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1. Introduction
Moral Hazard in Health Insurance

insurer  [nformation asymmetry %%””ad
eory

Adverse Selection

chalenges ~ Moral Hazard Health

Insurance
Behavioural model
Free riders Fraud

Optimal Contract Resolution Algorithm
Profitability Incentive structure Attractive products
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1. Introduction
Insurance Contract, a Risk Transfer

Insurance contract (I, R) for the risk transfer X|Fobs, Finobs, E
m Insured’s liability I

= Premium 11
m Insurer’s liability i Y
= Administrative costs 11

(X)

Y=R
K(Y
(¥) .
= [nsurer’s Profit

= Insurer’s Deficit ‘ ’

E(Y)
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1. Introduction
Impact of Contract Design on Loss Distribution

Yi= R(X‘Fobs — 0, Finobs — 07 E = 1)

Loss Distribution over:

Segment of risk O

YV — R(X‘F . 0_) Low-risk subpopulation
— obs —
. High-risk subpopulation

7 lIlO S_]'7
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1. Introduction
Dealing with the Moral Hazard Problem

The Research Problem

B s it possible to model the behaviour of an insured linked to a
complementary health insurance portfolio by quantifying his
level of effort to reduce his risk exposure during the life of the

contract?

m |f so, how can we model the optimal contract in the presence of
moral hazard?
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2. Methods
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2. Methods
Some Notations and Concepts

m Contracts (I, Ry ) are with reimbursement functions R ¢
with two parameters

= Coverage Ceiling A
= Deductible W

m Output x (of risk X)) is a signal from effort € to limit the risk
m Wealth Wr g, , (2)

m Utility of wealth u (Wi, , (2))

m Cost of effort c(e)
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S

Expected Utility of the Insurer and the Insured

m Insurer's expected profit V'

Vit.ry o (€) = 1 = E(Ry o(X)[E = e)

B Insured's ex

nected utility U

UfX|Eal_-

Rao(€) =Up imr, ,(€) —cl(e)

Where the expected utility of wealth is defined by

Ix|E

pWealth (e) / 0 (Witg, o (@) fx(zle) do
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2. Methods
Optimal Contract Model

m Optimal Contract Model under moral hazard

max Vi w(ecpr)
(II,LA,¥,ecp1)€(IR1 )3 x[0,1]”

€cp] — argmax UnjA,\p(e)
subject to e€[0,1]/

Unawl(ecpr) > U

m Problem solving contracts (IL., Ry, v, ) are the optimal contracts
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2. Methods
Behavioural Model

Construction of Effort Indicators
m Data Mining
B Segmentation

B Generalized Linear Mixed Model

* Frequency
" |ntensity

m Transformation of the negative of the residual into the standard
uniform distribution £ «~ U(0;1)
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2. Methods
Optimal Contract Resolution Algorithm

m Preparation

» Design the theoretical model and modelling framework

* Implement in an appropriate software
- Behavioural Model
- Optimal Contract Resolution Algorithm

= Estimating parametric copulas of (X, E) and the conditional density fx&
m [nitialization

= Calibrate the utility function (risk aversion)
= Calibrate the cost of effort (participation and incentive constraints)

B Resolution
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3. Results
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3. Results
A Concrete Initial Contract: Is It Optimal?

m [nsured ; = 4627 is:

» a 33-year-old woman living in the Paris area
» with a standard insurance scheme (no chronic illness or maternity)

m This insured signed an initial contract covering the “medical
consultations and visits” benefit with the following parameters :

= annual premium 1I;: €32
» annual coverage ceiling Aq : €117
= annual deductible V: €49
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3. Results
Health Care Consumption

m During one insurance year, insured ¢ = 4627 visits the physician
on dates t € {t1,1o,t3,%4}, and we have on an annual basis:

= an annual health care expenditure HCE: €127

= an annual reimbursement from the Social Security Rsg: €24
= an annual output X : €-103

= an annual deductible W: €49

* an annual coverage ceiling Ag: €117

= an annual reimbursement by the complementary health insurance
Rp w(z): €54
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3. Results
Claim Frequency by Risk Factors

Claim Frequency Claim Frequency
By Insurance Scheme By Gender
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3. Results
Claim Frequency by Risk Factors

Claim Frequency Claim Frequency
By Age Class By Medical Acess
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3. Results
Behavioural Model (Freqguency)

Residual Distribution (Frequency
Model) over the Insured Segment

Cumulative Percent

Fonction de distribution cumulée pour residu_FREQUENCE
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Construction of the Effort

Indicator in Frequency

Generalized Linear Mixed
Model

Transformation of the
negative of the residual into
the standard uniform
distribution £ «~ U(0;1)

Effort indicator for ; = 4627:
et = 0.42
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3. Results
Parametric Copula Estimation

Cumulative Distribution Function Cumulative Distribution Function
of the Copula (X, E1) of the Joined Distribution (X, E1)
(Segment 12) (Segment 12)
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3. Results
Conditional density estimation
Conditional Density Function Cumulative Distribution Function
of Output X Given the Effort E1 of Output X Given the Effort E1

Fonction de repartition de la loi jointe (X, E1) sur le segment 12
Fonction de repartition de la copule (X, E1) sur le segment 12 . 150 ~100
0 02 0.4 06 08 11 E
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3. Results
Influence of Effort on the Distribution of Output

0.06 A
0.041
- Legend
:%' = Density of X
c =—Density of X| E=0
I~ — Density of X | E = 1
==Densityof X|[E=¢e_0
0.021
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3. Results
Influence of Reimbursement on Wealth
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3. Results
Utility of Wealth and Risk Aversion
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Initializing the Algorithm: Calibrating the Model
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Legend

== (1) Expected utility of wealth
== (2) Cost of effort function

== (3) Expected utility = (1) — (2)



3. Results
Optimal Contract Resolution Algorithm

m [nitial contract of insured 1 = 4627
= Initial characteristics IIj = 32, A{, = 117, ¥ = 49
= Initial effort e] ; = 0.42

= |nitial expected annual profit Vi g - (€] o) =12

m Potential premium adjustment (monopoly situation)

* Premium adjustment HZ =50, A} =117, ¥} = 49
» The effort decreases to e1 + =041

" The expected annual profit increases to Vi Ryi yi (e} 1) =29
LA
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3. Results
Optimal Contract Resolution Algorithm

m The algorithm converged for insured : = 4627 and effort y = 1.

(IT, = 67,AL = 421,07, =49,¢} , =0.39)

B The expected annual profit increases to

| (efi’*) = 38
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4. Conclusion
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4. Conclusion

B [nnovative approach

» Operational application of Contract Theory to Health Insurance
* Behavioural Model
= Optimal Contract Resolution Algorithm

B Next challenges of the Optimal Contract Resolution Algorithm

» Health Capital of the insured
= Moral hazard of the health care provider
= Competitive situation
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Disclaimer:

The views or opinions expressed in this presentation are those of the authors and do not necessarily reflect
official policies or positions of the Institut des Actuaires (IA), the International Actuarial Association (IAA) and
its Sections.

While every effort has been made to ensure the accuracy and completeness of the material, the 1A, IAA and
authors give no warranty in that regard and reject any responsibility or liability for any loss or damage
incurred through the use of, or reliance upon, the information contained therein. Reproduction and
translations are permitted with mention of the source.

Permission is granted to make brief excerpts of the presentation for a published review. Permission is also
granted to make limited numbers of copies of items in this presentation for personal, internal, classroom or
other instructional use, on condition that the foregoing copyright notice is used so as to give reasonable
notice of the author, the IA and the IAA's copyrights. This consent for free limited copying without prior
consent of the author, IA or the IAA does not extend to making copies for general distribution, for advertising
or promotional purposes, for inclusion in new collective works or for resale.



