations they make in order to maximise their net income. Their net income is in fact given by
the volume of activity minus the cost which, in our model, depends on the number of patients.

The study of the possible ways of cheating depends on the assumptions about the ethics of the
physicians and the environment in which they supply health care. In our model we assume that
physicians do not administer health care to healthy patients. In this case they are likely to induce
demand through more diagnostic tests than necessary before reassuring the patient on his state of
health.

The second important principle is that the patient has to recover his full health; to secure this
principle we assume that the doctors that treat the patient for a severity level lower than appropriate
can subsequently — but within the period considered — refer the patient to the specialist. Table six

records the outcome of an opportunistic behaviour by physicians under FFS.

Tab. 6: Opportunistic behaviour in a FFS scheme

True state Reported state Conditions for cheating
Not ill/easy Not ill difficult vo>1
Not ill/difficult Not ill difficult
ar g - . - - V4>V3
Mild ill /high recovery Mild ill / slow recovery
Mild ill / slow recovery Mild ill / slow recovery
Severelyill Mild ill / slow recovery va>1

For a system in which the physicians are paid on a FFS basis, the incentive to opportunistic
behaviour comes from moral hazard as concerns the patients’ ability to recover and on the income
maximising properties of inflating the number of consultations.

In the presence of asymmetry of information, the process for choosing the organisation of primary

health care is no longer sequential as in the case where information is symmetric. The organisation
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of the service and of the payment scheme have to be combined to find the best institutional

arrangement. In this context risk sharing among the two actors plays a different role and attitudes

towards risk can only be used for the appraisal of the expected cost of the various alternative

systems that can be implemented. The choice of the optimal payment scheme for physicians is

quite different from the previous case:

= itis not possible to define an incentive compatible contract only based on risk sharing attitudes

= CG cannot minimise cost through a straight minimisation of the expected cost. The constraints
of the problem restrict the set of the option to few well defined contracts and CG will choose the
one that minimises expected cost as in the real option literature'.

5.1 Payment schemes under asymmetry of information: pure risk sharing contracts
To start with, we will assume that the system has a vertical organisation so that each patient has to

see his GP before going and see a specialist, if needed. In other words the choice of the patients is
not taken into account.
The price for health care is assumed to be equal to the disutility of the effort, i.e. 3sp=d(e) as in the

previous model. In a symmetric context we showed that the number of visits to be reimbursed, v is

equal, if the system is FFS, to the number of consultations made by the GP, v; = In the ICC model
this is the variable to be used to give the physician the incentive to avoid an opportunistic
behaviour. a and b will be still used to define the variance in the payment system. The problem
faced by Central Government can be written as:
Min  pyg(@) + (P, + Ps)(a+byeeV') + Pog(@+byeVs) + po(@+byeoVs) + Pua+byeovi)
st po B@) =+ (p,+ py) Pa+bvye, —dee) + p, la+bviye, —v,de) ]

+ps P@+bviye, —v,d@) 4 p, P@+bviye —v,dee) 30

(1 U(a+vibyge —V,d(e)) 2U (a+Vibyg, —v,d(ef*))

() U(a+vibye —v,d(e)) 2U (a+ Vv byg, —d(e))

(IV) U(a+Vibye —V,d(e)) 2U (a+Vibyg, —d(e)) (12)
V) U(a+vibyg —v,dE) 2U (a+Vibyg, —d(e))

(V1) V(byee (v5 =) <V (E(R)(AN) - b(n+An) - g(n) _

(V1) V (bye (v —vf)) <V (E(R)(AN) - b(n+An)—g(n)_
(VI V(bye (vF =) <V(E(R)(AN) - b(n+An)—g(n)
X)) V(e (vt -v5) <V(ER)@AN)- b(n+Aan)-g(n)_

(1) represents the incentive compatibility constraint to avoid moral hazard. (I11)-(IX) avoid the
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misrepresentation of the patient’s state of illness; the first four are typical of a pure capitation
system the other might emerge in a FFS system. Their aim is to stop referring patients that should
be treated by the physician or to avoid inappropriate treatment.

The problem presented in equation (12) cannot be solved. The constraints (VI) to (IX) are
compatible only with a pure capitation system. They state that to avoid an opportunistic behaviour
the increase in income received through cheating should be not greater than the increase in net
income that can be derived by enrolling a number (fraction) 4n of new patients. This condition is

satisfied only if the marginal cost in enrolling a patient is zero (g’(n)=0) or when income deriving
from opportunistic behaviour is zero (b=0; v\ :\7R). However, to satisfy the constraints (l11) to (V)

it is necessary to make payment depend on the number of consultations made: the two solutions are
then incompatible.

In this environment, the alternative for Central Government is to use the competition among
specialists and GP’s for patients using an horizontal organisation. Levaggi and Rochaix (2003Db)
show that under specific conditions, competition reduces the scope for opportunistic behaviour if
the system is organised on a FFS basis, or at least if a part of the payment is made on this basis.

We will apply the same model of competition to our problem.

5.2 Access rules to improve the contract
Before showing the choice of the patient in this context, we need to define an opportunistic

behaviour by the specialist. The specialist, being paid on a FFS basis, treats disease specific patients
as if they were severely ill and refers the one that he cannot treat to the other specialist.

As in the previous case, it is assumed that competition among physicians and specialists can only be
developed for treating patients, i.e. for those cases where the patient is ill. If the patient needs
reassurance on his health status, we assume that he goes and see the GP.

Given these assumptions, if the patients feels ill, he will go and see the physician that minimises his

expected time for being treated. Table seven records the time alternatives for the different options:

Tab. 7: Time cost for the different alternatives

Action Time cost Probability

Goingto GP  v4;V4;Vatvs P3;P4:Ps

Going to SPa  Vs;1+Vs;Vs; 1+Vs;Vs; 1+Vs Y2 p3; Y2 P3;%2 Pa; V2 a2 Ps: Y2 Ps
Going to SPg  1+Vs;Vs;1+Vs; Vs 1+Vs Vs Y5 P3; Y2 P3;Y2 Pa: Y2 Pa¥e Ps: Y2 Ps

12 See Trigenorgis for a thorough explanation.
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The patient will choose the alternative that allows him to maximise his utility. The utility for the
three alternatives is equal to:
EUGP =U(Y) _[p3V4 TPV, t ps(V4 +V5)]
:U(Y)_(ps +p,+ ps)V4 — PsVs
1 1 1 1 1 1
EUg, =U (Y) _[E P3Vs +§ p3(1+V5) +§ P.Vs +§ p4(1+V5) +§ ps(vs) +§ p5(1+v5)]

1
=U(Y)_(p3+ Py + ps)(Vs"'E) (13)
1 1 1 1 1 1
EUSPb :U(Y)_[E p3(1+V5)+§ p3V5+§ p4(l+V5)+§ p4V5+§ p5(1+v5)+5 p5(V5)]
1
:U(Y)_(p3+ P, + ps)(V5+E)

It can be shown that if v, < Mm —%) the patient goes and see a specialist, otherwise he
3+ D,

will go and see the GP. The specialist (GP) can react to this loss of patients by treating only a

fraction z (g) of patient in an opportunistic way. In this case the expected time for patients will be

equal to:

EUg =U(Y)—q [p3 + Py + Ps)Vy — PsVs }(1_(1) [PV + PV, + Ps(1+V5)]
1 (14)

U =U0)=2] (B + Pt RIS +3)|-G-D) (B, + Bt pufL )]

where z* and g* represent the optimal choice by the specialist and the GP for the probability of not

cheating. In appendix two it is shown that an equilibrium is found for z=g=1, i.e. for a situation

where the GP and the specialist behave as perfect agents for the patient. In our case, competition

can work for mild and severely ill patients. The inflation in visits that can arise from diagnostic

procedures cannot be avoided using just the patients choice.

5.3 Payment systems in an asymmetry of information framework
The inflation in the number of consultation for diagnosis can be reduced by using a mixed payment

scheme that foresees FFS and horizontal organisation if the patient is ill and capitation/FFS/a mixed
payment for diagnosis. The choice of the payment scheme for the diagnostic part depends on the

attitude toward risk of the two agents. The problem for Central Government can be written as:

20



Min po¢(a) +_( p, + p5)¢(a + b?’Gple) + pz¢(a + b?’GPVZR) + p3¢(a+ b7GPV3R) + p4¢(a+ b7GPV§)
st po D@ = (p, + po) Pla+0vre —dee)) 4 p, Pla+bviye, —v,dee) |
+ p Pa+bviye —vdee) + p, Pa+bviye —v,de) 30

(1) U(a+Vibyg —V,d(e) U (a+v'bye, —d(e)) (15)
(m U(a+Vvibyg —V,d(e)) >U (a+v;byg, —d(e))

(V) U(a+Vibyg —v,d(e) 2U (a+Vv by —d(e))

) V (byee (V] —v{)) <V (E(R)(AN) - b(n+An)—g(n)

The problem written in these terms cannot be solved since constraint (1) and (V) are incompatible.

-V

(V) implies that v§ =v; while the second constraint implies that v} > Yo +Vi.

In this case, Central Government has to choose between inflation on the consultations made by GP
or having patients not ill, but for whom the diagnosis is difficult to be referred to the specialist. The
choice between each solution depends on the environment in which Central Government works and
on his attitude towards risk. From the point of view of our analysis, both solutions have to be
identified.

If Central Government wants to avoid the risk of referral to specialist, the problem can be written
as:

Min po¢(a) + (p1 + p5)¢(a + b7GPV1R) + p2¢(a i’ byGPVzR) + p3¢(a + b}/GPV; )_+ p4¢(a + b7GPV§)
st P B@ =+ (p+ o) Pa+biye. ~d@) + p. Pla+bul e, —vade))
+p, Pa+bviye —vadee) + p, P@+bviye —v,dE) >0

(1) U(a+vibyg —Vv,dE) 2U (a+Vibyg, —d(e)) (16)
(m U(a+Vvibyg —V,d(e)) >U (a+Vv byg, —d(e))
(Iv) U(a+Vibye —v,d(e) =U (a+Vvibyg, —d(e)

The solution is presented in appendix 3. The incentive compatible constraints in the problems
means that the consultations in excess of v, have to be paid using a FFS. For CG the choice is then
to use a pure FFS or a mixed payment system where a fixed fee is paid to the GP for any patient in
his list and only the consultations in excess of v, can be reimbursed. The choice depends on the risk
sharing attitudes of the two actors as shown in table 8.
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Tab. 8: The optimal incentive system

Physician  |Risk averse Risk neutral
Central Government
Risk averse Any Mixed
a=(1-pyd(e) =(A-po)ree
Risk neutral FFS Any
a=0; b=1

It is interesting to note that in this case, risk sharing is limited to the diagnostic part of the care

delivered. For anything that implies delivering health care, a FFS system has to be devised to make

use of the competition among physician generated by patients behaviour.

If Central Government wants to avoid the opportunistic behaviour deriving from inflation in the

diagnostic tests, he has to foresee the same reimbursement for all the consultations involving

diagnostics. The problem can be written as:

Min  p,g(a)+(p, + ps)g(a+ b}’Gple) +pga+ b}’GPVzR) + pydat b}’GPV3R) +pglat b}’GPV;)
st po D@ = (b + p) @+ bul e, —de)) + p, Pa+bviye, —v,dee)

+ps @+l —vd@) + p, Pla+bviye —v,dE) >0
U(a+Vibyg —v,d(e)) U (a+v by —d(e))
U(a+Vibyg —v,d(e) U (a+v by —d(e))
V (byee (V5 —vf)) <V (E(R)(An)) - (n+An)—g(n) _

()
(V)
)

A7)

which implies that v} = v The optimal solution is presented in appendix three and it is similar to

the one just presented for the previous case.

Tab. 9: Optimal incentive scheme: referall inflation

Physician | Risk averse Risk neutral
e
Risk averse \Any Mixed
a=(1-py)v,d(e) = (1- py)Vors
VASTA
Risk neutral FFS Any (Mixed?)
a=0; b=1
vy > d-= P _1p2F))V1 * PaVs >v, + P (v, v,
— Mo L)
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If CG is risk averse and the GP risk neutral, a mixed system which foresee the payment of a
capitation fee for each patient in the list and a FFS for any consultation in excess of v, is chosen. If

Central Government is risk neutral and the GP is risk averse, a pure FFS will be chosen, but the GP

is paid a nominal number of consultations v;* for diagnostic.

5.4 Comparing the two solutions
At the beginning of this section we argue that CG’s choice of the optimal system to organise

primary care is limited by asymmetry of information. These limitations have at least effects:

= to avoid demand inducement on treatment, a FFS system with horizontal organisation where the
patient can choose his physician has to be implemented,;

= no first best optimal solution can be implemented: CG has to choose between a system with
demand inducement through diagnosis or referral inducement for the same reason.

CG chooses the second best system by a real option appraisal; i.e. rather than minimising his utility

function over a continuous set of options, he has to identify a finite number of solutions and choose

the one that minimise his cost function.

The result of this process cannot be predicted in general since it depends on the utility function of
CG, on the attitude towards risk of the GP and on the cost of having a patient referred to the
specialist for diagnosis.

For some cases, where the costs can be easily defined such a comparison is possible. To show the
general method, we will see how a CG that is risk neutral makes its choice. We will assume that
yep=d(e)=1. If CG allows GP’s to induce expenditure through diagnosis, the expected cost for
health care will be equal to:

(p, + p,)V, + FFS,

where FFS] is the expected cost for treating patients under an horizontal FFS system. If instead CG

allows them to over-refer to the specialists the costs will be:

(p,+ pz)Vé + FFSL + P2V spVsp

where vgp is the number of consultations that the specialist has to make to for a difficult diagnosis.

If we assume that the visits made by the specialist for a difficult diagnosis are the same number as
those made by the GP (vsp=V>) and that ysp=ycp(1+u), we can see that a pure FFS is preferred.

If CG is risk averse, a general solution cannot be derived since the choice depends on the functional
form of the expenditure function defined for this tier.
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6.Conclusions
This paper defines the strategy CG should follow in defining the payment system for primary care

in an asymmetry of information context where citizens can be ill with a different level of severity
and recovery with known probabilities. It is shown that in a symmetric context the choice can be
sequential: CG chooses the payment scheme according to his attitude towards risk and to GP’s risk
aversion. Given this choice, the organisation of the service and access to medical care will be
defined. In this context a vertical system is usually less expensive than an horizontal organisation
where patients are allowed to choose.

For capitation, this is a general rule implicit in the design of the payment scheme. For FFS it
depends on the probability attached to each health status and on the priors patients have about their
illness.

In a context of asymmetry of information on the health status of the population if this element can
be observed only by the physicians (GPs and specialists), a first best solution cannot be designed.
Demand inducement can be partially reduced through the competition for patients between GP’s
and specialists, but demand inducement for diagnosis cannot be avoided. CG can in fact control
either demand inducement by GPs or the referral process to the specialist, but in both cases there is
an extra cost for the system. In an asymmetry of information framework, the choice of the optimal
system cannot be done using a straightforward maximisation process; the constraints imposed by
the incentive compatible structure of the problem means that the set of viable contracts is very
limited an real option approach has to be used to define the best solution.

In this context, demand inducement can be reduced only using other instruments such as overall
budgets for consultations or on the number of diagnostic tests. Both instruments have not however
been introduced in our model. Another way to avoid demand inducement is to relax the assumption
that each patient has to recover his full health. The combined use of effort and payment as
contingent variables might avoid demand inducement®.

The model presented here can be developed further in several directions: the priors of patients
should be introduced in order to see if our results, in particular the superiority of FFS and horizontal
organisation, is robust to a change in this assumption; time preferences could be made dependent on

the severity of illness as in Levaggi and Rochaix (2003b) and finally...

3 Levaggi and Rochaix (2003a) presents a model in this line
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Appendix one
The problem for Central Government can be written as:

Maxa.b - <=)0¢(a) +(p,+ p)g@+byg) + pdla+ b7GPV2R) + pg(a+ byGPVSR) + pga+ b7GPV§) }

st po 0@ 3 (p, + p,) P+ bvre, —de) 1 p, fla +bv e, —v,dee) ]
+Ps ['(a + bVSRyGP —V3d(e)) } P, l](a + be)’GP _V4d(e)) } 0
a=0
b>0
h<1

The F.O.C. can be written as:
ZI; - |)0¢'(a) +(py+ Ps)g'(@a+byge) + p1¢l(a+b7c;PV§)+ p3¢l(a+b7GPV§) + p4¢'(a+bprvf)_
. ﬂ{po D@3+ p)brarovye -de) dp. Pra+ovie. -v,de) }}

b (@ +bv3yep —v,d(e)) + pU ' @a+bviye, —v7de)
oL ..
ob

i i{(pl +p) @+ by, ~d@)re 3 po @+ bvre, - vdE)renys }}

b P@+ v 7 —v,d@)7eev + b, Bla+bviyes —v,d@)revf

Ip1 + p5)¢l(a + b7GP)7GP + p1¢l(a + byePV;)%:,PVS + p3¢l(a + b}’c,pV§ )7GPV§ + P4¢'(a + b?’GPVE)VGPVR

%: 0o D@ F (b, + o) Pa+bvyes —d(@)) 4 p, Pla+bviyes —v,d@) 4 pU@+bvyer —v:d(E))
+p, P@+bvire —vide)) |

The problem can be solved using the Khun Tucker conditions.
Let us start by assuming that CG is risk neutral and GP is risk averse. If we divide the derivative for
a by the derivative for b we obtain:
1 __EU) EU,)

7eEMA-P)  EU)EW)  FUD-pU, 7EW)
which can never be satisfied. This means that a=0. Solving for the second and third constraint we
obtain b=1.
If GP is risk neutral and CG is risk averse we obtain:

E()  _ E(p.) _ 1
E@)7EQW)  E@) - Pt 2EW)  76EME-P,)
In this case, b=0 and a=E(V) ysp
When both are risk averse, any solution is compatible since:

E@) _ _ EN)
E)7-E(V)  FUD-pU, A-EW
when both are risk neutral:

1 1

YrEMA-P,) 7 EWV)A-py)

25

4 -



Appendix 2:

If, as in the previous examples, we assume that there are no priors on the probabilities so that
pi=1/6, the expected utility can be written as:

EUGP =U (Y)_q [p3 + p4 + p5)v4 + psvs }(1_Q)[psv3 + p4v4 + p5(1+V5)]

EUg =U(Y)—Z|:(p3 + P, + Ps) (Vs +%):|_(1_Z)[p3v3 + PV, + Ps(L+V5)]

If we observe the derivatives of the two expressions:

oEU
?GP =— lp3 + Py + Ps)Vy + PeVs — PoVy — PV, — p5(1+V5)} 0

a2
oEU, 1 ()
T | (s + Py + Ps)(Vs +§) = PaVy — PV, — Ps(L1+Vs) | <O

which are linear in z and g. The relative magnitude of the derivatives depends on the value of vi and
pi, but there is a negative correlation between the growth rate of the function and its initial value.
This means that if for values of g and z equal to one, going to the GP (specialist) is the best
alternative, a reduction at the same rate of the cheating will cause a bigger (smaller) increase in the
expected utility for going and see the specialist. In this way the difference between the two levels of
utility will shrink.

From equation (a2) we can write the reaction functions of the GP’s and the specialist as follows:

_ p3(V4 _Vs) - ps(V4 _l)
Z=( 1
(ps + Py + Ps) (Vs +E) = PaVa — PyVy — Ps(L+Vs)

1 .
(ps + Pyt ps)(vs +E)_ PaVs — PgV, — p5(1+V5)

ps(V4 _V3) - ps(V4 _l)
If we assume that the GP and the specialist cannot play any co-operative game, they both will try to
maximise their probability of getting patients in the worst event. For both of them the worst
situation is when the other part does not cheat, i.e. when z=0 and/or g=0.

=2z
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Appendix 3

Max,, - ‘bo¢(a) +(py+ py)p(@a+byg)+ pgla+ byspsz) + pyp(a+ bVGpvg) + pga+ byspvr)
sp, P@) + (p, + p,) Pa+bvree —de) 4 p, P@+bvires —v,de)) |
+ p Pa+bviye —vide) 4 p, Pa+bviye —v,de) 0

D) U (a+Vbyes —v,d(e)) U (a-+V by, —d(e))
(i U(a+Vvibyg —v,d(e)) 2U (a+Vv by, —d(e))
(V) U(a'*'vib]’ep -Vv,d(e)) Zu(a+vfb}/GP —d(e)

To simplify the algebra we assume y=d(e)=1. The system of equations can be written as:

v, -V,
(1 VR > 2Ly yf
Vy -V,
(nn Ve 2%+V1R
v, -V,
(V) vE > 4b LR

Since b is always multiplied by v, we take v as benchmark. The problem can be written as:

Min po¢(a) + ( p,+ p5)¢(a+ bv1) + p2¢(a+v2 + (b _1)V1) + p3¢(a+v3 + (b _1)V1) + p4¢(a+v3 + (b _1)V1)
s poU (8) + (1- po)U (a+ (b -1)v,)
a0 b>0 b<1

The F.O.C. can be written as:

{Commentaire [L4]: 27

- Bt @)+ (i + P (@ bW+ P+, + 0-DV,)+ P+, + (b -DV,)+ P (a v, + b-17.T.
-2 A b@Fa-p)P@+©-1v [ |
oL

b pdg@rby) + i@y + 0-Dv)+ pgar v+ 0-Dv)+ pigarve+ (0D, |

—20-p)Pra+o-1v, ] '
O (@) + (P PIF(@-+D) + P(a+V, +(B-DW) + pp(a-+V, +(b-Dw) + Pga+ s+ (b-1)

0

The solution can be obtained using the method described in appendix one.
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Appendix 4

Max,, - ‘bo¢(a) +(py+ py)p(@a+byg)+ pgla+ byspsz) + pyp(a+ bVGpvg) + pga+ byspvr)
sp, P@) + (p, + p,) Pa+bvree —de) 4 p, P@+bvires —v,de)) |
+ p Pa+bviye —vide) 4 p, Pa+bviye —v,de) 0

(D) U(a+vibyg —v;dE) =U(a+vbyg, —d(e))
(V) U(a"'vib}/sp -v,d(e)) Zu(a“'vfb}/ep —d(e)
V) (b7ee (v —vR)) <V (E(R)(AN)) — b(n+An)—g(n)_

To simplify the algebra we assume y=d(e)=1. The system of equations can be written as:

(D) v z%wﬁ
(V) Ve 2%+vf
%) VzR =V1R
Min Po#(@) + (P, + P, + P)p(a+bV) + pop(@+vy + (b -1V;) + pg(@a+v, + (b-1v;)
S pOU (a) +(1_ Po — pz)U (a+(b_l)vl) + pzu (a+bV1R _Vz)
a0 b>0 b<1

The F.O.C. can be written as:

%*.. B.s @+ (p.+ b, + p)g @ +DVF) + pog @+ vy + (0 -1VF) + pug'(@+v, + (0 -1VF)

" dlb@3a-p-p)P@ro-v 1o, @by v, ]

gt Il + 0.+ s @ebvf) + pog @t v, + (0 -DvF) + pug (@+v, + (0 -1v7) ]
i G-po-p) @ o-v F +p, frabvi —v, ]

%: Po#(@) + (P, + P, + Ps)p(@+bVvi) + pyg(@a+v, + (b -Dv¥) + p,p(a+v, + (b -1v7)

The solution can be obtained using the method described in appendix one.
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