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1. Introduction

Moral Hazard in Health Insurance ﬂ
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1. Introduction
Moral Hazard in Health Insurance

Moral Hazard: a solution?

Optimal Contract
Behavioural Model Resolution
Algorithm
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1. Introduction MR AT e
Insurance Contract, a Risk Transfer

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

= Premium ]

m Insurer’s liability | Y
= Administrative costs 11

(X)

Y=R
E(Y)
= [nsurer’s Profit I

= |[nsurer’s Deficit

\

y
E(Y)



1. Introduction R s
Impact of Contract Design on Loss Distribution

Ya= R(X‘Fobs =0, Finobs = 1,E = 1)
Loss Distribution over:

Segment of risk O

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

T 7 an S_

— 0,E = 0)
................................
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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 S T e
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 g, , (2))

m Cost of effort c(e)



[l
.V:¥ ASTIN

2. Methods 4 R
Expected Utility of the Insurer and the Insured

m Insurer's expected profit V'
ViLry o (€) =1 = E(Rp w(X)E = ¢)
m Insured's expected utility U
_ __ 17Wealth
UfX|E71_--7RA,\IJ(e) B fX|E7H7RA,\If (e) o C(e)
Where the expected utility of wealth is defined by

Uf ot Ry g (€) = / w (Wiry o (2)) [xg(2]€) d
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2. Methods A .
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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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)



2. Methods 0 -
Optimal Contract Resolution Algorithm

m Preparation

» Design the theoretical model and modelling framework

* Implement in SAS & R

- 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



3. Results R A
Behavioural Model (Frequency)

Residual Distribution (Frequency Construction of the Effort
Model) over the Insured Segment Indicator in Frequency

Fonction de distribution cumulée pour residu_FREQUENCE - G e n e ral |Zed LI n ear M |Xed
Model

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

= Effort indicator for ; = 4627:
: : e =0.42

80 1

40

Cumulative Percent

204




3. Results k£
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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Conditional density estimation
Conditional Density Function Cumulative Distribution Function
of Output X Given the Effort E1 of Output X Given the Effort E1

(S e g I I l e n t 1 2) (S e g I I l e I I tr'chou gsw;unu)nuuuueue de X par rapport a E1 sur le segment 12
-50 01
Densite conditionnelle de X par rapport a E1 sur le segment 12 . -100 ‘
- 1 -200 | /]
200 -150 -100 % ‘ | / 1/ 08
| |




3. Results I ST e
Influence of Effort on the Distribution of Risk X

0.061 A
0.041
>, Legend
% = Density of X
© — Density of X | E = 0
8 = Density of X | E =1
== Density of X| E=¢e_0
0.021
O-OO_ —
-200 -150 -100 ~50 0

Output x
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Influence of Reimbursement on Wealth

100+
501
<
©
2 L
= egend
S O — Reimbursemen tR
[ — Wealth W
(O]
>
()
—

0. /
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-200 -150 -100 ~50 )
Output x
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Utility of Wealth and Risk Aversion

-200
=
E Legend
= = Utility of wealth 1a) with insurance (risk neutral)
S = Utility of wealth 1b) without insurance (risk neutral)
> = Utility of wealth 2a) with insurance (risk averse)
:_.:; = Utility of wealth 2b) without insurance (risk averse)
D
-400-
—-600+

-200 -150 -100 -50 0
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Initializing the Algorithm: Calibrating the Model

1.00

0.751

utility

0.251

0.00+

0.50+

\

A

0.00

0.25

0.50
effort

0.75

1.00

Effort in the initial state
e 0=0.42

Legend

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

== (3) Expected utility = (1) — (2)



3. Results {24 -
Optimal Contract Resolution Algorithm

m The Optimal Contract Resolution Algorithm converged

m \We obtained the optimal contract (optimal premium and
reimbursement function) for each insured

m With the new contract design, the expected annual profit of the
Insurer increases up to 320% (in a monopolistic market)



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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Thank you for your attention
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