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Motivation

 |nsurance companies: regulatory capital vs capital
budgeting

* RIsk measures and economic capital

o Shortcomings of the current definition of the reton
risk-adjusted capitaRORAG

Net profit( X )

RORAC=—— _
Initial capitatr ( X)

Fisher and Roehrl (2005)

Economic capital



Literature Review

« Economic capital estimation (see, e.d., Djehicimel a
Horflet (2004), Tang and Valdez (2005), Dhaenelet a
(2006), Alink et al. (2004, 2007) and Bisignani et
al.(2007))

 Optimal portfolio in the presence of liabilitieseg, e.qg.,
Buchman (1978), Cummins et al. (1981), Browne (1995
Hipp and Plum (2000), Liu and Yang (2004), Yang and
Zhang (2005) and Bai et al. (2008))

 Economic capital and optimal portfolio at oncerfelaet
and Therond (2007), Dhaene et al. (2005) and Ahcan et
al. (2004)



Research Questions

This paper addresses the following questions:

 Does the introduction of capital as a decisional#e
Improves the risk adjusted performance of a noa lif
Insurance company?

« What Iis the optimal decision system between
simultaneous or sequential optimization of the tdpi
and the investment portfolio?

« What are the factors influencing the capital ragsor
retiring decisions?



Assumptions

— One period horizon
— (1) lines of business

— Premiums are received at the beginning of theogeri
and contingent claims are paid at the end of thege

— Liabilities risk cannot be controlled, transferredr
hedged

— Recapitalization cost function is piecewise linear

-lDC  DCEO
gDC DC3 0

— Investable funds are fully allocated followindpay and
hold strategy in J+1) assets, short sale is not allowed

d(DC) =



AssumptionScont’d)

Notation:

S : aggregate losses fidtline of business,

P : provisions at the beginning of the period,

C : initial capital,

C : extra capital,

(.) : recapitalization cost function

I, : holding period rate of return on the risk-fresets
r; - holding period rate of return g risky asset,

x; . proportion of wealth invested ji risky asset,
L : profit & loss function,
t : tax rate



Model

Net Profit(x DC 4 DC))
X XP&C C+DC
subjectto  CVaR (x DCd(DC)) £

DC invested in
all the assets

DC invested in
the risk-free assi

Simultaneous Sequential Simultaneous Sequential
optimization optimization optimization optimization



Model & theoretical results

(p— (s))Ti+(C+P)(rO+>ir(E(r)-roe))+ D¢ o DJ @ ¢)
(Pl) {ﬁ%c} C+DC

subject to C\/alg(sTi+d([I:)—( G B (W g+X(r- g - D& 5))5 0

Lemma 1 For a piecewise linear cost function, the shbrtfa
constraint of the problefR) is binding for the ioyt
portfolio.

Proposition 1. If a convex and nondecreasing in absolute value
cost function verifies:

m(DC) =00(1+¢) - of 00 is nondecreasing 0OC>-C
RORAGX ,d(oc), o) is decreasing’ DC <0

then the shortfall constraint for the problem isdong



Model & theoretical results

e Simultaneous optimization program

(p- )i+ (C+P)(r,+X(r-rg) @ ¢y h@ t)g

Max +h(l- ¢
X X} CVaFg (X) ( )
C+
(1+h)
I DC=0
h= (r,-g) DC>0
(r,+b) DC<O

Concave convex fractional program
Existence of a unigue global optimum
Solving a parametric problem (Dinkelbach’s algomntl
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Model & theoretical results

e Sequential optimization program

c Max E[ ROC(x))- h(t ¢)

Max

+h(1-7)
¢ C+IC  supject to CVaR STi-(C+ P) (1+ ’5) +xT(r-rOe) :D[)(1+h)

Proposition 2. The optimal extra capital in the problem
(Pl) IS derived from optimizing the following problem
C j (DC)- h(z ¢)

C+DC
where/ is the optimal value function(a‘)

g]?g( +h(1— l‘)
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Model & theoretical results

Most profitable
portfolio

Be'/
Ad Equity capital Equity capital
Minimum risk retiring raising -
portfolio Ve <0 4 | TE
a VG,’

min

Figure 1. Efficient frontiers without and with capital adjustment.
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Model & theoretical results

(p— (s))Ti+(C+P+DC)(r0 +>3(E(r)—roe))— dogd @t)
(R) Lo, C+DC

subject to CVaR (s'i+d(DC)- (G bC+ B (1+ ¢)+ X' (r- ) )£0O

* Proposition 3. When capital is invested in all the assets, the
optimal portfolio and extra capital are solution$ this
problem

(p— (s))Ti+(C+P)(rO+>ir(E(r)-roe))+ D¢ o DJ @ )
(x5 C+DC

subject to CVaB(STi+a(DC)-( G B (W g+X(r- g - D& g))E 0

J

X £1+
j=1 : C+P

Xj3 0 13




Summary of theoretical results

Net Profif x DC #(DC))
_max
X XPp&C C+DC
subjectto  CVaR (x DCd(DC)) =  Risk constraint is bindin

(pl) DC invested in < /\ > DC invested in(|32)

the risk-free assi Except for the budget constra  all the assets

Simultaneous Sequential Simultaneous Sequential
optimization optimization optimization optimization

14



Case study

We consider data of a major French non-life insusaiman obtained
from (FFSA) from (1995 - 2006)
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Case studycont'd)
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Efficient frontier
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Efficient frontier(cont'd)

18



Optimum sensitivitycont'd)
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Optimum sensitivitycont'd)
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Optimum sensitivitycont'd)
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Optimum sensitivitycont'd)
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Conclusions

Recapitalization improves insurers performance.

The simultaneous and sequential optimization are
equivalent.

The risk magnitude and the initial capital lev&fluence
the equity capital raising or retiring decisions.
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Possible extensions

* Considering robust optimization approach instead o
stochastic programming.

* Problem setting within a discrete-time or
continuous-time dynamic framework.
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