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1 Introdu
tionTraditional valuation of insuran
e liabilities is being repla
ed by the so-
alledfair valuation of liabilities (for a re
ent dis
ussion see, e.g., Jørgensen, 2004).An important reason for the 
hange is the need for a more detailed valua-tion of previously negle
ted elements in insuran
e 
ontra
ts, su
h as interestrate guarantees. Another fa
tor in the shift is the IAS/IFRS framework fora

ounting that requires the use of fair valuation-like methods for 
orporateliabilities (IASB, 2004).Option valuation models, e.g. of Bla
k and S
holes (1973), 
apture many as-pe
ts of market's valuation pro
ess well, whi
h suggests that su
h a modelprovides a good starting point for fair valuation of liabilities asso
iated withinsuran
e 
ontra
ts (IASB, 2004). Re
ently, a large body of work has appliedthe option valuation methods to the valuation of life insuran
e 
ontra
ts, e.g.Grosen and Jørgensen (2000), Ballotta (2005), Ba
inello (2001, 2003), Klinget al. (2007), Siu (2005), Bernard et al. (2005). While Bla
k-S
holes type val-uation (Bla
k and S
holes, 1973) is believed to be reasonably a

urate forshort time periods, it does not yield a good estimate of long-term behaviorof the equity market (Bakshi et al., 2000) nor does it 
apture sho
ks in theequity value (Sornette and Johansen, 2001). In 
ontrast to options on equity,maturity of a typi
al non-statutory pension produ
t is tens of years in future.Consequently, it is not obvious that option valuation methods with stati
 pa-rameters are suitable for the valuation of pension 
ontra
ts.The impa
t of e
onomi
 
y
les is of fundamental importan
e to the estima-tion of liabilities asso
iated with insuran
e 
ontra
ts (Daykin et al., 1994). Inparti
ular, the phase of the e
onomi
 
y
le in�uen
es the volatility and meanof asset returns. Nevertheless, it has often been assumed that interest ratesas well as volatilities are known with 
ertainty in advan
e and are 
onstantover an extended period (e.g., Bla
k and S
holes, 1973). Most of the previousarti
les on fair valuation of insuran
e 
ontra
t liabilities 
onsider the Bla
k-S
holes e
onomy. Only a few authors (e.g., Ballotta, 2005; Siu, 2005) have
onsidered other methods.It has been shown that regime-swit
hing 
an signi�
antly improve modeling of�nan
ial time-series data (Hamilton, 1989; Hardy, 2003; Elliott et al., 2005),and that it may also be used in fore
asting turning points in the e
onomy(Koskinen and Öller, 2004). One of the attra
tive features of regime-swit
hingis that it provides an intuitive des
ription of the state of the e
onomy asan embedded dis
rete-valued pro
ess in�uen
ing parameters of the asset re-turn. Regime-swit
hing is likely the most parsimonious method to improve thestandard geometri
 random walk in the des
ription of equity indi
es (Hardy,2003). Hen
e, a regime-swit
hing framework provides a natural extension of2



the Bla
k-S
holes framework, in parti
ular when 
oupled with the Ess
hertransform (Gerber and Shiu, 1994; Ess
her, 1932).In this study, we examine the valuation of a long-term pension 
ontra
t in aMarkov-modulated Bla
k-S
holes framework. In this method, the investmentmodel in
orporates 
hanges in the state of the e
onomy (regime-swit
hing),whi
h may improve estimation of fair value of a pension 
ontra
t with longduration. Using this model, we assess the impa
t of e
onomi
 
y
les on anon-statutory parti
ipating pension 
ontra
t.2 The 
ontra
t2.1 Parti
ipating pension 
ontra
tIn the following, we brie�y des
ribe a non-statutory parti
ipating pension 
on-tra
t, fair valuation of whi
h is the main topi
 of this study. In a parti
ipatingpension 
ontra
t (also known as a with-pro�ts 
ontra
t), the pension paidfrom the 
ontra
t depends on the performan
e of the assets asso
iated withthe 
ontra
t. The pension 
ontra
t 
onsists of two time periods: an investingperiod lasting for TI years, and a TP year period during whi
h the pensionis paid. Initially, a poli
yholder invests for TI years, after whi
h he or shere
eives a pension for TP years (Fig. 1). The total duration of the 
ontra
t is
T = TI + TP . The poli
yholder only re
eives the pension when alive and inthe event of poli
yholder's death, a death 
ompensation is paid.We will denote value of the savings asso
iated with the 
ontra
t (payo� value)by Pt. The 
ontra
t guarantees that the payo� value P in
reases by at leastan interest rate rG ea
h year (annual interest). In addition, the payo� value
P re
eives bonuses during both the investment years and during years whenpension is paid.There are two kinds of 
ash-�ows asso
iated with a pension 
ontra
t: premiumspaid by the poli
yholder and pensions re
eived by the poli
yholder. We assumethat premiums are prede�ned at the in
eption of the 
ontra
t, whi
h howeveris not the 
ase for pensions. Pension ct paid on year t (after the investmentyears) is an annuity based on the payo� value Pt of the 
ontra
t and on theprede�ned dis
ount rate rA ∈ R,

ct =







PtDx+t/(Nx+t − Nx+T ), when t ∈ [TI , T ),

PT , when t = T ,
(1)and it is re
omputed yearly. Above we have de�ned Dx = e−

∫

x

0
µtdx−log(1+rA)x3



and Nx =
∫ ∞
x Dtdt to in
orporate mortality µx of an x-years old person (see,e.g., Bowers et al., 1997). Mortality is modeled as the Gompertz mortalitywith parameters used in the Finnish statutory TEL pension system.A pension 
ontra
t may in
lude a surrender option, whi
h allows the 
ontra
tto be terminated at any time. In this 
ase, the 
ontra
t is 
alled an 'Ameri
an'
ontra
t, otherwise the 
ontra
t is 'European'. An Ameri
an 
ontra
t allowsthe surrender option to be exer
ised at any time, whi
h is not ne
essarily the
ase in a typi
al non-statutory pension poli
y. For simpli
ity, we assume thatthere are no penalties for an early termination of the 
ontra
t, that is, theentire payo� value is always paid to the poli
yholder when the 
ontra
t isterminated.

2.2 AssetsAn integral part of the valuation of a parti
ipating pension 
ontra
t is fore
ast-ing the value of assets. We assume that the market 
onsists of the parti
ipating
ontra
t P assumed to be tradable and of two other investment opportunities:an equity A and a riskless bond L. In probability spa
e (Ω, P, F ), the timeevolution of A and L we assume to be determined by






Lt = L0e
∫

t

0
rα(t)dt

At = A0e
∫

t

0
γα(t)dt+

∫

t

0
σα(t)dWt .

(2)The equity A follows geometri
 Brownian motion modulated by regime-swit
hing.The regime-swit
hing is implemented by embedding a 
ontinuous-time, �nite-state Markov pro
ess α : R+ → IN , IN = {1, . . . , N}, with intensity matrix
Λ. The parameters of the model are: interest rate rα of the riskless bond L;the average return µα and the volatility σα of the geometri
 Brownian motionpart of A, ea
h depending on the state of e
onomy α. For 
onvenien
e, wedenote γα = µα − 1

2
σ2

α in ea
h state α ∈ IN .We assume that assets asso
iated with the parti
ipating 
ontra
t are investedin the equity market. The assets asso
iated with the 
ontra
t are denoted by
At. The poli
y has an initial a

rued pension value P0, whi
h may or maynot 
oin
ide with the initial investment by the poli
yholder to the 
ontra
t.In general, values of At and Pt do not 
oin
ide, even if they initially do. Thiswill be ne
essary, as the 
ontra
t will typi
ally involve in
ome guarantees thathave to be 
ompensated by dividing only a portion of the pro�ts from theinvestments to the payo� value Pt. 4



2.3 The bonus poli
yA parti
ipating pension 
ontra
t has a bonus poli
y, whi
h determines anannual interest that payo� value Pt re
eives. The value of the annual interestdepends on the evolution of the investment in the market. In parti
ular, weshall inspe
t here a 
ontra
t in whi
h the annual interest depends only on (1)how long the 
ontra
t has been in e�e
t; (2) on the 
urrent payo� value Pt ofthe poli
y; (3) on the value A of the assets at present and at the granting ofthe previous interest. In a more mathemati
al notation, the evolution of thepayo� value Pt is then given by
Pt =







Pv−1, when t ∈ [v − 1, v)

Bv(Av, Av−1, Pv−1) + Cv, at t = v,
(3)where Cv stands for a net 
ash-�ow 
onsisting of the net e�e
t of premiumsand pension payments at time v.The bonus fun
tion Bv in equation (3) is determined at the time of signingof the 
ontra
t, but it may depend on year v, and it is a 
ontinuous fun
tionof its parameters. Ea
h Bv depends only on the present value of the assets,

Av, the value of the assets a year before, Av−1, and the previous payo� value,
Pv−1. The di�eren
e At−Pt determines how mu
h ex
ess assets the poli
y hasat a time t, and we shall 
all it the bonus reserve�the bonus reserve 
an thenalso be negative.The net 
ash �ow Ct in
ludes both possible 
ontinuing payments of the pol-i
yholder into the poli
y, as well as the pension payments out of the poli
yafter retirement. Sin
e pension is an annuity depending on the payo� value
Pt, 
ash-�ow Ct also depends on the payo� value Pt. In the following we as-sume that Ct depends only on the same parameters as the bonus fun
tion B.As is the 
ase for the bonus fun
tion B, more 
omplex dependen
ies on thestate of the market 
ould also be 
onsidered with the pri
e of adding new vari-ables to the fair value fun
tion, and thus making its analysis and simulation
orrespondingly more 
ompli
ated.The most 
ommon example of this kind of bonus poli
y is a 
ontra
t whi
hhas a guaranteed minimum annual interest rG (Grosen and Jørgensen, 2000),but whi
h grants a higher interest R in a year when the investments havebeen doing well. Assuming the bonus poli
y is kept �xed, these poli
ies 
an bedes
ribed by setting all the fun
tions Bv equal. Contra
ts with a bonus poli
yof this type have already been 
onsidered in the literature before, for instan
e,see Grosen and Jørgensen(2000), Jensen et al. (2001), Ba
inello (2001), andTanskanen and Lukkarinen (2003). Grosen and Jørgensen (2003) show thatthis kind of bonus poli
y approximates reasonably well bonused of a
tual5
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Fig. 1: A s
hemati
 �gure showing (A) 15 sample paths of assets A (solid light graylines) and savings P (solid dark gray lines); and (B) 15 sample paths of 
ash-�owsasso
iated with a pension 
ontra
t. For the �rst 10 years, the poli
yholder invests(100 units initial investment, 10 units per annum in this 
ase) into the poli
y. After10 years, the poli
yholder will re
eive a pension size of whi
h may in
rease duringthe pension years. Annual pension is 
omputed a

ording to equation (4).poli
ies of the Danish life insuran
e 
ompanies. For simpli
ity, we employ thebonus fun
tion
B(Av, Av−1, Pv−1) = [1 + max{rG, α(Av−1/Pv−1 − γ)}] (4)used in Grosen and Jørgensen (2000). In equation (4), parameter α 
an beinterpreted as a distribution ratio and γ as a target bonus reserve ratio. Itis also worth emphasizing that riskless interest rate r is a 
ontinuous interestrate, whereas rG is an annual interest, and thus erG − 1 would be an annualinterest 
omparable to rG.Fig. 1A shows 15 sample paths of value A of assets (dashed light grey line)and payo� value P (solid bla
k line) asso
iated with the 
ontra
t. Asset value

A varies signi�
antly more than the payo� value P , whi
h has a limited down-side. An example of 
ash �ows asso
iated with a 
ontra
t of this kind is shownin Fig. 1B, where initial investment is 100 units and annual premium 10 unitsduring the investment period (years 1-10). During years 11-20, an annual pen-sion is paid and it varies sto
hasti
ally depending on the savings P .3 Valuation of parti
ipating 
ontra
ts3.1 Fair value of a 
ontra
tOur main goal is to estimate a fair, market-based valuation for liability Vt of apension 
ontra
t. Liability Vt measures the fair value of the poli
y de�ned as6



the nominal present value of the poli
y with respe
t to a martingale measure Qat time t, taking into a

ount the expe
ted future 
ash �ows, that is, premiumsand pension payments. In parti
ular, V0 then represents the fair value of the
ontra
t at the time of its signing. Fair value of the pension 
ontra
t studiedhere depends only on pro
esses A and P during their history, that is Vt =
Vt(A(·), P (·)), hen
e we must estimate

EQ[Vt(A(·), P (·))|Ft]. (5)The payo� value P (t) des
ribes how mu
h the poli
y is worth to the poli
y-holder at time t if the poli
yholder exer
ises the surrender option. While P (t)is known de�nitely at time t, liability Vt is an estimate that is 
omputed asan expe
ted present value of the future 
ash �ows. For bonus poli
y (4), itsu�
es to 
onsider �ltration that only depends on (At, A⌊t⌋, Pt) (for details,see Tanskanen and Lukkarinen, 2007).The fair value of the 
ontra
t at maturity is equal to the �nal 
ash �ow, thatis, to the payo� value VT = P (T ). Its fair value at any other time is determinedby a measure Q of the market (L, A, P ) su
h that the dis
ounted value pro
ess
e−

∫

t
′

t
rsdsAt′ is a martingale for any t < t′. Given su
h a measure, and usingthe natural �ltration {Ft}, the related fair value of a European 
ontra
t is for

t ≤ T given by the random variable
V E

t = EQ[
∑

k, tk>t

e−
∫

tk

t
rsdsCtk |Ft]. (6)where EQ refers to an expe
tation value with respe
t to the measure Q and

Ctk to 
ash �ow at time tk, k ∈ N.Let us then 
onsider the evolution of the fair value during a given year v, thatis, on the time-interval v − 1 < t < v, v. Sin
e during the time-interval both
A⌊t⌋ and Pt remain 
onstant, for any given z′, p there is a fun
tion fα(t, x)su
h that fα(t)(t, Zt) = E[Vt|Gt; Z⌊t⌋ = z′, P⌊t⌋ = p]. From the known forms ofthe generators of the pro
ess Zt and the embedded Markov 
hain, we 
an thenderive (Bu�ngton and Elliott, 2002) an equation satis�ed by the ve
tor-valuedfun
tion f : for all α ∈ IN

∂

∂t
fα(t, x) +

σ2
α

2

∂2

∂x2
fα(t, x) + γ̃α

∂

∂x
fα(t, x) − (rα + Λ̃α)fα(t, x)

+
N

∑

α′=1;α′ 6=α

Λα′αfα′(t, x) = 0, (7)where Λ̃α =
N
∑

α′=1;α′ 6=α
Λαα′ is the total transition rate from the state α, and γ̃α =

rα − 1
2
σ2

α. Equation (7) redu
es to the Bla
k-S
holes equation (in logarithmi
variables) in the limit of a single state.7



3.2 The 'no-jump' 
onditionThe payo� value P 
hanges dis
retely in time. In an analogous manner tothe valuation of options on equity paying dis
rete dividends (Björk, 1998), wemust derive a "no-jump" 
ondition that applies during the dis
rete step tokeep arbitrage possibilities away. This will be a

omplished in the following.Assume that P is updated at v. Time ǫ before time t, the state of the e
onomy
α is a. Sin
e α is a 
ontinuous-time Markov 
hain, the probability that α
hanges on the interval (t − ǫ, t + ǫ) vanishes as ǫ approa
hes 0. Hen
e, we
an apply the no-jump argument of Tanskanen and Lukkarinen (2003) and
on
lude that the absen
e of arbitrage requires that value of liability V doesnot 
hange at t = v.An integral part of valuation of a pension 
ontra
t is taking mortality intoa

ount. Given the probability p̂x

t+1,t of an x years old person to survive fromyear t until t + 1 , the no-jump 
ondition obtains the form
lim

t→v−
V = p̂x

v,v−1(Fv(z
′ + ln(1 + e−z′ c̃v), B̃v(z

′, z, p) + c̃v) − c̃v) + q̂x
v,v−1yv−1pA0,(8)where q̂x

d,t = 1 − p̂x
d,t, and yt is the mortality 
ompensation assumed to be

yt = 1.0 during years t ≤ TI and yt = 0.8 for t ∈ (TI , T ]. We make theadditional assumption that mortality is taken into a

ount only at full years.This has a natural interpretation that deaths are reported to the insuran
e
ompany at full years, and the 
ompensation is paid immediately after su
h areport.4 Numeri
al resultsHow does the frequen
y of downturns in�uen
e the estimated liability asso
i-ated with a pension 
ontra
t? How does guaranteed interest in�uen
e it? Inthe following, we systemati
ally analyze the fair value of a pension 
ontra
twith a 2-state Markov modulated Bla
k-S
holes model that in
orporates theimpa
t of sto
hasti
 e
onomi
 
y
les with a model of fair value of a pension
ontra
t. We 
ompare the results to those obtained from a one-state model
orresponding to valuation of the 
ontra
t in an unmodulated Bla
k-S
holesframework. We also analyze "fair sets" of parameters in su
h a model. For thenumeri
al 
omputations, we employ the fully impli
it �nite-di�eren
e methodon a latti
e (for details, see Tanskanen and Lukkarinen, 2007).A

ording to Hardy (2003), a 2-state Markov-swit
hing geometri
 Brownianmotion time-series model provides a good approximation to SP500 total return8
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Fig. 2: E
onomi
 
y
les. Fair value of a pension 
ontra
t (α = 0.3; γ = 0.1) in whi
hthe initial investment is 100 units, as a fun
tion of time to maturity. Estimating howthe addition of a state impa
t the fair value: (A) Comparison of fair value estimatedusing a 1-state model (bla
k solid line) with 11.6% volatility, a 2-state model (greydashed line) with 11.6% state 1 and 22.5% state 2 volatility, and a 2-state model (greydash-dotted line) with 11.6% state 1 and 33.4% state 2 volatility; (B) Comparisonof fair value estimated using a 1-state model (bla
k solid line) with r = 3.0%, a2-state model (dark grey dash-dotted line) with r1 = 3.0% and r2 = 2.0%, and a2-state model (light grey dashed line) with r1 = 3.0% and r2 = 4.0%. In ea
h 
ase
σ = 11.6%; (C) Comparison of fair value estimated using a 1-state model (bla
ksolid line) with r = 3.0% and σ = 11.6%, a 2-state model (dark grey dashed line)with r1 = 3.0%, r2 = 2.0% and σ1 = 11.6%, σ2 = 22.5%, and a 2-state model (lightgrey dash-dotted line) with r1 = 3.0%, r2 = 4.0% and σ1 = 11.6%, σ2 = 22.5%; (D)Dependen
e of fair value (solid bla
k line) on regime-swit
hing intensity λ1 from state1 to state 2, when λ2 = 2.0 per year (r1 = 3.0%; r2 = 3.0%;σ1 = 11.6%;σ2 = 22.5%).index during years 1954-1999. Using the maximum likelihood method (Hardy,2003), we estimate that in state 1 annual volatility of SP500 log returns during1954-2006 is 11.6% and average dwell time is 26 months, while the high-volatility state 2 has 22.5% annual volatility and the average dwell time is6 months. Hen
e, intensity parameters for the model are λ1 = 12/26 and
λ2 = 12/6, and volatilities σ1 = 11.6% and σ2 = 22.5%.First, we 
onsider how the presen
e of sto
hasti
 e
onomi
 
y
les in�uen
es9
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Fig. 3: Fair value of surrender option in a 
ontra
t de�ned by
(α = 0.3; γ = 0.1;σ1 = 11.6%;σ2 = 2.25%; r1 = 5.0%; r2 = 5.0%; rG = 2.0%):(A) Fair value of a European (bla
k solid line) and Ameri
an (dark grey dashedline) 1-state model, a European (light grey dash-dotted line) and Ameri
an 2-statemodel (light grey dash-dotted line); (B) Fair value of a surrender option in a 1-statemodel (bla
k solid line), and in a 2-state model with regime-swit
hes (light greydashed line).fair value of a pension 
ontra
t by employing a 2-state model. The presen
e of ahigh-volatility state in
reases the fair value of a parti
ipating pension 
ontra
t(Fig. 2A). Similarly, the presen
e of a state with a low riskless interest ratewill in
rease the fair value (Fig. 2B), while the presen
e of a state with ahigh riskless interest rate will lower the fair value (Fig. 2B). The 
ombinedin�uen
e of regime-dependent riskless interest rate and volatility have similarimpa
ts, however, di�erent 
hoi
es may have in�uen
e in opposite dire
tions(Fig. 2C). The frequen
y of regime-swit
hes in�uen
es the fair value. When aregime-swit
h in
reases the fair value, frequent regime-swit
hes will in
reasethe fair value even further (Fig. 2D).An Ameri
an 
ontra
t gives the poli
yholder a right to withdraw the invest-ment at any time. Fair value of an Ameri
an pension 
ontra
t always ex
eedsthat of a European 
ontra
t (Fig. 3A). Fair value of the surrender options ina 1-state model is slightly higher than in a 2-state model (Fig. 3B). This is aresult of a higher volatility in the 2-state model, whi
h redu
es fair value ofthe surrender option.A fair set of parameters is de�ned as the set of parameters that all yield the
ontra
t the same fair value that 
orresponds to the premium paid by the pol-i
yholder. For a 
ontra
t with only a single premium (the initial investment),a fair set of parameters gives the 
ontra
t the fair value that equals the initialinvestment. Fig. 4A shows how variation in parameter rG in�uen
es the 
hoi
eof bonus distribution ratio α, when pair (α, rG) ∈ F and set F ⊂ R

2 is a fairset for the 
ontra
t as the initial investment by the poli
yholder. The pres-en
e of a high volatility state redu
es the fair α (Fig. 2A). This is an intuitive10
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Fig. 4: The fair set of parameters. (A) Dependen
e of fair bonus distribution ratio αon guaranteed interest rG in a 1-state model with 11.6% volatility (bla
k solid line),a 2-state model with 11.6% state 1 and 22.5% state 2 volatility (dark grey dashedline), and a 2-state model with 11.6% state 1 and 33.4% state 2 volatility (lightgrey dashed line); (B) Volatility σ implied by the requirement that the 
ontra
t(α = 0.3, γ = 0.1) is fair in a 1-state model (solid bla
k line), in a 2-state modelwith 22.5% state 2 volatility (light grey dashed line), and in a 2-state model with
11.6% state 1 volatility (dark grey dashed line); (C) Dependen
e of fair α on thetarget bonus reserve ratio γ in a 1-state model (solid bla
k line), in a 2-state modelwith 11.6% state 1 and 22.5% state 2 volatility (dark grey dashed line), and in a2-state model with 11.6% state 1 and 33.4% state 2 volatility (light grey dashedline); and (D) The dependen
e of α on 
ontra
t duration T in a 1-state model (solidbla
k line), in a 2-state model with 11.6% state 1 and 22.5% state 2 volatility (darkgrey dashed line), and in a 2-state model with 11.6% state 1 and 33.4% state 2volatility (light grey dashed line), given rG = 3.0% and γ = 0.1.result, sin
e higher volatility in
reases the value of a 
ontra
t.Given parameters α, γ and rG, volatility σ 
an be 
hosen so that the 
ontra
t isfair. Fig. 4B shows that in a 1-state model, higher rG implies a lower volatility.In a 2-state model with a 11.6% state 1 volatility, the implied state 2 volatilityde
reases in a fair 
ontra
t dramati
ally from 65% at rG = 0.5% to 0% at
rG = 3.5%. In a 2-state model with a 22.5% state 2 volatility, a fair 
ontra
thas volatility in state 1 that is slightly lower than in the 1-state model.11



Fig. 4C shows that the fair target bonus reserve ratio γ depends on α: a higher
γ requires a higher α for the 
ontra
t to be fair. Sin
e a 2-state model hasa higher volatility than a 1-state model, a fair bonus distribution ratio α islower in a 2-state model than in a 1-state model. Fig. 4D shows that fair αslightly de
reases with maturity of a 
ontra
t.5 Dis
ussionMarkov pro
ess driven regime-swit
hing often signi�
antly improves models of�nan
ial time series (Hamilton, 1989; Hardy, 2003). Motivated by this, we havein this arti
le 
onsidered the fair valuation of a parti
ipating non-statutorypension 
ontra
t in the Markov-modulated Bla
k-S
holes framework. The ma-jor improvement of the developed model over the Bla
k-S
holes framework isthat long duration liabilities are estimated in a more realisti
 way, that is, thein�uen
e of the state of the e
onomy is taken into a

ount.A realisti
 des
ription of pension liabilities with long duration requires 
onsid-eration of multiple states of the e
onomy, as is done in the models presentedin this arti
le. The method presented in this manus
ript provides the mini-mal set of tools to estimate fair value of parti
ipating pension 
ontra
ts inthe presen
e of sto
hasti
 e
onomi
 
y
les. Our results suggest that while fairvaluation is a reasonable approa
h for the valuation of insuran
e liabilities, itsappli
ation to valuation of long duration liabilities requires 
arefully 
hosenparameters and appropriate methods.A
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