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Abstract

This paper analyzes the distortions of health insurersébiepackages due to ad-
verse selection when there is imperfect competition. Withidiscrete choice setting
with two risk types, the following main results are deriveebr intermediate levels
of competition, the benefit packages of both risk types astodid in the separating
equilibrium. As the level of competition decreases, theadin decreases for the
low risk type, but increases for the high risk type; in additithe number of insurers
offering the benefit package for the low risk type increadéshe level of competi-
tion is low enough, a pooling equilibrium emerges, whicheyafly differs from the
Wilson-equilibrium. It is shown that these results have am@nt 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 potergiligus 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 pgekso that the medical services
offered are attractive for some individuals, but not forasth Several empirical studies have
shown that these distortions exist and can be s&@ere.

Theoretical studies analyzing these distortions havellyscensidered the case of perfect
competition, see, e.g., the highly influential paper of &taand 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 powelE For the European context, Schut et al. (2003) and Tamm €2@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 cttmpe

This paper analyzes the interaction of these two phenomewlaerse selection and imper-
fect competition — with a special focus on the distortionghef benefit packages offered.
The literature that explicitly considers this interactfon health insurance markets is rather
small, and so far has only examined the following two se#tingither, all insurers offer
one contract, and a pooling equilibrium is assumed, see, lergnk et al. (2000). Or, a
separating equilibrium is considered, where (for the cdssvo risk types) each insurer
offers two contracts so that an incentive compatibility stoaint is satisfied, see Olivella
and Vera-Hernandez (20(@).

The first type of analysis is restrictive in the sense thatiliés out the sorting of individ-
uals into different contracts by assumption; in equilibrjuall risk types receive the same
contract.

The second class of models, on the other hand, implicitiyrass a strong asymmetry of
demand responses: A new contract, yielding slightly hightéity for some individuals
than the contract they currently hold, would attract allsthéndividuals, if offered by the
same insurer, but only a small share of them, if offered byff@réint insurer. For some
health insurance settings, this is a very reasonable assumand captures the behavior of
the insured well. One example is a fee-for-service settirigere contracts differ mainly in
the deductibles and coinsurance rates (and maybe the dmgléxies). Insured will easily
switch to a different contract of the same insurer if it ygehligher utility, but — being not
perfectly informed about whether other insurers reimbiifie as timely and at the same
level of generosity — may hesitate to switch to another sifithe benefit package itself is
only slightly superior.

The setting we want to analyze is a different one, where ealrér offers only one con-
tract, and contracts do not specify reimbursement ratebéoefit packages of medical

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

2See Frank et al. (2000), Cao and McGuire (2003) and Ellis aoGite (2007).

3See also Cebul et al. (2011); for the Medigap market, see tslgesal. (2009) and Starc (2013).
4See also Biglaiser and Ma (2003), Jack (2006) and Bijlsmh @i1).
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services (possibly at different quality levels). We therefconsider insurers that are in-
tegrated to a certain degree. To be more concrete, thegetdérhave in mind is that an
insurer's physician network may either be small or largenpnsing few or many special-
ists, but an insurer does not offer a choice of different figs networks. Also, an insurer
either monitors utilization closely or not, but does notoféeveral contracts that differ in
the level of utilization reviews. In a similar manner, thigpéies to disease management
programs, that are either implemented for certain illnessenot; pay-for-performance is
yet another example, which may be difficult to conceive to fiered at different levels by
one insurer.

However, our model also applies to a setting where eachensan offer several contracts,
but contracts are so different with respect to the benefikage (like the physician net-

works), that for the insured it does not make much of a diffeeawhether two contracts are
offered by the same insurer or two different insurers. Werreto this interpretation of the

model in the discussion section (see Sediioh 5.4), but ¢fmout the paper, we refer to the
setting that each insurer offers just one contract.

To keep the model simple we consider the case of only two yigks. Also, to focus on

the interaction of imperfect competition and adverse sielecwe do not add heterogeneity
in a second dimension, like risk aversion or preferenceghierevel of medical services
conditional on being ilf

If there are two risk types, but each insurer offers only ooetract, a meaningful model
that is supposed to also capture a separating equilibriurst mamprise more than two
insurers. With more than two insurers, a Hotelling-modefteroused to analyze imperfect
competition —is not appropriate. We therefore consideserdie choice model that imposes
no restriction on the number of insurers and allows to endizgewhether a pooling or a
separating equilibrium emer@sThe discrete choice model has been extensively used for
empirical analyses of health insurance chldeere it is used for a theoretical model of
adverse selection.

For a very high level of competition, this discrete choicedelaeplicates the results of a
model under perfect competition, where an efficient benafikpge is offered for the high
risk type, and an inefficient one for the low risk type. Witlistmodel we then show that
the distortions caused by adverse selection criticallyeddn the level of competition. In
particular, the following main results are derived:

First, for intermediate levels of competition, not only thenefit package of the low risk
type, but also the benefit package of the high risk type iodet in a separating equi-
librium. Therefore, the result of no distortion at the topedaot hold in general under
imperfect competition. This implies that even in a settirfgeve there are indeed only two

°See Cutler et al. (2008), Einav et al. (2010) and Bundorf.g2at12).

®0livella and Vera-Hernandez (2010) have analyzed a diffaretension of the Hotelling model, the spokes
model of Chen and Riordan (2007). They show that when eaclrdngan 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.

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



risk types — e.g., being chronically ill or not — the more coefensive benefit package can
be a (severely) biased indicator of the efficient level of imadservices.

Secondly, if the level of competition decreases, the distorof the benefit package de-
creases for the low risk type, but increases for the hightyis&. In addition, the number of
insurers offering the contract for the low risk type incegsuntil a pooling equilibrium is
reached. The pooling equilibrium, however, usually dgferom the Wilson-equilibrium.

Thirdly, in the pooling equilibrium, welfare increases drapetition becomes less intense;
for the separating equilibrium, the reverse may hold (ahdsve in an example), but the
welfare effects of a decrease in competition are in genedaterminate.

We then show that the economic forces driving these resalie fmportant implications
for risk adjustment: For intermediate levels of competitia risk adjustment scheme that
is imprecise and only partially compensates insurers fercbst differences of different
risk types may be ineffective or even increase distorti@issuch levels of competition,
risk adjustment only increases welfare if the cost diffeemnare reduced by a considerable
amount. This contrasts with the case of either high or lowleof competition, where risk
adjustment always increases welfare, even if transferg aothpensate cost differences to
a small degree. With these results we add to the small literdahat analyzes the negative
side effects of risk adjustmeﬁt.

To illustrate these results in a less abstract manner, wepfiowide a concrete example
in the following Sectio 2. This example will demonstrate tffects in greater detail,
and will make it easier to precisely state the propertiehefaquilibrium under imperfect
competition, which are then shown to hold in general. Wepms the detailed outline of
the remainder of the paper until the end of Secfibn 2, afteiniveduced the basic model
and discussed the example.

2 Basic model and example

We consider a setting as in Frank et al. (2000) where eachidhudil may suffer fromS
different illnesses. In case an illnesss developed, utility changes hy(m;), wherem,
is the medical services (measured in monetary terms) pedviy the insurerpg(my) is
increasing at a decreasing rate, ig(m;) > 0 andvy(ms) < 0. The individual has
incomey and has to pay a premiuf. Adopting the separability assumption of Frank et al.
(2000), utility is given by
S
u=y—R+ Zpsvs(m3)>

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

8See 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 increaseslthensurers’ wasteful expenditures to attract these
individuals.



Insurers maximize profits by deciding which levels of mebssvices to offer and which
premium to charge. We comment on why we do not consider theevghsre the premium
is set by a regulator in the discussion section (see Sdm 5

For all illnessess for which the probabilityp, is identical across individuals, insurers will
offer the efficient level of medical services (see Appemndif))A Distortions only arise for
those illnesses for which there is heterogeneity in risk. kdep the model as simple as
possible, we analyze the case where probabilities diffieofidy one of the illnesses. Since
insurers will then offer all the other medical services atéfficient level, we will skip these
illnesses to simplify the notation, and write utility as

u = pv(m) — R.

We consider, however, the full model to be that in additiomtoinsurers also offer these
other medical services (at the efficient level), and charg&amiumﬁ that differs fromR
by the expected cost of these other illnesses. Any distodfen that occurs should thus be
considered to apply to a specific illness, like diabeteserahan an overall level of medical
service

There are two risk typed, and H, with p* < p; the share of_-types is\. Each insurer
offers a contract = {m, R}. Under perfect competition, applying the equilibrium cept
of Rothschild and Stiglitz (1976), it can be shown that if ajui#brium exists, H-types
receive a contract with the efficient level of medical seggiat a fair premium,

CH — {mH,RH} _ {m*ijm*L

while L-types receive a contract with’ < m* at their fair premium so thall -types are
indifferent between the two contradf$:

k= {mt RYY = {ml, ptml}, with wf(cF) = w(cH).

Consider the following example with” = 0.2, pf = 1, A\ = 0.5 andv(m) = In(m), so
that the efficient level of medical servicesnis' = 1 and one of the risk types is chronically
ill. Then

' ={1,1} and ' ={0.398,0.0797}.

A graphical depiction of these equilibrium contracts cariduand in Figurdll, wherel de-
notes the contract for the-types, andB the contract for theéZ-types;p” andp® represent
the zero profit lines for the two risk types.

If the pooling zero profit line’* crosses the indifference curve of thetypes that passes
through contractd (denoted by[és), the separating Rothschild-Stiglitz equilibrium does
not existd In this case, it is common to refer to the Wilson pooling aihm: the
contract on the pooling zero profit line that maximizes thlityibf the L-typed®s

®The main results regarding the distortions of the benefikages would be identical, but the analysis of
the welfare effects would be obscured by the adjustmentegptbmium that becomes necessary when the level
of competition changes.

%we prefer this interpretation of the model because it seamsual to have one probability of consuming
the whole benefit package of a health insurer.

H1see Zweifel et al. (2009, p. 264).

2The probabilityp™* is given byp™* = Ap™ + (1 — \)p™.

135ee Zweifel et al. (2009, p. 178).
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Figure 1: Rothschild-Stiglitz-equilibrium and ‘Wilsorentract under perfect competition

With A = 0.5, the pooling zero profit line does not cross ﬂi%-indifference curve (see Fig-
ure[1), so the separating equilibrium does exist. Because txists a pooling equilibrium
for this example under imperfect competition, we nevedbeldetermine the contract on the
pooling zero profit line that maximizes the utility of tdetypes: itisc'V = {0.333,0.2},
and is depicted as contractin Figure[d. We will denote this contract, as it may often not
constitute the Wilson-equilibrium, simply as the ‘Wilsecontract.

We now compare these results to the case of imperfect caimpetivhich is captured with
a discrete choice model. This model is explained in greatildn Sectio B; here we only
state its main components and the results.

There aren insurersj, each offering a contraet = {m7, R}[14 Individuals’ utility is
augmented by an insurer specific utility component that captures all the influences on
the choice of an insurer that are independentadind R. The utility of individual i when
choosing insurey therefore is

ui(m?, RY) = plo(m?) — RI +¢;.

Each individual chooses the insurer that offers the high8kty, taking into account not
only m/ and R/, but alsos;;. We assume;; to be i.i.d. extreme value withar(s;;) =
0—27%—2, but later show that the main results also hold for otherifligional assumptio

The variance ot;; is a measure of the degree of competition lis large, the additional
utility component is important, so competition with resptecdifferent benefit packages is
low. If, on the other handy is small,e;; only has a small influence on the decision of which
insurer to choose, so competition is high. With= 0, the model encompasses the case of

14Note that for the case of imperfect competition contractsirdexed by insurer, not risk type. In Sectidn 3
it will become apparent why this is more appropriate.

®Note that it is common to state the variancesgfas a multiple of”—62 for the extreme value distribution,
see Train (2009, p. 24).



Table 1: Example | withy(m) = In(m), p* = 0.2, p” = 1, A = 0.5, for different values
of o The first row (RS) contains the Rotschild-Stiglitz-equilim, the last row (WI) the
‘Wilson’-contract.

4 insurers 6 insurers 10 insurers
o | nt WP mA mP W | nt nf mA mP W nt* 0% mAr mP w
RS - - .398 1.00 -632] - - .398 100 -632] - - .398 1.00 -.632
.01 2 2 378 100 -63§ 3 3 .378 100 -63§ 5 5 .377 100 -.636
.02 2 2 .365 100 -640 3 3 .364 100 -640 5 5 .364 1.00 -.640
.04 2 2 351 100 -646 3 3 .348 100 -647 5 5 .346 100 -.647
.06 2 2 349 100 -654 3 3 .340 100 -654 5 5 .337 100 -.654
.08 2 2 .361 .997 -663 3 3 342 998 -662 5 5 .334 .998 -.662
12 3 1 .369 .983 -731 4 2 342 983 -703 6 4 336 .980 -.688
.16 pooling .444 444 -753 5 1 407 903 -740 7 3 .378 .901 -.718
17 pooling .459 .459 -742 pooling .433 .433 -762 8 2 395 .884 -736
.18 pooling .472 472 -734 pooling .448 .448 -751 9 1 418 .847 -749

.20 pooling .500 .500 -.71§ ©pooling .474 474 -733 pooling .455 .455 -746
.25 pooling .556 .556 -.68§ pooling .529 529 -699 pooling .510 .510 -.710

Wi pooling .333 .333 -.85&% pooling .333 .333 -.85‘4 pooling .333 .333 -.859

perfect competition. Witle > 0, the level of competition of course also increases in the
total number of insurers;.

Table[1 presents the equilibrium when there are 4, 6 or 1Gensufor different values of
o; in addition, the Rothschild-Stiglitz equilibrium (RS)d@the ‘Wilson’-contract (WI) can
be found in the first and in the last row, respectively. TheessqriptsA and B indicate
the ‘type’ of the insurer: Insurers of typé offer the contract for thd.-type individuals,
insurers of typeB the contract for thed -type individual€td

Using this example we can now state in greater detail, whaeis shown to hold in general
in this imperfect competition setting.
Separating equilibrium: Decrease in

A decrease in competition due to a smaller number of insunereasesn, the level of
medical services offered for the-types, so the distortion is reduced; see, e.g., the row for
o = 0.08, wherem* increases frond.334 (10 insurers) t@.361 (4 insurersﬁ

Separating equilibrium: Increase in

A decrease in competition due to a larger value bfs a different effectin? first decreases
and only later increases in Note that for 4 insurers, the increase begins before théorum

165ectior 3B will make clear why do not useand H to denote insurer type.
For low levels ofs the increase imn** may not be seen; this is, however, only due to rounding.



of insurers offering the two different types of contracts' @ndn?) changes; see, e.gn”
for o < 0.08 for 4 insurers.

A decrease in competition due to a larger value @iso has an effect om?, the medical
services offered for théZ-types: At some pointin” decreases, and therefore deviates
from the efficient level. Note that for the case of 10 insuret$ is heavily distorted as
increases up t6.18. The result of no distortion at the top clearly does not holdeneral
under imperfect competition.

Finally, a decrease in competition due to a larger valuge @io has an effect on the number
of insurers offering the two different contracts: Asincreases, the number of insurers
offering the contract for thé-types increases, until the pooling equilibrium is reaclsed
any of the three columns for”.

Pooling equilibrium: Decrease in and increase inr

For the pooling equilibria we can observe that as compatitiecreases, the distortion is
reduced:m increases as eitherdecreases (see, e.g., the rowdor 0.20) or ase increases
(see, e.q., the case of 4 insurersdar 0.16).

Note that in this example, in all the pooling equilibriais above the value of the ‘Wilson’-
contract (see the last row). This is, however, not a genesallt. In Sectiof 314 we present
an example where: is below, at or above the ‘Wilson’-contract, depending amldvel of
competition; there we also explain what determines whictmethree cases occurs.

Welfare

We finally comment on welfaré’”, which is calculated as the sum of expected surplus
generated by the consumptionraf

w=>_5, 1)

where for each risk typé the expected surplus is given by
St = plv(m) — p'm, 2

with m being the level of medical services consumed by a partigigkrtype. Of course,
the premiumR does not appear ifl(2), as it is only a transfer from the irstoehe insurer.

For the pooling equilibrium, it is obvious from what we foufat m that welfare increases
as competition decreases; see, e.g., the coldmfor o > 0.16 for 4 insurers, or the row
for o = 0.20.

For the separating equilibrium, the opposite holds: Welf#gcreases as the level of com-
petition decreases; see any of the three columngfavith o below the value at which the

pooling equilibrium arises. This result, however, may noidhn general, as the counter-
vailing effects that are derived in the following sectiorilshow. Because of these coun-
tervailing effects, the change in welfare is also indeteaté when competition decreases
due to a decrease im. Compare, e.g., the rows for = 0.04 ando = 0.08: in the first



case, welfare slightly increasesraslecreases from 10 to 4; in the second, welfare slightly
decreases.

Comparison of the effect afand o

For both the level of medical services and welfarelV, the differences due to different
levels ofo are much larger than the differences due to different levels What is impor-
tant for a large effect is individuals’ responsiveness ffedént benefit packages, but not the
number of insurer&d

In the following Sectiom 3 we show that the results just désewd do hold in general. The
section is organized in a way so that an intuitive understandf the economic forces
driving the results can be provided. Because the demandmssps somewhat different
than in a standard Hotelling-model, we will first analyze tase of one observable risk
type at some length in Sectibn B.1; there we also give an eaptm for whyo has a larger
effect on the results than. We proceed with two observable risk types in Secfion 3.2,
where we determine the number of insurefsandn?; as it turns out, the share of insurers
of type A generally differs from the share @ftypes. We then consider the case that the risk
type is unobservable: in Sectibn B.3 we derive the separatjuilibrium, and show how it
depends omr (Sectior 3.4) and the total number of insurers(Sectiorf 3.6). The pooling
equilibrium is discussed in SectibnB.6. We comment on thiéaveeeffects of a decrease in
competition for both the separating and the pooling equilib in Sectiod 3.I7.

We then analyze the implications of these results for rigksichent in Sectiohl4. We first
present an example where welfare decreases as the riskmaejisscheme becomes more
precise (Section 4.1). We then explain under what condittbis decrease occurs by ana-
lyzing the separating equilibrium in Sectibn4.2 and thelipgoequilibrium in Section 413.

Finally, several of the assumptions of the model are diszlgs Sectioi b, and Sectidh 6
concludes.

3 The discrete choice model

3.1 Onerisk type

There aren insurersj, each offering a contraef = {m/’, R’}. An individual i, choosing
insurer;j receives utility

ui(m?, R7) = pu(m?) — R’ + ¢y, A3)

wheree;; captures the utility component of choosing insujethat is independent of the
benefit-premium-bundle. We denote the part that dependbeohenefit-premium-bundle
by

V7 = pu(m’) — R’. 4)

18This also holds if: is increased to a much larger number.



Individual i will choose an insurek, if uf yields the highest utility, i.e. if

VEten>Videy VIi#E

2

Assuming that alk;; are distributed i.i.d. extreme value with variaricer(c;;) = 0?75, it
follows that the probability of choosing insurek i

Prob(i chooses:) =

We denote this probability bi?*. Normalizing the mass of individuals to one, and assuming
profit maximization, the objective of insuréris

max 7F = PFrk,

i
mk Rk

wherer! = RF — pm* denotes insurek’s profit per individual.

It will turn out much easier to derive the main results for t@se of unobservable risk types
if we reformulate the insurer’s objective in terms{of, V'} instead of m, R}. Graphically,

in m-R-space, insurek chooses an indifference curd&" associated with the utility level
V¥, and a level of medical services” along this indifference curve.

Using [2) to substitute foR* in wf, the insurers objective can be restated as

vk
e o

(pv(mk) -V pmk) . (5)

mk,Vk’ yZ

Before we derive the solution to this problem, note that tevetive of P* with respect to
V¥ can be expressed in termsBf itself in a simple way:

opP%  PR(1— PF)

vk o ’ (©)
The FOCs of the insurer’s objectivid (5) are
8—7Tk = p* [ v/(mk) - ] =0 7
ok Pk1—-PF

Condition [7) requires’(m*) = 1, som” is chosen efficiently. This holds regardless of
which benefit-premium-bundles are offered by the otherrgrsu It also holds irrespective
of the utility levelV* chosen by insurek: along an indifference curvE’", m* will always

be set at the efficient level*. Therefore, all insurers will offem*.

9See Train (2009, p. 40).
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Condition [8) shows the two countervailing effects of irasiagV*: The share of individ-

uals choosing: increases by?*(1 — P’f)ﬁ; weighting byr* captures the additional profit.
On the other hand, increasififf (for a givenm*) implies reducingk” by the same amount,
and thereforer?; this applies to the share of individuals choosing”*, capturing the loss

in profit. For these two effects to cancel out, we have to héve TPk -

It can be shown that the only equilibrium is a symmetric onleere all insurers choose the
same level of utilityV/ = 1% Vj. Since, in this caseP* = % in equilibrium profit per
individual is

= o, 9)

and total profit per insurer is

= . (10)

As is to be expected, more competition leads to lower profitsh, profit per individual,
7%, 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 individu-
als. This raises the incentive to offer a higher utility lefiee. a lower premium), thereby
reducing profits in equilibrium.

If nis large, each insurer’'s market share is small. Offeringyhdni 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, and also when there is risk adjustment.

Note that this external market share- P* is confined to the intervaD.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 individuatr® in half, see condition[{9). In
contrast, the effect of on profit per individual is not bounded. In that sensecan be
considered to be the more important variable to capturee ldifferences in the level of
competition. This is what we found in the example in Sedfibwizere the differences im
andW are very small for different values ef compared to different values of

We will now present this solution graphically in somewhatager detail than necessary for
this basic model, because it facilitates the derivatiorhefresults for the case of unobserv-
able risk types.

As P* denotes the probability that an individuathooses insurek, it can be considered a
distribution functionP*(V*), with corresponding densiti?* (1 — P*)1, (see equatiori16)).
In equilibrium, when all the other insurers offer the sanvelef utility 1, we have

k
pt X2
=— = (11)
eo +(n—1)ev

We can depict this distribution function by drawing a shaadezh around the" -indifference
curve, which captures (the support of) the correspondingsitie and where the darkness

11



Figure 2: Equilibrium contract in discrete choice modelhwone risk type

of the shaded area is a measure of the level of that densﬁyFlgeweDE If insurer k
offers a utility levelV* < V, the corresponding indifference curyB” lies aboveIV see
Figure[2 again. As contract is above the shaded are* = 0P Increasing utilityV*
than moves contract (along the linem = m*) into the shaded area, which increages
and decreases)’. These two effects cancel out when contradies on thel ¥ -indifference
curve. Increasing’* even further then increasd®® beyond%; as soon as contract is
below the shaded are&) = 1.

Note that as insurér moves along thé"" -indifference curveP* does not change, regard-
less of whether V" is above, within or below the shaded area. This is becaustistence
between/V" andI" in the R-direction is the same for all levels of. TheI""-indifference
curve is therefore also an isk-curve.

We can now discuss the effects of an increase: dfirst, the iso-profit line associated with
the equilibrium contract is shifted upwards. Secondlys straightforward to show that the
distribution functionP” as stated it 1) decreases fof < V, and increases fdr* > V;

it also becomes less steeplat = V, so the density decreases arodﬁo(see Figurél7
in Appendix[A.2 for a graphical representation Bf). As o increases, the distribution
function is spread out (over a wider range), which can beotegiin Figuré 2 by drawing a
wider shaded area around the indifference curve

20As a technical detail, note that far = 2, the maximum ofthis density is atk = X~/, but forn > 2, itis
atV* > V. Therefore the ‘center of the shaded area is atthendifference curve fon = 2, and somewhat
below it forn > 2. To simplify the exposition in the graphs, we will always drthe center of the shaded area
atV.

210f course, technicallyP* > 0 V V*, seel[(TlL), but above the shaded area, Wethand the density
P*(1 — P*)L are aimost equal to zero.
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Finally note thatP* depends on the utility levels offered by the other insureny @ia

the aggregate -, ;. e ltis easy to show that an increase in this aggregate onfisshi
the distribution function to the right (in &*-P*-diagram like in Figurdl7(a)), but does
not change its shape; of course, then also the density isshiifted to the right (in &*-
density-diagram like in Figu 7(b)). If, e.g., all inswsaxxceptk increase the utility level
they offer by some\V/, thenI" and the shaded area in Figlie 2 are shifted downwards, but
the width of the shaded area does not change. Inguteen has to increasé® by the same

AV to keepP* unaltered. The same applies if the total number of insuseiscreased:

In equilibrium, this increases the aggregg?;#k eVTJ, shifting 1V and the shaded area
downwards, but keeping the width of the shaded area constgain.

3.2 Two observable risk types

When there are two observable risk typesand H, with p < p', insurers will offer
different contracts. We denote the insurers offering @mts for theL-types as insurers of
type A, and insurers offering contracts for tiiE-types as insurers of typB. The number
of insurers isn andn? respectively, withm? + 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. As insuraran decide whether to be of
type A or type B, in equilibrium 74 = 77 has to hold. Taking into account that the share
of L-types is\ and using[(10), total profits per insurer are

A_ B _
T _)\nA—l and = —(1—)\)nB_1. (12)
Solving form4 = 78, it follows that
nd =X+ (1-2\) and nf =(1-Xn—(1-2\). (13)

As can be seen, the share of insurers of tylpequals the share di-types only for\ = %
For\ < 1, we haven” > An. This is for the following reason: With < 1, there will be
fewer insurers of typed than of typeB, (n? < n?), so the market served by insurers of
type A will be less competitive. This causes profit per individuwabe higher in the smaller
market QriA > 7B), which induces a somewhat higher number of insurers torheaf type

A than given by\n.

The same reasoning applies for- 3. However, as\ €]0, 1[, we have-1 < (1—2)) < 1,
so there will be at most one more insurer in the smaller madHaat given by the share of
the respective risk type.

Of coursen” andn® have to be integer numbers, so that the expressions givB@jrate
only an approximation to the true value. As itis not impottan the derivation of our main
results, we do not elaborate on a formula that indicatesvenet* as given by[(IB) has to
be rounded up or off. We do state, however, that the requineofe:* andn” to be integer
can, for some parameter settings, cause an equilibriunoretist: For some value of*
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andn®, it may be profitable for an insurer of tyggto enter the market for the-types and
become an insurer of typé; but after the new ‘equilibrium’ has been attained, whefds
decreased and” increased, the same insurer may then find it profitable torbeauf type
B again. We comment on this problem of the existence of anibguin in the discussion
section (see Sectidn 5.5).

Note that forn? = n?, (i.e.\ = %), the iso profit lines associated with the contracts offered
by the two types of insurers start at the same point on thenateli(at n? 5 - n” o).

nA—1 nB—1
This is not the case far® # n”. However, to simplify the exposition in the graphs, we
always depict the case where both iso profit lines start addime point, but all results that

are derived hold for the general casendf # n”.

As is apparent from conditiofi (13)/! andn? do not depend oa, the level of competition.
This will, however, change for the case of unobservabletsipks, to which we now turn.
We begin with the separating equilibrium.

3.3 Two unobservable risk types: the separating equilibrim

In this section, we derive the separating equilibrium whenrisk type is unobservable. Un-
der perfect competition, for the separating equilibriunetist, the share of.-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. Then theddthareas around the indif-
ference curves are very narrow and the argument for the xigteace of an equilibrium is
the same as under perfect competition: If the shark-tfpes is too large, the ‘separating
equilibrium’ can be destroyed by offering a contract thatilddoe chosen by both risk types
and yield a higher profit than either of the two contracts a‘teparating equilibrium’. On
the other hand, a pooling equilibrium can be destroyed bgrioi§§ a contract that is cho-
sen only (or primarily) by the.-types. However, as we saw in the example in Sedfion 2
(where the separating equilibrium does exist), a poolinglégium emerges if the level of
competition is low enough. As we show in the following, thésult does hold in general.
In fact, the pooling equilibrium always emerges if the lesBtompetition is low enough,
irrespective of whether the separating equilibrium undafgrt competition does exist or
not.

Therefore, in this section we assumeand A to be small enough, so that the separating
equilibrium does exist. We begin with the case of a very staadll of o so that the contract
designated to thé-types will yield a negative profit when chosen bylrype. The effects
of an increase i are then derived in the following SectibnB.4. There we alsouss the
case that the separating equilibrium does not exist be@pseling equilibrium emerges.

If the risk type is unobservable, a contract offered by iesut may be chosen by both
risk types (and likewise for insureﬁ?) The utility level associated with such a contract
{m#, R} depends on the risk type according to

Vi = pFu(m®) — R and Vi = pHo(m?) — RA.

2|n the following we will often use the term ‘insuret’ instead of ‘one of the insurers of typé.
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We formulate the objective of insurer in terms of V! andm, and expres¥; as
Vig = Vit + (" = p"yo(m?).

The utility levels associated with the contract offered migurerB are defined equivalently.
As insurerB offers a contract for thé/-types, we formulate its objective in terms1df.

As each contract may be chosen by both risk types, four piiitiesgb (or market shares)
have to be distinguished: We denoteBﬁ the probability that arl-type chooses insurer
A; itis given by

vit
A _ €
Pl=— e (14)
€ o + Z]#A e o
The remaining probabilities (and market sharéy}, PZ and P, are defined accordingly.
Note thatP} depends o/ andm“ according to

vi v+ —pLyom?)
e o e o
pA
H™ va Vi VAT@H —pLyu(mA) vl
€o ) jzacc € v +2jpace

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
vi
A €
PL = Viq VI{B ) (15)

nde +nBe”
and equivalently foP#, PB and PE. Finally, we have to define profit per individual of a
specific type in terms of andm. For insurerA we have

= pFo(mA) = VA —pfm?  and 75 = plo(m?) — VA = pimA. (16)
Using these definitions, insurgr’s objective reads as
max, A = AP 4+ (1 — N\ Piimy, (17)
Viim
with FOCs
on” PRA=P) 4 4 Pp(l=Pj) 4 4
V7 = A — —PL} +(1-=X) {wa—PH =0 (18)
oA AT, L 1/ A L AT, L 1/ A H
GoA = APL [P (m%) —pt] + (1= NPy [pP(m”) - p] (19)
P#(1 — P#
(= N OB et 0,
The FOCs of insureB are
onB PP(1 - PP PE(1 - PE
ov5 = A ACLyA) - L)WE—PE} +(1-)) {7“ - i) B phl=0 (20)
H
onB PP(1 - PP
o5 = AP [pT'(m®) = pt] - (1 - NP i iyt e 21y

+(1— )\)Pg [pHv/(mB) — pH] =0.
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As insurers will decide whether to be of tygeor type B, we finally have to have? = 75,
i.e.

APATA + (1 = N Pirg = A\PBxB + (1 — N PEAE. (22)
Without a specific utility function, the equilibrium contta can of course not be determined
explicitly from the four FOCH(118)-(21) and the profit eqtiationdition [22). Nevertheless,
all the properties of the equilibrium that have been illattd in the example in Sectiéh 2
can be derived. To do so, it will be helpful to also presentrtian effects and results
graphically.

Vit

mA m* ’
Figure 3: Separating equilibrium with two unobservabl& tipes. Contract® and A; are
offered. The case” = n” (i.e. A = 0.5) is depicted.

With unobservable risk types and perfect competition, guke[3, the equilibrium consists
of contractB, chosen by thé7-types, and contract;, chosen by theL—type However,
as the shaded area of tfi¥ -indifference curve shows, in this case, insufewould find
a considerable share éf-types choosing contraatl Therefore, contrac; has to be
shifted outside the shaded area. Assume, that it is shiétemd the isor;!-line) to A,
where (almost) none of th& -types choose this contract. But then insu#ecould move
its contract along the"z'-indifference curve to the right: This would leave the numbe
of L-types choosing this insurer unaffected (see the defindfoRi/* in (I4)), but increase
profits perL-type,wf. This is because the slope of th¥’ -indifference curve is larger than
the slope of the isa=!-lines for all contracts withn4 < m*. It would also increase the
number of theH-types choosing this insurer; however, since the der3jtyl — P})1 ~

0 at contractAs, in the beginning this effect is of second order. There isial thffect
when moving along V' : Depending on whether the slope of th&' -indifference curve is
smaller or larger than the slope of the iso profit lines for theypes,p?, this will increase
or decrease profit peil —type,wf}.

Insurer A will therefore move along thé"%' -indifference curve until these three effects
cancel out, which will be at a contract as indicatedyin Figurel3.

23| this case, the iso profit lines would of course start at tiigig aso — 0.
%The shaded area represents the density of the distributianion P (V) = P# (Vi m™).
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In equilibrium, a small share dff -types chooses contragt; this contrasts to the contract
offered by insurerB: As contractB is far away from the shaded area that can be drawn
around ther V%' -indifference curve, none of the-types choose contrad? 23 As there is

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

Results 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 resultsedliexted in the FOC$ (18)-
(21). First, since?? = 0 (as none of thé.-types choose contradt), condition [21) simpli-

B
fiestov’'(m?) = 1, (i.e.,m® = m*), and from condition[{20) it follows thatZ = :}nga.
H

For insurerA, dividing (T9) by\P;'p", the FOC with respect to:* can be rewritten as

1—-\P4 pH
! A H / A

-1 - a4 _
v(m) + h\ Pf[v(m) L}—F

1—AP_§1—P§pH—pLWAU,(mA) 0
AP0 pk H '

(23)

If P{} was equal to zero, this condition would simplify #{m“) — 1 = 0, so we would
havem? = m*. This, together with the lower premium, would induce atiemsne of the
H-types to choose insuret, a contradiction taPj; = 0, soP;; > 0. With Pj} > 0, the
following distortionary effects can be identified: Firsedause of the term in brackets, we
have to have’(m4) > 1, asfl’)—f > 1. Note that if atm, the IVZ -indifference curve is less

steep than the iso profit line for thé-types, p“v'(m?) < p'?), the bracket is negative,
capturing the third effect stated above. Secondly, sif@eis negative, the last summand
of (23) is negative, which is an additional effect that regsiv’(m“) > 1. Therefore,
v (mA) > 1andm? < m*.

We now turn to condition{18), the FOC with respectifd: With P/ = 0, this condition

would simplify to wf = 1322\0, the FOC if risk types were observable (conditioh (8)
derived in Sectiof 311). However, Witﬁg} > 0 the second bracket is negative because
74 < 0; thereforer#! has to be larger than for the caseldf = 0: Increasing//! not only
reduces profits fol-types bfo (and profits forH-types byP;{“), but has the additional
effect of increasing the share #&f-types byPj; (1 — Pj}) X, which yield negative profit per
individual. This reduces the incentive to offer higheritytil’/, which increases, so the
equilibrium contractds is above the iso-profit line as shown in Figlie 3.

However, ifo is very smaII,Pﬁ‘ will be very close to zero, ands will only be slightly
above the iso-profit-linef as shown in Figurg] 3. Asf is almost not affected by the very
low share of high risks, the number of insurers of typand typeB, n* andn?, will then
not be different from the case when risk types are observdlhls, however, changes as
increases.

The shaded area represents the density/0(V>) = PP (VE, m”).
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3.4 The dependence of the separating equilibrium on

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
this section, we analyze the effects of a decrease in cotigpetiue to an increase bt we
discuss a decrease of competition due to a decreaséndhe following Section 3]5.

In Sectior(3.1l it was shown that an increaseriincreases profits, as insurers reduce the
utility levels they offer by increasing the premium; thidfehthe iso profit line associated
with the equilibrium upwards. The same applies if risk types unobservable. However,
the increase in premiums alone does not yet constitute theeqgailibrium because of the
following additional effects:

Effect onm and P}

First, aso increases, the shaded area aroundIthié-indifference curve becomes wider.
This creates an incentive to decreasé. As the distribution functionP;} increases inr
for all values oﬂ/fj,4 < VB, if (after the increase in) mA did not change, morél-types
would choose insured. To avoid being chosen by theg-types, insurerd reducesn?.
This first effect can be seen in conditidn23) by considetimgterms up to and including
the bracket as a weighted average: As the weight of the sestanchand goes up!(m?)
has to be increased.

Secondly, there is the countervailing effect that as premsiincrease, insuring an additional
H-type now causes a smaller loss; this creates an incentivereasen”. The aggregate
of these two effects om is indeterminate, but in AppendixA.3 it is shown that thersha
of H-types choosing insuret, P/, unambiguously increases. Here, we only give a brief
intuitive explanation: If, by the first effectn was reduced to a level so th&; was
the same as before the increasesinthere would then be an incentive to increasé
(and therebyP;;‘) for three different reasons: First, Hg‘ is at the same level as before,
but v’ (m4) has been increased, conditign](23) is not satisfied anyrsoré(m*) has to
be decreased. Secondly,/if} is at the same level as before, the dendity(1 — Pj})L
now is lower (due to the larger value 6§; moving along thel Vz' -indifference curve does
not attract as many/-types as before. In conditiob (23), this effect is founddoin the
denominator in the last term. Thirdly, as premiums have hueereasedyrfl is increased,
so attracting an additiondl -type causes a smaller loss than before [T (23) this effatt ¢
again be found in the last term, wherg increases.

After the increase ofr, more H-types will choose the contract offered by insurers of type
A. Whetherm# increases or decreases is indeterminate for a genersy uitictionw(-). It
depends on whether the effect of the wider shaded area atbadd -indifference curve

or the three countervailing effects dominate. Initiallg, cais very small, andrs} is far
below zero, the effect of an increaseadron 771{} is small in relative terms, which makes it
likely thatm* decreases, as was the case in our example in S&gtion 2.

Effect onn4

We now turn to the question of why the number of insurers offecontractA increases:
In Appendix[A.4 it is shown that as increases, profits increase faster for typéasurers
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than for typeB insurers, so that at some point it will be profitable for onghaf type3
insurers to switch and to become a tygansurer. Here again, we only state an intuitive
explanation: Ifo increases,PI;,4 increases, so the number of individuals choosing any of
the typed3 insurers decreases. This is the first effect reducing (ttre@se of) total profits

of type-B insurers. In addition, as the number of individuals choggiype-A insurers
increases, for the typ8-insurers there is the ‘more competition due to a larger aater
market share’-effect, which, as we saw in Seclion 3.1, dese= profits per individual. Due
to these two effectst? increases at a lower rate thati.

As 74 increases faster tharP, n® would have to decrease continuouslyinHowever, as

n“ andn® have to be integer numbers, there will only be a switch of anrier of typeB

to become of typel if the difference between“ and=? is large enough. This is why in
the example in Sectidd 2, is constant in the first rows of Tadlé 1 and does not increase
ino.

Effect onm?

We finally discuss why for an intermediate level of competiti contractB is distorted.
As o increases, the shaded areas around both indifferencesogetevider. At some level
of o, the shaded area around the indifference curve oLt-hyqaes,IVf‘, becomes so wide
that it ‘reaches’ contracB, so that a small share di-types chooses contraét. It will
then be profitable for insureB to move along thd "V -indifference curve and reduce?
(see Figur&l4, where only the shaded area around'hendifference curve is drawn). On
the one hand, this reduces profits géitype, 72, but at (or close to) the efficient level of
m, this effect will be of second order. On the other hand, iteéases the share of tle
types, (as the is@”-curves have a lower slope than th¥? -indifference curve), thereby
increasing profit@L

Figure 4: Separating equilibrium with two unobservablé tigoes; o large: ContractB
distorted fromB, to B;.

20f course, technically speaking” is always distorted, a®Z is always larger than zero. However, for
low levels ofo, P2 is so close to zero, that the distortionref® is negligible. In our example, with = 0.01,
PP is on the order o1073°.
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Comparing the effects of a decrease in competitiomchandm?, we see that as in-
creasesm” changes even for low values of while the effect onn® only arises above
some threshold level af, at which the shaded area ‘reaches’ contract

Results 2. In the separating equilibrium, i# is at an intermediate level, then both benefit
packages are distortedin® < m®? < m*. A small share of both risk types chooses the
contract designated for the other risk typB;}‘ > 0 and P2 > 0. The number of insurers
offering the contract designated for tlietypes increases ia.

In the remainder of this section, we illustrate these effedth an example. Tablé 2 presents
the example of Sectidd 2 again, now with the additional \esr;!, Py, PP, PE and
profits, for the case of 10 insurers. &sncreases from 0.01 to 0.087 remains zero, so
(almost) none of thé.-types choose insurds; on the other handt’?;{4 increases to 0.0172,
so that foroc = 0.08, 8.62% of theH -types choose one of the insurers of typdsee the
column_ Pg}). Foro = 0.13, already about 25% of thH -types choose an insurer of type
A, while still less than 1% of thé-types choose an insurer of type(since) | Pf‘ > 0.99).

Table 2: Example | withy(m) = In(m), p = 0.2, pf = 1, A = 0.5, 10 insurers.

o |t n® | mt wmB| PA o Pp PP PRSP XPR| ate xPo
o1l 5 5|.377 1.00|.2000 .0011 .0000 .1980 1.000 .0054| .01302 .01235
02| 5 5|.34 1.00|.2000 .0024 .0000 .1976 1.000 .0120| .01319 .01217
04| 5 5|.346 1.00|.2000 .0059 .0000 .1941 1.000 .0293| .01364 .01169
06| 5 5|.337 1.00|.2000 .0106 .0000 .1894 1.000 .0532| .01426 .01106
08| 5 5|.334 .998|.2000 .0172 .0000 .1828 .9998  .0862| .01512 .01022
10| 6 4| .324 .904| 1665 0239 .0002 214 9992  .1434| 01108 .01459
11| 6 4| .320 .989| .1664 .0293 .0004 .206) .9984  .1759| .01168 .01337
12| 6 4| .33 .980|.1662 .0355 .0007 .1967 .9971  .2132| .01238 .01206
13| 6 4| .345 .966|.1658 .0423 .0013 .1865 .9948  .2541| .01314 .01074

The second to last and last column show total profit per imsoir¢ype A and typeB,
divided byo. Dividing by o makes it easier to see that profits increase faster for irsofe
type A than for typeB: While 74 /o increases iwr, 77 /o decreases, so that at some point,
it becomes profitable for one of the insurers of typeo switch and to become an insurer
of type AP1 of course, after the switch, profits per insurer are largeirfsurers of type
B than for typeA (see the row fowr = 0.10). As profits increase faster for typé than
for type B, this quickly reverses, so that fer= 0.13, profits for typeA are already larger
than for typeB again. Ifo increases further, then the next insurer of typwill switch and
become an insurer of typé.

Note that we can have? = 1 at some high level of, see Tabl€]1l in Sectidd 2. Even
with only one insurer of typé3, there is still enough competition to keep the premiifh
down because insuré? would lose too many individuals to the typeinsurers ifR? was
increased.

*Foro = 0.09 an equilibrium does not exist.
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3.5 The dependence of the separating equilibrium on

We now discuss how the equilibrium dependsrgrihe total number of insurers. Asin-
creasesp” andn? increase proportionally fok = % and almost proportionally fox £ %
Accordingly, all market shares decrease (about) propuatig, which leaves conditiof (23)

unchanged. Also, there is no widening of the shaded areas@the indifference curves.
k

Recall, that as the aggregaZe:j Lk e's changes, (which is the case masncreases), this
only shifts the distribution function, but does not changeshape.

The only effect of an increase of therefore is on profits (in particular om;f}): As n
increases, profits per individual go down. This increasesldls caused by af -type,
so the incentive to avoid th&-types increases; see conditién](23) wheré has to be
decreased whenf; decreases. Therefore, decreases in.

Results 3. In the separating equilibrium, the distogtion of the benpfickage of the low
risk type increases in the total number of insure?g:— < 0.

3.6 The pooling equilibrium

As has been shown in Sectibn13.4, wherncreases, the number of typeinsurers in-
creases. At some point, all insurers will be of typend a symmetric equilibrium occu#é.
Using the fact that in this casé® = 0 andP;! = Pj; = -, wheren® = n, condition [I8),
the FOC with respect WLA, simplifies to

M+ (1= N7 = g

. (24)

Solving this equation foR* and substituting in the FOC with respectrita', we have

mA | v (m?) = 1. (25)

Because the fraction iiL(R5) is positive, it is immediatgiparent thai’(m4) > 1, so that
m# is distorted downward. As is to be expected, the distortimmdases in the difference
pf — pl. Also, it decreases i and increases im: The distortion in the symmetric
equilibrium is less severe if the market is less competitive

We can now show whethen is below, at, or above the ‘Wilson’-contract that is chagact
ized by maximizing the utility of thd.-type on the pooling iso-profit line, where, formally,
m satisfiesp™v'(m"') = p. Using conditions[(24) and(25) it is straightforward to who
that this results inr}f} = 0, see Appendix_’Al5. Of course, if profits for tHé-types are
zero, H-types do not play a role when choosing the optimal contradhe iso-profit line,
so insurers will maximize the utility of thé-types (to have as many-types as possible).
If 7z < 0, it will be profitable to reducen along the iso profit line: this will only have

Z\We denote insurers to be of typé in the pooling equilibrium, because the level of medicalvises
offered in the pooling equilibrium is closer i thanm? offered in the separating equilibrium; see TdHle 1
in Sectior 2, and Tabld 3 in this section.
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Table 3: Example lIlp = 0.5, p" =1, A = 0.5.

4 insurers
g nA TLB mA mB
RS - - 464 1.00

.02 2 2 450 1.00
.06 3 1 501 .972
.10 pooling .615 .615
125 pooling .666 .666
.15 pooling .701 .701

Wi pooling .666 .666

a second order effect on the utility éf but a first order effect of reducing the number of
H-types. If, on the other hand > 0, then having mord{-types increases profits, so in-
surers will raisen abovem V. Table[3 presents an example where the pooling equilibrium
is below, at or above the ‘Wilson’-contract, depending amltvel ofo.

Reiults 4.1n theApooIing equilibrium, the distortion increases in flegel of competition:
%ln <0 andaalo > 0. The pooling equilibrium only coincides with the ‘Wilsaontract
if profit per H-type is zeroim* % mW for 74} % 0.

From a technical perspective, this result shows that in asbild-Stiglitz model under im-
perfect competition, where a pooling equilibrium is not mspd by assumption, a pooling
equilibrium in pure strategies can exist. It is thereforesgible to rationalize the pool-

ing equilibrium without imposing Wilson-foresight, a camt that has been criticized by
Rothschild and Stiglitz (1997).

Newhouse (1996) had already identified a different reasoa ff@oling equilibrium to exist,
fixed costs of setting up a new contract: If trying to attréet £-types with a new contract
causes high costs, the symmetric equilibrium is stable.

Here, the argument is somewhat similar, but the costs areddfament kind: Offering a
contract between the indifference curves of the two rislesyywould, under perfect compe-
tition, only attract theL-types and thereby destroy the symmetric equilibrium. Hiére

is large, a contract close to the symmetric equilibriumeats bothL- and H-types, where,
due to the large influence of the utility component that is independent of the benefit-
premium-bundle, the relative share of theypes in this new contract is not much larger
than the share of-types in the symmetric equilibrium. To only attract thetypes, the
new contract would have to be far away from the symmetricligizim, where the shaded
areas of the two indifference curves do not overlap. Buti§ tontract is far away, it would
be below the iso-profit line for thé-types and thereby not provide a higher profit than the
contract in the symmetric equilibrium.
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3.7 Welfare effects of a decrease in competition

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

For the separating equilibrium we found that an increase oreates countervailing ef-
fects form: it may either increase or decreasesinThe additional effects we identified,
however, clearly decrease welfare: Firlé‘g increases, so that more individuals choose the
benefit package with the higher distortion; secondlf}, increases, so again the number
of individuals choosing the benefit package with the highistodion increases. Thirdly,
at some pointn? is distorted. Therefore, if in addition to these three dffealsom”
decreases, welfare unambiguously decreases; if not, tHareveffects are indeterminate.
However, in the large number of examples where we derive@dodibrium for a specific
utility function explicitly, welfare in the separating efjorium always decreased.

The welfare effects of a decrease in competition due to aedserin the total number of
insurers are indeterminate as well. It was shown that@dscreasesn increases, because

the loss associated with tHé-types decreases as competition decreases. But for the same
reasonP;{“ increases, creating a countervailing effect on welfareaddition, because
andn®” have to be integer, there will be both up- and downward junfpthe relative
shareZ—g asn decreases; (there is, e.g., both an increase and a deanegifeer sequence
555 %o0r2— 21— 2asndecreases from 10 to 8).

For the pooling equilibrium, on the other hand, as cometitecreases, welfare increases
unambiguously, see condition {25). This holds for both tiwéase inr and the decrease
inn.

To sum up: Should policy makers try to increase competitiohdalth insurance markets?
Regarding the distortions of the benefit packages, and framelfare perspective, there
is a definitive answer only for some levels of competition &nd negative: If competi-
tion is low, so that a pooling equilibrium emerges, more cetitipn decreases welfare. If
competition is high enough, so that a separating equilibrumerges, there is no definitive
answer.

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 lawd high levels of competition,

a RAS that becomes more precise unambiguously increasésevdtowever, for interme-
diate levels of competition, welfare may initially remaionstant or even decrease as the
RAS is improved.

We will not model explicitly which risk adjusters are usedhe RAS, or which econometric
method is applied to estimate the payments. What is impoftamur model is that when-
ever a RAS becomes more precise, it reduces the cost diffietsetween the two risk types
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to a larger extent. A RAS can be improved by, e.g., using moceraore risk adjusters,
like hospital stays, or diagnostic information; a regulattay also apply the formula for
optimal risk adjustment developed by Glazer and McGuirdd(20 In all cases, the cost
difference between risk types will be reduced, and with &oeRAS, this cost 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 — \)RA™M,

SettingRA* to some leveRR 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 effeétincreasing? A depend
on the level of competition. We then explain why for internagel levels of competition wel-
fare may decrease iRA by analyzing the effects of the RAS-payments for the sejpayat
equilibrium in Sectiof 4]2, and for the pooling equilibriitmSectiorf 4.B.

4.1 Example

We present the same example as before, with) = In(m), p* = 0.2, p// = 1 and
A = 0.5, and show the impact on welfare by increasiRg = RA" = RA from 0 to
0.4, at which level the cost difference between thdype and theH-type is eliminated.
Results are shown for 10 and 20 insurers (see Fldure 5(ajpanespectively), for different
levels of competition:c = 0.01 (very competitive),c = 0.10, o = 0.12 ando = 0.14
(intermediate levels of competition), and for the loweskleof o for which the pooling
equilibrium emergess = 0.19 for 10 insurers, and = 0.20 for 20 insurers.

The equilibrium values for the level of medical services andm? and the number of
insurersn andn® for one of the casesi(= 20 ando = 0.12) can be found in Tablel5
in AppendileG@ Here, we only plot the equilibrium levels of welfare as a fiimt of
RA for these five different values of. The highest level of welfare for this example is 0.6,
which occurs when all individuals receive* = 1.

As can be seen, far = 0.01 ando = 0.19, welfare increases monotonoustRVl
However, for intermediate levels of competition, welfatays about constant or even de-
creases as long a3A is below the threshold level, at which the pooling equiliioni is
reached; only above this level, welfare increases monaoisinan RA 1 For the case of 20

2The Excel-files for the other cases are available from thiecutpon request.

%0For o = 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 equilir

%INote that for these intermediate levels of competitionyehis usually one level oRA for which an
equilibrium does not exist: As we already mentioned in ®&dB.2, for one of the candidate equilibria
(m™, V&, m®P V), one of the insurers of typ& has an incentive to become an insurer of tyfein the
candidate equilibrium for these new levelsrof andn?, an insurer of typed then has an incentive to become
an insurer of typeB. 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.
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Figure 5: Example IIl withp” = 0.2, p = 1, A\ = 0.5 and different levels of. Welfare
W is depicted as a function d@t A, with RA increasing from 0 to 0.40.
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insurers andr = 0.10, this threshold level is as high @A = 0.17: Although the RAS re-
duces the cost difference between the two risk types by nhare40%, there is no increase
in welfare.

For intermediate levels of competition welfare initiallpes not increase iRA because
the RAS-payments not only reduce a distortion (by increpsirt'), but also introduce or
exacerbate two other distortions: As we show in the follgsection, the share éf-types

choosing the benefit package designated forlthigpes increases iR A; in addition, the

distortion of the benefit package for tii&-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 that #eynegligible; for these levels
of competition, welfare unambiguously increasesiA.

4.2 Risk adjustment in the separating equilibrium

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

1-A
= prom?) -V - TRA — ptmA (26)

= pfo(m?) — VA + RA — pHmA. (27)

The FOCs for insured’s objective are therefore identical fo {18) ahd](19), blrhwif and
71 now defined by[(26) and(27). The same applies to insrer

For insurerB, from the FOC with respect te:” it follows that for low values ofr (so
that P? = 0), we havev'(m®) = 1, as before. From the FOC with respectVfgf, we

B . .. . .
haver? = —2—¢, again as before. IRA is increased, so that insurrreceives a larger
H nt—1

subsidy for eachH-type, premiums are reduced (and utilit}f increased) by the same
amount, so thairfj, stays constant. For insurét, we can therefore depict an increase in
RA by a decrease ifR” of equal size: In Figurgl6, the contract offered is shiftehft3,
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to By, accordingly, there is a downward shift of the correspogdso profit line and the
indifference curve.

There is an opposite effect on the premium of insurers of #pasRk A increases, this, c.p.,
increases the premiufi” (and reduce®’/!) by RAL = 152 R A, shifting the iso-profit-line
upwards. Similar to the case of an increase afi Sectior{ 3.4, this does not yet constitute
the new equilibrium; there will also be an effect orf'.

R Ve
A _
IVi
ARA
ARA |
mi mil m*

Figure 6: Equilibrium without and with (imprecise) risk adjment; the casBR A" = RAH
(i.e. A = 0.5) is depicted.

As can be seen from Figuié 6, due to the downward shift offfhé-indifference curve
(to IVf?), and the upward shift of the iso-profit-line of insutér offering a contract with
the same level ofn” reduces the share éf-types choosing contract. This also follows
immediately from the definition aoP4,

A
Vi
€ o
A B
A H B H
nte « +n-e o

Pf =

which decreases d§; decreases and/? increases.

This decrease i®;} creates an incentive to increase!, which can also be seen from the
FOC with respect tan:
1-\Pj H} L-APj1=Pip" —pb ,

1A 1A p
U(m)_1+TP_f[U(m)_p_L 3 Pf . o2 TV

(m?) =0.
23
As P;;‘ is reducedyn® has to be increased, so thiat](23) is satisfied again. In addidue
to the RAS-payment for thé[—types,wf_} is increased, which — in an equivalent manner as
for the case of an increase énin Sectior 3.4 — creates a second incentive to increase
As m* unambiguously increases, this, c.p., leads to an increaselfare.

The effect onP;}, however, is ambiguous: Assume that' is increased to a level so that
P;L}‘ is the same as before. At that point, it is not clear whetherethis an incentive to
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increasem” (and therebyP;}) even further or not. On the one hantd; is increased, but
on the other handy’(m*) has already been decreased, so for a general utility fundtio
is indeterminate whethelr (23) is positive or negative. Asdffect of RA on w;} is linear,
while the effect onv’ is decreasing, it is likely thaP;{“ increases INRA, if RA is large.
In the large number of examples where we derived the eqjuitibfor a particular utility
function explicitly, Pﬁ‘ always increased iR A even from the beginningHA = 0).

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, becausg' < m?.

In addition, if P;L}‘ increases, we have the same effects on profits as alreadsbeesn
Sectior :3.4: Due to the loss of individuals, competition agnmsurers of type3 increases,
which reduces profits per individual; together with the daraharket share, profit per in-
surer of typeB decreases. At some point, a typeinsurer will switch and become a typé-
insurer. This is the second negative effect on welfare: Hasrer that switches to become
an insurer of typed incurs a welfare loss, as all its insured receivé instead ofm?

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

or not: We saw that a® A increases, this shifts the"i -indifference curve downwards,
and thelVZ' -indifference curve upwards. This will, in similar mannerdescribed in Sec-
tion[3.4, lead to a distortion af»” below the efficient level, as soon as the shaded area
around thel V%' -indifference curve ‘reaches’ contrabt

Therefore, in addition to the welfare increasing effect ofircrease ofn4, a RAS that
becomes more precise may create these three counterveifews: a decrease @t7, a
decrease ofi?, and, at some point, a decreasenof below the efficient level. Whether
these three effects are significant, or only reduce the teféaess of the improvement of
the RAS, of course depends on the specific utility 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;;) 2 will already be large whe®/} is
still small, so for small values af the first countervailing effect is greatly reduced. Aé}

is small, the difference in profits? — 77 is small (see AppendixAl4), so that none of the
insurers of typeB switches to become of typé; then the second countervailing effect does
not exist. Thirdly, ifo is small, the shaded area around 1ié -indifference curve will be
narrow, so it will not ‘reach’ contracB until RA is large; for small and intermediate levels
of RA, the third countervailing effect does not exist either. rEffiere, if o is small enough,
welfare increases as a RAS becomes more precise URléss close to the level at which
the cost difference is eliminated. This exception, howestlees not seem to be important,
because a RAS will usually not be perfect and only eliminagedost difference between
risk types to a certain degree.

320f course, when this insurer switches and becomes ayjyesurer, a large share of thé-types of this
insurer will choose another insurer of typk but those with a high preference for this particular inshégh
e45) Will stay with this insurer, causing the welfare loss.
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4.3 Risk adjustment in the symmetric equilibrium

For the symmetric equilibrium, the FOC with respecind simplifies to

(1= " —p") A" —p")m* — RA]

1— _
75D

o' (m?) = 1. (28)

With RA = 0, i.e. without risk adjustment, we have conditignl(25) froecBon[3.4. As
RA increases, the fraction in(28) decreasespgoincreases. WitlRA = \(pf — p©)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 vasjghis is becausB A both has
to be paid by the insurer for abrtype, and is paid to the insurer for &frtype.

Therefore, for the symmetric equilibrium, an increas&?id unambiguously decreases the
distortion and increases welfare.

5 Discussion

In this section, we discuss several of the assumptions ahadiel and how they may affect
the results that have been derived.

5.1 Two risk types

One of the assumptions of the model is that there are only iskotypes. This contrasts
with the assumption of a continuous distribution of riskedgunderlying most of the recent
empirical papers that estimate the extent of adverse gmieict health insurance markets
due to inefficient pricing of a given set of contracts, seg,, &€inav, Finkelstein, and Cullen
(2010) or Bundorf et al. (20121 However, in these papers the distribution function basi-
cally refers to total health care expenditures; it is notsritiution function of the proba-
bility of contracting a specific illness. While individuatsay easily be able to distinguish
a large number of risk types regarding total health exparest so that a continuous distri-
bution is a valid assumption, it is difficult to imagine thatlividuals can distinguish just as
many risk types for the probability of contracting a spedifitess, say, diabetes. Here, it
may indeed be the case that individuals only distinguishtidrehey currently suffer from
this illness or not, and that all individuals who are not @fically) ill hold quite similar be-
liefs about the (small) probability of contracting thisiilss during the next period. For our
setting, wheren denotes the level of medical services for a particular dsemd not the
overall generosity of the benefit package, assuming twotyisks may therefore be more
appropriate than assuming a continuous distribution.

33For an early example, see Cutler and Reber (1998).
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5.2 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 that were derived aldd far different distributional
assumptions. As the main effects have also been explaiagtiigally, the results should be
similar as long as the distributional assumption leads aoleti areas around the indifference
curves that represent a unimodal density.

We determined the equilibrium under various other distidmal assumptions for;; than
the extreme value distribution for a large number of exaspled always found the results
to be very similaB Table[2 presents the equilibrium values of the example ofi@e@

for three distributional assumptions of; other than the extreme value: the normal, the
triangular and the uniform distributiefi. Even with a uniform distribution foe;;, the
density represented by the shaded area is unimodal; (eigydensity would be triangular
forn = 2).

Table 4: Example | withv(m) = In(m), p = 0.2, p" =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 .377 100/ .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 1.00f .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

(62BN BN, NG BN &) |
(62BN G2 B¢ BN 6y |

10 324 .994| .14 330 1.00{ .15 .332 1.00{ .21 .351 .996
A5 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

© 00 N O
R N W b

For low values ofr (see the upper part of Talile 4 with = n® = 5), the differences are
very small: For all four distributionsp” decreases iar, 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
the jumps ofn”* occur are not identical for the four distributions, see thwdr part of
Table[4, where always the smallest valueraifter an increase in“ is presented. E.g., the
lowest level ofo so thatn? = 6 is 0.10 for the extreme value distribution; it is somewhat
higher at0.14 and0.15 for the normal and the triangular distribution, and consgé
higher for the uniform distribution at 0.21. However, thiffetence does not seem to be
important.

3%4The Gauss code is available from the author upon request.
*Note that for all four distributions, the variance is giveslar(e;;) = o
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Secondly, the distortion of.? is much smaller for the other three distributions than fer th
extreme value distribution. This is because for a givenllele, the shaded area around the
indifference curves is widest for the extreme value distidn; as this distribution has fatter
tails, the shaded area around tHé" -indifference curve ‘reaches’ contra& for a lower
level of o than is the case for the other distributions. In technigah$g the (excess) kurtosis
is largest for the extreme value distributioh®” = 2.4; it is considerably smaller for the
normal ¢ = 0.0), the triangular ¥ = —0.6) and the uniform distributionkt = —1.2).
The higher the kurtosis, the higher the distortiomd? (for a given level ofv).

On the other hand, the levels of* 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.

5.3 Multinomial Logit vs. Nested Logit

At first glance, it may appear as if for an individual who chems. typeA insurer, another
type-A insurer is a closer substitute than a tyBensurer, so that a nested logit model may
seem more appropriate than the simple multinomial logit aresered.

From the perspective of an econometrician, this is cestainle because if he observes
m* to be the same among all typeinsurers, this may indicate that there are also some
unobserved factors that are more alike among tfp@surers than between typé-and
type-B insurers. The econometrician will simply test whether aegkfogit model is more
appropriate than the multinomial logit. According to theut of this test, he will then infer
whether there are some unobserved factors or not.

Here, however, we want to explicitly analyze the effectd tvégse due to the differences
in the benefit packages. Assuming, in addition, that theeealso some unobserved fac-
tors which are equal among the tygeinsurers, i.e. assuming some non i.i.d.-error term
structure, then would only obscure the effects we are istedein.

Regarding the IIA assumption that is implied by the multinainhogit model, the famous
red bus-blue bus probl@wdoes not occur in our setting, because we explicitly model tw
different risk types. Consider, e.g., the case\of 0.5 and four insurers: Witlr small
enough, two insurers will be of typé, each covering half of thé-types, and a small share
of the H-types, say 1% (i.e. 0.5% of the entire market); the otheritwarers will be of
type B, each covering about half of thE-types. Each insurer of typd will therefore
cover 25.5% of the entire market, and each insurer of Hp&4.5%. If we now add two
more insurers of typel, these four typed insurers will not cover two thirds of the entire
market, as in the red bus-blue bus example. Insteadl-&jppes are evenly distributed
among the four typet insurers; in addition, the third and fourth typgeinsurer will cover
about the same share &f-types as the first and the second typéasurer (1% of thefd -
types, or 0.5% of the entire market). Therefore, each imsniréype A will cover about
% -50% + 0.5% = 13%, and the aggregate market share of all typ@surers will only
increase from 51% to about 52%.

%6See Train (2009, p. 46).
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5.4 Insurers offering more than one contract

The results have been derived for a setting where each msffiees one contract. A differ-
ent interpretation of our model would be that each insurfarefl several contracts, but that
the demand responses regarding two contracts if offeredibylifferent insurers are about
the same as if offered by one insurer.

This would require that not all individuals choose the optiraontract (with respect to
the benefit-premium-bundle) among all contracts offeredatparticular insurer. For the
following reasons, this may indeed be the case: First, danslired will immediately
become aware of when one of the contracts offered by theurénds changed. Then,
there may be fixed costs of switching to a new contract, likedilout an application form,
even if it is from the same insurer. Insured may also find ffiaift to understand a new
contract, regardless of whether it is offered by their iesr another insurer, and hesitate
to switch; see Handel and Kolstad (2013) for these inforomagiroblems. Also, Sinaiko
and Hirth (2011) have shown that some individuals choosei@lgtdominated contract
even in a situation where they actively have to choose a nerai (so that switching
costs do not play a role). Some individuals seem to make keistavhen choosing their
health insurance contracts, or, put differently, therstexan error term;; which for some
individuals reverses the utility ordering of contracts.

Of course, if insurers could offer several contracts, theylal have to take into account the
effect of changing one of their contracts on the profit they @ the other contracts;if is
small, these additional effects may not be negligible arvé laa impact on the equilibrium.

5.5 Existence of equilibrium

In our model, an equilibrium may not exist for two differeeasons. The first reason — a
share ofL-types that is too high —is identical to the model by Rothsichind Stiglitz (1976)
and has already been discussed at the beginning of SEcBon 3.

The second reason is that' andn” have to be integer numbers. We think that this is a
much smaller problem than the nonexistence of equilibriuentd the first reason. Since we
explicitly consider the case of imperfect competition,aed not seem likely that an insurer
would indeed switch back and forth between being a tfpand typeB insurer. There
will certainly be some costs associated with such a switelhese switches will not occur
very often. Note that a much smaller level of transactiorictigan assumed by Newhouse
(1996) would suffice to stabilize the equilibrium, as in oeitig each insurer covers only a
share of thel-types, while in the setting analyzed by Newhouse (1996hsurer offering

a new contract would be chosen by all theypes (and none of thél/-types), creating a
much larger profit than in our setting.

5.6 Premium set by regulator

We stated in the introduction that we preferred to formutaemodel inm-R-space, and
not in m1-meo-space withR set by a regulator, as was the setting of Glazer and McGuire
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(2000). We did this for the following reason: As has been shawSectiod 311, profits
increase irr. Therefore, a regulator would have to increésaso increases; if not, welfare
would be decreased, as insurers would lower the level of caédervices they offer. As
we saw in Sectioh 34, for the case of unobservable risk tygresits for the two types of
insurers increase at a different rate. Therefore, it is hedrcat which rate the regulator
would have to increasé as o increases: at the rate of insurdr insurer B, or some
weighted average, and if so, which? To not obscure the vectffects by an increase in
R that could always be considered arbitrary in some sensentitel was presented in-
R-space. However, all results regarding the distortionsheflienefit packages are easily
transferred inton,-mo-space. There, a distortion always consists of a too low lefver,

(if s = 1 is the iliness for which there is heterogeneity in risk) artda@high level ofms,
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.

5.7 Total number of insurers fixed

We assumed the total number of insurers to be fixed @his number could easily be endo-
genized by considering fixed cost of setting up a new heafthrance. Since we examine
insurers that are integrated to a certain degree, these do&tdare probably substantial.
However, as we saw in Sectibn B.1, the main variable to captifferent degrees of com-
petition is notn, buto.

6 Conclusion

We have analyzed the interaction of imperfect competitiod adverse selection in health
insurance markets. Within a discrete choice setting whittogenizes whether a separating
or a pooling equilibrium emerges, the following main resuitve been derived: First, in
a separating equilibrium, for intermediate levels of cotitjpa, both benefit packages are
distorted. As competition decreases, the distortion @desea® for the low risk type, but in-
creases for the high risk type. As the level of competitioordases, the number of insurers
offering the contract for the low risk type increases, uafdooling equilibrium is reached.
The pooling equilibrium may be below, at, or above the ‘Wilsoontract.

Our model complements a number of very recent empiricaliesudhich analyze adverse
selection in health insurance markets with a focus on inefftcpricing of a given set of
benefit packages. These studies have found that the welsehused by inefficient pric-
ing is surprisingly low, see Einav, Finkelstein, and Cul(@010), Bundorf et al. (2012)
and Handel (2013). However, as explicitly stated by Einankélstein, and Levin (2010),
the welfare loss due to an inefficient set of benefit packagesg lme much larger than the
welfare loss due to inefficient pricing.

Our model focuses on these inefficiencies caused by thetitiste of the benefit packages.
We identified that for intermediate levels of competitidre benefit package of the high risk
type will be distorted in a separating equilibrium. The mgemerous benefit package may
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therefore not be an unbiased indicator of the first best lezeledical services. Whether
this distortion exists and is of economic importance in resllth insurance markets, could
— as a first step — be tested using the following predictionusfroodel: In those markets
that are less competitive, the relative number of insurffesing the more generous benefit
package should be smaller. Such an empirical test shoul@fiermed in future research,
to determine the validity of the theoretical model that weespnted here.

We also determined the implications of imperfect compmtiton the effectiveness of a
risk adjustment scheme. For intermediate levels of cortipetive identified three welfare
decreasing effects that can occur if a RAS that is impredsanly improved to a small
degree. If these effects are of economic importance, itdéga @vore important for a regulator
to use a RAS that reduces the cost differences between sk tp a large degree, so that
one can be confident that the RAS creates the positive welfteets it is implemented for.
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A Appendix

A.1 Proof that all insurers offer m* if there is no heterogeneity in risk

An insurer not offeringm} for some illnesss could always increase its profit by chang-
ing ms: If ms < m}, then increasingns by some smallim,, and increasing? by
dR = psv'(ms)dmg will leave the utility of all individuals constant, so theogip of indi-
viduals choosing this insurer does not change; howevefitpicrease bylR — psdms =
psv' (ms)dms — psms > 0, because’(ms) > 1 for ms < m?. By the same argument, if
ms > m}, profits are increased by reducing, andR.

A.2 Graph of the distribution function P*
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Figure 7: Distribution function”* (V*) and density functior®”(1 — P*)1 with n = 2 and

V =1 for different values ofr

A.3 Proof that P}; increases ino

In this section it is shown tha‘t);{4 increases iw. To do so, we will first consider a small,
noninfinitesimal increase i by Ao > 0, which allows to depict some of the effects
graphically; we can then leko become arbitrarily smallXo — 0).

A ~ is used to indicate all variables after the increase,o, e.g.g = ¢ + Ao.

We denote b)Sf andSE the surplus generated by andm? for the respective risk type,
i.e.
S‘L4 = va(mA) —pl'm4  and Sg = pHv(mB) —pImB. (29)

We begin with insure3. Using the FOC with respect 167,

2

B
T = —
H 1—PI§7
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andr? = SE — VB, we have

17 ) S — 30
H H 1— Pg ( )
Since for low levels ofr, m® = m*, and therefore does not dependarwe have
SE =SB so ASE =o.
Under the assumption th&? does not change\ V7 is given by
Ao
AVE = ———. 31

This decrease df? is depicted in FigurEl8 by the movement of insufs contract from
BO to B;.

We now turn to insurerl. We first rewrite the two FOCs with respectitg! andm:

g

Py (1= Pj)
g

T — PLA} +(1-)) { T — P;;‘] =0 (32)

Py (1= Pi)ry
o

[ApLPf NP (- NG - Y } o (m?) (33)

= AL PA+(1-\)pP P

Condition [33) can be considered as implicitly defining action mA(VLA), which deter-
mines for each level oVLA the optimal level ofim”. Likewise, condition[(3R) implicitly
defines a functior/’/*(m#). The loci of these two curves of course pass throdghthe
contract offered by insuref before the increase of.

With contractAy, insurer A 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 as tHé -indifference curve, shifted upwards; see
Figure[8.

As VI§ is reduced whemr is increased, this shifts the"i7 -curve upwards, and with it
the iso#;}-curve. Note that the distance between the twoRgbcurves is larger than
the distance between the twig# -curves; this is, because asincreases, the shaded area
around the indifference curves becomes wider; see alsgdfiifa).

If insurer A still offered contract4, after o has been increased, thét would increase.
To have the same share as before the increaseinmsurerA would have to offer a contract
on the new isaP}}-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-Pj;-curve, so that in equilibriun®;} increases. To do so, it will be shown that the locus
of the functionﬁlA(f/LA), implicitly defined by [(3B) witho increased, is partly to the right
of the new isoP;i-curve, and that the new contract is exactly on this pafi.éf V).
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Pf(3)
Vi
_ Pfi(o)

B
Ve

Figure 8: Equilibrium for two different values of

Consider first, that insurefl 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 begodusas 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 increa.%ﬁ

Consider now, instead, contradf,, which has been chosen so tﬁrg% = ? At A,,
the bracket on the LHS of (B3) attains the same value as bé#feracrease ofr. At all
points on the new istIf;‘-curve aboved,, the bracket is larger than before. In addition, for
m4 < m?, we haver’(m4) > v'(m*). It can therefore be concluded that for all points on
the new isoP;}-curve betweenl, and A3, the LHS of [33) is larger than the RHS, 80!
has to be increased, which increaggs. Condition [33) could only be satisfied for a point
below A, or aboveA3

If such a point belowA; or aboveAs did not exist, the locus of the functioh (V) would
always be to the right of the new is84 -curve; in this case, it follows immediately, thay;
is increased. We therefore now consider the case that tloéss plo exist.

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

have™l < ZL. Condition [32) then require§- > “L, which implies7; > mi'. However,

for all points belowAs, we haverst < 4. Therefore, at such a point belaty, V! is too

$"Note that belowAs, the bracket is smaller and is larger than before the increaseafabove As the
reverse holds. Therefor€,{33) could indeed be satisfiemibah and aboveAs.
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high, and has to be reduced.

Assume now, that conditioh (B3) is satisfied for a contracboveAs, see FigurEI At
Ayg, AmA > 0undAVA < 0. UsingVA = Vi — (7 — pP)v(m?), we have

AVA = AVE — (! — ply' () AmA, (34)

for somem? € [m?, m4 + Am4]. SinceP}} can be rewritten as

A

VH 1
A _ e _
P = VA vB vB_yA» (35)
AH BH A BHH
nte « 4+ nte o nt+ne o

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

ViE - Vit _ Vi Vi

=—— (36)
g g
where _ _
VE-Vvi  VE+AVE — (Vi + AVY) @a7)
o N o+ Ao ’
Solving for AV} yields
A B B A
g
. .. vB_yA .
Using condition[(3b)~_— can be expressed in termsBﬁ as,
VB o VA 1 A
o nePi; n
Substituting in condition{38) yields
Ao 1 nA
A _
so that forAV/* we have
Ao 1 nA
A _ H L\, /(A A

We now rewrite condition (32) as
(AP (1= P) + (1= NP (1 - Pip)] (S5 — Vi) (42)

—(1= NP1 =P (™ — p")m?* — APf + (1 = X\)Pjjlo = 0.

38Note that contracti4 has to be belowds, the contract associated with the efficient level of carédioth
As and B were offered, almost all-types would choos; .
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Denote byF' (o) the LHS of [42) evaluated at, and likewise forF(o). If, at A4, F'(7) > 0,
71 is too large and has to be reduced, V¢! has to be increased. Singés) = 0, V! has
to be increased if'(c) — F'(0) > 0. This difference is given by

PEH(L = PiY) + (1= NP (1= P} (ASE-AVY) (43)
~(1=NPg (1= Pi)(p" —p")Am” —[APi' + (1= A) Pj]Ac = 0,

with
ASE = pl' (m?) — 1]AmA, (44)

wheremA is defined as above. Substitutigl(41) and (44)1n (43), we hav

(45)

(AP — P+ (1 - NP (1 - Pip)] [pL(v’(mA) —DAmA +
nA
+1In <@ - n_B> Ao + (p" _pL)U/(fﬁA)AmA:|
—(1=NPHA =P —p)AmA = AP + (1 -\ P Ao.

Sincev’ > 1, expression[(45) is larger than

A A A A Ag 1 n’
(A\P{ (1= P{)+ (1= NP (1 — Pl [W +1In (W - n_B> Aa} (46)
H H

—[AP# 4+ (1 = N P4]Ao.
Solvingn“ Pj} + nP PP = 1 for P and substituting in(46), expressidnj46) is positive if

A A A A 1 nt 1 nA
[)‘PL(l_PL)+(1_)‘)PH(1_PH)] 1+ 1_n_B+n_BPH In W_H_B

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

As can be shown numerically, this condition is always saitisfor 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 oﬂ3§.

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 isBf:-curve, soP/ (5) > Pf(o).

A.4 Proof that n increases ino

In this section it is shown that asincreases, the difference in profi;tsé — 7B at some
point becomes large enough, so that it is profitable for a-fypesurer to become a typ#-
insurer. To do so, itis shown théf decreases (with a lower bound of zero), Wlﬁ(& does
not fall below the level whe®}; = 0.
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B
For ”7 we have

7TB 7TB
—=(1- A)PI’??H. (47)
Solving the FOC
B
1-NPE|l1-PBYTHL 1| =g
g

B
for 22 and substituting if{47), we have

B pPB
—=(1-)N—£ 48
- == 5 (48)
so § decreases aB/7 decreases, with a lower bound of zero, i.e.
B
T ) (49)
9 IpB—0
For insurer4, usingzsy = 7 — (pf — pP)m#, we have
A A A
T T m
= P+ (1= NP e - (- N PRGT —ph) (50)
g g g
Solving
or PA(1— P P{(1— Pf)
ARSI B P A Sl YA 1\ H\- " "H) | A 51
PH(1 — P
A+ (=P - 1 - P iy
for ? and substituting i (30) yields
A (APf + (1= N Py)? (L= MA@ —p") PP (Pf = Piy) m*
o APA(1-PA)+ (1-NPH(1—-Pf)  APAA-PA)+(1-NPF1-Pf) o
(52)
Now, compare expression (52) Wiﬂfr for Pj; — 0, (i.e. foro — 0), where
A PA
T SA—H (53)
7 1Pg—0 1-Py

Note that in this case we ha\¢§ — )\%, wheren andn?® is set so that4 = 7 5.

It is straightforward to show that for the first fraction bP5
(APA + (1= N PY)? N
APA(1 =P+ (1= N Pj(1 - Pfy) 1-PA

(54)
The second fraction of (52) is positive siné’f > Pg. It can be concluded thﬂoi b
>
is bounded from below by% > 0, seel(BB), While’frU—B decreases i}, approaching

H

zero asPf — 0, see[(dB). Therefore, iPj; is small enoughs4 — 77 is large enough, so
that it is profitable for one of the typB-insurers to become a typé-insurer.
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A.5 Comparison of the pooling equilibrium and the ‘Wilson’-contract

Solving condition[(24)

no

RY —pm? = (55)
n—1
for R4 and substituting inrf; yields
no _
iy = R = plm? = —— — " —pym™. (56)
Substituting the condition for the ‘Wilson’-contraet,(m") = p’%, in (23), we have
A1 =X\ (p" —ph)? D
AN Zp) g L1 (57)
n—1P p
Solving formA4,
5 _ nl)y no
A (P —r")75 (58)

A =A) (" —ph)*

and substituting in((36) then yieldﬁ = 0. Therefore the pooling equilibrium coincides
with the ‘Wilson’-contract forrs = 0.
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A.6 Example with risk adjustment

Table 5: Example Il withv(m) = In(m), p* = 0.2, p! = 1, A\ = 0.5, n = 20 and risk
adjustment.) " Sy denotes the sum of expected surplus for théypes,> " Sy, the sum of

expected surplus for the-types, with welfardl” the weighted average of these two sums:
W = X>.Sr+ (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

A
n

12
12
12
12
13
13
13
14
14
15
16
17
18

pooling

3
o)

N W 01 O O N N N 00 00 00 @

pooling
pooling
pooling
pooling
pooling
pooling
pooling

.328
.340
.352
.365
.375

.390
.406
420
438
455
AT5
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

Py

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

P

.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

Pif

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

ot

CO—F© 00 O 00—+ O

1.00

> Py
.189
.204
.220
.238
.283
307
332
401
1430
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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