W Universitit Trier

Adverse selection and heterogeneity of
demand responsiveness

Normann Lorenz

Research Papers in Economics
No. 2/14



Adverse selection and heterogeneity of demand
responsiveness

Normann Lorenz

January 27, 2014

Abstract

This paper analyzes the distortions of (health) insureesidiit levels due to ad-
verse selection if individuals’ responsiveness to diffees in contracts is heteroge-
neous. Within a discrete choice model with two risk types iamgerfect competition
the following results are shown: In the pooling equilibriuapositive correlation of
low risk and high responsiveness (e.g., younger indivielbaing both healthier and
faster to switch insurers than older individuals) incresabe distortion of the uniform
benefit level if the share of low risks is small; if the shardat risks is large, the
reverse holds, but only if the average level of responsiseiehigh. In the separat-
ing equilibrium, a positive correlation increases thedfisbn of the contract for the
low risks, unless the number of insurers offering the cantti@r the high risks is very
small or a large share of the high risks chooses the contesidated for the low
risks. These results imply that the welfare effects of agyaltervention of making
individuals more responsive crucially depend on which tigkes’ responsiveness is
increased more. The results also have implications for stiemation of the level of
risk aversion and of the welfare effects of adverse selectio
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1 Introduction

Adverse selection in (health) insurance markets has tgcatitacted renewed attention,
as it has been observed that heterogeneity in other dinrengian risk may be of similar

importance as differences in risk and either mitigate oiceraate the distortions caused
by adverse selection (Cohen and Siegelman 2010). Impaxamples for such additional

dimensions are risk aversion (Cutler et al. 2008), cogmiivility (Fang et al. 2008), switch-

ing costs (Handel 2013) or income (Johar and Savage 2012).

Yet another dimension that exhibits a considerable degréeterogeneity is individuals’
general responsiveness to differences in the contraasedfby insurers. Some individuals
are rather attentive when buying insurance; these indal&drespond even to small differ-
ences in contracts like additional benefits or price distauror others, a particular contract
has to yield considerably higher utility than all the othentacts before it is chosen with
high probability. For health insurance, one example of aseolable variable that is corre-
lated with responsiveness is age: younger individualsllysbelong to the first group, and
older individuals to the secoffiSince age is also a determinant of expected expenditures,
this would imply a positive correlation of low risk type andjh responsiveness. Ericson
and Starc (2012b) have shown that such a correlation infagete effects of the modified
community rating regulation of the Massachusetts Heakhrance Exchange, and Bijlsma
et al. (2011) have shown that it alters the optimal designriflaadjustment scheme.

So far it has neither been demonstrated empirically noweerin a theoretical model how
a correlation of risk type and responsiveness affects thtortions caused by adverse se-
lection in the absence of such regulatory méhrkne general notion, however, seems to
be that a positive correlation of low risk and high respoeisass exacerbates the distortion:
if addressing the preferences of the low risks attractedynséthese individuals (because
they are very responsive), this would increase the incemtivistort the contract. However,
this argument could also be reversed, i.e. argued that divegarrelation exacerbates the
distortion: if addressing the preferences of the low risiduced many of the high risks
to choose another insurer (if they were the ones who are esponsive), this would also
increase the incentive to distort the contract.

Within a discrete choice model with two unobservable rigkey we show that either of
the two cases can occur: In the pooling equilibrium, a pasitiorrelation increases the
distortion if the share of low risks is small; if the share olrisks is large, the reverse
holds, but only if the average level of responsiveness ik.Higthe separating equilibrium,
a positive correlation increases the distortion of the @mtfor the low risks, unless the
number of insurers offering the contract for the high risksery small or a large share of
the high risks chooses the contract designated for the kks.ri

These results have two main implications: First, from agoperspective, they indicate
that the welfare effects of increasing individuals’ resgivaness by, e.g., providing easy

1See Ericson and Starc (2012b), who show that the higher presnolder individuals have to pay cannot
entirely be explained by higher costs, but are also due téother responsiveness of older individuals which
allows insurers to charge higher premiums.

2See also Einav et al. (2010, p. 333), who explicitly raiseghestion whether a correlation of the amount
of consumer search or consumer interest in plan switchidgiak might affect competition.



access to information about insurers’ offers (as with theegament run websites for the
Health Insurance Exchanges in the U.S.), depend cruciallylich of the two risk types’
responsiveness is increased more.

The second implication concerns the distortions in thersgipg equilibrium. Some studies
have used the set of contracts offered in such equilibriatimate an underlying preference
parameter of risk aversion; they have also been used tongieian estimate of the wel-
fare losses caused by adverse sele@idmis study shows that using these contracts may
entail something akin to a ‘measurement error’, and thasibe of this measurement error
depends on the level of correlation. Ignoring this measergrarror results in a downward
biased estimate of the level of risk aversion and of the welfasses caused by adverse
selection.

We derive our results within a discrete choice model, nanttedy(conditional or mixed)
logit. The logit model has been extensively used for emalidmalyses of health insurance
choiceﬂ here it is used to capture different degrees of responsigeinea theoretical model
of adverse selectidh.

There are three important aspects of using this discretieehwodel for a theoretical analy-
sis: First, it endogenizes whether a pooling or separatijpgjibrium occurs: if the average
level of responsiveness is low, the former, if it is high, kger equilibrium emerges.

Secondly, it allows to capture the fact that some individualake mistakes’ when choosing
their (health) insurance contrdtt!f some individuals are less responsive to differences
in the contracts offered, they have a higher probability @king such a mistake. This
higher probability of choosing the ‘wrong’ contract caniabe depicted graphically by
introducing the concept of an ‘indifference curves areatcisan ‘indifference curves area’
provides an intuitive understanding of the economic fodrasng the additional distortions
caused by a correlation of risk type and responsiveness.

Thirdly, this discrete choice model relaxes the assumptfom strong demand asymmetry
that is implicit in the studies which so far have analyzedthdasurance choice under im-
perfect competition: Most of these studies consider arggttihere — for the case of two
risk types — each insurer offers two contracts so that thenitive compatibility constraint is
satisfied; imperfect competition is then captured by a I-Hogemodeﬂ These models im-
ply the following strong asymmetry of demand responses:s@en a group of individuals
holding a contract from a particular insurer. A new contrgilding slightly higher utility
than the contract they currently hold, would attract allsthéndividuals, if offered by the
same insurer, but only a small share of them, if offered byffar@int insurer. This would be
a reasonable assumption if individuals were perfectlyrimfed about all the offers of their
insurer, but not about those of the other insurers; it woldd be reasonable if switching to

3See Einav et al. (2010) for an overview of such studies.

4See, e.g., Royalty and Solomon (1999), Harris et al. (2002ane (2004) and Ericson and Starc (2012a).

>The model is similar to the one employed by Lorenz (2013), wlio a setting without heterogeneity in
responsiveness — has examined the impact of imperfect d¢diopen the effectiveness of a risk adjustment
scheme.

6See Handel and Kolstad (2013) and Sinaiko and Hirth (20Ir18rfpirical evidence.

See, e.g., Biglaiser and Ma (2003), Jack (2006), Olivelia ¥era-Hernandez (2007) and Bijlsma et al.
(2011).



another insurer incurred much higher transaction costs fliling out an application form)
than switching to another contract of one’s current insurawever, with more and more
individuals using the internet, it seems more appropriatohsider getting informed about
(and switching to) an alternative contract from either sr@lirrent or from a different in-
surer as equally difficult (or eaﬁ)We therefore relax the assumption of the strong demand
asymmetry, and we do that in the easiest way possible in thassume that each insurer
offers only one contract.

We will present the model in the way that the risk the indiglduface is to develop an
illness which requires to be treated. All individuals ardigdd to buy health insurance,
where each insurer offers a benefit level and charges a premive thus analyze benefit
level-premium-bundles and present the results graphicak benefit-premium-diagraﬁ.

The model and all results can, however, easily be transfénte the premium-deductible-
space or income when sick-income when healthy-space (Etoltisand Stiglitz 1976); the
results are therefore not confined to a health insurandegett

Also, we will present the model under the assumption théat bot risk type and the level
of responsiveness are unobservable (at the individual) leAaifferent setting to which the
model applies, is that risk type and responsiveness are\a@isde, but that insurers are not
allowed to charge type-specific premiums because of comynrating.

The remainder of this paper is organized as follows: In $afdiwe present the model, in-
troduce the concept of the ‘indifference curves area’ asdudis the three types of equilibria
that can occur (a pooling equilibrium and two types of sejragaequilibria). The impact of
a correlation of risk type and responsiveness on the poelipugiibrium is analyzed in Sec-
tion[3, and on the separating equilibrium in Secfibn 4. Inti®a the policy implications
of the results and some of the assumptions are discussetibr@concludes.

2 The Discrete Choice Model

2.1 Basic model

Each individual may suffer from an iliness that occurs witbh@ability p. If it occurs, utility
changes by(m), wherem is the medical services (measured in monetary terms) pedvid
by an insurer, who in return charges a premidin v(m) is increasing at a decreasing
rate, i.e.v’(m) > 0 andv”(m) < 0; the efficient level ofm is implicitly defined by
v'(mfB) = 1. There are two unobservable risk types- L, H, with p” < p'’; the share
of L-types is). Individuals’ preferences are therefore given by

u=p'v(m)—R. 1)

As already stated in the introduction, a different (and meyriore traditional) representa-
tion of preferences would be

w=p"o(y®*) + (1—p "), )

8E.g., for Massachusetts, Ericson and Starc (2013) repatrntist individuals enrolled through the Health
Insurance Exchange’s website.
We therefore adopt the representation of preferences off@vet al. (2009), chapter 7.
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with y* = y — D — R andy” = y — R, wherey® represents income when sigk: income
when healthyy initial income, andD the deductibl@d Al results could just as well be
derived iny*-y"-space using{2), but in this paper we will refer to the repngation of
preferences as given byl (1) and depict all resultsiii-space (as in Zweifel et al. (2009),
chapter 7).

There aren insurers;j, each offering a contradtm’, R7}. Individuali's utility when choos-

ing an insurerj not only depends on this benefit-premium-bundle, but alsaromsurer
specific utility component;;, which captures all the influences on the choice of an insurer
that are independent of and R, like, e.g., perceived friendliness of personnel, locatio
which insurer was recommended by family and friends; it rhayyever, also be unfounded
and thus represent ‘decision mistakes’. The utility of ashiviidual : that is of risk typer

and chooses insurgrtherefore is

wi(m? | R7) = p'o(m?) — R + g5 (3)

£; is distributed according to the extreme value distributign Var(e;;) = 03%2 There
are two unobservable-typess = C, I, with o < oy; the share of the-type C isn. For
individuals with a small variance ef;, i.e. for o-type C, all the additional utility compo-
nentse;; are very similar and thus only have a small influence on whishirier is chosen.
Individuals ofo-type C' are therefore very responsive to differences in the cotstiaftered,
i.e. ‘careful’ or ‘conscientious’ to choose the benefitfprem-bundle which provides the
highest utility. On the other hand, individuals @ftype I are rather ‘insensible’ to or ‘ig-
norant’ about (small) differences in the contracts; asliese individuals;; assumes large
(positive and negative) values, the additional utility gaments have a much larger impact
on the decision of which insurer to choose than for the inltigls ofo-type c

Table 1: Shareg..; of the four types of individuals; a positive correlation of risk and
high responsiveness is captureddy 0.
| v | " |

oc | prc =An+90 pre = (1—=A\n—4¢ n

o1

prr =AX1-n)=6 | pugr=1-X)(1-n)+0 | 1—n

| . | = |

The shares of the four types of individuals,s, are given in Tablgl1, whei& > 0 captures
the case of a positive correlation of low risk type and higi;pmsivenes@ Increasingd
increases this positive correlation without altering thares of the two risk typesy and

(1 — X), and the shares of the twetypes,n and(1 — n). Because these shares have an

991 this case the deductible would equal the (fixed) cost aitmentm™® minus the indemnitym, i.e.
D=m"B —m.

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

12 low level of o therefore corresponds to a high level of responsivenessa aigh level ofr to a low level
of responsiveness.

3In the following, we will often use the term responsivenesséad of ‘general responsiveness to differences
in the contracts offered’, and the term positive correlafitstead of ‘positive correlation of low risk type and
high responsiveness’.
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influence on the equilibrium, it is important to hold them stamt when changing the level
of correlation.

Denote byV; the utility of contractj for an individual of risk type- without the additional
utility componente;;: ‘ ‘ _

V) =po(m)—-R.
An individual i (being of risk typer) will choose an insurek;, if this insurer provides the
highest level of overall utility, i.e. if

VEten>Vidten VIik 4
With ¢;; distributed extreme value, it follows that the probabiliti/individual < choosing
insurerk is4
A

eos

Prob(i chooses:|i is of risk typer ando-type s) =

(®)

v

Zje"s

Denote this probability byP” ; it is also insurek’s market share among the group of indi-
viduals of risk typer ando-typess.

As it will turn out easier to provide an intuitive explanatiof the results, we formulate
insurer k’s objective in terms offm*, V}} instead of{m*, R¥}. Graphically, inm-R-
space, insurek chooses an indifference cun®@’s for the L-types associated with the
utility level V¥, and a benefit level* along this indifference curve. Fdm*, V}}, the
utility level of the H-type is

Vi = Vi + (" =p")o(m"). (6)
Normalizing the mass of individuals to one and assuming fartdiximization, the objective
of insurerk is

max ﬂ'k - Z Z :u'rstsﬂ'?lf? (7)

mk VE 5
wheren” denotes insurek’s profit per individual of risk type-, which is given by

P =plo(m) - Vf —p'm”. 8)

7T7.:

2.2 The equilibrium with one risk type and oneo-type

We briefly discuss the equilibrium with only one risk type amo-type to introduce the
concept of the ‘indifference curves area’ and to show theaithpf different levels ot [
With only one risk type and one-type, in this section we can skip the indiceands and
write insurerk’s objective as

vk
max k= Pkﬂf =" Uvj (Pv(mk) —- vk —Pmk) ) 9)
m*~V Zj e

145ee Train (2009, p. 40).
5This section is similar to Lorenz (2013).



wherewf is insurerk’s profit per individual. Using the property d?* that its derivative
with respect td/* can be expressed in termsBFf itself in a simple way,

oPk Pk - PF)

pu— 1
G e (10)
the FOCs for insurek’s objective are
o k 1ok
ok P [PU (m”) — P] =0 (11)
on* PF1—-PF .
avk o 7 0 ( )

Condition [I1) yields'(m*) = 1, som” is chosen efficiently. Conditioi . (12) requires

k
T = 1_pF

choose the same level of utilify’ = V* Vj. Since, in this case?* = 1, in equilibrium
profit per individual is

S (13)
n—1

and total profit per insurer is
k=7 (14)
n—1
As is to be expected, both, profit per individual and totalfipymer insurer increase ia
and decrease in. If o is small, offering a higher utility level yields a large iease in
the share of individuals, because individuals are respersien to small differences in
contracts. This raises the incentive to offer a highertutiéivel, 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 in the separating
equilibrium.

2.3 Graphical representation of the equilibrium with one risk type and one
o-type

As P* denotes the share of all individuals choosing insérand depends oi*, it can be
considered a distribution functiaR* (V*). In equilibrium, when all the other insurers offer
the same level of utility*, this distribution function is given by
vk
P* = PE(VE|o, V) = € . (15)
+ (n— 1)6 B

The shape of this distribution function and of the corresfiog densityP*(1 — P*)1 is
shown in Figuré&ll for two different values of (ignore the curves labeled ‘average’ and the
letters A and B at this point).



—o = 0.20

: 4
—o = 0.05
--average

o8 / —0 =0.05
b --average
—o = 0.20

0.25 -
0 g GB - vk

0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2

(a) Distribution function (b) Density function
Figure 1: Distribution functionP*(V*|o, V*) and density function”*(1 — P*)L with
n = 2andV* = 1foroc = 0.05 andoy = 0.20 (solid curves); the dashed curve represents
the average of the two functions fgr= 0.5.

This distribution function can be depicted in the R-diagram that shows the equilibrium
where all insurers offe{m*, V*} by drawing a shaded area around @€ -indifference
curve representing the corresponding dené‘i’ty(l—P’f)i, see Figurkl2; the different levels
of darkness of this shaded area are a measure of the levés$ afethsit

R
A I\/k

Figure 2: Equilibrium contracB if there is one risk type and onetype. The shaded area
around the indifference cunE"” represents the densify*(1 — P*)1 of the distribution
function P*.

Above the shaded areR” and the corresponding density are zero. The density is also z
below the shaded area, whepé = 1. In Figurel2, a contract likel (with V* considerably
below17*) would therefore not attract any of the individuals; in Figld, this contract could

18As a technical detail, note that far= 2, the maximum of this density is &t = v*, butforn > 2,itis
atV* > v*. Therefore the ‘center’ of the shaded area is attheindifference curve for, = 2, and somewhat
below it forn > 2. To simplify the exposition in the graphs, we will always drtne center of the shaded area
atV”.



be, e.g., aV* = 0.5 (for o = 0.05)[2

For the following reason, this shaded area could be refaoexd an ‘indifference curves
area’: Consider the case that= 2, so that there is only one other insutghat offersV*.
Insurerk, to be chosen by individudl has to offer a benefit-premium-bundle which yields
utility

Vk >V 4+ (5il — gik)-

For some individualsg;; — ¢, > 0; the indifference curve insurér must offer to make
such an individual indifferent between the two insurersoisiewhere belowZ"". On the
other hand, for those with;; — ¢;;, < 0, it suffices to offer an indifference curve above
TV". From the perspective of insurér i.e. taking into account all the additional utility
components;;, the shaded area therefore also represents the whole $et inidifference
curves of all individuals, or, an ‘indifference curves

2.4 The impact of the level ofr on the equilibrium with one risk type and one
o-type

The equilibrium is affected by an increasecoin two ways. First, the iso-profit line asso-
ciated with the equilibrium contract is shifted upward assleesponsive individuals allow
insurers to charge a higher premium, see condifioh (13).

Secondly, the shaded area around He -indifference curve changes as follows: It is
straightforward to show that the distribution functid¥ as stated in[{15) increases for
VF < V* and decreases fof* > V*; the corresponding density decreases arddhend
increases in the tails; see Figlile 1, where the distribugimh density function are drawn
for o = 0.05 ando = 0.20. If o increases, the distribution is spread out (over a wider
range); in Figuré]2, this can be depicted by a wider (and éighéhaded area around the
7V -indifference curve.

In the full model, each risk type consists of two unobsemvabtypes, so from the perspec-
tive of an insurer, the average distribution and densitycfions are relevant. In Figufé 1,
such an average is shown for an equal share of 4diipes, i.e., fom; = 0.5. If 5 increases,
the distribution gets closer to the onesefype C, which, for the density, implies an increase
at the mode and a decrease in the tails.

The changes in the shape of the average distribution andtylémsctions are the reason
why the equilibrium depends on the level of correlation. hi torrelation increases, the
share of thes-type C' increases for thd.-types and decreases for thetypes. Therefore,
the (average) density of thie-types increases at the mode and decreases in the tailg, whil
for the H-types, the reverse holds: the density decreases at the amodiecreases in the
tails. We will now show how the equilibrium is affected by eechanges, but before give
an overview of the types of equilibria that can occur.

Y0f course, strictly speaking?® > 0V V*, see[(Ib), but above the shaded area, ifttand the density
P*(1 — P*)L are extremely small and almost equal to zero.

o

18f there is more than one other insurer, the argument is thneste; is replaced bynaz;ziei;.



2.5 Types of equilibria with two risk types

If there are two unobservable risk types (and ertype), three types of equilibria can be
distinguishetﬁ For low levels ofc, (i.e., a high degree of responsiveness), a separating
equilibrium very similar to the Rothschild-Stiglitz-edjbrium emerges, wherél -types re-
ceive the efficient level ofn, while L-types receive a benefit levet < mf?, so that

the H-types are (about) indifferent between the two conti@t&or intermediate levels

of o, the separating equilibrium is of a different type as bothdfi¢ levels are distorted,
i.e.,m’ < mf < mfB. Finally, if the level ofo is high enough, a pooling equilibrium
emerges, where all insurers offer the same benefit-prerbiumdie.

We will analyze these three cases in turn: We begin with thaipg equilibrium in Sec-
tion[3. We consider the separating equilibrium where ong/liknefit level of thd.-types
is at an inefficient level in Sectidn 4.1; the separating ldgiim where both benefit levels
are distorted is analyzed in Sectlonl4.2.

3 The pooling equilibrium

In the full model, there are two risk types and twetypes; the FOCs for this full model
are stated as conditiors {24) ahd](25) in AppendixX A.1. Adis $ection we consider the
pooling equilibrium where all insurers offer the same cactrin the following we will skip
the indexk. Also, to simplify the notation, we useto represent the harmonic meanoef
andor: .

mn 4 1-n"
Gc+ ar

g =

(16)

We first consider the case without correlation, é.ex 0.

3.1 The equilibrium without correlation

In equilibrium, individuals are distributed equally amdhg insurers, so that for all market
shares we hav@’, = % With 6 = 0, the FOC with respect td7,, condition [24), then
simplifies to

n .

o; )

)\7TL+(1—)\)7TH:

n—1
as before, (average) profit increasesriand decreases in. The FOC with respect to,
condition [25), can be written as

A [p™! (m) — p2]+ (1= ) [p™ (m) — p"] + [(1 = 02 —LpH — pP) (m) | = 0.

no
(18)

1%See Lorenz (2013).
2see Zweifel et al. (2009), chapter 7.
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Solving [I7) forry by usingry, = 7 + (pf — p¥)m, and substituting i (18) yields

R 8 e 0
no D

A1 = X)m* |V (m*) = 1. (19)

Because the bracket is smaller than aén*) > 1, i.e.m* < mB. Asis to be expected,
the equilibrium level ofn decreases in the difference of the probabilitigs,— p”. It also
decreases in and increases i&. The higher the average level of responsiveness (i.e. the
lower ), the more distorted the benefit level is.

The equilibrium contract is shown in Figureé 3: Each insuriéers utility V7, (depicted by
the indifference curv&€"”) and medical services:*, which determine the utility level for
the H-types,Vy. Average profit per individual equal§f—1, represented by the distance of
contractB to the pooling zero profit ling.

R
A /IVH
pH /IVL
R /25

» m
m* mFB

Figure 3: Equilibrium withr; < 0. For larger levels oF, contractB is above the! -line;
thenmy > 0.

Similar to Figuré®, one could draw the shaded areas aroertavthindifference curveg"#
andZ"z, representing the density of the two risk types. It woulchtbe straightforward
to derive the demand responses of the two risk types if onbeofrisurers deviated from
contractB. Moving, e.g., along th€ "% -indifference curve to the right would keep the
share ofH -types constant and decrease the share-types as indicated by the darkness of
the shaded area aroufid.

The shaded areas also make clear why it is not possible tgdise pooling equilibrium by
offering a contract likeB’, as would be the case under perfect competition, whéneould

be chosen by all thé-types and none of thH -types. With a low degree of responsiveness,
the shaded areas around both indifference curves are witi®warlap atB’, so that an
insurer offeringB’ instead of B would only attract a few mord.-types and a few less
H-types. Because profit pértype,r, is considerably lower aB’ than atB (asB’ is well
below the iso-profit-line for thé.-types throughB which has slope’), offering B’ does
not yield a higher total profit tha.
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The economic forces determining the degree of the distotiothe equilibrium level of
m are easiest to interpret using condition](18), where eatheothree summands captures
one of the forces: With’/(m) > 1, the first bracket, representing thetypes, is positive:
Increasingm along theZ"z-indifference curve increases profit pErtype, because the
indifference curve has a larger slope than therigdine for m < mf'5.

The sign of the second bracket, representing Algypes, is indeterminate: increasing
(alongZ"t) may either increase or decrease profit fletype, depending on whether the
TVe-indifference curve atn* has a larger slope than the isg~line.

The last term captures the effect that increasinglalong Z'2) increases the share of
H-types choosing this insur@,where this increase is given by the density of firdypes
at contractB; in condition [I8), this density is captured by the last kedd:]. Weighting
these additional -types byry then yields the effect on total pr(ﬁ. For the equilibrium
level of m, these three effects have to cancel out.

3.2 The dependence of the equilibrium on the level of corretaon

Replacingu.,s by the respective values as given in Table 1, the FOC witheasip V7,
solved forry yields

5 - (! = plym — 07 (i - i) W' —phm. (20)

oo o1

n

T = n—1
and shows that the direct effect of an increase of the ctioalgkeepingm constant) is a
decrease ofry, and thereby also of: If ¢ increases, the share of the-types among
the L-types increases, so that tlietypes become more responsive (on average). As it is
the L-types, and not thél-types, insurers compete for, this creates an incentiveawige
higher utility V7, which reduces profits.

The FOC with respect to can be simplified to
A[p"'(m) = p" 4+ (1=2) [p"(m) — p"'] (21)

=N Py (m) [1 -3 f <0 (i —~ i)] T =0,

no oo Of

where the second line, except fof;, represents the density of tii&-types. An increase of

¢ decreases this density: Because thaypes, for a positive correlation, consist of a larger
share ofr;-types which are less responsive, increasingoes not attract as may-types

as before.

The overall effect of an increase intherefore depends on how the product of the density
of the H-types and the profit pel/ -type changes. For this overall effect we can state the
following:

2lncreasingm along theZ"~ -indifference curve, of course keeps the number efypes choosing this
insurer constant.

2If 7y > 0, insurers like to have moré&/-types, so the third effect reduces the distortionif < 0,
insurers try to avoid being chosen by tHetypes, which increases the distortion.
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Proposition 1. In the pooling equilibrium,

8m* > > 1 n& ~ 1 1
= f A= = —do|———). 22
05 < 0 for <2 * 2(n —1)(pH — pL)ym o (O’C 01> (22)
Proof. See AppendikAR. O

Condition [22) defines a threshold levelobelow whichm decreases in. Consider first
the case that = 0 (so that the last term if_(22) can be ignored), i.e., that dtipeqor
negative) correlation is introduced beginning from no elation. The threshold level then
is larger thar%; it is below 1 ifg is small, and above 1, & is large.

If the share ofl-types is below the threshold; decreases ih. This is the case confirming
the general notion: If low risks are more responsive, thisdases the distortion. However,

if A is above the threshold, the reverse holds anéhcreases ind. This case is at odds
with the general notion, but it may in fact be the more reléwdrihe two cases for health
insurance markets: Iff-types represent the chronically ill, afidtypes are those who have
not yet developed this iliness, thén- \ represents the prevalence rate: For most illnesses,
the prevalence rate is small, 3awill be close to onéd

The following intuitive explanation can be given for why tiedationship of the correlation
and the distortion reverses if the shard efiypes is large, but only, & is small: We showed
that the distortion ofn depends on the level of correlation only via the product gfand
the density of thef{-types, where the direct effect of an increasé iis a decrease iny
(seel(2D)), and a decrease of the density (s€e (21)). Fofféut @n the product of the two
terms, two cases have to be distinguished:

If 7z > 0, the product of the two terms — which are both positive andedesing — de-
creases. Ifry < 0, the product of the two terms is negative, and what is impoittaen
is how the two factors change in relative terms.rlf decreased relatively little, but the
density decreased relatively much, the product would as=egget closer to zero). This is
exactly the case if the share bftypes is large and is small:

First, if \ is large, the difference in risk type specific profits, — 77 = (p! — p*)m, is
large, because:* increases in\ for A > (1 + /pL/pt)~1, see IIIDE Secondly, ifg is
small, bothm;, andwy are small, see conditioh (1L7). Therefore, the combinatfamlarge
level of A and a low level of leads to the smallest profit péf-type (i.e., the largest loss);
then the decrease afy due to an increase ofis small in relative terms. In addition, X
is large, the relative change of the density caused by araserin is large: see the term
-2 in the last brackets of(21).

So far we considered the case that 0. If 0 > 0, the threshold level of is smaller since

(% — 0%) > 0. If § increases (above zero), the sharesefype C among theL-types

increases: Because tlietypes become more responsi\XéLf,4 increases, which decreases
profits, so for a given level ok, 7y is more negative. Therefore, with> 0, A can be
somewhat smaller forry; to be still negative enough so that the changergfdue to an
increase iny is small in relative terms.

ZE g., for diabetes] — ) is about 6% for most OECD countries; see OECD (2011).
2Note that) also enters.
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To sum up: If the share af-types is large and the average responsiveness is high (se.
small), H-types entail a particularly large loss.jlfncreases, the relative change of this loss
is small, but the relative change of the responsivenessdfittypes is large. Increasing
then attracts a substantially lower shargbtypes which incur only slightly higher losses,
so in equilibrium, the distortion is reduced. This case se@rbe the one most relevant
for health insurance markets: the shargfetypes is small, but eacH-type entails a large
loss.

3.3 Example

We will illustrate all results, both for the pooling and theparating equilibrium, with an
example, for which we assume= 10, Ao = o7 — o¢ = 0.05, p” = 0.2, p’ = 1 and
v(m) = In(m), so that one of the risk types is chronically ill and® = 1; varyings then
yields the three different types of equilibria.

Foro = 0.20, a pooling equilibrium emerges. Assuming an equal shareotif &-types,
i.e.n = 0.5, then requires« = 0.178 ando; = 0.228.

0.55

0.45

0.40 4

-0.05-0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04 0.05

Figure 4: Example witm = 10, Ao = o7 — o¢c = 0.05, p* = 0.2, p = 1 and
v(m) = In(m). m4 for & = 0.20 and—0.05 < § < 0.05.

Figure[4 shows the equilibrium levels of as a function o for three different values of
A. ForA = 0.5 and\ = 0.7, an increase in the correlation redueesbut for a high level
of L-types ¢ = 0.9), it increasesn 24 Table[2 shows the corresponding profits ferand
H-types: In all three cases, profit pertype decreases ifbecause insurers — competing
more heavily for thel-types if they become more responsive — provide highertyfify,

by charging a lower premium. Whethéf-types incur a profit or a loss depends anFor
A= 0.5, 7y > 0, som decreases in. For\ = 0.7, 7y < 0, butis close to zero, so that the
decrease of;; due to an increase ihis large in relative terms. Finally, fox = 0.9, wy is
negative enough, so that its decrease is small in relatimestand more than compensated
by the decrease in the density of tHetypes.

BFor A = 0.9, § is confined to the intervel-0.05, 0.05], so that allus > 0; this is why we present the
results only for—0.05 < § < 0.05.
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Table 2: Example witm = 10, v(m) = In(m), p* = 0.2, pf = 1,7 = 0.5, 0c = 0.1781,
o7 = 0.2281, for different values of\ ands.

A‘d‘m*

L TH

0.5| 0.00 | 0.455| 0.4040 0.0404
0.5| 0.05| 0.447 | 0.3967  0.0389

0.7 | 0.00 | 0.421| 0.3233 -0.0136
0.7 | 0.05| 0.418| 0.3183 -0.0157

0.9 | 0.00| 0.519| 0.2638 -0.1517
0.9 | 0.05| 0.529 | 0.2594 -0.1641

4 The separating equilibrium

In the separating equilibrium, two types of insurers canisgjuished. We denote insurers
offering a contract for thé-types as insurers of typé, and insurers offering a contract for
the H-types as insurers of typB. The number of insurers is* andn? respectively, with
n? +nP = n. We denote insurer type by and B, and not byL and H, because the
contracts offered by insurers of typk although designated for tHetypes, may be chosen
by both risk types; the same applies to the contracts offieyedsurers of type3.

Because insurers of typB offer a contract designated for thé-types, we express their
objective in terms of V2, mP} instead of{(VZ, mP}. The FOCs for the two types of in-
surers are explicitly stated as conditions] (Z4)}-(27) in émgix[A.1. In addition, as insurers
can decide whether to be of typeor type B, the following profit equality condition,

ZZ% T ZZursPﬁ P =7, (23)

has to be satisfied. This condition implicitly define$ andn”. However, since:” and
n® have to be integer, it is only an approximation. As it is nopartant for deriving the
results, we refrain from elaborating on a formula that detees whethen* as given by
(23) has to be rounded up or Bf

Because there is an intuitive graphical derivation for wig/impact of a correlation of risk
type and responsiveness in general is ambiguous for theatieEgaequilibrium, we focus
on this graphical derivation and only refer to the FOCs toficonthe results. We begin
with the case of a low level aF, so that only the benefit level of thie-types is distorted
(Section4.11); the case of an intermediate leveF afhere both benefit levels are distorted
is analyzed in Sectidn 4.2.

ZNote that the requirement of* andn? to be integer can, for some parameter settings, cause the non
existence of an equilibrium: For some valuesdf andrn”, it may be profitable for an insurer of typ@ to
enter the market for thé-types and become an insurer of tyde but after the new ‘equilibrium’ has been
attained, wherer?* is decreased and” increased (because the increase8fincreases competition among
insurers of typed, while the decrease of® decreases competition among insurers of tf#)e the same
insurer may then find it profitable to become of tyBeagain. This problem of the existence of an equilibrium
is discussed in greater detail in Lorenz (2013).
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4.1 The separating equilibrium for a high level of responsieness
4.1.1 The equilibrium without correlation

We first give a brief intuitive explanation for why, in FigilBecontractsB and A3 constitute
the equilibriun®]

A
mt'B

Figure 5: Separating equilibrium: contradésand A are offered.

With perfect competition, and applying the equilibrium cept of Rothschild and Stiglitz
(1976), the equilibrium consists of contraBt chosen by theéZ-types, and contract;,
chosen by thd.-types (with both iso-profit lines shifted downward so threyt pass through
the origin)<9 However, as the shaded area aroundzihe -indifference curve shows, with
less than perfect responsiveness, a considerable shdre Bftypes chooses contragt .
Because thesél-types, when choosingl, entail a large loss, insurers of typehave to
shift their contract to the left.

Assume, that it is shifted td,, where (almost) none of thE-types choose this contract.
But then an insurer of typel could move its contract along th8'%' -indifference curve
to the right: This would leave the number bftypes choosing this insurer unaffected, but
increase profits peL-type,wf It would also increase the number Hf-types choosing
this insurer, but since the average density of theypes is (almost) zero at contradt, at
the boundary of the shaded area this effect is of second.drterthird effect when moving
alongIVLA is ambiguous: Depending on whether the slope offthé-indifference curve is
smaller or larger than the slope of the iso-profit lines fa Hrtypes, this will increase or
decrease profit pefl -type,w;}.

2’This section is again similar to Lorenz (2013).
2gee Zweifel et al. (2009), chapter 7. In Figlite 5, we assdme0.5, so thatn” = n?. Forn? # n?,
the iso-profit lines start at different points on the ordinat

This is because the slope of tA&: -indifference curve is larger than the slope of theisblines for all
contracts withn? < m'Z.
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Insurers of typed will move their contract to the right until these three effee the increase
of 72, the increase aP}}, and the change of;: — cancel out, which will be at a contract as
indicated byAs;.

Therefore, in equilibrium, a small share of thetypes chooses the contracted designated
for the L-types. This contrasts with the contract offered by insudditype B: As contract

B is far away from the shaded area that can be drawn arour'thendifference curve,
none of theL-types choose contraé. As there is no interference of thetypes, contract

B is at the efficient level, as in the case of perfect compaetitio

4.1.2 The dependence of the equilibrium on the level of cortation

We will now analyze how this equilibrium is affected by a @dation of risk type and
o-type. We will first show that an increase in the correlatieads to a ‘shift’ of the indiffer-
ence curveg":' andZ"# , and then how these shifts together with the change of thiesha
area aroundV# affect the distortion ofn .

We begin with the insurers of typ®, which are chosen by thEC- and H I-types. Replac-
ing u,s in the FOCs[(2W)E(27) by the respective values as given ieTabit can first be
shown that for the FOC with respectite” the effects off cancel out, so that'(m?) = 1
still holdsBd As contractB is chosen only by thé{-types, there is no reason to offer an
inefficient benefit leveln?, irrespective of the level of correlation.

We next consider the direct effect of a (positive) correlatonV?:

As is apparent from the shapes of the two densities whichtitotesthe shaded area around
TV#, the H-types choosing insured consist primarily ofo-type I, so P}, > Pji.; see
Figure[1, where contrac; could be, say, at 0.5. Those for which the additional utility
component plays a larger role when choosing an insurer areries who have a higher
probability of choosing the ‘wrong’ benefit package. Insaref type B therefore lose a
larger share of théf [-types than of théZ C-types to insurers of typ4d, soPﬁC > PP

The ‘number’ of individuals of the twe-types choosing an insurer of typeare HCP}_E;C
andpu HIP}-}’I. If 0 increasesy.yc decreases andy; increases. The direct effects of these
changes, hoIdingﬂ?F andPgs constant, can be found in Taljle 3, which is to be read as
follows:

For insurers of type3, the number ofH C-types decreases and the numberf-types
increases; the total number Bf-types decreases, and the share ofithypes among the
H-types increases (see column two of Te[BIE]b).

These changes have the following direct effectsigf: First, the decrease in the total
number of H-types choosing an insurer of type creates an incentive to increadg’:
This is the “more competition due to a larger external masketre”-effect: The larger the
share of individuals who have chosen another insurer (mxahse, an insurer of typ#),

%0see condition(31) in AppendixA.3.
31The total number off-types decreases becaudedd = PL Apnc + PEAunr = —PEoAS +
PE.AS < 0for PF- > PE;.
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Table 3: Direct effect of positive correlation holdigf, constant. The first entry is to be
read asa%(uHCFflc) < 0; the next entry in the same row %(Mcﬁfc) > 0, and so on.

insurerB insurerA
H-types L-types ‘ H-types
C - + -
I + - +
C+I1| - VE Al o + VAN mft N
o7 | VEN - VR 0 VI mt(ON)

the larger the demand response whép is increased. Secondly, the increase of the share
of o7-types among théf-types decreases the density of tHetypes at contracB, which
creates an incentive to decredgé: As the H-types become less responsive, this reduces
the incentive to provide a higher utility.

In general, the aggregate of these two effects is indetemirHowever, the first effect can
only be important if the number of insurers of typeis small. If it was large, each insurer
of type B would have a small market share, so the external market siwrl be close to
one. In this case, any increase in the external market shau&viee small, and therefore
also the “more competition due to a larger external markateskeffect, which would then
be dominated by the second effect.

Lemma 1. If n® is large enough, the direct effect of an increasé is a decrease of 7.
Proof. See AppendikAl. O

Consider now the insurers of typke which are chosen both by tietypes and thé{ -types.
The direct effects of the changesyins due to the increase @f holding P;‘; constant, can
be found in the third and fourth column of Takle 3. As can bexgeam column three, the
number of LC-types increases and the numberidf-types decreases; witﬁf‘c = Pf‘f,
the total number of-types is unaffected. The only effect &' caused by thd.-types is
due to the lower share of-type I, which increases the density of thetypes at contract:
As the L-types become more responsive, the incentive to offer aehigtility increases, so
v is increased.

Insurers of typed are, however, also chosen by thetypes. The last column of Tabé 3
shows that the number &f C-types decreases and the numbeHdf-types increases. The
total number ofH-types increases, as does the share ofsthygpe T (unlesng}C =0,

in which case it stays constant); this raises the averagsitgasf the H-types at contract
A, which creates an incentive to redutg'. However, this second effect is small and
dominated by the first effect i, (and therefore als®};) is small; then an increase of
w1 increases the total number &f-types choosing an insurer of typeonly to a small
degree.

Lemma 2. If P, is small enough, the direct effect of an increasé is a decrease of/.
Proof. See Appendik AL. O
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Figure 6: Equilibrium beforeffy, Ag) and after 81, A1) an increase of the correlation of
risk type and responsiveness.

If nP is large enough ané;}, is small enough so that the main effects domin&tg, is
decreased (because tHetypes become less responsive) ézfzéi is increased (because the
L-types become more responsive). These changégFirand VLA can be depicted by an
upward shift of theZV# -indifference curve and a downward shift of & -indifference
curve; see Figurlg 6, where rather narrow shaded areas hewellmvn so that these shaded
areas do not overlap. Clearly,:t“ did not change, a higher share of tHetypes would
choose the insurers of typé This creates an incentive to reduce’.

In addition, there is a second effect en’ that is independent of the changesléf and
VLA: As ¢ increases, the average density of fildypes increases in the tails. This increase
of the density of theH-types at contract creates a second incentive to redueé. In
Figurel®, this is reflected by the darker boundaries of theuppthe two shaded areas, and
by a distance to the indifference curves of flietypes that is larger for contraet; than for
Ay.

Proposition 2. If the number of insurers offering a contract for thetypes is large enough
and the share off-types choosing a contract designated for fhyypes is small enough,
thenm decreases if the correlation of low risk type and high reseeness increases:

% < 0 for P4, small enough ana” large enough.
Proof. See Appendik/Al6. 0

We comment on the implications of this result in the disaussection.

If the conditions of Propositiol 2 are not satisfied? may decrease ifi, as we now show
with the second of the following two examples.

19



4.1.3 Example

We now illustrate the results of Propositigh 2 using the gxanmtroduced in Sectidn 3.3.
Here we assume a low level @f so that the separating equilibrium emerges. Wit 0.05,

we haveso = 0.0354 ando; = 0.0854. The equilibrium values of2* are shown in Fig-
ure[7; the equilibrium values of some of the other variableslme found in Tablel4, where
we show the results always for the lowest levebdbr which each combination of“ and

nB occurs@ Forn® = n® = 5, we also present the results for a few more value$ s
that the effect orVLA, Vh]? and the market shares can be seen. In addition, the Rotthschil
Stiglitz-equilibrium is given in the first row.

mA

0.38

0.37
0.36

0.35

0.34

0.33

0.32

0.31

Lé

0.30 A A
-0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25

Figure 7:m* for —0.25 < § < 0.25.

For all levels ofs, m? is at the efficient level ¥ = 1B As can be seen from Figui 7,
m* in general decreases in but there are a few upward jumps, which occur whenever
n“ decreases by ofid. If we compare the different levels ofi4 from Figure[T with the
Rothschild-Stiglitz-equilibrium where: = 0.398, we see that depending on the levebpf
the distance ofz* to its level under perfect competition can differ by a facbtwolPd The
distortion ofm“ clearly depends on the level of correlation of risk type a@sponsiveness.

For ¢ increasing from -0.03 to 0.07, we see the opposite effect!;’térand VB While
insurers of typeA increaseVLA from -0.363 to -0.358, insurers of typ@ decreased’
from -1.058 to -1.068. Accordingly, profits for insurers gpe A decrease from 0.0068 to
0.0055, while profits for insurers of typB increase from 0.0054 to 0.064. dfincreases
above 0.07, there exists an incentive for one of the inswketgoe A to offer the contract
designated for thé/-types and become an insurer of tyBetherefore,n” increases.

Comparing the utility levels provided by the two insurere gee that the difference for
the L-types,VLA — V£, is much larger than the difference for tie-types, V7 — VI;,“.
Accordingly, none of the_-types choose contradt (P2 = 0), but some of the-types
choose contractl, where the share of the-type [ is larger than the share of tlwetype C

%2E.g., the smallest level dfso thatn® = 6 is§ = —0.15.

33We therefore omiin® from Figurd¥ and Tablgl 4.

34For those values of for which an entry is missing in Figufd 7, an equilibrium does exist, see foot-
note[26. If we determined” andn? according to formuld{23), i.e. as a real instead of an intagenber, all
equilibria exist andn* would be strictly decreasing ihfor all levels ofs.

BAmA(6 = 0.19)/Am™ (6 = —0.25) = (0.398 — 0.322)/(0.398 — 0.363) = 2.17.
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Table 4: Example witm = 10, v(m) = In(m), p* = 0.2, p! = 1, A = 0.5, n = 0.5,
oo = 0.0354, o; = 0.0854, for different values ob. The first row contains the Rothschild-
Stiglitz-equilibrium (RS).

5o |nt P mt | VA VP Ve VE | Phe PR PR xt AP
RS| - -] .398|-264 -100 -100 -104 - . - - -
25| 7 3| .363|-393 -1.05 -1.20 -1.054 .0045 .041 .00 .0080 .0084
15| 6 4| 352|-375 -1.05 -1.21 -1.052 .0028 .032 .00 .0072 .0062
03| 5 5| .342|-363 -1.06 -1.22 -1.058 .0019 .026 .00/ .0068 .0054
00| 5 5|.337|-361 -1.06 -1.23 -1.06Q .0016 .024 .00 .0064 .0057
03| 5 5|.333|-359 -1.06 -1.24 -1.063.0014 .023 .00 .0060 .0059
07| 5 5|.327|-358 -1.07 -1.25 -1.068.0011 .021 .00| .0055 .0064
09| 4 6|.336|-356 -1.07 -1.23 -1.068.0018 .023 .00 .0072 .0053
23| 3 7|.330]-354 -1.09 -124 -1.093.0022 .024 .00 .0088 .0062

(P#; > Pj > 0); e.g., fors = 0.00, about 12% of thefl I-types (2.4% for each of the
five insurers), but only about 0.8% of tii&C'-types choose an insurer of typge

We now alter two of the parameters of the example to show tiafrtain result may be
reversed, i.e., thak may increase id. In Figure[8, we depict the increaserin® for an
increase ob from 0.00 to 0.01, for different levels of\ (the different curves) angl (on the
abscissa). For most levels af m* decreases id irrespective of the level of. However,

if both X andn are high (e.gA = 0.9 andn = 0.9), m* increases in. If X is large,n” is
small (because there are not makiytypes). In addition, if; is large, the share of the;-
types is small; then, i§ increases, the increase of thd -types (who are the ones choosing
an insurer of typed) is large in relative terms. Therefore, if bolhandn are large, there is
a particularly strong ‘more competition due to a larger mdémarket share’-effect, so that
V2 increases, which leads to a decreasendf

A

Am
0.001
0 T T T n
0.4/0.5/' . 07 08 08

A=091

0001 X =09 —
A=028

0002 - A=07
A=0.6

-0.003 - A=0.5

Figure 8: Increase of* for an increase of from 0.00 to 0.01 for different levels of\ and
n, i.e, AmA = mA(6 = 0.01|\,n) — mA(s = 0.00|\,n).

21



4.2 The separating equilibrium for an intermediate level responsiveness
4.2.1 The equilibrium without correlation

In the previous section the separating equilibrium for allevel of &, where only the con-
tract for the L-types is distorted, has been analyzeds Ihcreases, at some point insurers
of type B begin to distort the contract designated for fliegypes, and itz is large (but still
below the level for which the pooling equilibrium emergetb)e distortion ofm? can be
substantial.

The reason for the distortion ofi” is the following. For a low level of, the shaded
area around the indifference curve of thaypes is so narrow that contraBy is far away
from it. If & increases, the distribution functiori®, are spread out, so that the shaded
area around’Vi' becomes wider; at some point, it ‘reaches’ contidgtand ifo increases
further, contractB will be inside this shaded area, see Fidure 9.

R
A By Vi
Tvit
» m

Figure 9: Separating equilibrium with two unobservablé tigoes; o large: ContractB
distorted fromB to B;.

If contract By is inside the shaded area aroun', an insurer of typeB can increase its
profit by moving its contract along tHEV# -indifference curve to the left: This leaves the
share ofH-types choosing this insurer unaffected, but increasestibee ofL-types@ Of
course, moving along th&"# -indifference curve also reduces profit pértype, 75, but
initially, asm is close tom!"B, this effect is of second order. Contragg will therefore be
shifted to the left, until these three effects cancel out.

4.2.2 The dependence of the equilibrium on the level of corfation

It follows immediately how the distortion of.? is affected by a positive correlation of risk
type and responsiveness if the two main effects describ#tkiprevious section dominate,

%This is because the slope of t#&7 -indifference curve is larger than the slope of the Rfi-curves,
which are identical to the slope of tH&'Z -indifference curve.
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so thatV/? is decreased anid/! is increased: Both the upward shift ¥ and the down-

ward shift ofZVZ' move contrac closer to the boundary of the shaded area ardiiid:
This decreases the density of thetypes at contracB, so the incentive to distori” is
reduced. With the lower density of tHetypes, insure3 now attracts fewef.-types when
moving contractB anngIVf? to the left, so that the countervailing effect of the decedas
profits for theH -types will stop the distortion whem is closer tom'5.

Like in the previous Sectidn 4.1.2, there is an additionflatfthat reduces the distortion of
mP, irrespective of the change bﬁ andVLA. As shown above, if increases, the shape of
the density represented by the shaded area arplindncreases at the mode and decreases
in the tails. Because the density of thetypes decreases at contrdgf the incentive to
distortm? is reduced again. We can therefore state the following tesul

Proposition 3. In the separating equilibrium for intermediate levels@fwvherem? is
below the efficient leveln? increases in the correlation if the main effects dominate so
that V7 decreases anti/! increases:

oV ovE
7% > 0and i < 0.

B
If mP < mf'B, thenZZ— > 0 for

4.2.3 Example

We illustrate this result using the same example as befomre Me set = 0.17, which
requiresoc = 0.1486 ando; = 0.1986. We refrain from presenting the results as detailed
as in Tablé#, but only show the levelsmaf* andm? in Figure10.

1.0

0.9
048 /\

0.7

0.6

0.5

0.4 m

LR B e e e e e e )
-0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25

Figure 10:m4 andm? for o = 0.1486, o7 = 0.1986 and—0.25 < § < 0.25.

Again, the downward jumps of:? occur for all levels ofs, for which an increase in”
emerge@ As can be seen, there is a small and steady decreasé dbut a considerable
increase ofn” from 0.755 to 0.935 a& increases from -0.25 to 0.25. We comment on the
implications of this result in the following section.

%"In this example, the equilibrium exists for all levels®fso there is no entry missing in Figire 10.
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5 Discussion

5.1 Implications of the results

The purpose of this paper is to show that the distortion ob#refit levels caused by adverse
selection not only depend on the shares of risk types andrdrage level of responsiveness
(via the type of equilibrium that emerges), but also on tivellef correlation of risk type
and responsiveness.

We think that the results derived have three main implicetioThe first one regards the
policy intervention of making individuals more responsig e.g., providing easy access
to information about the contracts offered by insurers. &mmple of such a policy inter-
vention are the government run websites about the Healthidnse Exchanges in the U.S.
We do not question the usefulness of these websites, buttavaoint to a side effect such
information provision may have. For the pooling equililniwe showed that the effect of
such a policy intervention not only depends on how the aweragponsiveness changes, but
also on which of the two risk types is affected more. Inténgsg, for the parameter setting
which is likely to be the most relevant one for health inseeamarkets — a small share of
H-types which incur a large negative profit — increasing tlspoesiveness of the-types
(e.g., the chronically ill) has the most detrimental effetthe distortion, and therefore on
welfare. This shows that an information campaign about thedity of insurers’ benefit
packages that is specifically targeted at the chronicdllauld have the largest negative
side effect on welfare.

The second implication regards the separating equilibifioma high level of average re-
sponsiveness, which is similar but not identical to the ldgium under perfect competi-
tion. Some studies have used the sets of contracts offesmparating equilibria to estimate
individuals’ risk aversion (the curvature of the indifface curves). Our analysis shows that
with less than perfect responsiveness, the ‘averafgype — i.e., average with respect to
the additional utility components — is not indifferent beem the two contracts. Instead, the
contract for thel-type is located to the left of the indifference curve of ttietype (in the
benefit-premium-diagram). This distance between the aohand the indifference curve
could be considered a ‘measurement error’. It would leaddovenward biased estimate of
the level of risk aversion, as the indifference curve for thaype appears to have a lower
curvature than it actually has. Our analysis shows thatiteeds this measurement error is
largest for a positive correlati. It may therefore be important to take this measurement
error into account when estimating the level of risk aversio

The third implication regards the separating equilibriwundn intermediate level of respon-
siveness where both benefit levels are distorted. For suepaaating equilibrium, even the
benefit level of thelf -types depends on the level of correlation of risk type asgaasive-
ness; as the example given in Secfion 4.2.3 showed, the tropdee correlation on this
benefit level can be substantial. The contract forihéypes may therefore be a (severely)
biased indicator of the efficient benefit level. If this biadarge, this may have to be taken

%8|n the example of Sectidn 4.1.3 we found a factor of two whemaring the largest and the smallest
distance ofn” to the respective level under perfect competition.
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into account when estimating the overall welfare effectadyerse selection. In fact, recent
empirical studies have found surprisingly low estimatethefwelfare consequences of ad-
verse selection caused by inefficient pricing afigenset of benefit packages.However,
as explicitly stated by Einav, Finkelstein, and Levin (2))1Be welfare losses due to an in-
efficient set of benefit packages may be much larger, and alysis shows that the level of
these additional welfare losses depends on the correlatiosk type and responsiveness.

5.2 Robustness of results

In the discrete choice model we analyzed, we made a numbénpfifying assumptions.
Several of these assumptions have been discussed in L&emh3)( to which we refer.
There it has been shown that the model can also be appliesliférs can offer more than
one contract or if the premium is set by a regulator and insuoer multidimensional
benefit packages; there it has also been discussed why therdi#erty does not cause a
problem for this model, so that the conditional logit is mampropriate than the nested
logit model, and that the equilibrium is very similar for ettdistributional assumptions for
ei; than the extreme value distribution.

Here, we discuss the simplifying assumption that there malseta/o types of responsiveness
to differences in the benefit-premium-bundles offered. Wektthat the results are very
similar if there are more than twe-types or if there is a continuous distribution &f

—1
types: In this case, the expression do& (% + 10_—1") would have to be augmented by

the additional risk types or replaced by the respectivegialeterms, but the main results
should still hold. For the separating equilibrium, the imipaf a correlation depends on
how this affects the utility Ievels‘/(LA and V%) and the shape of the shaded areas around
the indifference curves: A positive correlation will inese the responsiveness of the
types and decrease the responsiveness offthgpes also in this more general case; then,
as long as a positive correlation raises the density clogbetdoundaries of the shaded
area around the indifference curve of tHetypes and lowers it for the shaded area around
the indifference curve of thé-types, the distortion of the contract for thietypes should
increase, and (if a distortion existed) decrease forHhypes. For the pooling equilibrium

it was shown that the impact of a correlation depends on vendktie share of low risks is
large ands is small, so that thé-types incur a large negative profit. As the effect of a
(positive) correlation only depends on the product of tlagative profit and the density of
the H-types, where the relative changes of these two factorslyndapend on the share
of L-types and the average level of responsiveness, the resutid pooling equilibrium
should also not be affected by the numbetéiypes.

6 Conclusion

We have analyzed how the distortions of (health) insurezs€fit levels caused by adverse
selection are influenced by a correlation of risk type andarsiveness to differences in the

39See Einav, Finkelstein, and Cullen (2010), Bundorf et d110) and Handel (2013).
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contracts offered by insurers. Within a discrete choice ehadhich endogenizes whether a
separating or a pooling equilibrium emerges, we showeddlf@fing main results: For the
pooling equilibrium, the effect of such a correlation degeion the share of low risks and
the average level of responsiveness. If the share of low itsskmall, a positive correlation
increases the distortion; if the share of low risks is lartdpe reverse holds, but only if
the average level of responsiveness is high. For the sapmpequilibrium the effects of a
positive correlation are ambiguous. If the main effects mhate, i.e., if the share dff -types
choosing the contract designated for fiwypes is small enough and the number of insurers
offering the contract for thél -types is large enough, a positive correlation will incectiee
distortion of the benefit level for the-types, while the distortion of the benefit level of the
H-types — if such a distortion exists — will decrease.

Regarding policy implications we discussed that selelgtircreasing the responsiveness
of the H-types (by, e.g., providing information about insurergeo only to the chronically
ill) has the largest welfare-decreasing effect in the papkquilibrium. For the separating
equilibrium we showed that it may be important to take intocamt that the benefit levels
of the two contracts are affected by the level of correlatibrisk type and responsiveness
when estimating the degree of risk aversion or the welfdexef of adverse selection.
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A Appendix

A.1 First order conditions for the full model

The FOCs in the full model with two risk types and twetypes are:

om" PE(L—=PE) . &
wp = e[ ] = -
ok
D = 2 D s [ )
Pt (1 — Pk
# 3 | U)o 25)

For the separating equilibrium where we distinguish insucd type A and typeB, in (24)
and [2%) .k has to be replaced by; in addition, the FOCs for insurers of tygeare:

onP PB
vp L L [7> ? —sz] —0 (29
H S
87?3 PB PB
omB Z MLSPLs Z KLs— ———— Za( Ls) (pH - pL)U/(mB)WL
+ Z prs P [p"0'(m”) = p™] . (27)

A.2 Proof of Proposition[]

The only terms in{21) containingjare the last two factors, i. e[l 25 (i — J%)} TH.

oc
Substituting [(2D) forr 7, this expression equals

ne [ 252 (1 1N\ 4
- - — - — - 28
— A p)m+1_A<UC —) @' =p"m (28)
do 1 1 gL no
—— =) |@ex-1 — — .
b0 (- 1) - 0ot - pm-
Taking the derivative of(28) with respectdand dividing by1 X (i - —) yields
@23 = )" — phym — = 4 255 (i - i) (" = ph)m. (29)
n—1 oo OF
This expression i% zero for
> 1 7”[,5 ~ 1 1
e Tk ) B

Therefore, [(2B) decreasesdnf )\ is smaller than the right hand side Bf{30); th€ivn)
has to increase, i.e2 has to decrease so thaf)(21) is still satisfied.
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A.3 FOC of insurers of type B with respect tom? if & is small
With PE., = 0 and PZ, = 0, condition [27) simplifies to

[MHCPI?C + IUHIPEI] [PHU/(mB) - PH] . (31)

Thereforep’(m?) = 1, irrespective ofuyc andpuy;, and therefore irrespective 6f

A.4 Direct effect of an increase ind on 72

Using thePfC = 0 and PP, = 0 and replacingu,s by the respective values of Talfle 1,
condition [26) solved forZ yields:

(L=X) [nPfo+ (L —n)PE,] +0(PF, — PEr)

B _
Y [PPEellPhc) y Go0PEO-PEN] g [PRAPED  PEoCPEQ)]
(32)
Taking the derivative with respect éowve have
1-PE 1-PE
aﬂ'g . (1 - A)PEIPI]—E[;C < UCHC o O’]HI) (33)

00 D? ’

where D is the denominator of (32). Therefore, the direct effectmirecrease in is an
increase inr% if n? is large enough so that both— P5 and1 — Pj, are close to one.

A.5 Direct effect of an increase inj on 77

Taking the FOC of insure with respect toVLA, solving for7r£1 and taking the derivative
with respect toj holding all P/} constant yields that the sign of this derivative is equal to
the sign of

n_l(pH—pL)mA [(Pﬁl(l_PII{L‘I) PII{L‘C(l_PﬁC)>% (34)
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The last line of [(34) is negative, but the first line is positand may, depending on the
levels of A andn, dominate the negative second line; likewise, the posftoveth and fifth
line may dominate the negative third line. However, if tharghof H-types choosing an
insurer of typeA is small enough, so thdt;;, and Pj;; are close to zero, we have

o fomt n—1/1 1\A\
S|gn<W>_S|gn<— — <£—0’_1> ﬁ>__1' (35)

A.6 Effect of a (positive) correlation onm? in the separating equilibrium

Replacing bothP;, and P;; by -L;, condition [25) can be simplified to
A L,/ A L
—x (P70 (m%) = p7) (36)
+[(1- NP + (1 —n)Pfi) + 6(Pii; — Pﬁc)] (p"0' (m?) —p)
TRV AL RET. R RN T A

oo or

+6 <P]{{4[(1 - P]{{LXI) _ ch(l - P]{{LXC’)>:| (pH —pL)Wﬁ’U,(mA) —0.
oy oc

If the main effects dominate, an increase)déads to a decrease U;’,B and an increase of
VA, this leads to an increase of bofty}, and Pj;. This increases the brackg} in the
second line of[(36), so’ has to increase, becausé > p’. It also increases the bracket
[] of the third and fourth line, so’ has to increase again, becauggé < 0. In addition,
the bracket in the second line also increases due to theageiad itself, sov’ has to be
increased again. Finally, an increasejiimcreases the last bracket of the third and fourth
line itself, sov’ has to increase again. Thereforej ihcreases;n decreases.
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