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Abstract

This paper analyzes the interaction of direct and indirestt selection in health
insurance markets. It is shown that direct risk selectiosirgimeasures unrelated to
the benefit package like selective advertising or ‘losimplacations of high risk indi-
viduals — nevertheless has an influence on the distortiotiedfenefit package caused
by indirect risk selection. Direct risk selection (DRS) n&ther increase or decrease
these distortions, depending on the type of equilibriuno(ipg or separating), the
type of DRS (positive or negative) and the type of cost for DR8ividual-specific
or not). Regulators who succeed in reducing DRS by, e.gnibgrexcessive adver-
tising or implementing fines for ‘losing’ applications, mterefore (unintentionally)
mitigate or exacerbate the distortions of the benefit paelaysed by indirect risk
selection. Itis shown that the interaction of direct andriect risk selection also alters
the formula for optimal risk adjustment.
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1 Introduction

Risk selection is considered to be one of the main problemsgunlated health insurance
markets. If there is community rating, so that insurers ateaiiowed to charge premiums
according to risk, they will make profits with some individgjaand losses with others.
Insurers who act on these incentives to attract profitabdierapel unprofitable individuals
are said to be engaged in risk selectbn.

Two forms of risk selection can be distinguished: diredt 8slection (DRS) and indirect
risk selection (IRSE With DRS, insurers know that a particular individual or gooof
individuals is characterized by non-average risk. DRSésdfore targeted at an individual
the insurer has identified to either be a high or a low risk ke, e.g., a hypochondriac)
or at a group of individuals the insurer knows to have norraye expected cost (like,
e.g., a certain age group or individuals living in a high casta). Usually, the measures
taken for DRS are not related to the benefit package (i.emttdical services) offered, like
selective advertising or ‘losing’ applications of highl«imdividualﬂ It has been shown
that potential profits associated with successful DRS casubstantid]

With IRS, insurers do not know which particular individualdf high or low risk, but only
know that there are different risk types in the populatiohe Theasures taken to engage in
IRS usually consist of distorting the benefit package, sbitlimattractive for low risks, but
not for high risks. Several studies have shown that the ihenfor IRS can be severe, and
that insurers do indeed act on these incentizes.

Regulators can counteract the incentives for both DRS aBdofRimplementing a risk ad-
justment scheme, setting transfers to (and from) insurepgrding on some signals which
are informative about individuals’ expected cost. Thera iuge literature on risk adjust-
ment, dealing primarily with the formula that is used to cddte these transfers. In almost
all risk adjustment schemes, this formula is based on assigre of actual health care ex-
penditures on a set of explanatory variables like age, gealé morbidity. Most of the
literature has been concerned with improving this undeglyiegression by, e.g., including
additional variables or altering the grouping algorithnn édagnoses in morbidity based
risk adjustment, so that a larger part of the variance ofaexpenditures is explained. The
larger the explained part of the variance, the closer thesteas are to actual cost, and the
lower the incentives for risk selection should be.

There is only a small literature that departs from this stiathl approach. Initiated by the
very influential study of Glazer and McGuire (2000) on optimisk adjustment, this litera-

ture explicitly models insurers’ incentives for risk selen and determines how a regulator
can mitigate or even eliminate these incentives. In this $itsdy, they have shown that a
regulator can increase the effectiveness of a risk adjugtswheme by distorting the pay-
ments as calculated from conventional, regression-baskehdjustment: there has to be

See van de Ven and Ellis (2000).

2See Breyer et al. (2011).

3van de Ven and van Vliet (1992) provide an extensive list ohsuees insurers may use for risk selection;
for differential treatment of low and high risks’ appliaatis see Bauhoff (2012).

4See Shen and Ellis (2002).

®See Frank et al. (2000), Cao and McGuire (2003) and Ellis ao@itre (2007).



overpayment for signals which are correlated with highgiakd underpayment for signals
which are correlated with low risI&.OptimaI risk adjustment has also been derived for a
setting where individuals differ in their elasticity to $ah insurers or where insurers are
allowed to vary their premium in some dimension, as is the ed@th age in the insurance
exchanges in the U$For conventional, regression-based (instead of optinik)adjust-
ment it has been shown that more precise risk adjustment eegase welfare if there is
imperfect competition and that it may — depending on the stratture of risk selection —
increase the extent of risk select®n.

An important implicit assumption in these studies on optingk adjustment (and in all
the literature on risk selection) is that IRS and DRS are tigtirett problems, which are
independent in the sense that DRS has no impact on the @listouf the benefit package
caused by IRS. Since DRS regards activities which are uerkta the benefit package (like
selective advertising or ‘losing applications’ of the higéks), such an assumption seems
convincing.

In this study, it is shown that this assumption only holds dagpecial case of DRS, but
that in general (the degree of) DRS has an influence on thertiists of the benefit pack-
age caused by IRS. DRS may either decrease or increase fses#iahs, depending on
whether insurers try to attract the low risks (positive DRSJo repel the high risks (neg-
ative DRS), whether a pooling or a separating equilibriuneas, and whether the cost
for DRS is individual-specific or nét.A regulator who succeeds in reducing DRS by, e.g.,
banning excessive advertising or charging a fine for ‘losamplications of high risk indi-
viduals, may therefore unintentionally mitigate or exaege the distortions of the benefit
package.

Table 1: Overview of results: Effect of DRS on the distortafrthe benefit package

cost ‘ positive DRS negative DRS

‘ pooling equilibrium

non-individual-specific no effect no effect

individual-specific distortion decreases distortion increases

‘ separating equilibrium

non-individual-specific no effect distortion decreases
individual-specific distortion decreases distortion decreases

Table1 gives an overview of the results: Positive and neg&RS with individual-specific
cost create opposite effects in the pooling equilibriunt, ddnilar effects in the separating
equilibrium. In the pooling equilibrium, DRS only has anesffif cost is individual-specific;
in the separating equilibrium, the distortion of the bengditkage can also be affected for

6See also Glazer and McGuire (2002) and Jack (2006).

"For the first setting, see Bijlsma et al. (2011), and for theed, McGuire et al. (2013) and Shi (2013).

8See Lorenz (2013) and Brown et al. (2011), respectivelyhénempirical part of their study, Brown et al.
(2011) find such an increase in the extent of risk selectionitfe Medicare Advantage program in the U.S.;
however, there has been some disagreement on this findmglesehouse et al. (2012).

*We will explain in greater detail what is meant by the termividlial-specific cost in the next section.



non-individual-specific cost. Interestingly, except fegative DRS with individual-specific
cost in the pooling equilibrium, DRS always decreases th®rdion (if there is an effect at
all); however, as we will show in the following sections, thasitive impact on the distortion
is not caused by the same mechanism in the different settings

We finally show that the mechanisms which lead to these esldb have an effect on
the formula for optimal risk adjustment developed by Glaaed McGuire (2000): the
overpayment for a signal that indicates a high risk has talget or smaller than without
DRS, depending on whether there is positive or negative D&pectively.

We are not aware of any theoretical study that explicitly siedhe interaction of direct
and indirect risk selecti Some of the results regarding the distortions caused by IRS
have been derived under perfect competition, but DRS sesrnsipatible with such a set-
ting where individuals are perfectly informed about all éfinpackages and premiums, and
always choose the insurer who offers the best benefit pagkameium combination. We
therefore derive our results within a discrete choice modéich can easily capture dif-
ferent levels of competitio@ To keep the model simple, we consider the case that the
benefit package is one-dimensional, but the results caragustell be derived for a multi-
dimensional benefit package and when the shadow price aphpadd-rank et al. (2000) is
employed; they also hold for a setting where the premiumtibgea regulator and not by
insurers.

The remainder of this paper is organized as follows: In 8ad, we introduce the basic
discrete choice model and show how DRS can be incorporatsdcima model. We derive
the impact of risk-type-specific DRS on the benefit packagéhépooling equilibrium
in Section(B. We determine how the results are modified if wasicter the (probably
more realistic) case that DRS is targeted at a signal thabrielated with risk type in
Sectior#. We derive the implications for the optimal riskuathment formula in Sectidn 5.
The separating equilibrium is analyzed in Secfibn 6. Weflgriustrate our results with
an example in Sectidd 7, and Sectidn 8 concludes.

2 The Model

2.1 Basic model without DRS

Individual preferences regarding the benefit-premium luade given by
u = pTU(m) - R7 (1)

where R denotes the premium and the level of medical services (measured in monetary
terms). p” is the probability of becoming ill, and there are two riskegp = H, L, with
pfl > pP; the share ofl-types isA. The utility of receiving medical treatment(m), is

Eggleston (2000) derives the optimal mix of supply and dedrsigie cost sharing for a setting with a single
(semi-altruistic) HMO that can influence the level of metlmervices (according to the outcome of a patient-
provider bargaining process) and can dump a share of hig atssome cost; however, there is no competition
as there is only one provider.

1See Lorenz (2013).



increasing at a decreasing rate, i€(m) > 0 andv”(m) < 0. The efficient level of
medical services is implicitly defined by(m?) = 1.

There aren insurersj, each offering a benefit-premium bundle:’, R7}. Individuals’ de-
cision of which insurer to choose may, however, not only dejpen these benefit-premium
bundles, but also on some other factors, like perceiveddlieess of personnel, location,
or which insurer was recommended by family and friends. Irisardte choice model,
these other factors are captured by augmenting individuéilgy as given by [1) by an
individual- and insurer-specific utility componejt the utility of an individuali (being of
risk typer) when choosing an insurgrtherefore is

wi(m?, R7) = p"o(m?) — RI 4 &1, e

If we assumee{ to be i.i.d. extreme value, the logit model with its analgtig tractable
choice probabilities arises. Denoting risk type utility of the benefit-premium bundle
offered by insurey by

VY =plu(m?) - R,

2

and specifying the variance oj asVar(s{) = 0—2%, the probability of individual choos-
ing a particular insurek i1

Prob(i choosesk) = Prob(VF + b > V!4l vi#k) =

®)

We denote this probability by*; it is also insurerk’s market share among the individuals
of risk typer. PF is increasing inV*: a higher share of individuals of risk typewill
choose insurek, if this insurer offers a higher level of medical servicesbarges a lower
premium.

The variance of the additional utility componemzr(e{) = 0—2”6—2, is a measure of the level

of competition in this health insurance marketolfs small, all thee{ are very similar and
therefore only play a minor role for which insurer is chos@ffering an only somewhat
higher utility level than all the other insurers will, in thcase, attract a large share of all
individuals; this implies a high level of competition. Ifndghe other handy is large, the
other factors besides the benefit level and the premium -ueaptoy large positive and
large negative:] — are rather important, so that insurers, when increasieg fremium
(or reducing their benefit level), only lose a small shareheirtinsured; a large level of
o therefore corresponds to a low level of competition. As ghdy Lorenz (2013) who
derives the equilibria for this basic model without DRS, ineel of competition determines
which type of equilibrium emerges: if the level of compeititiis high (i.e.,o is small),
a separating equilibrium similar (but not identical) to fRethschild-Stiglitz equilibrium
under perfect competition ari@jf the level of competition is low (i.e.g is large), there
will be a pooling equilibrium.

125ee Train (2009, p. 40).
135ee Zweifel et al. (2009), chapter 7, for the Rothschildi$z equilibrium.



2.2 Positive DRS

We consider positive DRS to be an activity each insurer imgad in which generates some
cost and increases the probability of being chosen by theichal (or group of individuals)
the activity is targeted at. We model this increase in théabdity of being chosen to stem
from an increase in the utility the individual receives, elhimay either be real (as, e.qg., with
a discount for a fithess club membership) or just perceivedv{dn advertising). We denote
the cost bya’ and the increase in utility by(a’), whereg(a?) is increasing and concave
(satisfying the Inada-conditions). With positive DRS, {perceived) utility of individual
choosing an insuref therefore is

wi(m, R) = p"o(m?) — R + g(a) + <], )
so that insurek’s market share is given @

Vrk’+g(ak)
(&
Pre— (5)

B RS
In Sectior B, where we derive the equilibrium, it will turntamnportant to distinguish two
cases regarding the cast: non-individual-specific and individual-specific cost. tivhon-
individual-specific cost, total cost for DRS of an insujéas independent of the number of
individuals choosing this insurer. The prime example fig ttase is selective advertising,
where cost does not increase if an additional individuabsles insurey. With individual-
specific cost, total cost for DRS of an insuyeis proportional to the number of individuals
choosing this insurer. The prime example here are additmmreefits which the regulator (or
society) considers not to be part of a ‘normal’ basic benefitage insurers are supposed
to provide, like discounts for fithess club memberships @csp counseling services for
minor or life-style related health problems (e.g., nutriticounseling). In this case, total
cost of DRS increases if an additional individual choosesrier;.

2.3 Negative DRS

Like positive DRS, we model negative DRS as an activity thetegates some cost, but
decreases the probability of being chosen by a particutiivigual (or group of individu-
als). We denote the cost of negative DRSHyand the utility decrease byfi(b’), where
f(b7) is increasing and concave (satisfying the Inada-condijiolvith negative DRS, the
(perceived) utility of individual choosing an insuref therefore is

ui(mj,Rj):prv(mj)—Rj—f(bj)—i—gg, (6)
and insurerk’s market share is
vF—rk)
ph=_% @)
" Vi —yd)
e -

1To simplify the notation, we do not introduce different syatsbfor Pf for the case of no, positive or
negative DRS; we will, however, always make clear to whickeoae refer.



Unlike with positive DRS, it is difficult to imagine some agty where the cost an insurer
incurs for negative DRS is independent of the number of idd&is choosing this insurer.
‘Negative advertising’ might be an example, where an insinferms about some undesir-
able feature of its offer, like scrupulous utilization rewis, but this and similar examples
may seem rather far-fetchB8. We think it is more realistic to consider negative DRS to
be an activity insurers are engaged in during the applicgtimcess, so that the cost de-
pends on the number of individuals applying at the indtfexctivities which fall into this
category are that insurers require additional (unnecgspaiper work or involve the high
risk individuals in lengthy phone calls in which they try terpuade (or even urge) these
individuals to choose a different insufdr.

The number of individuals applying at an insurer could beagtpior larger than the number
of individuals eventually choosing the insurer. The firssecapplies if individuals know
about the level of DRS of all insurers, or (correctly) infevrh the first encounter with an
insurer who is engaged in negative DRS that all the otherénswvill be so as well (at the
same level).

The second case applies if individuals do not know about DiRS-aafter having experi-
enced negative DRS at the first insurer — still believe thather insurers are not engaged
in DRS. If the first insurer was, say, insuriegrand at least one of the other insurers offered
a higher utility, i.e., if

max(V! + el Vi #k) > VE— foF) + &b,

individual  would apply at a second insurer, where he would then leatratba this second
insurer is engaged in DRS. Still assuming that the remaimmsgrers are not, individuall
may apply at a third insurer, and so on. If, during this precé@sdividuali applies at each
insurer that seems to offer a higher utility (because th&iiddal does not yet know about
the DRS-activities of this insurer), it is then straightfiard to show that individual will
apply at insuref (at some point during this process) if

VELeb S v fo) +elvi#£Ek

In this case, the share of individuals applying at a pawricidsurerk is

vk
BF = ¢ ®)

vk Vi—fd)
e o + Zj#k‘ e g
If individuals apply at more than one, but less than all iessibefore they (correctly) infer
that all insurefs are engaged in negative DRS, the shar@ofdoals applying at insuret
will be someP} greater tharP} as given by[(I7), but smaller thai" as given by[(B). As
we show in Sectiohl3, the equilibrium fét* will be very similar to the one foP*.

5For matters of completeness we nevertheless briefly cartsidecase when we derive the equilibrium.

181 Sectior 8 we argue that the main effects should be sinfilaegative DRS does not occur during the
application process, but is targeted at individuals wheaaly hold a contract with the insurer.

After a German sickness fund operating mainly in high casaamwent bankrupt in 2011, members of this
fund who then had to apply at other funds received phone alihich some of the insurers told them that
they could not continue their drug therapy or disease manageprogram should they not choose a different
insurer; see, e.g., Spiegel (2011).



We think that this case, where insurers incur cost for negdRS for a share?ﬁ (or Pﬁ)
that is larger thanP*, also describes a setting where insurers pay insuranceisréér
steering high risk individuals to other insurers. In suclettirsg, the payment will — at least
to a certain degree — depend on the number of high risks tleainse broker is dealing
with, which, if he is successful, is larger than the numbeéndividuals eventually choosing
the insurer.

To sum up: For negative DRS we consider three cases: Cost eithurs for all individuals
or only for the share of individuals applying at the insurgnere this share may either be
the same as the one choosing the insurer, 8., or a larger share, (i.eR* or P¥).

3 The pooling equilibrium with DRS against the risk type

In this section, we derive the impact of DRS if it is targetétha risk type; we will consider
the (probably more realistic) case that it is targeted agaadithat is (less than perfectly)
correlated with risk type in Sectidd 4. We begin by brieflyidag the equilibrium without
DRS, so that it can be compared with the equilibria for théed#int settings with DRS.

3.1 The pooling equilibrium without DRS

It turns out to be easier to derive the equilibrium if we fotata the objective of insuret
in terms ofV} andm* (instead ofR* andm*); to do so, we expresg}; as

VE =VE+ " - phyu(m®).

Solving V} = pfu(mF) — RF for R* and substituting int* = RF — prmk, profit per
individual (of risk typer) is given by
k

Ty = va(mk) - V[]j: - prmk.

Normalizing the mass of individuals to one and assuming famadiximization, the objective
of insurerk is
max % = A\PFak 4+ (1 — \)Phak. 9)

k
VE,mk

The FOCs are given by

or* PrL—Pf) & o Py(1=Py) & i
ok
Sr = AP [ph(mb) = pF| + (L= NPl [ph (") — p"| (11)

PE(1 — P
(= OB (it byt — o,

g
where we use the property that the derivativePpfwith respect td/* can be expressed in
terms of P¥ itself as

OFF _ PH(1- P
ovk o

r



Using the fact that in equilibriun®’ = % Vv 4, condition [10) yields

no

Mh 4+ (1= N7k, = (12)

n—1
Average profit per insured decreases:iand increases ia: a higher level of competition
(largen, smallo) decreases profit. Solving{12) faf;, and substituting in[(11) yields the
condition determining the distortion of the benefit level:

1 — )‘(1 — )‘) pH —pL)ka U/(mk) — 1. (13)

no
n—

1

il

Because the fraction is positive, it is immediately appateaty’(m*) > 1, so thatm” is
distorted below the efficient leveb’Z. As is to be expected, the distortion increases in the
differencep — p”.

In the following, we will compare this condition with the pExtive conditions for the dif-
ferent cases of DRS in order to determine whether the distoiticreases or decreases due
to DRS. To make clear which case of cost we refer to, we willaglsvexplicitly state the
insurer’s objective.

3.2 The pooling equilibrium with positive DRS
3.2.1 Non-individual-specific cost

With positive DRS against the risk type and non-individspécific cost, insuret’s objec-
tive is given by
max 7k = \ (Pfﬂg - ak> (1= NPk, (14)
VE mk ak
where P¥ containsg(a*) andg(a’) as given in equatiori15). A positive equilibrium level
of a* is implicitly defined by

or* Pf(l — Pf) kN k

Sk A [ o g (a®)m} — 1] =0. (15)
However, because the FOCs with respect/fo and m* are identical to[{10) and (11),
condition [I3) still holds, so that the distortionaf* does not change.

Result 1. In the pooling equilibrium, the distortion of the benefitdeis unaffected by
positive DRS if cost for DRS is non-individual-specific.

We comment on this result in the following section, where wmpare it with the equilib-
rium if cost is individual-specific.



3.2.2 Individual-specific cost
With positive DRS and individual-specific cost, insukés objective reads as
7k = APk (ﬁ - ak> 4 (1= NPk, (16)

where PF is again given by[{5). While the FOC with respectitd is still given by [11),
the positive level ofi* (implicitly defined by condition[{39), given in Appendix A.how
enters the FOC with respect ¢, which can be simplified to yield

Ah — b+ (1 -k = 22

17)

n—1

If cost is individual-specific, it is average net profit inding ” that equals*%. Solving
for 7% and substituting ir(11), we have

1—

A1 =N (pf —ph)? A1 =N (pf —pt
( )nf p)mk+( zlgp p”)

— — a¥| ' (mF) = 1. (18)
n—1P 1P

Since the last term in the brackefts] is positive, compared with no DR$!(m*) has
to decrease:m” increases, so the distortion is reduced. More generaly,latger the
equilibrium level ofa*, the largem*.

Result 2. In the pooling equilibrium, the distortion of the benefitdedecreases in the level
of positive DRS if cost for DRS is individual-specific.

The incentive to distort the benefit level (with or without DRS) arises because profit per
high risk is lower than profit per low risk, where the degre¢hefdistortion depends on the
difference between these two profits, which in the case witBdRS is given by

T —TH = (PH - PL)m

With positive DRS, profit per low risk decreases becauser@rsuwaste part of; on the
expenditures for DRS; this reduces the difference betwetrprofits (includinga), and
thereby the incentive to distont.

This is different for the case of non-individual-specificstoonsidered in the last section.
Although this cost decreases total profit, it does not spedifi decrease profit pdi-type,
so that the difference between the profits remains the sdmesfore, positive DRS has no
influence on the distortion of the benefit level if cost is niedividual-specific.

3.3 The pooling equilibrium with negative DRS

We now turn to the case of negative DRS, where we considerhtiee different types of
cost discussed in Sectibn P.3.

183ee the second term in the brackets in condifiah (13), whociains(p™ — p™)m.
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3.3.1 Non-individual-specific cost

With negative DRS and non-individual-specific cost, insut'e objective is given by

max 7 = APErE 4 (1 \) (P}}w’;_f - b"“) : (19)
VE mk bk

where PE containsf(b*) and f(b/) as given in[(¥). Like with positive DRS, if cost is

non-individual-specific, the FOC with respectit¢ andm* are not affected by* and are

identical to [10) and (1), so that the distortion of the Bignhevel is the same as without

DRS.

3.3.2 Individual-specific cost

We now consider the case that the cost of negative DRS ocouesath individual apply-
ing at the insurer. If the number of individuals applying alguthe number of individuals
choosing the insurer, insur&is objective reads as

7F = APFrk 4+ (1 - APk (w’;, - bk) : (20)

whereP¥ is again as given by17). Taking the positive leveb®{defined by conditior{{40)

in Appendix[A.1) into account, the FOC with respectiip yields
no

n—1’

MR 4 (1= \)(ah —bF) = (21)

so that the distortion afi is now determined by

AL =N —p)? A0 =N —ph)

n_1P 1D

1-— bk] o' (mF) = 1. (22)

Since the last term in the brackets is negat*'mé, decreases. With negative DRS, the dis-
tortion of the benefit level is larger than without DRS, anhireases ib*.

Negative DRS therefore just creates the opposite effectgpaced to positive DRS. It in-
creases the loss entailed by the high risks; this incre&seditference in (net) profits be-
tween the two risk types, which increases the incentivedtodim.

3.3.3 Individual-specific cost for a number of applicants that is larger than the num-
ber of insured

We finally consider the case that cost for negative DRS odoursach individual applying
at the insurer, where the number of individuals applyingrgér than the number of indi-
viduals choosing the insurer. Here we derive the resulPfarbut the formulas are identical
if we replaceP* by PP,

The insurer’s objective is given by

7k = APEk (1)) (Png - ﬁgb’f) , (23)
where Pk denotes the share of high risks choosing insuréas given in[(¥)), and5§
denotes the share of high risks which (at some point duria@fiplication process) apply

11



at insurerk (as given by[(B)). In this case, the positive equilibriumelesf * is defined by

or* (1 PE(1— PF)

b g Wy — P =0, (24)

With this positive level ob*, condition [I1) now reads as

ML= fli —p e ML= NET —pP) PR P el
n_1iP p o

(25)
Since the last term in the brackets is negative, the distoii increased. Note that as
the share of individuals applying at insurkerapproaches 1, the last term in the brackets
approaches zero: If (almost) all individuals apply at iesé;, cost for DRS is (almost) non-
individual-specific, so that the distortion of is (almost) not affected by DRS. However,
in the more realistic case that not all individuals apply lairesurers, P < 1, and the
distortion is larger than without DRS.

We now summarize the results for negative DRS:

Result 3. In the pooling equilibrium, the distortion of the benefitdeyi) is unaffected by
negative DRS if cost for DRS is non-individual-specific andir{creases in the level of
negative DRS if cost for DRS occurs for each individual apghat the insurer, regardless
of whether the number of individuals applying is equal to angér than the number of
individuals choosing the insurer (as long as not all indivéds apply at all insurers).

In the pooling equilibrium, positive and negative DRS cegast the opposite effects on the
distortion of the benefit level. As we show in Sectidn 6, thindt the case for the separating
equilibrium, where positive and negative DRS both reduedtbtortion of the benefit level.

4 The pooling equilibrium with DRS against a signal that is co-
related with risk type

In this section we consider the (probably more realisticedhat DRS is not targeted at the
risk type itself, but at a signal that is (less than perfgatiyrrelated with risk type. In the
following, we will consider a setting where in addition teettwo risk types, there are two
signal typess = Y, O, young and old. The shares of the four types of individua|s, are
given in Tabld R, wheré > 0 captures the case of a positive correlation of high risk type
and (old) age.

Table 2: Shareg,. of the four types; positive correlation & andO for § > 0

| | i |

Y | pry =dn+6 pry = (1=X)n—20 7
O | pro=AX1=n)=0 | puo=0=-NL=n)+d | 1-17
| A | 1= |

12



This formulation of a positive correlation has the advaattwat increasing increases the
level of correlation without altering the shares of the tigk types,A and(1 — A), and the
shares of the two signal-typesand(1 — 7).

Since there is no effect on the distortion of the benefit léhast is non-individual-specific,
in the following only the case of individual-specific costvaie considered.

4.1 Positive DRS

With positive DRS of the young and individual-specific cassurerk’s objective reads as
7Tk = Z Z Mrspfswfs - Z lurYPfYak? (26)

where onlyP%, containsg(a”*) andg(a’). Condition [I1) now yields

1 — H _ L)\2 H L
1— )‘( )‘)nf_ p ) mk + (p — 57 )5ak U/(mk) — 1. (27)
n_1iP n_1iP

Since the last term in the brackets is positivé{mk) has to decrease, so the distortion is
reduced. However, for a given level @f the reduction of the distortion is of course not as
large as with DRS against the risk type itself, sidce \(1 — \). As is to be expected, for
a given level ofa* the reduction of the distortion increases in the level ofeation (i.e.,

in o).

4.2 Negative DRS

Solving the FOCs for insurét’s objective
= Z Z turspfsﬂfs - Z :U’TOPfObk’ (28)

where now onlyP%, containsf (b*) and f(v’), we have

ML=\ " —p")? o (7 —ph)
=yl D

ook | o' (mF) = 1. (29)
This shows that negative DRS yields again just the oppoéfiéeteof positive DRS. We
summarize these results as follows:

Result 4. In the pooling equilibrium, the distortion of the benefitdeyi) decreases in the

level of positive DRS of a signal that is correlated with Idgkrand (ii) increases in the

level of negative DRS against a signal that is correlatechwigh risk if cost for DRS is

individual-specific. A higher level of correlation (a high® increases the effect of a given
level of DRS on the distortion of the benefit level.
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5 Implications of DRS on optimal risk adjustment in the pooling
equilibrium

We now discuss the implications of the interaction of diraed indirect risk selection for
optimal risk adjustment. As shown by Glazer and McGuire (800 a regulator does not
observe individuals’ risk type, but only a signal that isretated with risk type (like age),

it is still feasible to eliminate the distortion of the benddéivel by overpaying for a signal

that indicates a high risk, and underpaying for a signal thdicates a low risk. In our

setting with two risk types and two age groups introduced@last section, this requires
the payment for the old to be larger than the average cosedilth and vice versa for the
young.

A concern, already raised by Glazer and McGuire (2000) tletras, is that such over-
and underpayments create incentives for DRS regardingiginals but so far, it has not
been analyzed whether this has an influence on optimal risistadent. In this section we
show that their formula which eliminates the distortiontod benefit level has indeed to be
modified if there is DRS regarding the signal. In the folloginve will first determine the
optimal (over-)payments without DRS, and then derive thdiffeation if there is DRS.

5.1 Optimal risk adjustment without DRS

With risk adjustment, each insurer receives a paymemit 4§ for each insured that is old;
these payments are financed by a risk adjustmenkiéé’ which each insurer has to pay
for each insured (including the old). The balanced budgestraint requires this fee to be

RAF = (1 —n)RAo.

The insurer’s objective with risk adjustment is given by
="y Pl (ny - RAF) +> moPlo (Wfo — RAF + RAO) : (30)

Solving the FOCs and using the balanced budget constrainditon [13) now reads as

H L
[1 — (pmifw ()\(1 Nt = phym* — 5RAO> o' (mF) =1, (31)
n—1
so that the distortion of is eliminated for
M1 =\
RAo = %(pH —ph)m. (32)

The lowerd, i.e., the lower the correlation of old age and high risk, ldrger RAp has

to be. If there is perfect correlation, the share of the lskgiequals the share of the
young, son = J; in addition, the mass of individuals in the lower left ané tpper right
corner in Tablé R has to be zero. Withreplaced by\, this requiresh = A(1 — )\), so
RAp = (pf — p™)m, which is just the cost difference between the two risk typéfth
less than perfect correlation, < A(1 — \), so there is overpayment. We now show how
this overpayment is modified by DRS. Again only the case oividdal-specific cost is
considered, as there is no effect on the overpayment if sggin-individual-specific.

14



5.2 Optimal risk adjustment with positive DRS

With optimal risk adjustment there is overpayment for the gb this is the group positive
DRS will be targeted at. The insurer’s objective in this dasgiven by

max 7 =3,y Pl (wfy - RAF) + moPl (wfo — RAF + RAp — ak) ,
T T

VE mk ok

(33)
where P¥, containsg(a*) andg(a’). Taking the positive level of* (defined by the FOC
with respect tai*) into account, conditior {31) now reads as

[1 _ %—? (A1 =N = pPym* ~ 3(RAG - a’“>>] Vmb) =1, (34)
n—1
which requires

Because part of the overpayment for the old is spent on peditRS, the optimal payment
for the old has to be raised by exactly these expenditureshatothe net difference in
payments — including” — equals the amount as given byl(32).

5.3 Optimal risk adjustment with negative DRS

The case of negative DRS is again just the opposite of peditRS. With extensive under-
payment of the young, they will entail a loss, so negative MRSoe targeted at this signal
type. Solving the FOC for insurér's objective (stated in AppendixA.2) yields an optimal
risk adjustment payment of

A1 —=X)
0
Since insurers waste money on negative DRS against the ythengptimal risk adjustment

payment has to be decreased by these expenditures so thmet ttiéference in payments
equals the amount as given lpy32).

RAp = (p = pPym — v*. (36)

We summarize these findings for optimal risk adjustment bews:

Result 5. If cost for DRS is non-individual-specific, optimal risk asiment is not affected
by DRS. With individual-specific cost, if there is positimegative) DRS regarding a signal
that is used for risk adjustment and that is correlated witghh(low) risk, the optimal
overpayment of the signal that is correlated with high risis to be increased (decreased)
by the expenditures for DRS.

These results show that the formula for optimal risk adjestirderived by Glazer and
McGuire (2000) is not invalidated by DRS: there is still gy@yment for a signal that is
correlated with high risk, and underpayment for a signatetated with low risk. Also,

DRS does not invalidate the claim that optimal risk adjusthoan implement the efficient
benefit level. However, the formula to derive the efficiermédfé level has to be modified
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and include insurers’ expenditures on DRS if cost is indigiespecific. Whether these ex-
penditures are negligible or significant is an empiricalterabut, e.g., the findings of Starc
(2014), who reports that insurers spend a large part of patesrofits on marketing and

insurance brokers, indicate that these expenditures maylimtantial.

6 DRS inthe separating equilibrium

6.1 The separating equilibrium without DRS

The separating equilibrium arises for a high level of coritioet (i.e., a low level ofo) and
is similar, but not identical, to the Rothschild-Stiglitguelibrium under perfect competition,
see Lorenz (201@ Both equilibria can be found in Figuké 1.

éA » m

m m*

Figure 1: Separating equilibrium: contradésand A3 are offered

Under perfect competition, the separating equilibriumsistis of contraci3, chosen by the
high risks, and contract, chosen by the low risks, where contragtis at the intersection
of the iso-profit line for contracts chosen by theypes (which has slope”) and the indif-
ference curve of thé/-types associated with contraBt so that the incentive compatibility
constraint is satisfied; in addition, both iso-profit linessg through the origin and are in
this case zero-profit lindd

With imperfect competition, some insurers offer contr&ctlesignated for thdi-types,
and the remaining insurers offer a contract similardtg designated for thd.-types. To
simplify the exposition, we will refer to these insurers asurers of typeB and typeA,
respectively. Compared with the case of perfect compatitimder imperfect competition
the iso-profit lines are shifted upwards, reflecting the prodr individual (see condition
(@¥2)). In addition, contractd; no longer is the equilibrium contract designated for the
L-types. If contractsB and A; were offered,VIj,‘ = V£ and all theH-types for which

9The separating equilibrium for a low level ofexists under the same condition as the Rothschild-Stiglitz
equilibrium: the share of low risks must not be too large.
23ee Zweifel et al. (2009), chapter 7.
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the largest additional utility component for one of the iesa of typeA is larger than the
largest additional utility component for one of the inssref type B, would preferA; over
B. With a considerable share éf-types choosing contract,, insurers of typed would
suffer aloss. Insurers of typétherefore have to modify their contract so t!b@ﬁ is reduced
and none (or almost none) of tié-types choose their contract.

The shaded area in Figdrk 1 indicates by how much insureggpef4 have to reducéflg‘.
This shaded area represents the denBjfy(1 — P;;)1 corresponding to the distribution
function Pf} = P# (V#|V;2), which is one of the insured’s market share as a function of
V4, given V. The darkness of the shaded area is a measure of this deAbitye the
shaded area, both the distribution and the density are nere of theH-types choose a
contractA (with a high premiumR“ and thus a low level of utiIit)VI;,“) that is too far above
the indifference curve associated with contrBctThe first (few)H -types are attracted by a
contract at the upper boundary of the shaded area; thedeediletypes with a particularly
larges* compared ta. Moving contract further into the shaded area increases the share
of H-types choosing this contract, where the increase of theeshaiven by the density
at this point (represented by the darkness of the shadejl @&eantract below the shaded
area would be chosen by all tiig-types, saP;; = 1 andPj;(1 — Pj;)L = 0.

o

For a more detailed derivation see Lorenz (2013), where sh@@vn that in equilibrium,
insurers of typed offer contractAs, which is somewhat above the iso-profit line and some-
what inside the shaded area, so that a small share offttygpes chooses the contract
designated for thé&-types. This contract is offered by insurers of typed, while contract

B is offered byn” insurers of typeB, so that a profit equality constraint' = =2 and

n +nP = nis satisfied.

6.2 The separating equilibrium with positive DRS

With positive DRS of the low risks and individual-specificstathe objective of one of the
insurers of typed equals the objective as given [n{16), withreplaced byA. Since in the
separating equilibriurﬂg‘ =+ % the FOC with respect tWLA now yields

2 2
nilpﬁu—fﬁngzaxna +CL_Mnil
As is apparent, the direct effect of a positivé (compared taz? = 0 and holdingm
constant) is an increase in the premidift, becauser;' and s have to increase, so that
condition [37) is still satisfied. In Figutg 2(a), this inase inR“ can be shown by an up-
ward shift of the iso-profit line associated with the insaref type A. With the iso-profit
line shifted upwards, insurers of typecan increase the benefit level before attracting the
same share dff -types as without DRS. Because a higher levehdf (accompanied by the
according increase of the premium pyAm*) increases the utility of the low risks, insur-
ers will offer this higher level under (imperfect) compigtit, so that the new equilibrium
will be a contract likeA4. Since positive DRS reduces the attractiveness of the axintr
offered by insurers of typé for the H-types in the premium-dimension, they can increase
the attractiveness of their contract in the benefit levaiatision.

M —a) + (1= N) Pi. (37)

n—1

Result 6. In the separating equilibrium, the distortion of the beniefitel is reduced if there
is positive DRS of the low risks and cost is individual-sfieci
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Figure 2: Separating equilibrium with positive or negatdeS

6.3 The separating equilibrium with negative DRS

In this last case we consider negative DRS of insurers of #/pgainst theH -types. The
effect caused by this kind of DRS is different from all theateffects derived so far, which
have all been due to changes in risk type-specific profitsnuividual. Here, an effect on
the distortion of the benefit level arises because not alirers engage in DRS against the
H-types, as there is no incentive for insurers of typdo do so. The share dff-types
choosing an insurer of typ# is therefore given by

vA—r?)
k_ € i
Pf = . (38)
nfe < +nBe -

The largen?, the less attractive for the high risks is the contract effiby insurers of type
A; this, c.p., reducePg}‘ and therefore allows these insurers to offer a higher belegét.
Figure[2(b) shows by how mueh* can be increased; therd} denotes a contract offered
by insurers of typed as perceived by thé-types, whileA# denotes the same contract as
perceived by theéZ-types. Compared talZ, AL is shifted upwards by (b4), the utility
decrease of negative DRS (measured in monetary terms).afdrerd4, the largerf (b4),
and therefore the largen” can be without increasing the share Bftypes choosing an
insurer of typeA.

The effect just described occurs regardless of whethelf@oBtRS is individual-specific or
not. Therefore, with negative DRS against tHetypes, there exists one case where DRS
influences the distortion caused by IRS even if cost is ndividual-specific.

Result 7. In the separating equilibrium, negative DRS against théntrigks reduces the
distortion of the benefit level of the low risks regardless/b&ther cost for negative DRS is
individual-specific or not.
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7 Example

In this section, we briefly illustrate our results with an exde, for which we assume
v(m) = In(m), p¥* = 0.2 andp” = 1, so that one of the risk types is chronically ill
andmfB = 1. For the two functions capturing DRS, we assupie) = «+/a and
fb) = ENGE Increasinga (or 3) makes DRS more effective, @§(a) increases inx
(and f’(b) increases irB). A higher level ofa (or j3) therefore increases the level of DRS
chosen in equilibriu

7.1 The pooling equilibrium

For the pooling equilibrium, we assume= 0.2 and\ = 0.9. Figure[3 shows the distor-
tion of the benefit level for different levels of and g if DRS is targeted at the risk type.
For positive DRSyn(«) increases iny, as expenditures for DRS of the low risks reduce
the difference in type-specific profits. The opposite holatsrfegative DRS, whereu(5)
decreases ifi.

0.8

0.7

0.6

0.5

0.4

o, B

0 01 02 03 04 05 06 07 08 059

Figure 3:m(«) for positive andn(/3) for negative DRS in the pooling equilibrium

7.2 Optimal risk adjustment

For the example regarding optimal risk adjustment we keep 0.2, but now consider the
symmetric case of = 0.5, 7 = 0.5 andd = 0.125. Without DRS, the efficient benefit level
is implemented byR Ap = 1.6; this is just twice the cost difference between the two risk
types, since\(1 — )\)% = 2 (recall condition[(3R)). Figurel4(a) shows the equilibrilevel

of m for positive and negative DRS targeted at signal age ffdy, = 1.6): With positive
DRS,m(a) < m*B, since part of the overpayment is spent on DRS; with neg@iR§,
m(B) > mt"B. Figurel#(b) shows the optimal risk adjustment payment, necessary to
achieve the efficient benefit level: With positive DRS, thempayment has to be increased,
i.e., RAo(a) > 1.6; with negative DRSRAo () < 1.6 suffices to achieven?,

2These are the only functions which rationalize the use aftlequares regressions to determine the risk
adjustment payments as is done in basically all risk adjestreschemes; see Lorenz (2014).

22The equilibria cannot be determined analytically, but hleen calculated using numerical optimization;
the Mathematica-script is available from the author upauest.
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(@) Equilibrium level ofm for RAo = 1.6 (b) OptimalRAo to achievemn™?

Figure 4: Optimal risk adjustment with DRS

7.3 The separating equilibrium

For this last example we still assume= 0.5, but now choose a much smaller levelxf

so that a separating equilibrium emerges; in Figure 5 weeptee results fos = 0.03.
Figure[%(a) shows the increaseaf!, the benefit level of the contract designated for the
low risks, if there is positive DRS. Figuré 5(b) capturesdhse of negative DRS against the
high risks, where agaim* increases in the level of DRS; if negative DRS is very effexti
(very largef), m* is close to the efficient levehZ? = 1: If it is very easy to repel the
high risks with direct risk selection, there is no need tdigren indirect risk selection by
distorting the benefit level.

m m
0.6 1
0.8
0.5
A mA(8)
m* () 0.6
0.4
0.4
B+ 2+ B
0 01 02 03 04 05 06 07 08 09 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(a) positive DRSm*(a) (b) negative DRSin" (5)

Figure 5: Distortion of the benefit level designated for thw Fisks in the separating equi-
librium with DRS

8 Conclusion

In this paper, the interaction of direct and indirect riskesgon has been analyzed. It
has been shown that direct risk selection, using measuretatad to the benefit package,
nevertheless has an influence on the distortions of the beaekage caused by indirect risk
selection. Two mechanisms have been identified for beingoresble for this influence:
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First, if cost for DRS is individual-specific, DRS selectiveeduces the profit per individual
of the risk type DRS is targeted at. Positive DRS thereforices and negative DRS
increases the difference in profits between the low and thle tigks. Since the degree of
the distortion depends on the difference between these tafig) positive DRS reduces
the distortion of the benefit level, while negative DRS ims@s it. In addition, it has been
shown that the effect on type- or signal-specific profits &las an impact on the optimal
risk adjustment formula: With positive DRS, overpaymerdsehto be larger than without
DRS, and smaller, if there is negative DRS.

The second mechanism is important for the separating bquih, where only insurers
offering the contract for the low risks engage in negativeDRhis reduces the utility high
risk individuals receive if they choose a contract desigddor the low risks, which allows
insurers offering such a contract to increase the bene#t lgithout attracting a too large
share of the high risks. Negative DRS therefore reduces itertion in the separating
equilibrium, regardless of whether cost is individual<sfie or not.

We have derived these results for a setting where negatii&deBurs during the application
process, but we think that the main mechanisms also holdyéithee DRS is targeted at the
high risks who already hold a contract with the insurer. [fiasurer makes its benefit
package more attractive for the high risks, a larger shatbesh will choose this insurer;
this will increase the cost of negative DRS, even if the @gtiof risk selection and the cost
associated with it occur only later (when the insurer triemtiuce the high risks to switch
to another insurer). With negative DRS, high risks are mapeasive than without DRS;
anticipating these additional cost, insurers will therefoot make their contract as attractive
for this risk group as they would without DRS. Therefore, atege DRS will increase the
distortion in such a setting as well.
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A Appendix

A.1 FOCs for insurers’ objective

The FOC of [(IB) with respect t@* is

k k(1 _ pk
om :)\|:PL(1 PL)g/(ak) <7rf—ak>—Pf} —0

Oak o

The FOC of [(ZD) with respect o is

ork PE(1 - PE)

A.2 Insurers’ objective with risk adjustment and negative DRS
Insurerk’s objective if there is risk adjustment and negative DRSvsg by

™ =y Pry <7T§Y — RAF — bk) + tuo <7Tlf{o — RAF + RAO>

t+upoPfo (vho — RAF + RA0) + iy Py (nlyy — RAF — 1),

where Pk containsf (b*) and f (b7).
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