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Abstract

This paper analyzes the distortions of health insurerséfiepackages due to ad-
verse selection when there is imperfect competition. Uiedconditional and mixed)
logit model for a theoretical analysis of market equilibuiader adverse selection, for
the case of two risk types the following main results areweti For intermediate lev-
els of competition, the benefit packages of both risk typedatorted in the separat-
ing equilibrium. If the level of competition decreases, tligtortion decreases for the
low risk type, but increases for the high risk type; in additithe number of insurers
offering the benefit package for the high risk type decread¢ke level of competi-
tion is low enough, a pooling equilibrium emerges, whicheyafly differs from the
Wilson-equilibrium. It is shown that these results have amant implications for risk
adjustment: For intermediate levels of competition, ridjuatment can be ineffective
or even decrease welfare if it is not reasonably precise.
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1 Introduction

Adverse selection has long been recognized as a potergiiigus problem for insurance
markets in general, and health insurance markets in pmﬂu individuals differ in their
expected medical cost, but health insurers are not allowethdrge an individual-specific
premium, this creates incentives to distort the benefit agekso that the medical services
offered are attractive for some individuals, but not foresth Insurers who respond to these
incentives are said to perform indirect risk selection:ytbgploit adverse selection to in-
fluence the risk structure of their insured. Several emgliitudies have shown that these
distortions exist and can be sevBreecause many health insurance markets, especially in
Europe, but also in the U.S., are characterized by commuatiityg, the number of individ-
uals affected by these distortions is likely to be substhnti

Theoretical studies analyzing these distortions havellyscensidered the case of perfect
competition, see, e.g., the highly influential study of @laand McGuire (2000). Health
insurance markets may, however, not always be perfectlypetitive. For the U.S., Dafny
(2010) has demonstrated that in some markets, health isduaee a considerable degree of
market powdﬁ For the European context, Schut et al. (2003) and Tamm @07 have
shown that price elasticities of demand are low and that timeter of individuals switching
insurers is smaller than what would have to be expected infaqily competitive market.
Some health insurance markets are rather imperfectly ctitmpe

This paper analyzes the interaction of these two phenomewlaerse selection and imper-
fect competition — with a special focus on the distortionghef benefit packages offered.
For health insurances markets, this interaction so far hisleen examined for the fol-

lowing two settings: In the first one, an arbitrary number isk ttypes is considered, but
a pooling equilibrium is assumed, so that all insurers dffier same contract, see Frank
et al. (2000). We relax this assumption and show that whethsparating or a pooling

equilibrium emerges depends on the level of competition.

In the second setting, a separating equilibrium for the cditeo risk types is analyzed.
Imperfect competition is captured with a Hotelling-modehere each insurer offers two
contracts (so that the incentive compatibility conditisrsatisfied); see, e.g., Olivella and
Vera-Hernandez (ZOOﬂ)This second class of models allows for sorting into diffé@on-
tracts, but also implies a strong asymmetry of demand regsowhich in some health
insurance markets may not apply: Consider a group of indal&lholding a contract from
a particular insurer. A new contract, yielding slightly hay utility than the contract they
currently hold, would attract all these individuals, if @féd by the same insurer, but only
a small share of them, if offered by a different insurer. Fne health insurance settings,
this is a reasonable assumption and captures the behavlwr ofsured well. One example
is a fee-for-service setting, where contracts differ maintthe deductibles and coinsurance

1See Cutler and Zeckhauser (2000) and Breyer et al. (2011).

2See Frank et al. (2000), Cao and McGuire (2003) and Ellis anGire (2007). For the distinction
between direct and indirect risk selection, see Breyer.¢2@lL1), p. 729; for an overview of risk selection, see
van de Ven and Ellis (2000).

3See also Cebul et al. (2011); for the Medigap market, see tsleesal. (2009) and Starc (2013).

4See also Biglaiser and Ma (2003), Jack (2006) and Bijlsmh €@i1).



rates. Insured will easily switch to a different contractted same insurer if it yields higher
utility, but — being not perfectly informed about whethehet insurers reimburse bills as
timely and at the same level of generosity — may hesitate tiwlswo another insurer if the

benefit package itself is only slightly superior.

In some health insurance settings, however, insurers depettify reimbursement rates,
but offer benefit packages of medical services, which mdgrdif the drug formularies, the
physician networks, the hospitals that can be attendeceatifease management programs
that are implemented. In this case, from the perspectivenafi@dividual it will not make
much of a difference, wether a new contract with, say a diffeiphysician network, is
offered by the same insurer or by a different insurer. Fasdheealth insurance settings, itis
important to relax the assumption of a strong demand asyrgnaeid we do so by analysing
a model where each insurer offers only one contract, solliaasymmetry cannot ocdar.

To keep the analysis simple, we consider the case of two yjsst If each insurer of-
fers only one contract, but there are two risk types, a megduirmodel that is supposed
to also capture a separating equilibrium must comprise itiane two insurers. Therefore,
a Hotelling-model is not appropriate. This is why we considaliscrete choice model,
namely, the (conditional and mixed) logit molelThe logit model has been extensively
used in empirical analyzes of health insurance ctibite this paper we suggest that it is
also a very useful model for a theoretical analysis of maekgtilibria under adverse se-
lection when there is imperfect competition: It can captamg number of insurers, allows
to endogenize whether a separating or a pooling equilibenmerges, and — by introduc-
ing the concept of ‘indifference curve areas’ — has a gragbhiEpresentation that provides
an intuitive understanding of the economic forces driving &dditional distortions under
imperfect competition. It shows that of the two parameteas influence the level of compe-
tition — the number of insurers and individuals’ responsess to differences in the benefit
package — the latter is more important than the former. Kiriataptures the fact that some
individuals ‘make mistakes’ when choosing their healtlurasice contract, e.g., because of
inertia or information problenﬂ.

For a very high level of competition, the discrete choice eiadplicates the results of a
model under perfect competition, where an efficient benefikpge is offered for the high
risk type H, and an inefficient one for the low risk typge (Rothschild and Stiglitz 1976);

see Figuréll, where we present — schematically — the dmtsrtinder perfect and imperfect

One could also relax the assumption in a setting where eacinénoffers more than one contracts. This
would complicate the model because each insurer would thee to take into account the consequences of
changing one contract on the demand of its other contratctee Inumber of insurers is large, this effect will
be small, but if the number of insurers is small, it may not bgligible. However, all the distortions we derive
would also occur in this setting.

bQlivella and Vera-Hernandez (2010) have analyzed a diffezetension of the Hotelling-model, the spokes
model of Chen and Riordan (2007). They show that when eachréngan offer two contracts, a pooling
equilibrium does not exist; also, an equilibrium where eiashrer offers only one contract (but contracts differ
by insurer) does not exist either: At least one insurer sffeath contracts so that the incentive compatibility
constraint is satisfied. This implies the strong demand asgtry which does not apply to the setting we
analyze.

'See, e.g., Feldman et al. (1989), Royalty and Solomon (1938jris et al. (2002), Keane (2004) and
Ericson and Starc (2012).

8See Handel and Kolstad (2013) and Sinaiko and Hirth (201t)gmpirical evidence.



competition.m™ represents the efficient benefit package. Under perfect etitiop, which
is depicted at the beginning of the abscissa, we haffe= m* andm®” < m*.

level of benefit )
number of in-

packagen A
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Figure 1: Distortions of the benefit packages under perfedtimperfect competitiomn*
denotes the efficient levek,"V! the Wilson-equilibrium.

With imperfect competition, we can distinguish three levafl competition: For high levels
of competition,n! is always at the efficient level, while, initiallyp” decreases if the level
of competition goes down.

For intermediate levels of competition, both” andm’ are distorted. If the level of
competition goes downp decreases and” increases. In addition, the number of in-
surers offering the benefit package for the high risk typeefeses, until, for a low level
of competition, the pooling equilibrium emerges. For thelpa equilibrium, if the level
of competition goes downy increases, so it coincides with the Wilson-equilibriumt’ !
only for one particular level of competiticﬁw.

These results show that imperfect competition has a diféatteon the distortions of the
benefit packages offered. The famous result of no distogtdhe top clearly does not hold
in general under imperfect competition: For intermediatels of competition, both bene-
fit packages are distorted in a separating equilibrium. Thgies that the most generous
generous benefit package offered in a health insurance tmaggebe a (severely) biased
indicator of the efficient level of medical services; thisym@ntribute to explain why a
number of recent empirical studies have found the welfeseds caused by adverse selec-
tion to be surprisingly smad However, these studies have estimated the welfare losses
due to inefficient pricing of givenset of benefit packages, but as explicitly stated by Einav,
Finkelstein, and Levin (2010), the welfare losses due tonafficient set of benefit pack-
ages may be much larger, and we show, how these inefficiedejgsnd on the level of
competition.

In the second part of this paper we show that the economi@dodeiving these results

°If m"1 is very low, it may occur that all pooling equilibria of thesdrete choice model are above" ..
9See Einav, Finkelstein, and Cullen (2010), Bundorf et €110 and Handel (2013).



have important implications for risk adjustment: For imediate levels of competition, a
risk adjustment scheme that is imprecise and only part@iypensates insurers for the
cost differences of different risk types may be ineffectireeven increase distortions; at
such levels of competition, risk adjustment only increaseffare if the cost differences

are reduced by a considerable amount. This contrasts watiedke of either high or low

levels of competition, where risk adjustment always insesawelfare, even if transfers
only compensate cost differences to a small degree. Wiethesults we add to the small
literature that analyzes the negative side effects of rtiispkamen

The remainder of this paper is organized in a way so that aiitird understanding of
the economic forces driving the results can be provided. ®ggrbwith the case that risk
types are observable in Sectigh 2: We introduce the discteteee model in Section 2.1
and determine the equilibrium if there is one risk type int®ed2.2; we present an intu-
itive graphical representation of this logit model in SewfP.3 by introducing the concept
of ‘indifference curve areas’ and briefly discuss the casemof observable risk types in
Sectior 2.1,

We then analyze the case that risk types are unobservabléhataisk types are observable
but community rating is imposed by regulation — in Secfititd 3Ve derive the separating
equilibrium in Sectiod_3]1 and show, how it depends on thelle¥ competition in Sec-
tion[3.2. The pooling equilibrium is discussed in SecfigB. 3Ve comment on the welfare
effects of different levels of competition for both the segimg and the pooling equilibrium
in Sectior 3.4 and provide an example in Section 3.5.

We consider the implications of our results for risk adjustimin Sectiof #. Using the
example introduced in Sectién B.5, we first show that welfaag decrease if a risk adjust-
ment scheme becomes more precise (Setfidn 4.1). We themirexygty such a decrease
can only occur in a separating equilibrium (Secfion 4.2},rmt in a pooling equilibrium

(Sectiof 4.B).

Finally, some of the assumptions of the model are discuss&ectior b, and Sectidd 6
concludes.

2 The discrete choice model

2.1 Basic model

We consider a setting as in Frank et al. (2000), where eadhidodl may suffer from
S different illnesses. In case an ilinesss developed, utility changes hy (ms), where
ms is the medical services (measured in monetary terms) pdviy the insurery,(ms)

is increasing at a decreasing rate, tms) > 0 andv(ms) < 0. The individual has

1See Brown et al. (2012) who show that for the U.S., the imprmmt of the risk adjustment scheme
used for Medicaid has increased the incentive to enrole@egubgroups of individuals which are now even
more ‘overpriced’ than before the reform; this increasesthensurers’ wasteful expenditures to attract these
individuals.

2Throughout the paper we will refer to this case by ‘unobselevaisk type’; regarding the distortions we
analyze it is of course identical to the setting ‘observaldie type under community rating’.



incomey and has to pay a premiuﬁ%. Utility is given by

S
u=y—R+ Zpsvs(m3)>

s=1

wherep, is the probability for illnesss. The efficient level of medical services for each
illness is implicitly defined by’ (m?) = 1.

Insurers maximize profits by deciding which levels of mebgevices to offer and which
premium to chargel It is straightforward to show that for all illnessesfor which the

probability p, is identical across individuals, insurers will offer théi@ént level of medical
services. Distortions only arise for those illnesses foicWithere is heterogeneity in risk.

To keep the model simple, we analyze the case where prdimgbdiffer for only one of the
illnesses, for which we assume two risk types: H, L, with p > p’. Since insurers will
offer all the other medical services at the efficient levet, @an skip these other illnesses
(and incomey) to simplify the notation, and write utility as

u=p'v(m)— R. )

We consider, however, the full model to be that in additiomtoinsurers also offer these
other medical services (at the efficient level) and chargeemjum R that differs fromR
by the expected cost of these other illnesses. The distertibm that we describe should
thus be considered to apply to a specific illness like, eigheales é%r an iliness category,
like mental ilinesses) rather than the overall level of mabservice

There aren insurersj, each offering a contra({tmj, RJ}. Within a discrete choice model,
individuals’ utility as given by[{ll) is augmented by an insuspecific utility component
ei;, that comprises all the influences on the choice of an inghegrare independent of
and R The utility of an individuali (being of risk typer) when choosing an insuregr
therefore is

wi(m?, RI) = p"o(m?) — RI + ¢;. (2)

We assume;; to be i.i.d. extreme value, so that the logit model arises)diar show that
the main results also hold for other distributional assiiomgt

The level of competition is determined by the variance f Var(c;;) = 0—2%2 If ois
large,e;; assumes large positive and negative values, so the addititifity component is
important; then competition with respect to different Hirgackages is low: If an insurer
raises its premium or lowers the level of medical servicesy a few of its insured will
switch to another insurer. Because insurers are not cldsstisues, each insurer has a

BWwe discuss the case that the premium is set by a regulatociivSE&.3.

14Regarding the overall level of medical services it wouldtaiety be more appropriate to assume a con-
tinuous distribution, but for an iliness like diabetes opiéssion, the most important distinction is whether an
individual is chronically ill ™ = 1) or not @* rather small).

155ij thus may capture, e.g., perceived friendliness of perdptoeation, or, which insurer was recom-
mended by family and friends, but it may also be unfoundedtheckfore represent decision mistakes.

®Note that it is common to state the variancesgfas a multiple of%2 for the extreme value distribution,
see Train (2009, p. 24).



considerable degree of market power. If, on the other hanslsmall,s;; only has a small
influence on the decision of which insurer to choose, so ctitigeis high. Withe = 0, the
model encompasses the case of perfect compﬂidﬁmro— > 0, the level of competition
of course also increases in the total number of insurﬁ,

2.2 The Equilibrium with one risk type

Denote the utility component that does not dependiprto)@
VI =pu(m?) — R, (3)

Each individual chooses the insurer that offers the higbestall level of utility, including
ei;. Individuali will therefore choose insurdr if

VEten>Videy VIi#E

For ¢;; distributed i.i.d. extreme value with variané@r(s;;) = 02%2, the probability of
individual 7 choosing insurek is given b@

vk

e o
R 4

je

The mass of individuals is normalized to one, so that exjprdgd) also represents insurer
k’'s market share, which we denote BY. Assuming profit maximization, the objective of
insurerk is to maximizer® = Pkr¥, wherer? = RF — pm* denotes insurek’s profit per
individual.

Prob(i chooses:) =

It will turn out much easier to derive the main results for tase of unobservable risk types
if we reformulate the insurer’s objective in terms{ofi/, V7 } instead of{m/, R7}. Graphi-
cally, in anm-R-diagram, each insurgrchooses an indifference cury&’ associated with
the utility level V7, and a level of medical services’ along this indifference curve.

Using [3) to substitute foR*, we therefore state insuréis objective as
vk
max n* = PFpk = Uw. (pv(mk) - vk —pmk) . (5)

k yVk vy
m~V jeo

A convenient property of the market shap&, which simplifies the derivation of the results,
is that its derivative can be expressed in term#®bitself in a simple way:

oPk  PF(1 - PF)
ovE o ’ (©)

Note that the parameter has a similar impact on the degree of market power insurers as the para-
metert, the transportation cost, in a Hotelling-model.

18we analyze the effect of different numbers of insurers, butat endogenize. However, this could easily
be done by assuming fixed costs of setting up a new healtheincer

%Because in this section we consider the case of only oneyjisk tve replace” by p.

23ee Train (2009, p. 40).




Using [B), the FOCs for the insurer’s objectilé (5) are gilsgn

o _ k{10 k _
oo = Prlpomt) —p| =0 ™
ok P11 —-PF .
vk - T =l ®

Condition [7) requires’(m*) = 1, som* is chosen efficiently. ConditioR}(8) shows the two
countervailing effects of increasirig”: The share of individuals choosirigincreases by
P*(1— P*)1; weighting byr? captures the additional profit. On the other hand, increasin
V* implies reducingR* (and therebyr?) by the same amount; this applies to the share of
individuals choosing:, P*, capturing the loss in profit. For these two effects to canog|

we have to have’ =

1—UPk'

It can be shown that the only equilibrium is a symmetric oneere all insurers choose the
same level of utilityV? = V Vj. Since, in this caseP* = % in equilibrium profit per
individual is

T, = g, (9)

and total profit per insurer is
= . (10)

As is to be expected, more competition leads to lower profitgh, profit per individual,
wf , and total profit per insurer;”, increase inr and decrease in.

If o is small, offering a higher utility level yields a large iease in the share of individuals,
because individuals are responsive even to small diffeint contracts. This raises the
incentive to offer a higher utility level, thereby reducipmpfits in equilibrium.

If nis large, each insurer's market share is small. Offeringyadni utility level then attracts

individuals from a large ‘external’ market share- P*. This again raises the incentive to
offer higher utility levels, lowering profits. We refer toishas the ‘more competition due to
a larger external market share’-effect. This effect playsnaportant role when risk types
are unobservable.

Note that this external market share- P* is confined to the interveD.5, 1[. The effect
of the total number of insurers on profits is therefore ralingited: Increasing this number
fromn = 2ton — oo only cuts profit per individualzrl’.C in half, see condition[{9). In
contrast, the effect of on profit per individual is not bounded. In that sensés the more
important variable to capture large differences in thellefeompetition.

2.3 Graphical representation of the equilibrium with one risk type

We will now present the solution graphically in somewhatadee detail than necessary for
this basic model, because it greatly facilitates the dedmaof the results for the case of
unobservable risk types.



As P* denotes the share of all individuals choosing insétéat can be considered a distri-
butionjunctionPk(Vk). In equilibrium, when all the other insurers offer the sameel of

utility V', we have
vk
€ o

PF = P*(V¥|o, V) = (11)

vk

e +(n— 1)6%

The shape of this distribution function and of the corresfiog densityP*(1 — P*)1 is
shown in Figuré.

1
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(a) Distribution function (b) Density function

Figure 2: Distribution functiorP”(V*|o, V) and density functiorP* (1 — P*)1 withn = 2
andV = 1 for different values otr

We can depict this distribution functiaR” in them-R-diagram that shows the equilibrium
where all insurers offefm*, V} by drawing a shaded area around ffeindifference curve
representing the corresponding dengit§(1 — P’“)%, see Figuré]3; the different levels of
darkness of this shaded area are a measure of the level oftinsst

If one insurerk charges a higher premium and thereby offers a utility lavkel< V, the
corresponding indifference cun®’” lies abovel", see Figuré]3 again. As contradt
is above the shaded area, ba# and the corresponding density are ﬂolncreasing
utility V* then moves contract (along the linem = m*) into the shaded area, which
increases”* and decreases’. These two effects cancel out when contrdciies on the
IV -indifference curve. Increasinig® even further then increasé¥ beyond%, and as soon
as contractd is below the shaded areB* = 1.

For the following reason, this shaded area could be refeoeas an ‘indifference curve
area’: Consider the case that= 2, so that there is only one other insugethat offersl’.
Insurerk, to be chosen by individual has to offer a utility level

Vk > Vj + (e’:‘ij — Eik)-

2as a technical detail, note that far= 2, the maximum of this density is at* = V, butforn > 2, itis
atV* > V. Therefore the ‘center’ of the shaded area is atithdndifference curve fon = 2, and somewhat
below it forn > 2. To simplify the exposition in the graphs, we will always artne center of the shaded area
atv.

2|n Figurel2, contract could be, e.g., at’* = 0.1. Of course, strictly speaking?® > 0V V¥, see[(IlL),
but above the shaded area, béth and the density?* (1 — P’“)% are extremely small and almost equal to zero.



*

Figure 3: Equilibrium contrac{m*, pm* 4 —“5o} in the discrete choice model with

one risk type The shaded area around the indifference o{ffvaepresents the density
Pk(1 — Pk)L of the distribution functionP”.

For some individuals;;; — €, > 0, so the indifference curves insufremust offer to make

these individuals indifferent between the two insurerstmiewjhe]‘/-indifference curve;

if ;5 — e < 0, it suffices to offer an indifference curve abak®é. From the perspective of
insurerk the shaded area therefore also represents the whole sétrafifiérence curves,

i.e., an ‘indifference curve ar

There are two effects if increases: First, the iso-profit line associated with thelibgium
contract is shifted upwards. Secondly, it is straightfoxveo show that the distribution
function P* as stated i (11) increases fioF < V and decreases faf* > V; it becomes
less steep at’* =V, so the density decreases arodﬁdsee Figur€l2). I increases, the
distribution function is spread out (over a wider range)jottan be depicted in Figuié 3

by drawing a wider (and lighter) shaded area around theferdifice curvd " .

Finally note that if insurek moves its contract along th’* -indifference curve P* does
not change, regardless of whettiér" i§ above, within or below the shaded area. This is
because the distance betwadi andI" in the R-direction is the same for all levels of.
The V" -indifference curve is therefore also an iB§-curve.

2.4 The equilibrium with two observable risk types

We now turn to the case that there are two risk types, H, L, with p"’ > p’: the share of
L-types isA. We denote the insurers offering a contract for theypes as insurers of type
A, and insurers offering a contract for tih&types as insurers of typB. The number of

Z)f there is more than one other insurer, the argument is timesge;; is replaced bynax;j.rei;.
2The following Sectiol.3]1 will make clear why do not indexuners byL and H.
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insurers isx* andn? respectively, witm? + n® = n.

It follows immediately from what we derived for the case oéabservable risk type that, in
equilibrium, all insurers will offer the efficient level of edical servicesn” = m” = m*,
but premiums will differ according to risk type. Becauseuiress can decide whether to be
of type A or type B, total profits per insurer have to be the same for both typéssofers,
i.e. 7 = 7B, These profits are given by

and 7% =(1-)\) (12)

nB -1’
and are equal for

nd =X+ (1-2\) and nf =(1-Xn—(1-2\). (13)

Of coursen” andn? have to be integer numbers, so that the expressions givB@jrate
only an approximation to the true valg@ As it is not important for the derivation of our
main results, we do not elaborate on whethéras given by[(I3) has to be rounded up or
off.

However, the requirement of* andn” to be integer can, for some parameter settings,
cause an equilibrium not to exist: For some values‘vaindn?, it may be profitable for an
insurer of typeB to enter the market for thé-types and become an insurer of typebut
after the new ‘equilibrium’ has been attained, whefkis decreased and”® increased, the
same insurer may then find it profitable to become of tjgoagain. Following Newhouse
(1996), assuming a small fixed cost of setting up a new canfirathis case for switching
from one insurer type to the other) then stabilizes the dxjium

As is apparent from conditiofi (13)/! andn? do not depend oa, the level of competition.
This, however, is different for the case of unobservable tiipes.

3 Two unobservable risk types

Under perfect competition, for the separating equilibritanexist, the share df-types must
be below a critical level (Rothschild and Stiglitz 1976).eTéame applies for this discrete
choice model if the level of competition is high (or internagd). In this case, the argument
for the non-existence of an equilibrium is the same as unddegt competition: If the
share ofL-types is too large, the ‘separating equilibrium’ can betrdyed by offering a
contract that would be chosen by both risk types and yieldghdti profit than either of
the two contracts in the ‘separating equilibrium’. Such @gling equilibrium’ can then be
destroyed by offering a contract chosen only by fhtypes.

Note that according td{13), the share of insurers of tfpequals the share di-types only ifA = % For
A < i, we haven® > Mn. This is because with < 1, there will be fewer insurers of typé than of typeB,
(n* < n®), so the market served by insurers of typaill be less competitive. This, c.p., causes profits per
individual to be higher in the smaller market, which indueesomewhat higher number of insurers to become
of type A than given by\n.

%|n the large number of simulations where we determined thiibgum values explicitly, the problem of
non-existence of an equilibrium only occurred for a smaltfion of parameter combinations.
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This is different if the level of competition is low; in thisase, the pooling equilibrium is
stable and emerges irrespective of the levehBil Table[1 summarizes which equilibria
occur.

Table 1. Type of equilibrium for different levels of comgatn and different shares of low
risk types.

perfect competition high/intermediate level of comj. low level of competition

(c=0) (o small/intermediate) (o large)
A low enough ‘ separating equilibriun‘{ separating equilibrium ‘ pooling equilibrium
A too high ‘ no equilibrium ‘ no equilibrium ‘ pooling equilibrium

In the following Sectiorf_3]1, where we want to analyze theasgjing equilibrium, we
therefore assume bothando to be low enough so that this equilibrium exists. We begin
with the case of a very low level af, so that overall profits are small and the contract
designated for thé-types yields a negative profit when chosen byFaitype. The effects

of an increase i are then derived in Sectign 8.2 and the pooling equilibrisrdiscussed

in Sectior{ 3.B.

3.1 The separating equilibrium for a low level ofo

If the risk type is unobservable, a contract offered by iasut (or B) may be chosen by
both risk type@ Therefore, for both types of insurers, risk type specifiditutievels,
probabilities and profits have to be defined.

For insurerA, the utility level associated with a contragt*, R4} depends on the risk
typer = L, H according to
V;A _ prv(mA) . RA.

The probability that an individual of risk typechooses insured is given by

(14)

Finally, type specific profits in terms &f/! andm* are
2t = plo(m?) — VA — prmA. (15)
VB, PB and=? are defined equivalently.

We formulate the objective of insurer in terms of V! andm, and expres¥}} as

Vi =V + (o — pPyu(m?). (16)

2'\We explain why this is the case in Sectfon 313.3.
2N the following we will often use the term ‘insuret’ instead of ‘one of the insurers of typé.
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Using these definitions, insurgr’s objective can be stated as

max = AP + (1 — N Pjnd, 17)
Vim
with FOCs
ont Pf(l—Pf) A A Pﬁl(l—Pﬁl) A A
8VLA = A fﬂL_PL}‘F(l_)‘)[fﬂ-H_PH =0 (18)
orA AT, L 7/ A L AT L 1/ A H
51 = AP [ (m?) —pt + (1= NPy [pr'(m?) = p7] (19

PP (1 2y )y = 0

+(1—=X)
and likewise for insureB In addition, we have to have? = 75, i.e.
APATA + (1 = NPy = APPaP + (1 = N PExE. (20)

In equilibrium, when all insurers of typé offer the same contract for thie-types, and all
insurers of typeB offer the same contract for thé-types, we have

PA = € . (21)

nde s +nBe o
The other market shareB;}, PP and PZ, are defined accordingly.

We will first present the separating equilibrium graphigahd then show how the solution
can be derived from the four FOCs and the profit equality cagt

With unobservable risk types and perfect competition, guFe[4, the equilibrium consists
of contract3, chosen by théZ-types, and contracd;, chosen by the;-types@ However,

as the shaded area around f1{& -indifference curve shows, under imperfect competition,
insurer A would find a considerable share Hf-types choosing contraetl Therefore,
contract4; has to be shifted outside the shaded area.

Assume, that it is shifted (along the iﬁgf--line) to A, where (almost) none of the-types
choose this contract. But then insurécould move its contract along tH&:' -indifference
curve to the right: This would leave the numberiofypes choosing this insurer unaffected
(see the definition on‘ in (I4)), but increase profits pér—type,wf, because the slope of
the 1V -indifference curve is larger than the slope of theigblines for all contracts with
mA < m*. It would also increase the number of tHetypes choosing insuret; however,
since the density’} (1 — Pj})L is (almost) zero at contract,, at the boundary of the
shaded area this effect is of second order. There is a tHiedtathen moving alongVz':
Depending on whether the slope of thé” -indifference curve is smaller or larger than the

2As insurerB offers a contract for théf -types, we formulate its objective in terms'aff, (notV,2).

30 this case, the iso-profit lines would of course start attigin, ase = 0.

3lHere, the shaded area represents the density of the diiirifunction P (V') = P# (Vi*, m*), or the
‘indifference curve area’ of thé/-types from the perspective of an insurer of type

13



mA m*

Figure 4: Separating equilibrium with two unobservablé& tigoes. Contract® and A3 are
offered. The case” = n®, i.e.\ = 0.5, is depicted; fon # n?, the iso-profit lines start
at different points on the ordinate.

slope of the iso-profit lines for thé/-types,p”, this will increase or decrease profit per
H-type,m4}.

InsurerA will therefore move its contract along ti&:" -indifference curve until these three
effects — the increase af?, the increase oPj;, and the change of;} — cancel out, which
will be at a contract as indicated bis.

In equilibrium, a small share df -types chooses contradt This contrasts with the contract
offered by insurerB: As contractB is far away from the shaded area that can be drawn
around therVz' -indifference curve, none of thE-types choose contradt P As there is

no interference of thd.-types, contracB3 is at the efficient level, as in the case of perfect
competition.

Result 1. In the separating equilibrium, & is small, then only the benefit package for the
L-types is distortedm? < m* andm®? = m*. A small share of théZ-types chooses the
contract designated for the-types, but none of the-types choose the contract designated
for the H-types: Pj; > 0 and PP = 0.

In the remainder of this section we show how these resultsediected in the FOCs. We
begin with insure3: With PZ = 0, the FOC with respect ta.” simplifies tov' (m?) = 1,
B
som? = m*. For the FOC with respect 67, we haver? = lflnga. For insurerB,
H
both FOCs are identical to the case that risk types are cdisierv

This is different for insurerd: If Pj; was equal to zero, conditiof (19) would simplify
to v'(m4) = 1, so we would haven® = m*. This, together with the lower premium,
would induce at least some of thié-types to choose insuret, a contradiction toPg,‘ =

%2The shaded area around thé" -indifference curve represents the density3gt(V,2) = PE(VE, m5).
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0, so Pj; > 0. With Pj > 0, condition [I9) is violated fon’(m“) = 1, because
both [pXv’ (m4) — p’] and 74} (in the second and third summand) are negative; therefore,
o' (mA) > 1, som? < m*.

A
The FOC with respect to’/!, condition [I8), would simplify tor;! = liﬁ,Ao— for Pj} = 0.

L
However, withPj} > 0, the second bracket is negative becatige < 0; therefore,r
has to be larger than for the caseRf = 0, so the equilibrium contract; is above the

iso-profit line as shown in Figuié 4.

As in this section we consider the case that very small,P;} will be close to zero, because
the densityP2(1 — P{)2 will already be large for a small value ¢t4F3 Therefore,4;
will only be slightly above the iso-profit line as shown in Big[4. Asri is almost not
affected by the very low share of high risks, the number afiiess of typed and typeB,
n“ andn®, will then not be different from the case when risk types dsepvable. This,

however, changes asincreases.

3.2 The dependence of the separating equilibrium on the leVef competition

So far, the equilibrium under imperfect competition lookther similar to the case of per-
fect competition. We will now show that this only holds foghilevels of competition. In
the following Section 3.2]1, we analyze the effects of a éase in competition due to an
increase inr; we discuss a decrease of competition due to a decreass@ectior 3.2.P.

3.2.1 The dependence of the separating equilibrium os

In Sectior 2.2 it was shown that an increaseriincreases profits, as insurers reduce the
utility levels they offer by increasing the premium, whidtifts the iso-profit line associated
with the equilibrium upwards. The same applies in this sa&pag equilibrium. However,
because of the following additional effects, the increaseremiums alone does not yet
constitute the new equilibrium:

Effect onm?

If o increases, the shaded area aroundthe-indifference curve becomes wider; contract
As, if not moved, would be closer to the center of this area {kalao its boundaries), so
P;L}‘ would increasB To avoid being chosen by these additioft&ltypes, which incur a
negative profit, insured has to reducen”. On the other hand, there is the countervailing
effect that as premiums increase, insuring an additiéfi#ype now causes a smaller loss,
which creates an incentive to increasé.

For a general utility function(-), the aggregate of these two effectsrart for a particular
level of & is indeterminate. However, if is very small,P; is close to zero, whilery} is

%This also follows immediately from conditioR {{L9), whiclfd is close to zero, can only be satisfied for
P4} close to zero.
34This also follows directly form the definition d?;, which increases im for all valuesVi < V.
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far below zero. The relative increase®f; then outweighs the relative increasergf, and

m* decreasdd] Graphically, in Figuré ¥, ifr = 0, the shaded area corresponds to the
IV -indifference curve; itr becomes larger than zero, the shaded area becomes wider than
the indifference curve, and contradthas to be shifted to the left, irrespective of any effect
on B

If o increasesr;‘} increases and gets closer to zero. As the loss incurred b¥f thges
approaches zero (and eventually even becomes a profithabetive to avoid being chosen
by the H-types is greatly reduced (and eventually vanishes), saatteome point, insurer
Aincreasesn.

Effect onP};

The share off-types choosing insuret increases imr. The proof is given in Appendix’Al1;
here, we only provide a brief intuitive explanation: If, aeise of the wider shaded area),
m# was reduced to a level so thaﬁ was the same as before the increase, ithere would
then be an incentive to increase’, and therebyP;}, for three reasons: First, because of
the lower value ofn, v'(m) is increased; withP;; at the same level as before, condition
(@8) is not satisfied anymore ama” has to be increased. Secondly/[f; is at the same
level as before, the densit;} (1 — Pj}) 2 is now lower (due to the larger value oj, so
that moving along théV:' -indifference curve does not attract as mditypes as before.
Thirdly, 771{} is increased, so attracting an additiofiiitype now causes a smaller loss.

Effect onn4

If o increases, profits increase faster for typénsurers than for typd3 insurers, so that
at some point it will be profitable for one of the tygeinsurers to switch and to become a
type-A insurer. The proof can be found in Appendix’A.2; here agai@,only provide an
intuitive explanation: We just showed thR;j increases i, so the number of individuals
choosing any of the typ& insurers decreases. This is the first effect reducing totditp

of type-B insurers relative to typet insurers.

In addition, as the number of individuals choosing the typ@surers increases, for the
type-B insurers there is the ‘more competition due to a larger aatanarket share’-effect,
which, as we saw in Secti@n 2.2, decreases profits per indiidDue to these two effects,
78 increases at a lower rate thart, so that at some level af, the first of the typeB-
insurers finds it profitable to become an insurer of typendn increases. I increases
further, the second typ&-insurer switches, and so on, until at some leved dhe last of
the typeB insurers becomes a typéinsurer, and the pooling equilibrium emer@s.

#It is straightforward to show that with* held fixed, bothP/} and the density’; (1 — Py7)< increase in
o for o close to zeroy'(-) then has to be increased, so that condition (19) is stikfed.

36Note that the decrease of* is not necessarily confined to a small intervabaflose to zero, but can occur
for a wide range of, see Sectiop 3l5.

%Note that a single insurer of tyf can not charge an excessively high premium, because thisinsould
lose its insured to the insurers of tyge
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Effect onm?

We finally discuss why for intermediate levels of competitioontractB is distorted. Ifo
increases, the shaded areas around both indifferencescgetevider. At some level af,
the shaded area around the indifference curve of tiypes, I vit , becomes so wide that it
‘reaches’ contracB, so that a small share of tHetypes chooses contrag (see Figur¢ls,
where only the shaded area around 1ié -indifference curve is drawn). It will then be
profitable for insurer3 to move its contract along the’# -indifference curve and reduce
mB. This leaves the share of tif&-types choosing this insurer unaffected, but increases the
share of theL-types, (as the is@Z-curves have a lower slope than the7 -indifference
curve), thereby increasing profits. Of course, this alsaced profits pefl-type,r%, but at
(or close to) the efficient level of:, this effect is of second orded. The larger the density
PP(1 — PP)L around contracB, the larger the distortion of this contract. Therefore,
as long as the widening of the shaded area around‘theindifference curve leads to an
increase of the density at contrdgt the distortion will increase in.

R
A By 1V
Ivi'
» m

Figure 5: Separating equilibrium with two unobservabl& tigoes andr large: ContraciB
distorted fromB, to B;.

Comparing the effects of a decrease in competitiomghandm?, there is an asymmetry
in that an increase i changesn® even for low values ofr, while the effect onn? only
arises above some threshold levelogfat which the shaded area arounld ‘reaches’
contractB.

Result 2. In the separating equilibriumn4 first decreases and then increasessin For
intermediate levels af, both benefit packages are distorted:* < m”? < m*; in addition,
a share of both risk types chooses the contract designatetidmther risk type:Pﬁ‘ >0
and P2 > 0. The number of insurers offering the contract designatedte L-types
increases in.

380f course, strictly speakingn? is always distorted, aB is always larger than zero. However, for low
levels of o, PZ is so close to zero, that the distortion @f? is negligible. In the example we present in
Sectiorf 3.5 P£ is on the order o10~° for low levels ofc.
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3.2.2 The dependence of the separating equilibrium on the tal number of insurers

If the total number of insurers increasesp® andn” increase proportionally fok = %

and almost proportionally fok = % Accordingly, all market shares decrease (about) pro-
portionally, which leaves conditio_(I1L9) unchanged. Algwere is no widening of the
shaded areas around the indifference c@em;ere is only an effect on on profits: #f
increases, profits per individual go down. This increaseddbs caused by aH-type, so
the incentive to avoid thél-types increases. This is reflected in condition (18) whefe
has to be decreased whef} decreases. Therefore,* decreases in.

Result 3. In the separating equilibrium, the dis’E‘ortion of the bengéitkage of the low risk
type increases in the total number of insurefg:— < 0.

3.3 The pooling equilibrium
3.3.1 The dependence of the pooling equilibrium on the levelf competition

As has been shown in Sectibn 3]2.1¢ifncreases, the number of insurers of typgoes
up. At some point, the last insurer of tygebecomes an insurer of typ& and a pooling
equilibrium occur#d Using the fact that in this case® = 0 and P/* = Pj} = -1, where
n? = n, condition [I8), the FOC with respect ¥, simplifies to

A (1 - Nrh = 22 (22)
n—1
Solving form} and substituting i {19), the FOC with respectitd, we have
1— H _ L\2
1— al )\)nf ) mA| o' (m?) = 1. (23)

Because the fraction il (3) is positive, it is inmediatgdparent that’(m4) > 1, so that
m? is distorted downward. As is to be expected, the distortramgases in the difference
pH —pr. Also, it decreases in and increases in: The distortion in the pooling equilibrium
is less severe if the market is less competitive.

Result 4. In the Pooling equilibrium, the distortion increases in tlegel of competition:

A
Im” < 0 and 2= > 0.

3.3.2 Comparison of the pooling equilibrium with the Wilsonequilibrium

In general, this pooling equilibrium does not coincide wiik Wilson-equilibrium (Wilson
1977), which consists of the contract on the pooling zedfHpline that maximizes the util-

%9The distribution functionP* depends on the utility levels offered by the other insureity wia the aggre-

gatez#k ev?k. If this aggregate increases (e.g., due to an increasg, ithis shifts the distribution function
to the right (in Figur€R), but does not change its shape.

40To keep the notation simple, we do not introduce an additioiex for the pooling equilibrium but denote
all insurers to be of typel.
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ity of the L-types@ We will denote this contract, as it would not be the Wilsaguilibrium
if the share ofL-types was low enough for the separating Rothschild-&iglquilibrium
to exist, simply as the Wilsonentract

Formally, for the Wilson-contracty satisfiegp”v’'(m"'!) = 5. Using conditions[(22) and
(23), it is straightforward to show that for the discrete ickanodel, this requireﬁf_} =0,
see Appendix_Al3. Of course, if profits for tHé-types are zeroH-types do not play a
role when choosing the optimal contract on the iso-profé,lso insurers will maximize the
utility of the L-types (to have as marfy-types as possible).

However, ifr{} < 0, it will be profitable to reducen” belowm"’: this will only have

a second order effect on the utility of tHetypes, but a first order effect of reducing the
number of H-types. In this casen? < m"!. If, on the other hands{} > 0, then having
more H-types increases profits, so insurers will rais@bovem V! .

Result 5. The pooling equilibrium only coincides with the Wilson-tant if profit per H-
type is zerom* % mW1 for 7} % .

3.3.3 Stability of the pooling equilibrium

From a technical perspective, this result shows that in &$bild-Stiglitz model, a pooling
equilibrium as a Nash-equilibrium in pure strategies castéikthere is imperfect compe-
tition. The pooling equilibrium can therefore be ratiomati without imposing Wilson-
foresight, a concept that has been criticized by Rothsetmitti Stiglitz (1997).

Newhouse (1996) had already identified a reason for a poelijuglibrium to exist, fixed
costs of setting up a new contract: If trying to attract fhtypes with a new contract causes
high costs, the pooling equilibrium is stable.

Here, the pooling equilibrium is stable for a different masOffering a contract between
the indifference curves of the two risk types would, undefqm competition, only attract
all the L-types and thereby destroy the pooling equilibrium. Hefre, is large, a contract
close to the pooling equilibrium attracts bath and H-types, where, due to the large in-
fluence of the utility component;; that is independent of the benefit-premium-bundle, the
relative share of thd -types in this new contract is not much larger than in the ipgol
equilibrium. To only attract thé.-types, the new contract would have to be far away from
the pooling equilibrium, so that it is on the same indiffarercurve of thelL-types, but
outside (i.e. above) the shaded area of Hheypes. Such a contract would be associated
with a much lower premium, and thereby not provide a highefijthan the contract of the
pooling equilibrium.

11t is common to refer to the Wilson-equilibrium whenever -edese the share of tHetypes is too large —
the separating Rothschild-Stiglitz-equilibrium does exist; see Zweifel et al. (2009, p. 178). Of course, we
only compare the level af:, and not premiums.
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3.4 Welfare effects of different levels of competition

In this model, welfaré?” is given as the sum of expected surplus generated by theropasu
tion of m, ' ' ' o

W = Z St = Z (p'v(m*) — p'm) , (24)
with m! being the level of medical services consumed by individu#®f course, the pre-
mium R does not appear il (P4), as it is only a transfer from the atw the insurer.

From what has been derived in the previous sections it fallthat the welfare effects of a
decrease in competition for the separating equilibriumaanbiguous, while for the pooling
equilibrium, welfare increases.

For the separating equilibrium, welfare decreasesiine is close to zero, because” de-
creases anﬂ’ﬁ‘ increases, so that a larger number of individuals choosdsehefit package
that is more distorted. For intermediate levelsyothe welfare effects of an increaseadn
are indeterminate: On the one hand? increases, but on the other han® decreases and
P{} andn? increase. The welfare effects of a decrease in competitiertala decrease in
the total number of insurers are indeterminate as well. & sfzown that as decreases,
m* increases, because the loss associated witti/thgpes decreases as competition goes
down. But for the same reasd?g‘ increases, creating a countervailing effect on welfare.

For the pooling equilibrium, on the other hand, as competitioes down, welfare unam-
biguously increases, see conditibnl(23); this holds fon ldwe increase in and the decrease
inn.

Result 6. For very high levels of competition, welfare decreases:ir%% < 0 for o close
to zero. For low levels of competition, (so that a pooling iBgium emerges), welfare
decreases in the level of competitio§L > 0 and 2L < 0 for nf = 0.

3.5 Example

We finally illustrate the results with an example, for whick assume:, = 10, p” = 0.2,
p! = 1, A = 0.5 andv(m) = In(m), so that the efficient level of medical services is
m* = 1 and one of the risk types is chronically ill. The equilibrivralues for different
levels of s are shown in Tablgl2; the Rothschild-Stiglitz-equilibriigan be found in the
first, the Wilson-contract in the last row.

Under imperfect competitionnA first decreases and then increases;iin addition, n**
increases, until the pooling equilibrium is reached at 0.19P3

Even for the lowest level af, some of thef{ -types choose contragt; the share ofi-types
among all insured choosing an insurer of typeéhen steadily increases in On the other
hand, none of thé-types choose an insurer of typeuntil the shaded area around tHé ' -
indifference curve reaches contrdgf this occurs at- = 0.08, where also the distortion of

“2In this example, in all pooling equilibriap” is above the level of the Wilson-contract. For higher levels
of p*, e.g.,p” = 0.4, in some of the pooling equilibria® < m"*.
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Table 2: Example | withy(m) = In(m), p = 0.2, pf = 1, A = 0.5, n = 10, for different
values ofo. The first row (RS) contains the Rotschild-Stiglitz-eduilum, the last row

(W1) the ‘Wilson’-contract.

A B

o |n n m m A'sshare  B’s share w
of H-types ofL-types
RS .398 1.00 0.0% 0.0%| -.632
.01 5 5| .377 1.00 0.5% 0.0%| -.636
.02 5 5] .364 1.00 1.2% 0.0%| -.640
.04 5 5| .346 1.00 2.8% 0.0%| -.647
.06 5 51 .337 1.00 5.1% 0.0%| -.654
.08 5 5] .334 .998 7.9% 0.1%| -.662
.10 6 4| .324 994 12.5% 0.1%| -.677
15 7 3| .362 .940 29.7% 1.4%)| -.717
A7 8 2| .395 .884 39.2% 3.4%| -.736
.18 9 1| .418 .847 45.4% 5.0%)| -.749
.19 pooling | .442 50.0% -.755
.25 pooling | .510 50.0% -.710
Wi pooling | .333 50.0% -.859

mP sets in. Ifo increases furthern” decreases and is way below the efficient level for
o =0.18.

Regarding welfare, we find that it decreases iim the separating equilibrium for all levels
of o (and not just ifo is close to zero)), and, of course, increases ifor the pooling
equilibrium.

4 Implications for risk adjustment

We now discuss the implications of the results derived séofarisk adjustment. In partic-
ular, we show that the welfare effects of introducing or ioying a risk adjustment scheme
(RAS) critically depend on the level of competition: For l@md high levels of compe-
tition, a RAS that becomes more precise unambiguously ase® welfare; however, for
intermediate levels of competition, welfare may initialgmain constant or even decrease.

We will not model explicitly which risk adjusters are usedlie RAS, or which economet-
ric method is applied to estimate the payments. What is itaporfor our model is that

whenever a RAS becomes more precise, it reduces the caedifie between the two risk
types to a larger extent. A RAS can be improved by, e.g., usioge and more risk ad-

justers, like hospital stays, or diagnostic informatiomiath are more informative signals
for the risk type than just demographic information. A regat may also apply the formula
for optimal risk adjustment developed by Glazer and McG(#@00). In all cases, the cost

21



difference between risk types will be reduced, and with dgueRRAS, this difference is
eliminated completely.

We will model the RAS in the easiest way possible: Each instgeeives a payment of
RAH for an H-type, and has to paRA” for an L-type. For the RAS to break even, we
have to have

ARAL = (1 — \)RAM,

SettingRA to some leveR 4, this requiresR AL = 152 RA. In this way, the RAS can be
expressed with only one parametBrd. As RA increases, the RAS becomes more precise.

We will first present an example to show how the welfare effettincreasingk A depend
on the level of competition. We then explain why for internage levels of competition
welfare may decrease iRA in the separating equilibrium (Section ¥.2), but not in the
pooling equilibrium (Sectioh 413).

4.1 Example

We present the same example as in Sedfioh 3.5, with) = In(m), p” = 0.2, p" =1
and\ = 0.5, and show the impact on welfare by increasilg = RAY = RA" from 0
to 0.4, at which level the cost difference between thdype and theH -type is eliminated
completely. Results are shown for 10 and 20 insurers (saedfffa) and (b) respectively),
for different levels of competitions = 0.01 (very competitive)o = 0.10, ¢ = 0.12 and
o = 0.14 (intermediate levels of competition), and for the lowestleof o for which the
pooling equilibrium emergest = 0.19 for 10 insurers, and = 0.20 for 20 insurers.

The equilibrium values for the level of medical serviees' andm?” and the number of
insurersn* andn? for one of the casesi(= 20 ands = 0.12) can be found in Tablgl 4 in
Appendix/A:4. Here, we only plot the equilibrium levels of ifeee as a function ofR A for
these five different values of. The highest level of welfare for this example is 0.6, which
occurs when all individuals receive* = 1.

Figure 6: Example Ill withp™ = 0.2, p” = 1, A = 0.5 and different levels of-. Welfare
W is depicted as a function dt A, with RA increasing from 0 to 0.40.
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As can be seen, far = 0.01 ando = 0.19, (or o = 0.20 in case ofn = 20 insurers),
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welfare increases monotonouslyﬁm@ However, for intermediate levels of competition,
welfare stays about constant or even decreases as loRdl &s below the threshold level,
at which the pooling equilibrium is reached; only above thigl, does welfare increases
in RAP For the case of 20 insurers and = 0.10, this threshold level is as high as
RA = 0.17: Although the RAS reduces the cost difference between toeisk types by
more than 40%, there is no increase in welfare.

For intermediate levels of competition welfare initiallges not increase iR A because the
RAS not only reduces a distortion (by increasing'), but also introduces or exacerbates
two other distortions: As we show in the following sectiome share of{-types choosing
the benefit package designated for fivypes increases iR A; in addition, the distortion
of the benefit package for thé-types becomes more severe{ decreases).

This contrasts with the case of either a low or a high levelahpetition, where these
additional distortions do not occur (or are so small thay e negligible); for these levels
of competition, welfare increases iA.

4.2 Risk adjustment in the separating equilibrium

Taking into account the payments of the RAS, type specififiterfor insurerA are

1—A
= pfo(m?) - Vi - TRA — pFmA (25)

= plom®) — VA + RA - pHm™. (26)

The FOCs for insured’s objective are therefore identical {0 {18) ahdl(19), buthwif and
74 now defined byl(25) and (26). The same applies to inshrer

For insurerB, from the FOC with respect to:” it follows that for low values ofr (so
that P2 = 0), we havev’(m®) = 1, as before. From the FOC with respecti§, we
haverf = ng—}:a, again as before. IR A is increased, so that insurérreceives a larger
subsidy for eachH -type, premiums are reduced (and utilig/ increased) by the same
amount, so thatZ stays constant. For insuré?, we can therefore depict an increase in
RA by a decrease ifR” of equal size: In Figurgl7, the contract offered is shiftemhfi3,

to By; accordingly, there is a downward shift of the correspogdso-profit line and the
indifference curvé

There is an opposite effect on the premium of insurers of #pas R A increases, this, c.p.,
increases the premiuf” (and reduce¥!) by RAL = 152 RA, shifting the iso-profit line

“Forg = 0.01, there is a small decrease in welfare for some high levét 4f this is because at this level
of RA there is a switch from the separating to the pooling equilibr

“Note that for these intermediate levels of competitionyehis usually one level oRA for which an
equilibrium does not exist: As we already mentioned in ®&d®.4, for one of the candidate equilibria
(m?, VA, mP V), one of the insurers of typ& has an incentive to become an insurer of tyfein the
candidate equilibrium for these new levelsiof andn?, an insurer of typed then has an incentive to become
an insurer of type3. In Figurd® we plot the higher of the two levels of welfare lné two candidate equilibria
to present the case where the RAS is more successful in inmgroxelfare.

*n Figure[T, the case of a very low level efis depicted, so that the two shaded areas do not overlap and
can be distinguished.
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upwards. Similar to the case of an increase of Sectiorf 3.2.11, this does not yet constitute
the new equilibrium; there will also be an effect orf'.

B

R v
H
A _
Vi
ARA
ARA |
mg m4l m*

Figure 7: Equilibrium without and with (imprecise) risk adjment; the casBA” = RAH
i.e. A = 0.5, is depicted.

As can be seen from Figufé 7, due to the downward shift oftfié-indifference curve
(torl Vid ), and the upward shift of the iso-profit line of insurér offering a contract with
the same level ofn“ reduces the share &f-types choosing contract. This also follows
immediately from the definition aP;}, which decreases &5} decreases arid/? increases.

This decrease i®;} creates an incentive to increase!, which can also be seen from the
FOC with respect tan: rearranging terms, condition_(19) reads as
1-A\Pf [v/(mA) B ;ﬁ} L= AP L= Pypl —ph a4y g
AopA pk A PA o pL
(27)

v'(mA) — 1+

As Pj is reduced;n” has to be increased, so that this condition is satisfied again
addition, due to the payments of the RAS for ﬂietypes,wf} is increased, which —in an
equivalent manner as for the case of an increase im Section 3.2l — creates a second
incentive to increase. As m* unambiguously increases, this, c.p., leads to an increase
in welfare.

The effect onP;}, however, is ambiguous: Assume that' is increased to a level so that
P4 is the same as before. At that point, it is not clear whetherethis an incentive to
increasem?, and therebyP;;, even further or not. On the one hantj; is increased, but
on the other handy’(m*) has already been decreased, so for a general utility fundtio
is indeterminate whethelr (R7) is positive or negative. Hmweas the effect oRA on wlf}

is Iir, while the effect on’ is decreasing, it is likely thaP;{“ increases ik A, if RA is
largeS

“n the large number of examples for which we derived the dayitim for a particular utility function
explicitly, Pj always increased iR A even from the beginningA = 0).
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The increase irP;{“, if it occurs, captures the first effect that reduces welf&@ch H -type
choosing contract instead of contracB induces a loss of welfare, becausé < m?”. In
addition, ifP;{“ increases, we have the same effects on profits as alreadybaesin Sec-
tion[3.2.1: Due to the loss of individuals, competition amamsurers of typeB increases,
which reduces profits per individual; together with the deraharket share, total profit per
insurer of typeB decreases. At some point, one of the typensurers will switch and
become a typet insurer. This is the second negative effect on welfare: Haslrer that
switches to become an insurer of tygéncurs a welfare loss, as all its insured receivé
instead ofn® B

There is a third negative effect on welfare that occurs xigas of whetheP;; increases

or not: We saw that aR A increases, this shifts thE'’# -indifference curve downwards,
and thel":' -indifference curve upwards, so the distance between ttveseéndifference
curves decreases at*. This will, in similar manner as described in Section 3.2%4d to
a distortion ofm? below the efficient level, as soon as the shaded area aroentlth
indifference curve ‘reaches’ contrabt

Result 7. A RAS that becomes more precise reduces the distortion ¢évbeof medical

services for the.-types in a separating equilibriurrfa?’% > 0.

However, a RAS that becomes more precise may also decreliagewbecause (iPZ may

decrease, (iiy»” may decrease, angii), at some level oA, m” decreases below the
efficient level.

Whether these three countervailing effects are signifiaamonly reduce the effectiveness
of the improvement of the RAS, of course depends on the spettility function.

It also depends on the level of If ¢ is small, the shaded area around e -indifference
curve will be small. In this case, the density; (1 — P;})L will already be large whet®;}

is still small, so for small values af the first countervailing effect is greatly reduced. As
P4 is small, the difference in profits? — 77 is small (see AppendiX’Al2), so that none
of the insurers of typd3 switch to become of typd; then the second countervailing effect
does not exist. Thirdly, i& is small, the shaded area around Hé -indifference curve will
be narrow, so it will not ‘reach’ contrad® until RA is close to the level, at which the cost
difference between the two risk types is eliminated conabfeffor small and intermediate
levels of RA, the third countervailing effect does not exist either. rEfiere, if o is small

(and RA not too large), welfare increases as a RAS becomes moresgreci

4.3 Risk adjustment in the pooling equilibrium

For the pooling equilibrium, the FOC with respectta* simplifies to

(1 =X (" = p") AT — p")m” — RA]

1-— v'(m?) = 1. (28)

n
nflp

470f course, when this insurer switches and becomes atyjyesurer, a large share of tHé-types of this
insurer will choose another insurer of tyfg but those with a high preference for this particular inshégh
e4;) Will stay with this insurer, causing the welfare loss.
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With RA = 0, i.e. without risk adjustment, we have conditignl(23) froec®on[3.B. As
RA increases, the fraction in(28) decreasesysbincreases; wittRA = A(p — pX)m*,
the distortion is eliminated. For= % as soon a® A equals half the difference in expected
costs between the two risk types, the cost difference vagjshecaus& A both has to be
paid by the insurer for ah-type, and is paid to the insurer for @&htype.

Result 8. For the pooling equilibrium, an increase lﬁtf}4 unambiguously decreases the
distortion of the benefit package and increases welf%%g > 0 and BO,TWA >0

5 Discussion

In this section, we briefly discuss some of the assumptiomsiomodel and how they may
affect the results that have been derived.

5.1 Distributional assumption for ¢;;

The model has been explicitly solved only under the assumgtate;; is i.i.d. extreme
value, but we think that the results also hold for differeistributional assumptions. Be-
cause the main effects could also be explained graphicat#yresults should be similar as
long as the shaded areas around the indifference curvessggira unimodal density.

For a large number of examples, we determined the equifibtimder various other dis-
tributional assumptions for;; and always found the results to be very sinfifurTable3
presents the equilibrium values of the example of Sedtidhf@. three distributional as-
sumptions of;; other than the extreme value: the normal, the triangulartbediniform
distribution® Even with a uniform distribution foe;;, the density represented by the
shaded area is unimodal; (e.g., this density would be tukandorn = 2).

For low values ofr (see the upper part of Talile 3 with = n” = 5), the differences are
very small: For all four distributionsp” decreases ia, while m” remains at the efficient
level. AIsoP;{“, the share off-types choosing one of the insurers of typgis very similar
for all four distributions.

As & increases so that? increases, two differences emerge: First, the levels atfwhich

n“ increases are not identical for the four distributions, teedower part of Tablgl3, where
always the smallest value of after an increase in? is presented. E.g., the lowest level
of o so thatn = 6 is 0.10 for the extreme value distribution; it is somewhat higher at
0.14 and0.15 for the normal and the triangular distribution, and consatéy higher for the
uniform distribution at 0.21. However, this difference domt seem to be important.

Secondly, the distortion of.? is much smaller for the other three distributions. This is
because for a given level &f the shaded area around the indifference curves is widest fo
the extreme value distribution; as this distribution hdiefaails, the shaded area around the
IVi'-indifference curve ‘reaches’ contraBt for a lower level ofs than is the case for the

*8The Gauss code is available from the author upon request.
“‘Note that for all four distributions, the variance is givesiar(c;;) = o2 =
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Table 3: Example | withy(m) = In(m), p* = 0.2, p'f =1, A = 0.5, n = 10 for different
distributional assumptions

extreme value normal triangular uniform

TLA TLB g mA mB g mA mB g mA mB g mA mB

.01 377 1.00f{ .01 .384 1.00] .01 .386 1.00| .01 .387 1.00
.02 .364 100 .02 .373 1.00{ .02 .376 1.00{ .02 .377 1.00
.04 346 100/ .04 .358 1.00| .04 .360 1.00| .04 .363 1.00
.06 .337 1.00| .06 .346 1.00| .06 .349 1.00| .06 .351 1.00
.08 .334 .998| .08 .340 1.00| .08 .340 1.00| .08 .343 1.00

(S2 B2 B¢ BN &2 B¢ |
(S2 B2 BN &2 BN &) B¢ |

10 324 .994| .14 330 1.00{ .15 .332 1.00| .21 .351 .996
15 362 .940| .18 .355 .994| .19 .361 .999| .28 .363 .981
17 395 .884| .20 .380 .982] .21 .380 .997| .33 .389 .954
.18 418 .847| .22 403 973 .23 406 .993| .38 .406 .940
pooling | .19 .442 .442| .23 421 .421| .24 416 .416| .42 423 .423

© 0 N o
P N Wb

other distributions. In technical terms, the (excess)dsistis largest for the extreme value
distribution: k¢¥ = 2.4; it is considerably smaller for the normal'( = 0.0), the triangular
(k' = —0.6) and the uniform distributionk* = —1.2). The higher the kurtosis, the higher
the distortion ofin® (for a given level o).

On the other hand, the levels of4 are very similar for the four distributions, as is the
level of m when the pooling equilibrium is reached. Also, for each effibur distributions,
welfare decreases i for the separating equilibrium, and increasesrifor the pooling
equilibrium.

5.2 Conditional Logit vs. Nested Logit

At first glance, it may appear as if for an individual who chemsn insurer of typ&l,
another typeA insurer is a closer substitute than a tyBensurer, so that a nested logit
model may seem more appropriate than the simple conditiogilthat we considered.

From the perspective of an econometrician, this is cestdiak, because, a priori, it cannot
be ruled out there there are also some unobserved factdararthenore alike among type-
A insurers than between typé-and types insurers. Therefore, the econometrician will
simply test whether a nested logit model applies.

Here, however, we want to explicitly analyse the effects Hiegse due to the differences
in the benefit packages. Assuming, in addition, that theeeaéso some unobserved fac-
tors which are equal among the tygemnsurers, i.e. assuming some non i.i.d.-error term
structure, would only obscure the effects we are interested

Regarding the IIA assumption that is implied by the logit rlpdhe famous red bus-blue
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bus probler@ does not occur in our setting, because we explicitly modeldifferent risk
type Consider, e.g., the case af= 0.5 and four insurers: Witlr small enough, two
insurers will be of typed, each covering half of thé-types, and a small share of tlig-
types, say 1% (i.e. 0.5% of the entire market); the other tgariers will be of type3, each
covering about half of théf-types. Each insurer of typg will therefore cover 25.5% of
the entire market, and each insurer of type4.5%. If we now add two more insurers of
type A, these four typed insurers will not cover two thirds of the entire market, ashia
red bus-blue bus example. Instead,/atlypes are evenly distributed among the four type-
insurers; in addition, the third and fourth tygemsurer will cover about the same share of
H-types as the first and the second tyfp@surer (1% of thel -types, or 0.5% of the entire
market). Therefore, each insurer of typawill cover about} - 50% + 0.5% = 13%, and the
aggregate market share of all tygensurers will only increase from 51% to about 52%.

5.3 Premium set by regulator

We formulated the model im-R-space, and not im1-msy-space withR set by a regulator,
as was the setting of Glazer and McGuire (2000). We did thisotoobscure the welfare
effects of different levels of competition. df increases, profits go up, so a regulator would
have to increas&. However, as we saw in Sectibn 3]2.1, for the case of unoalkrvisk
types, profits for the two types of insurers increase at idifferates. Therefore, it is not
clear at which rate the regulator would have to incredge not affect welfare.

Nevertheless, all results regarding the distortions oftbeefit packages are easily trans-
ferred intom;-moy-space. There, a distortion always consists of a too low lefven, (if

s = 1 is the illness for which there is heterogeneity in risk) ana high level ofm.,

see Glazer and McGuire (2000). The shaded areas would tlvertdnbe drawn around the
indifference curves inni-mo-space, but the arguments for the different effects would be
the same.

6 Conclusion

We have analyzed the interaction of imperfect competitiod adverse selection in health
insurance markets. Within a discrete choice setting whiglogenises whether a separat-
ing or a pooling equilibrium emerges, the following mainuks have been derived: In a
separating equilibrium, for intermediate levels of conitim@i, both benefit packages are
distorted. As the level of competition decreases, the distodecreases for the low risk
type, but increases for the high risk type; in addition, thenber of insurers offering the
contract for the high risk type decreases, until a poolingjlégium is reached. The pooling
equilibrium may be below, at, or above the ‘Wilson’-contrac

We also showed that although each individual has the sardertey to ‘make mistakes’ by
not choosing the contract that is most favorable in termsedioal services and premium,

%0See Train (2009, p. 46).
5lBecause there is more than one risk type, the model is agtélather degenerate) mixed logit, see Train
(2009), Chapter 6.
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in equilibrium there is an asymmetry in that it is primarihyethigh risk which choose the
‘wrong’ contract.

Finally, we showed that under imperfect competition ther@a clear-cut distinction be-
tween the separating and the pooling equilibrium: for imediate levels of competition,
each of the two contracts of the separating equilibrium @seh by both risk types. If the
level of competition decreases, these ‘two pooling cotgratthe separating equilibrium’
become more alike, until for a low enough level of compaetitilee pooling equilibrium with
only one contract emerges.

We also determined the implications of imperfect compmiiton the effectiveness of a
risk adjustment scheme. For intermediate levels of coripeetive identified three welfare
decreasing effects that can occur if an imprecise RAS isiompyoved to a small degree. If
these effects are of economic importance, it is even moreitapt for a regulator to use a
RAS that reduces the cost differences between risk typesa@ea degree, so that one can
be confident that the RAS creates the positive welfare afiect implemented for.

The theoretical model we presented complements a numberpfecent empirical studies
which analyze adverse selection in health insurance nsaskith a focus on inefficient
pricing of agivenset of benefit packages. These studies have found that tferevidsses
caused by inefficient pricing are surprisingly I@vHowever, as explicitly stated by Einav,
Finkelstein, and Levin (2010), the welfare losses due tmefiicient set of benefit packages
may be much larger than the welfare losses due to inefficigeihg. Our model focuses on
these inefficiencies caused by the distortions of the bepafitages. We showed that even
the most generous benefit package offered may not reprdsegfficient level of medical
services, and that too few insurers offer this benefit paek#éghese additional distortions
exist and are of economic importance, the overall welfassede caused by adverse selection
may therefore indeed be considerably higher than thoseaaniged by inefficient pricing.

52See Einav, Finkelstein, and Cullen (2010), Bundorf et &11¢) and Handel (2013).

29



A Appendix

A.1 Proofthat P increases ino

We will first consider a small, noninfinitesimal increasecitby Ao > 0, which allows
to depict some of the effects graphically; we can thenAet become arbitrarily small
(Ao — 0). A ~isused toindicate all variables after the increase, @b, e.g.g = o+ Ao.

Denote bySfL4 andS¥E the surplus generated by andm? for the respective risk type, i.e.

S8 = plo(m?) —pEm? and SE = pflo(mP) — pTm?P. (29)
Using the FOC with respect 67, i.e.7j; = —%z, andnj; = Sfj — V7, we have
H
17 ) S — 30
H H 1 Pg ( )
Since for low levels ofr, m® = m*, and therefore does not dependarwe have
SB =3B so ASE =o.
If P did not changeAV/Z would be given by
Ao
AVE = ————. 31

In Figure[, this decrease &7 is depicted by the movement of insutBis contract from
By to B;.

For insurer4, rewrite the FOCs with respect i¢* andm* as

g

T — Pg‘} +(1-X) {Mwﬁ - P,f}] =0 (32)

P (1= Pimy

g

[ApLPf‘ - NP (- NG - Y } o (m?) (33)

= Mt PA+(1-N)pt P,

For insurerA, condition [38) can be considered as implicitly defining machion mA(VLA),

which for each level oVLA determines the optimal level af”. Likewise, condition[(3R)
implicitly defines a functiori’/*(m4). The loci of these two curves of course pass through
Ay, the contract offered by insuret before the increase of.

With contractA, insurerA will have a certain share off -types,P;;‘. The set of all the
benefit-premium-bundles with which insurdr attracts this share aff-types constitutes
the isoP;;‘-curve; it has the same shape asiHé -indifference curve, shifted upwards; see

Figure3.
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Va

Figure 8: Equilibrium for two different values of

If o increasesy}? is reduced; this shifts the'’ -curve upwards, and with it the isby}-
curve. The distance between the two Bg-curves is larger than the distance between the
two IV# -curves, because asincreases, the shaded area around the indifference curves
becomes wider. To leavB;} unchanged, insured would have to offer a contract on the
new iso;}-curve, which is denoted b¥;} () in Figure3.

It is now argued that the new contract chosen by insdrevill be to the right of this new
iso-P;;‘-curve, so that in equiIibriuniPI;,4 increases. To do so, it will be shown that the locus
of the functionmA(f/LA), implicitly defined by [[(3B) witho increased, is partly to the right
of the new isoP}}-curve, and that the new contract is exactly on this paf.éf V).

Consider first, that insuref offers contract4;, which is on the same ismf}—line as con-
tract Ag. With A, in 33) all variables except fon? ando are at the same level as before.
Becauser has been increased, which increases the bracket, and beedusas been re-
duced, which increasag(m), the left hand side of conditiof (B3) is now larger than the
right hand side; thereforep has to be increased, which increaggs.

Consider now, instead, contradf,, which has been chosen so tﬁgt = ? At A,,
the bracket on the LHS of (B3) attains the same value as bé#feracrease ofr. At all
points on the new isdQI‘{“—curve aboved,, the bracket is larger than before. In addition, for
m4 < m?, we havev'(m?) > v'(m?). Therefore, for all points on the new isey -curve
betweenA, and A3, the LHS of [33) is larger than the RHS, 80" has to be increased,
which increasesP;;‘. Condition [38) could only be satisfied for a point belaw, or above
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As. If such a point belowd, or aboveA; did not exist, the locus of the function (V)
would always be to the right of the new if}qﬁ—}—curve; in this case, it follows immediately,
that P#} is increased. We therefore consider the case that thests jolairexist.

Assume first, conditioi (33) is satisfied for a point beldw. At such a point, we would
~A A ~A A

have™ < Zi. Condition [32) then require§~ > "L, which implies7;' > 77'. However,

for all points belowA,, we haverst < w4!. Therefore, at such a point belads, V! is too

high, and has to be reduced.

Assume now, that conditiob (B3) is satisfied for a contréctaiboveAs, see FigurEIE At
Ay, AmA > 0andAVA < 0. UsingV = Vi — (pf — pP)v(m?), we have

AV = AV = (= ph) () am?, (34)
for somem? € [m?, m4 + Am4]. SinceP}} can be rewritten as

1

A

PH = VE—VI? ) (35)
nd 4+ nBe o

for P;;‘ to be identical for both levels of, we have to have

VE v VE-VA  VELAVE - (VA + AV

p— p— . 36
o o o+ Ac (36)
Solving for AV} yields
A
AVA = AVE — (VB - vl;‘)?". (37)
. .. vB_yA .
Using condition[(3b)~_— can be expressed in termsBﬁ as,
B _1/A 1 A
Vo =Vir _ (L _n7y (38)
o nBpPj  nB
Substituting in condition(37) yields
Ao 1 nA
A

so that forAV/ we have

Ao

AVA= 27—
L="1-pf n<nBPI§

B Z_B> Ao — (p" —p")' (™) Am™. (40)

Rewrite condition[(3R) as

PEH(L = PiY) + (1= NP1 = P (51 = Vi) (41)

53Note that contracti4 has to be belowds, the contract associated with the efficient level of carédiotth
As and B; were offered, almost all-types would choos; .
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—(L = NP1 = P)(p" —p"ym® — APf! + (1 = N Pijlo = 0.

Denote byF (o) the LHS of [41) evaluated at, and likewise forF (o). If, at A4, F(5) > 0,
74 is too large and has to be reduced, V¢! has to be increased. Sing¥cs) = 0, V! has
to be increased if'(g) — F'(o) > 0. This difference is given by

PA(L— P) + (1~ NPA(L - PA)] (AS7-AV7) 2)

—(1=NPi;(1— P (™" —p")Am™* — AP + (1 - \)Pi]Ac = 0,

with
ASH = pt[ (m?) — 1]Am?, (43)

wheremA is defined as above. Substitutifigl(40) and (43010 (42), we hav

Ao
1-Pp

[(APA(1— P+ (1 - NP1 — P [pL(v/(ffLA) —1)Am? + (44)

1 nt H L ~ A A
+1In <@ — n_B> Ao + (p — p")v' (m™)Am
—(1=NPHA— PP —p)AmA — AP + (1 -\ Pj]Ao.
Sincev’ > 1, expression[(44) is larger than
Ao 1 nA
A A A A

(A\P{ (1= P+ (1= NP (1 — Pfp)] [@ +In (W - n_B> Aa} (45)

—[APA + (1 — NP Ao.
SolvingnA Pj} + nP PP = 1 for P and substituting in(45), expressidnj45) is positive if

n

A A A A 1ty 1 A
(AP{(1— Pi) + (1= NPy (1 — Pyp)] [1+<1—n—3+n—BPH In WBPA b

1 A
— AP+ (1 - N Pf] (1 -5+ Z—BP§> > 0.

As can be shown numerically, this condition is always satisfor any values oP4, Pf‘,
A, n? andn? as long aﬂDIf} < 0.6PE and\ > 0.08. Unless the share di-types is very
low, this condition is therefore satisfied for all reasoealdlues oﬂDI‘}‘.

If there exists a pointl; aboveAs, so that[(3B) is satisfied, conditidn {32) is violated in a
way, so thatl’/! has to be increased. Therefore, the crossing of the two suive 1)

andV/'(m*) occurs to the right of the new isBy:-curve, soP/ (5) > Pf(o).
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A.2 Proof that n increases inc

In this section it is shown that i increases, the difference in profits' — 7 at some
point becomes large enough, so that it is profitable for a-f§pasurer to become a typé-
insurer. To do so, itis shown théi(fi decreases (with a lower bound of zero), Wfﬁ(& does
not fall below the level whe®}; = 0.

B
For ”7 we have
B B

T T
—=(- A)PI??H. (46)
Solving the FOC
B
(1= NPF |(1-PHEL 1| =0
g

for ? and substituting i (46), we have

B P
— =(1-)N—A= 47
- = (1= N5 (47)
so? decreases aBg decreases, with a lower bound of zero, i.e.
B
T 0. (48)
9 IpB—o
For insurerA, usingry = 77 — (pf! — p)ymA, we have
A A A
7T e m
= P+ (1= NP e - (1= N PRGT - ph) (49)
g g g
Solving
or PA(1— P P{(1— Pf)
SSCR (5 Wl Z SR ) 1 \NH - “H/| A 50
P#(1 — P#
P+ (1= NP (1 - i) e
for ? and substituting i (49) yields
A (AP + (1= NP (1= MA@ —p") PP} (P — Pjj) m*
o APA(1-PA)+ (1-NPH(1—-Pf)  APAA1-PA)+(1-NPF1-Pf) o
(51)
This expression has to be compared V\ﬁgfhfor P;{“ — 0, (i.e. foroc — 0), where
A PA
T SA—H (52)
7 1Pg—0 1 - Py
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Note that in this case we ha\{é — )\%, wheren? andn? is set so that? = 75.

It is straightforward to show that for the first fraction bfll}5

(AP + (1 = N Pf)? - P (53)
NPA(L- P+ (L- VPR PR T- PR
The second fraction of (51) is positive sinﬁg‘ > Pﬁ‘. It can be concluded thﬂai b
>

is bounded from below bylfﬁA > 0, seel(BDR), while'fro—B decreases i, approaching
H

zero asPf — 0, see[[d@B). Therefore, iP5 is small enoughg” — 7B is large enough, so
that it is profitable for one of the typB-insurers to become a typé-insurer.

A.3 Comparison of the pooling equilibrium and the ‘Wilson’-contract

Solving condition[(ZR)

RA —pm? = (54)
n—1
for R4 and substituting inr{} yields
no
iy = R = pfim? = —— — (p"' —pm”. (55)

Substituting the condition for the ‘Wilson’-contraet,(m" /) = I%, in (23), we have

LA =N p —PL)QmA ya
2

no
n—

— 1. (56)

1

il

Solving formA4,
A_ (- pL)% (57)
AL =N (pH = ph)?’

and substituting in((35) then yields} = 0. Therefore the pooling equilibrium coincides
with the ‘Wilson’-contract forr4 = 0.
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A.4 Example with risk adjustment

Table 4: Example lll withw(m) = In(m), p* = 0.2, p! = 1, A\ = 0.5, n = 20 and risk
adjustment.) ~ Sy denotes the sum of expected surplus for theypes,> ~ Sy, the sum of

expected surplus for the-types, with welfardl” the weighted average of these two sums:
W = X>.Sp+ (1 —X)>_ Sy. For the pooling equilibrium, all insurers are denoted as
being of typeA.

RA
.00
.01
.02
.03
.04
.05
.06
.07
.08
.09
.10
A1
12
.13
.14
.15
.20
.25
.30
.35
.40

nA nB
12 8
12 8
12 8
12 8
13 7
13 7
13 7
14 6
14 6
15 5
16 4
17 3
18 2
pooling
pooling
pooling
pooling
pooling
pooling
pooling
pooling

.328
.340
.352
.365
.375
.390

406
420
438
455
AT75
496
517
.542
.559
.576
.661
.746
.830
.915
1.00

.981
.978
.975
.970
971
.965
.958
.957
.946
.942
.935
.925
.909
.542
.559
576
.661
.746
.830
915
1.00

Pyl

.0831
.0831
.0830
.0829
.0766
.0765
.0764
.0710
.0709
.0662
.0621
.0585
.0553
.0500
.0500
.0500
.0500
.0500
.0500
.0500
.0500

Pi

.0157
.0170
.0183
.0198
.0217
.0236
.0255
.0286
.0307
.0344
.0383
.0420
.0452
.0500
.0500
.0500
.0500
.0500
.0500
.0500
.0500

Py

.00036
.00042
.00050
.00059
.00063
.00076
.00093
.00102
.00128
.00146
.00172
.00209
.00265

Py

101
.099
.097
.095
.102
.099
.095
.099
.095
.096
.096
.095
.092

> P
1 .997
5 .997
5 .996
P .995
.996
.995
.993
994
.992
.993
.993
994
.995
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

ot

CO—F O 00O 00—+ O

> P
.189
.204
.220
.238
.283
307
.332
401
430
516
.613
714
.814
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

>S5
-1.0838
-1.0856
-1.0874
-1.0890
-1.1009
-1.1022
-1.1028
-1.1158
-1.1144
-1.1257
-1.1352
-1.1416
-1.1445
-1.1545
-1.1407
-1.1277
-1.0751
-1.0392
-1.0163
-1.0038
-1.0000

22 5L
-.2883
-.2836
-.2788
-.2741
-.2709
-.2660
-.2612
-.2571
-.2524
-.2480
-.2436
-.2392
-.2351
-.2309
-.2281
-.2255
-.2150
-.2078
-.2033
-.2008
-.2000

w
-.6860
-.6846
-.6831
-.6815
-.6859
-.6841
-.6820
-.6865
-.6834
-.6869
-.6894
-.6904
-.6898
-.6927
-.6844
-.6766
-.6451
-.6235
-.6098
-.6023
-.6000
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