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Abstract

This paper shows that individual risk-type uncertainty can prevent reforms of the insurance
system that would benefit the majority of individuals. We consider the case where a subset of
the population is uncertain of their risk type and contrast two insurance regimes; the status
guo of mandated pooling of all risk types and the reform proposal being insurance with
risk-type separation over time, using Bayesian updating. Most individuals would benefit from
the reform since their risk type is better than the average but the reform does not occur due to
individual uncertainty.
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1. Introduction

It is common to observe some pooling of risk typemsurance whenever there is some state involaéme
and most OECD countries rely heavily on the puséictor to provide insurance (Hindriks and De Donder
2003). Oftentimes, it is puzzling to observe thalitigal demand does not effect a system changsesin
majority of the insured subsidizes a minority tloére

This analysis shows that individual uncertainty pagvent a reform of the insurance system whichlevou
result in the majority of the insured being bettéit We consider three risk types of which only dase
certain of its type. The intermediate risk type reandistinguish its own position from that of thenst

risk type and vice versa. We reveal that this miegling is a stand-alone argument against thermefo
taking place. In the reform setting, (i) insuramoatracts start with a premium equal to the avetage
probability, (i) contract renewals are undertakdter each period and mirror the individual’s lbsstory

up to that point in time in a rational manner, &nyithe individual’'s loss history is public knoedige.

This contribution is motivated by reality. An exelamy setting, whose facts may be better undersbyod
the analysis put forth, can be sketched as follo@@nsider the regulation of sick leave payment in
Germany. In conceptualizing sick leave paymentnasirance by the employer, individualized policies
ought to appear in wages reflecting the risk tygflesmployees. However, employers have a limitetitgbi

to determine wages according to the risk tyjfiéwus, if all employees obtain 100 percent of theiges in
the event of sick leave, it is presumably mirrobgda pooled premium which employers subtract from
wages across the board. In 1996, the German goestnraduced the mandated level of sick leave pay
from 100 to 80 percent. This would have introducesbme variability which could have been overcome
by private insurance contracts. These private aotgrcould have entailed individualized premiung;es

the employee and the insurer could have taken aalgarof common experience. However, labor unions
in many industries prevented this from happeningobls traded in many employee benefits at the levvel
the Tarifvertrag to prevent the reform from becagnéffective, i.e. employers promised to maintaia th
sick leave pay level in exchange for being abled@p several employee amenities. Supposing tkat th
unions indeed represent the interests of employkissimplies that the group of employees prefetirex
pooled premium to the at least partially individeatl premium. This is surprising since the avadatdta
suggests that the insurance that is implied bysibk leave payment regulation is advantageous for a
relatively slim minority of the employedThe consequence of the obliged pooling is a cenalile cross
subsidization.

Let us briefly elaborate on the related literatitendriks (2001) considers a similar question, tisat
under what conditions is a uniform public insurapceferable for a majority of the insured cohort
when compared to private insurance. However, tkerest of our paper is markedly different. For
instance, whereas in his setting, individuals migit out of private insurance, which has an adverse
impact on those who continue to demand insurarcmdividuals are insured in both regimes in our
setting. Also, whereas in his setting, type-speqfiivate insurance follows from varying coverage

rates and premiums, all individuals are insuredhwite same coverage in both regimes in our
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framework® Moreover, our study is related to Watt and Vazq(i97), who compare the relative
desirability of insurance that makes use of Bayesipdating when compared to the one-period
contracts that result in the separating equilibrioiniRothschild and Stiglitz (1976). They model two
risk types and can show that there exist conditimmder which all insured strictly prefer the full
insurance making usage of the updating procesall¥iifrernandez and Rodrik (1991) originated the
idea that individual uncertainty concerning a peeaharacteristic can act as an obstacle to reform
Their application concerns the trade context, wbiue paper presents an application to the insurance
context.

In the next section, we present the general set8nfsequently, the respective systems are dedauit
evaluated from the individual's stance.

2. The General Setting

Individual preferences are described by a vNM tytilunction U, with U'>0, U”<0 . Exogenous income
is W. Income available in a specific state is conditlan@on the insurance coveragewhich is uniform
across all individuals, and the occurrence of a etemy losK. All individuals are insured as there is an
obligation to enter into a contract. Individualsffeu at most one loss per period. The risk typis
identified by the loss probability;, i=a,b,c, with p, > p, > p.. We assume that individuals of type c are
certain of their type, whereas individuals of tygoand b can only tell that they are not type cividdals

have influence on neither the loss probability tier extent of the loss. The share of group 4. The
cohort is mainly composed of risk types b andig:+ A, >% > A.. The insurer initially only knows the

respective shares and loss probabilities of the tsipes. The occurrence of losses is observed by bo
insurers and insured. This enables the insuremptiate type probabilities over time. Since losses ar
publicly observable, there are no informationafedtdnces among insurers or between the insuretheand
insured with regards to the loss experiehce.

Insurance policies are actuarially fair in bothtegss. In the status quo, the government mandad¢shiéy
premium must be the same across all individualgreds the reform enables insurers to incorporate al
the relevant information.

3. The Status Quo and the Reform

3.1 Status Quo

The premium is given by p K, wherep is the average loss probability.

pZAapa+/1bpb+/10pc (1)
Note that the mandate of equal premiums acrosadilliduals rules out that insurers vary coveragee

expected utility withe renewals of the same one-period contractyeasldiscount factor is equal to

EUS2 =" ((- p.)U W - apK) + pU (W - apK - (.- 2)K)) @

n=0

for individuals of type ¢ and equal to
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for individuals of types a and b.
We assume that, > p> p, > p, holds. Consequently, the status quo featuresss-auabsidization from

types b and c to type®alhe status quo does not incentivize individualteton about their type so that,
for positive learning costs, type-uncertain induaés choose to remain ignorant.

3.2 The Reform

Let us now detail the approximation of the risketlyvery period is an opportunity for the insuelearn
about the risk type of an insured. At the beginrohghe first period, the insurance companies kilosv
shares and the loss probabilities of risk typeserAthe first period, the probability of an indivial to be
of a specific type can be updated. Each furtheogeallows another observation about the risk tyfdee
information is used in the renewal of the policyred end of each period. The Bayesian rule foctdse of
a loss history witls losses im periods is

A(sn) = cAi Pra=p)™ @
Z/]j pjs (1_ pj)n_s
j=a

giving the probability that the individual at ham¢ho has a loss historgs,n) is of risk typei. The
probability A (s,n) converges to 1 asgoes to infinity when the individual is in fact tyjpei (Watt and
Vazquez 1997) and determines the premium payabléhéofollowing period. In general, aftarperiods
have elapseds LI [0,n], so that thes@&+1 possible states of the world need to be considereitie

formation of expected utility. An insured with exmce(s, n) will be chargedo(s,n)a K for the next

period withp(s,n) being the updated loss probability, calculatecodews
p(s;n) = A, (s p, + Ay (s,n) P, +Ac(s,n)
_ AP A= p)" AR (- py) T A AP (L p) (5)
,Z:”i P a-p)"

The insurance becomes more expensive with moredpsghereas a longer duration with given losses
lowers the premium.

Individuals of type ¢ have perfect knowledge ofith@ss probability. Individuals consider a timerizon

of z+1 periods. Since there is a renewal of the contifiet the passing of each periadiccords with the
number of contract renewals. The numhbas to be distinguished from the numberwhere the latter
denotes the number of periods that have passed whrenewal is undertaken. This leads to expected
utility of
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The other risk types only know that they are nottygfe ¢ and therefore form expectations over the
expected utilities of risk types a and b, respetyiv
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There are two major differences of the reform regimthe status quo. Firstly, there is added uaceyt
After n periods, there are+1 possible states of the world with significantlyelise income levels.
Secondly, there is redistribution. The passingimetallows accumulating information, which is uged

fine-tune type probability/, (s,n). The updated loss probabilip(s,n)usesA (s,n) to approximate the

risk-type loss probability over time, as a consegeeof which the reception or the payment of a islybs
by the individual phases out.

4. The Comparison

Individuals are in favor of the reform if it incre&ss their expected utility. Hence, given individual

uncertainty, individuals support the reformAifandA,  is positive, where
A =EUR-EU® (8)
A, =EBUS —EUY (©)

The reform is accepted if a majority of insurethigavor.

Proposition: There are reasonable circumstances as to, intex, dhie discount factor, risk aversion and
loss probabilities, in which a majority of individis would benefit from the reform ex post, but cpid

due to individual risk type uncertainty ex ante.

To validate this proposition, it is necessary tfateA, , to A,. Given circumstances in whidk is positive
andA, negative, the reform hinges on the vote of indiaid of type b. I, is positive bud, , is negative,
individual uncertainty alone prevents the reforne Wl first show thatA, andA,, are always negative
and then discuss effects ApandA..

Individuals of type a lose from the uncertainty d@hd redistribution implied by the reform. We biyef
illustrate the second aspect. For the insurancepaogn to make zero profits, the average expected

premium has to be the same independent of thersystiter the first period, this means that



paK
= A, (P, (PAYaK)+@A-p,)(POYaK))+A,(p, (PAYa K+ (@1~ p,)(p(01)aK))

(10)
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Rearranging (10) leads to
Aa(Pa (P= P @YD) + A~ p,) (- pPOD)) + A, (P, (P~ PAD)) + @A~ p,) (P~ P(OD)) wn

+A(p. (P~ pAD)) +@A-p.) (P~ p(OD)) =0
This shows that the change in expected premiumgh®different types sum up to zero. The term (11)

gives with (1) the following information

p-p0Y) _ -p
= 12
p-pad 1-p 42
Using (12) after division of (11) by{p(1,1)<0, we obtain
Aap_pa+/1b p_pb +Acp_pc:O (13)

1-p 1-p 1-p
The term(p-p.)/(1-p) < 0 depicts the difference in expected premium ingta¢us quo versus that in the
reform system for type a. Individuals of type aaddition to higher expected premium payments, have
put up with added uncertainty. Thus,is always negative.
We can also use (13) to clarify tht, has to be negative. Rewrite (13) so that

A PP A PR p-p
A+A a a 4 b :—/1—0
(A b)()laﬂb 1=p A +A 1-p “1p (14)

shows that, given individual uncertainty, the expdgremium of types a and b is higher in the rafor
regime. Since type c individuals gain from lowempested premiums, the right-hand side of (14) is
negative, the hypothetical type a, b pays highgreeted premiums. Again, the uncertainty provides a
further reason foA, , being negative.

It can be shown that individuals of type c will aiot a larger expected utility in the reform regithan in

the status quo if the number of renewatsd the discount factor is sufficiently high (pfavailable upon
request).

In sum, it is certain for individuals of type altse in the reform regime, whereas the benefitypétc
individuals is secured within specific parameterges. Individuals who do not know their type bukmi
expected utilities of type a and b individuals wifipose the reform sin@g,, is negative. What we do not
yet know is whether risk type b would be in favafithe reform if they knew their type, i.e., thgrsiof

Ap. The reasoning for this group is more difficulbdividuals of type b can be overrated as well as
underestimated in relation to their true loss phbiliig. To test our proposition and present tangifactors

of influence on such an outcome, we present a smalllation.

Decreasing Absolute Risk Aversion and Constant Relative Risk Aversion’



SupposdJ (x) = x”, yD(O,l), andp,=.8, pp=-4, pc=.1, 1=.4= 1., andi,=.2, so thap=.448 We consider <

30. For instance, to refer back to the case of kake pay, it is reasonable to assume that theagee

employee has at least 30 work periods, availablagproximating the type.

Result concerning the proposition for
Case W K o Y
y=5 y=1
(1a) 5 1 1 9 A, >0 for z=1+ | A, >0 for z=1+
(1b) 5 1 5 9 A, >0 for z=1+ | A, >0 for z=1+
(1c) 5 1 5 .85 | A,>0forz=1+ | A, >0 for z=1+
Increases by | Increases by
(1d) 5 9 A, >0 for z=1+ | A, >0 for z=1+
.1 starting at 5] .1 starting at 1

Table 1. DARA/CRRA
Since A, is always positive, the proposition finds supparthe cases given in Table 1. If we were to
reduce the gap betwegp andp, this would make the reform proposal less appgalfowever, with a
sufficient planning horizon, i.ez being large, the reform proposal still gains supgam individuals
whom are known to be of type b.

Constant Absolute Risk Aversion and Increasing Relative Risk Aversion

Suppose U(x)=1-e™”* and p;=.8, p=4, p=.1, 1=.4, Ip=.2,

and A=.4, so that p=.44.

Result concer ning the proposition for
Case W K o Y
p=1.5 p=2
(2a) 5 1 1 9 A, >0 for z=13+| A, >0 for z=27+
(2b) 5 1 .5 9 A, >0 for z=1+ | A, >0 for z=6+
(2¢c) 5 1 5 .85 [ A, >0 for z=1+ | A, >0 for z=6+
Increases by | Increases by
(2d) 5 9 A, >0 for z=5+ | A, >0 for z=13+
.1 starting at 5 .1 starting at 1

Table 2. CARA/IRRA

The increase in the risk aversion shows a markegdtive effect on the attractiveness of the refoimaes

the uncertainty obtains more importance in theetraffi between redistribution benefits against added
uncertainty in the reform regime.

5. Conclusion

We considered the prospects of a reform proposdlrttakes the majority of insured better off ex post
The framework used is one of an insured cohort nugdef three different risk types who were givea th
freedom to switch from the status quo to a refoegime. The status quo is insurance with mandated

pooling of risk types, whereas insurance with geparation, via a learning process, is the prosjest
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proven that individual uncertainty is a stand-aldaetor, which can prevent the implementation & th
reform.

This analysis was undertaken in light of empirieaidence indicating that the situation depictedect$
reality in that there is pooling in many areas oblx intervention and there is learning of thek rigpe
based on loss experience in private insurance ngarkhis study pointed to the importance of indixd
type uncertainty when individuals compare the measitalternative regimes. A next step on the resear
agenda might be to identify possibilities to amie the effects of individual uncertainty. One rave
seems to be the accumulation of individual lossrimftion prior to any vote, allowing individuals to
better deduce individual consequences of the systeamge. Such mechanisms will be of importance

specifically if the reforms prevented by individugpe uncertainty have a bearing on efficiency.
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Notes

! For instance, many employers in Germany face @&mim level of pay mandated by the respective Tarthag, which

practically inhibits the allowance of premium detiocs from the wage in the case of high risk emeésy

% See for reference on statistics of sick employegg,Betriebskrankenkassen (2003).

% The fundamental information asymmetry concernirgltiss probabilities underlying pooling in insuramoarkets can
be tackled, for instance, by offering a menu oftcats with differing indemnity levels designednduce the insured to

reveal her true risk type by choice (Rothschild 8tidlitz 1976). Alternatively, one may utilize gklection by means of
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long-term commitment. For example, Dionne and Lassd 985) show how, with full commitment, multinpe
contracts can eliminate the inefficiency due toeadg selection.

4 Consequently, there is no advantage for the cuimenrer to share experience with an insured #iimreuther and
Pauly (1985) or for the insured to hide lossesrétento influence the updating process as in HosiusPeters (1989).
® In Germany, for instance, private health insurgmiders are mandated by law to charge the preniitespective of
the personal loss experience.

® This description depicts the statistics of theotamarket motivation described above.
" In all our observations of this and the followingpsection, we obtain what we show formally abohet is,A; being
positive from the start, whereag andA, , are always negative

® The loss probabilities could also be lowered withthanging the effects as long as the relatiierdifices are reflected

as above, e.g. with.=.4, p,=.1, p=.05,1,=.4,1,=.2, andi.=.4, so thap=.2, results as those in Table 1 emerge.



