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G
rowing sizes of investment projects
fuelled by economic integration
have created an increase in the
demand for credit insurance (CI)

products. Lart̂ er projects usually require long-
term external financing and thereby generate
the need tor financial guarantees. For instance,
Nortel Network Corporation gained a series
of waivers from Export Development Canada
to support its credit (Reuters, February 15,
2005) and in the United States in 2004, Ex-im
liank the otlicial credit agency has provided
loan guarantees and export CI to assist $17.8
billion US exports around the world.

C-I is valuable to project sponsors, since
it is an opportunity tor them to improve their
credit quality and to access to more funding at
lower costs. From an insurance company view-
point, portfolios of financial guarantees are
complex because of their risk distribution
structure and the systematic nature of credit
risk, which underscores the importance ot
niultiyear management.'

We distinguish between two types of
insurance porttolios: "closed" and "opened."
Closed porttolios consist of a fixed number of
CI contracts to be carried until maturity.
Opened portfolios on the other hand, allow
the insurer to include new insurance contracts
over time.

The objective ot this article is to inves-
tigate the effect of niultiyear risk-management
decisions on CI portfolios. For this purpose,
we contrast portfolio risk diversification with

increased insurer's capital in a niultiyear con-
tractual environment. Using equivalent mar-
tingale meastires (EMMs) in Harrison and
Pliska [1981], we measure the value of CI
through the market value ot vulnerable finan-
cial guarantees, which accounts tor all short-
falls, clients and insurers" specific risks, and
capital as well as the correlations between the
parties.

Merton [1977] established an isomor-
phism between a put option and a tinancial
gtiarantee. Hence, a tinancial guarantee can be
considered as a put option written by the insurer
and given to the pohcy holder. Since this sem-
inal work, several researchers have studied pri-
vate fmancial guarantees provided by a
vulnerable insurer (i.e., the insurer is subject to
default risk). For instance, Johnson and Stuiz
[1987[ and Klein and Inglis [1999| propose a
model to price options subject to risk of tinan-
cial distress on the part of the option writer. Lai
and Gendron |1994| derive closed-form for-
mulas for the value of private loan guarantees
under stochastic interest rate regime. Cendron,
Lai, and Soumare [20()2| use no-arbitrage
pricing theory to evaluate portfolios of vulner-
able private loan gtiarantees and investigate their
risk diversification properties. All these studies
assume the same maturit\' tor all guarantees in
the portfolio.

In this attempt at modeling multiple
maturities in porttolios of CH, we use a no-
arbitrage pricing model with realistic features
such as coupon payments, stochastic interest
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rate, and stochastic volatilities. We rely on optimization
by Monte Carlo simulations tor numerical results.

We find that for a given riskiness level of insurer's
capital, an optimal value of CI can be obtained by appro-
priate risk diversitlcation and/or increased insurers cap-
ital. Our simulation results show that for insurers with
high risk exposure, portfoho risk diversification is more
effective than increasing insurer's capital. For a credit-
w^orthy insurer, increasing the size of the insurer's
capital can lead to significant improvement in the value
of the CI portfolio. This suggests that alternative risk
transfer techniques, which provide synthetic capital to
the insurer, should be considered in an integrated risk
management.

The article is organized as follows. We present the
model in the next section and discuss the results from
Monte Carlo simulations in Simulation Results section.
Finally, we conclude in last section.

THE MODEL

As mentioned above, our model captures different
types of risks inherent to portfolios of CIs through sto-
chastic cash Hows of the policyholders, net-assets of the
insurer, stochastic interest rate and stochastic volatilities.
In addition, default before the maturity of the debt is trig-
gered by missing on a coupon payment.

The first subsection describes the different stochastic
processes. The no-arbitrage pricing argument to value
expected shortfalls (ESs) and CIs in a portfolio context is
used in ES and CI Valuation section. The third subsec-
tion discusses the strategic risk management decisions for
portfolios of CI.

Stochastic Processes

We make the standard assumptions of no-arbitrage
pricing of Merton j 1974] and Harrison and Kreps [ 1979],
i.e., perfect, frictionless markets in which securities are
traded in continuous time, with no tax, no transaction
costs, no asymmetric information, and so on. For a stan-
dard exposition ot this kind of framework, see a classical
text such as Panjer [1998].

Assume a complete probability space (H, F, Q)
where F = {J ,̂; f >: 0} is the filtration, J-, is the set of
information available at time t and Q the risk-neutral
probability measure. The processes in this article are
adapted to F and arc measurable functions from O X M+
into M. All equalities involving random variables are

understood to hold P-almost surely. E'-'j • | JT,] is the con-
ditional expectation with respect to the available infor-
mation set T, at time f, and is denoted hereafter Ef^[ • ]
for case of notation. For any random variable A', we use
X{0 to represent X{w,/): H X E . ^ R.

We consider a portfolio of iVCI contracts. Each
credit contract consists of insuring one debt. Let us denote
by V^ the cash flows available for loan repayment by the
policyholder / {/ — 1, . . . , N). The process describing
the cash Bows are

d V,{i) = r{f) V,{t)dt + o-,{t) I<(/)dZ,.{0, / - I, . . . , N, (1)

where n ft X |(), +=c) ^ E is the short-term interest rate,
{a;, i = 1, . . . , / \ ' } : n X M^ —>R are the instantaneous
volatilities of the cash flows returns described below (see
Equation (4) for the volatilities and Equation (5) for the
interest rate). {Z,; i = \, . . . , N}: il X R^ ^ R are
Wiener processes.

Let A be the total assets of the insurer and L the cur-
rent existing Habilities. The total net-assets available to the
insurance company to support CI claims is denoted by W:

(2)

This equation links conceptually the insurer's net-asset,
capital, and insuring capacity. It is assumed to follow Ito
diffusion process

dlV{t) = r{i)W{t)dr+ (3)

where O",,-: fl X E , —> R (is the instantaneous volatility
of the insurer's total net-assets described below in Equa-
tion (4) and Z,,: n X E+ ^ E a Brownian motion.

The volatilities of the cash flows ({ r',}/=i \) and
the insurers total net-assets (W) are stochastic and their
processes are given as follows:

= l....N,lV, (4)

where {T ;^ . ; ^^ 1, . . . , N , H ^ : H X R + ^ E are Wiener
processes. The coefficients {I't, j8t,, and 0t.; fe = 1, . . . ,
iV, IV} are respectively the speed of adjustment, the long-
run mean and the variation of the diffusion volatility, and
the constants {pi.,,; k = 1, . . . , iV, 14-̂} represent the cor-
relations between the variables and their volatilities.-
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The dynamic of the stochastic interest rate is

dr{t) - K{e - r{t))d( + (r (5)

where K is the speed ot adjustnietit, 6 is the long-run
mean, a, is the volatility ofthe interest rate changes which
is set to a constant, and Z,: il X R+ —̂  M is a Wiener
process.-' The Cox, Ingersoll, and Ross (CIR) |1985| and
Vasicek |1977] interest rate processes are particular cases
of this process, with y equal to 0.5 for the CIR [1985|
process and 0 for the Vasicek |1977] process.

The Brownian motions satisfy the following
conditions

E?[dZ,it)dZ,it)] = N,W,r],

(6a)

(6b)

/.(6c)

ES and CI Valuation

The debt underwritten on the contract of policy-
holder / is represented by a coupon paying bond with
coupon C, at each interval A of time and face value F, at
maturity date T,. The coupon payments are made semi-
annually and subtracted from the policyholder s cash flows
valtie denoted by V\. The insurer seizes the policy holder's
remaining cash flows at the first default date.

We use a no-arbitrage argument similar to Harrison
and Kreps [1979] and Harrison and Pliska |I981], there-
fore the debts are priced using the EMM Q as follows.

hi absence of default, the bond price at any time ris

exp J r(.s)d. C,

(7)

From this formula, the detault-free coupon bond price
at time T is the expected present value of all future
payments until maturity. The first part ofthe expectation
expression is the present value of all remaining coupons

and the second part is the present value ot the final
payment.

The policyholder (' defaults on its debt service if the
cash flow Vj drops below the required payment. This
occurs at the first exit T,: f) X [0, + cc) -^ R^

T, - mf (f : s.t. K(0 < C, +F, iff - (8)

Hence, the price ofthe risky debt at time zero without
guarantee, A,,vc{0)' is

| r , /Zl |-I

exp C

(9)

Intuitively, from Equation (9), in the absence ot a CI,
upon default at time r,, all future payments are lost. The
risky debt price is the expectation (under the risk-neu-
tral probability Q) ofthe present value at time zero of all
coupons received prior to default plus the value I'^(T,).

Here, the default trigger date is random and can be any
coupon date. For a zero coupon bond, the default trigger
date has no random component, corresponding exactly
to the maturity date ofthe debt.

CI enhances the value ofthe risky debt. The price
at time zero ofthe insured debt, D, ,j(()), is

, (10)

where a, is the allocation percentage ofthe insurers wealth
to policyholder /.

In Equation (10), the price ofthe insured debt is
equal to the price ofthe risky debt without CI plus an
additional amount representing the value ofthe CI. Upon
default at time T,, if the insurer's contribution (a,M (̂T,))
combined with the value ofthe cash Rows (K('̂ ;)) is suf-
ficient to cover all remaining payments on the debt, then
the lender receives full payment. Otherwise, the insurer can
only provide partial payment.

Exhibit 1 illustrates the relation between the default-
ti-ee debt (D,(0)), the noninsured risky debt {A,JVG(O)) and
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E X H I B I T 1

Expected Shortfall and Credit Insurance

Expected shortfall

D,NG(O)

Non-insured
risky debt

Credit insurance

Insured
risky debt

Default-free
debt

the insured risky debt (D, (.(ri)), given respectively by
Equations (7), (9), and {10). Tbe total ES on tbe loan is
measured by the difference between the value of the
default-free debt and the noninsured debt: D,(()) —D, .\(;{()).
In the spirit of Merton |1977J, the difference between
the default-tree debt and the insured risky debt conies
from the fact that insurance companies can default. Some
government debt can practically be considered as default-
free. The value of CI is the difference between the insured
risky debt and the noninsured risky debt:

X

Ill a portfolio context, our key variables are tbe
ES and CI per unit of total risk-free debt value and are
given by

(12)

nexus of correlation risks among tbese sources of uncer-
tainty. Tbe difference between ES and CI represents wbat
is not covered by tbe risky insurer. For a riskless insurer,
e.g.., government corporations, this difference is zero.

Multiyear Risk Management

In an insurance pricing context, profits are usually
tied to premium levels. It is then reasonable to assume
that insurance companies will seek to maximize the value
ofthe portfolio of CI for a given level of ES under lim-
ited capacity (t-V)."*

Since tbe objective of this article is to investigate the
effect of intertemporal risk management on C'l portfo-
lios, we propose the following optimization program to
find the combination of maturities which maximize C Î:

max CI

s.t. ES^ES and
(13)

ES captures not only the stochastic cash Hows and insur-
er's net-assets risks, but also the interest-rate risk and the

where {7]: / = 1, . . . , N} are the arguments from the
optimization and represent the maturities of the loans.

nS is the maximum underwritable ES per dollar of debt

and H' the insurer's total net-assets limit.
For a given level of portfolio risk measured by ES, the

insurer is to choose a pool of CIs with differing maturities
to maximize CI. Since different combinations of maturi-
ties yield the same ES, the question is: which maturity
structure •̂ 'ields the maximum premium levels to the insurer?
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Two kinds of portfolios are considered, closed and
opened. Closed portfolios consist of a fixed number of CI
contracts to be carried until maturity. Opened portfolios
on the other hand, allow the insurer to include new insur-
ance contracts over time.

SIMULATION RESULTS

We conduct the optimization program (13) using
Monte Carlo simulations to compute the values of the
debts defined in Equations (7), (9), and (10).

Eor the closed portfolios, we consider two CI con-
tracts similar in size but with different cash flows risks.
For the opened portfolios, we also have two CI contracts
similar in size and different in cash flows risks, but we
consider them sequentially. In this case, the second con-
tract comes into effect only when the first one expires.
With the no-arbitrage argument, we can price all contracts
today based on the available information set. The
maturities of the debts that maximize the value of the CI
portfolios are given in Equation (13).

Baseline Parameters Values

The initial cash flows values (1 (̂0)) are 250 and the
insurer's initial net-asset value (14̂ (0)) is 100 or 2{)(). All
debt face values are fixed to 100. The coupon rate of 6%
is the annual rate payable each 6 months up to the matu-
rity of the debts. The insurer's wealth is assigned in equal
percentage to each policyholder.

Exhibit 2 gives the parameters values for the stochastic
volatility models. Initial values for the volatilities (cr,(O)) are
0.20 for low-risk and 0.70 for high-risk. We choose a i* of
0.50, p equal to O"'̂ (0) {the square of the initial volatility),
and 0 equal to 0.15. The correlations between asset returns
and volatilitv' changes, p^,^. are set to zero.

Exhibit 3 presents the parameters values of the
interest-rate process.'' The initial interest rate, r(0), is 3%,
the long-rtm mean, 0, is 3%, the adjustment speed, K, is
0.20, and the interest rate volatility, cr,, is 0.10. The value
of yis 0.5, which corresponds to the CIR (1985) process.

For an insurer specializing in a specific sector, returns
of cash flows may be highly correlated. The correlations
between the two cash flows and between the insurer and

E X H I B I T 2
Parameters Values for Sfochastic Volatility Processes

Valui's [0.2(1, 0.70]

f

0.50 rr(O)
4>

(1.15
P
0

This fxhibit presents the parameters values for mean-reverting stochastic volatility processes. )3 is the long-ruti mean, v the speed of adjustment,
<{> the variation cocfticicnt ot the ditTtision volatility, p the correlation between the cash flows ([*) or insurer's total nct-asscts (H) returns and
volatility processes, and tr(") '"̂  f'l'̂ ' iniU'il vtilatiiity. Z and TJ are independent Brownian motions. The voIatilitR's are annualized:

E X H I B I T 3
Parameters Values for the Interest Rate Process

Values (1.03

K

(1.20

0
0.03

(T,

0.10
y

0.50

TIlis exhibit shows the panimeter^ values for the interest rate process, r, r{()) represents the initial interest rate value, fc the speed of adjustment, 9
the loDg-run mean and a, the interest rate volatility. We use the CIR (1985) process, i.e., y = (J.5(J. Z, is a standard Wiener process. Ail values
are annualized:

dr(f) -
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the cash flows, {p,,,i,/ = 1, . . . , ^\IV}, are choseti from
the set {-0.30, 0.50[.

We next present simulation results pertaining to our
research article's question.

Closed Portfolio of CI

Exhibit 4 contains four graphs. The maturity of the
debt with low risk cash flows is set to 5 years for the top
two graphs ({a) and (b)) and 15 years for the bottom graphs
((c) and (d)). The graphs on the left side ((a) and (c)) are
for an insurer with low risk exposure {(Tiy — 0.35) atid

E X H I B I T 4

ES and CI for Closed Portfolios

(a) Ow = 0.35, Tf = 5years (h) an =0.70, T, = 5years

(c) ail = 0.35, Tj = 15 years (d)<T»=0.70, T,= 15years

These graphs plo! the ES and Cl for diffcrciil pumtui'ters values. TItis graph is cotistriicted for dosai portfolios, which amibincs low-risl^ mid high-
risk cash flows. Tlie correlations het\t'eeii the cash J}ou% the insurer's net asset and the interest rate, {p,,,i = / , . . . , N , W } , are set equal lo
— 0.25. The correlations between the two cash flows, and between the cashflows and the insurer, {p,,.il,i — / , . . . , N . IV], are selected from
{—O.M). ().5()\. Tlie )iiaturity of the debt with loii' m t cash flows (Tz) is 5 years for the top graphs and 15 years for the bottom graphs. In the
legend, "Cl 100,0.35.0.50" stands for Cl with W - 100, a^ = 0.35, and p,j =0.50.'
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E X H I B I T 5
ES and CI for Opened Portfolios

(a) <Tw = 0,20, T, = 5 years =0.70, T, = 5years

DeU miturity wllh high ri* utfi Do

CM 00.0 70.0 50- - CI 200,0 70,0 50- -CMOO.0.70,.0.30

(c) Oif = 0.20, T, = 15 years (d) 0.70, T, = 15 years

0 00
•

5

— ES c

.M

• ' • -

10

100,0 70,0.50 —•—c

H

20
h Mgh l i * e*H

200.0.70,0 50

^ II

25 30

—ti—cnoo.o 70.-0 30

Vmt'siraphs plot the ES and CI for diffi-rait parameters rallies. The f^rapln arc loiistructed for opened portfolioi. wliuii ftart lrilli low-risk cash Jioirs and
end wilh high-risk cash flows. Vie correlations bctweai the cash fon's, the insurer's net assci and the ititercsi ran; {p,,J = I . . . . . N, W}. arc set ecpial
10 -0.25. Vie correlations between the ttm cash Jiows, and between the cashfiows and the insurer, {p,,,il,j ^ / , . . . , N. W], are selected from { - 0 . 3 0 .
0.50). The maturity of the debt with low risk cash flows (T,) is 5 years for the top }>ra}>hs and 15 years for the bottom graphs. In the legend,
"CI WO.0.20,0.50" stands for CI mth W = 100. a^- = 0.20. and p., - 0.50.

the other two graphs ((b) and (d)) are for an lnsurt-r with
high risk exposure {(T\\- — 0.70).

In each graph, the upper hne represents the ES, i.e.,
the maximum CI value for an insurer with low risk expo-
sure. The other three lines are characterized by the vector
[W, CTH-. P) where H^is the initial net-asset value of the

insurer, dw is the initial volatility of the insurer, and p
represents the value of the correlations between the cash
flows, and between the cash flows and the insurer. The
dotted line is the CI value for the parameters vector (100,
0.35, 0.50). The line with the 'X ' mark gives CI for
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E X H I B I T 6
ES and CI for Opened Portfolios

(a) <T» = 0.20, T2=5years (b)<T»=0.70, T2 =

O«bt mitunty olth loo r t * c

CM00,D2D,O5O- -CI 100,0 3O.D3n

1

1

010

035

OM

025

0 15

DOS

5

ES

- ^

~ - - • e

10 15

D>b( niituritv •

CI 100,0 70.0 60 —•—C

_ - ^ - ^ — '

. "

- — .

20 25 3D

itntDW r l r i iu i l i ncMt

200,0.70,0 50 —»—CI 100,0 70..0 30

(c) ffw = 0.20, T2 = 15 years (d) a» =0.70, T.= IS years

O*iil mitunty with lo

CI 100,0 20.0 50 • - CI 200.0 20,0 50 • -CI 100.0 20, 0 30

Dam milurity with low rlik

- CI 20O.O 70,0 50 • -CI 100,0 70,-0 30

These ^i^niphs plot the HS ami Cf tor different panmeters mines. I he ^^raplis are constructed for opened portfolios, which start with hi^h-risk cash flows

ami end with low-risk cash flows, 'i'he corrections between the cash flows, the insurer's net asset ami the itnerest rate. {p,,,i = / , . . . , ,V, IV}. are set

equal 10 0. The carrehtions between the two cash flows, and beiweeu the cash flows ami the insurer. {p,,.ii.i ^ I !\\H'}, are selected from {-0.30,

O.SO}. The maturity ofthe debt with hif^h risk cash flows (T_,) is 5 years for the top graphs atid 15 years for the bottotn graphs, in the legend,

"Ci 100.0.20.0.50'- stands for Ci u-idi I l ' = 100. o",, = 0.50, and p,, = 0.50.

the negatively correlated cash flows, i.e., p — —0.30.
We observe that risk diversification through negative
correlations increases the value of Ĉ I. The line with the
' • ' mark gives the CI value for a larger insurer, W = 200.
As expected, a large insuring capacity increases the value

of CI. Note that the increase in the C! value is not pro-
portional to the percentage variation of tlie insurer's net
asset.

Moreover, with our set of chosen parameters, for
an insurer with low risk exposure, the value of CI is much
higher with increased insuring capacity than with risk
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diversification. In contrast, when the insurer is riskier,
there is more to be gained tbrough risk diversification
than by doubling the insuring capacity.

Opened Portfolio of CI

As above. Exhibits 5 and 6 contain four graphs.
Exhibit 5 gives the results for opened portfolios where the
insurer starts with a debt witb low-risk cash flows and has
to ofTer C-I to a pohcy holder with high-risk cash Hows.
In Exhibit 6, the insurer has a debt with high-risk cash
flows and can accept any client with low-risk cash flows
debt. In Exhibits 5 and 6 respectively, the maturity' t)f the
debt with low-risk (high-risk) cash flows is set to 5 years
for the top two graphs ((a) and (b)) and 15 years for the
bottom graphs ((c) and (d)). The graphs on tbe left side
((a) and (c)) in both figures, are for n insurer with low risk
exposure {CT,,- = 0.20) and the other two graphs ((b) and
(d)) are for an insurer with high risk exposure ((7,c ~ 0.70).

Similar to the case of closed portfolios, decreasing
the correlations between the cash flows, and between the
cash flows and the insurer, improves substantially CI, espe-
cially for risky insurers. For example when the insurers
net asset volatility' is 0.70, decreasing the correlations from
0.50 to —0.30, we obtain a CI superior to the one we
would obtain by doubling the net asset level ofthe insurer
from 100 to 200.

Note finally that the overall riskiness level of the
portfolio is mainly driven by the maturity structure of
the debt with high-risk cash flows ui both types of port-
folios {closed and opened).

CONCLUSIONS

As the use of CI becomes more widespread and per-
vasive, for instance in fostering exports, economic growth,
and mitigating financial crises, the management of portfo-
lios of CI has become important. In this article, we analyze
the multiyear risk management decisions of credit-enhanced
debt contracts on the value of an insurer's CI portfolio.

To achieve our goal, we propose a contingent-claims
model that includes many realistic features such as coupon
payments, stochastic interest-rate, and stochastic cash flows
volatility. Using optimization by Monte Carlo simula-
tions, we compute the value of total ES and CI for port-
folios of CI.

We distinguish between two types of insurance
portfolios; "closed" and "opened." Closed portfolios con-
sist ofa fixed number of CI contracts with different cash

flows risks to be carried until maturity. Opened portfo-
lios on the other hand, allow the insurer to add new insur-
ance contracts sequentially. In tbis case, the next contracts
come into efiect only when the previous ones expire. By
the no-arbitrage argument, all contracts are priced based
on today available information set. For both closed and
opened portfolios, by selecting the maturities ofthe debts
that maximize the value of CI, the overall risk ofthe port-
folio is mainly driven by the maturity structure ofthe
debt with high-risk cash Hows.

We find that for a given riskiness level of insurer's
capital, an optimal value of CI can be obtained by appro-
priate risk diversification and/or increased insurers cap-
ital. Our simulation results show that for insurers with
high risk exposure, portfolio risk diversification is more
effective than increasing insuring capacity. For a credit-
worthy insurer, increasing the size ofthe insurer's capital
can lead to significant improvement in the value of the
CI portfolio. This suggests that alternative risk transfer
techniques, which provide synthetic (or contingent) cap-
ital to the insurer, should be considered in an integrated
risk management.

ENDNOTES

This artick- circulated previously under the title "Multi-
year risk nKinagcnient in portfolios of credit insurance". We
thank participants at the 20(15 IME conference in Quebec
City and the 2006 International Workshop on Applied Prob-
ability (hosted by the University of Connecticut, Storrs, USA)
for hflpful comments and suggestions. We acknowledge fman-
cial support from the Institut de Finance Mathcmatique of
Montreal and the Fonds Quebecois de I.i II. cc he re he sur Ia
Societe et la Culture (FQflSC:).

'Ramaswamy [2OO2|: "Managing credit risk in a bond
portfolio is usually more difficult than managing market risk.
The reason is that credit risk is a low-probability default event
that leads to highly skewed return distributions . . . To a cer-
tain extent, managing credit risk is similar to managing event
risk when pricing an insurance premium." See also 'Credit
Insurance: Rating Methodology', Moody's Investors Service,
Global Credit Research, July 2001.

One ofthe channels of risk management is the use of
alternative risk transfer strategics (see for instance Banks 12004],
Gulp [2()02| and Lane [2002]). Alternative risk transfers such
as recapitalization, contingent capital, reinsurance or captives
are captured in our model by an increase in the insurer's
total net assets W and volatility o";,. For a description of
techniques and strategies for managing corporate risk sec
Doherty 12000).

SUMMtK 2UI16 THEJOURNAL or FIXED IN(:(.)ML 6 3



-The volatility risk is rewarded in the sense that it earns
a risk premium proportional to the factor itself, A;.(J~\.,, and it
is incorponitcd into tiic stochastic process throuifli the coeffi-
cient y ;̂ or we can assume the risk premium of the volatility
risk {\^) to be zero. See Bakshi, Cao, and Chen |1997] for a
characterization of these processes.

The interest rate risk is rewarded, i.e., the risk factor
earns a risk premium proportional to r, (A/,). This is implic-
itly reflected in ELjuation (5) and adjusted through K, or we
can assume the risk premium of the interest rate risk (A,) to
he zero.

"'Alternatively, in a financial equilibrium context, this
behaviour can also be justified through the existence of tax
shields related to debt and the time deductihility of premiums,
since credit insurance can be viewed as synthetic equity financing
(see Gulp [2002]).

^See Chan et al. [1992] and Nowman [1997] for the esti-
mation of the interest-rate process parameters.
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