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Pension De-risking

1 Defined benefit (DB) plans impose significant risk on

DB sponsors.
» Fluctuations in financial markets
» Low interest rate environments
» changing pension accounting standards
» unexpected improvements in life expectancy

 In recent years, there has been a surge of interest from
DB pension sponsors in de-risking their plans.



Motivations

1 Insurers operating in the buy-in and buy-out annuity
markets are assuming a growing amount of pension risk.

J Annuity insurers are vulnerable to fluctuations in

financial markets and longevity risk.
» In 2016, the U.S. life/annuity (L/A) insurance industry reported a
significant decline in statutory earnings (A.M.Best, 2016).

 The insurers increase their risk-seeking activities In
response to their poor performance.

» The high-risk assets invested by the U.S. L/A insurers were
doubled in the past decade (A.M.Best, 2016).

» There existed a negative correlation between U.S. L/A insurers’
return on assets (ROA) and their weight invested in high-risk assets.



Motivations (Cont’)

1 How to explain the above performance-dependent risk
preference and the negative relation between risk and

return of annuity insurers?
» Changing risk preferences exists at the individual level (Kahneman and
Tversky, 1979).

» Changing risk preferences exists at the firm level (Bowman, 1982;
Johnson, 1994; Johnson, 1994; Palmer and Wiseman, 1999; Kliger and
Tsur, 2011; Zona, 2012).

» Bowman (1980) finds a negative relation between risk and return within
most industries. == Prospect theory (Kahneman and Tversky, 1979) and
cumulative prospect theory (Tversky and Kahneman, 1992)

 There is a lack In our understanding on how risk
management changes an insurer’s risk preference and
optimal decisions.



Contributions

1 We empirically test whether an insurer’s risk
preference Is dependent on its performance.

1 We add to the annuity literature by studying a bulk
annuity insurer’s optimal decisions in the cumulative
prospect theory (CPT) framework.

1 We study how risk management changes an insurer’s
risk preferences and affects its optimal decisions on
annuity business and asset allocation.



Empirical Analyses

d Risk-Return Association Analysis (Fiegenbaum and
Thomas, 1988)

» NAIC Data (1997-2016): 1,571 U.S. L/A insurers
 5-year periods: 1997-2001, 2002-2006, 2007-2011 and 2012-2016
 10-year periods: 1997-2006 and 2007-2016
 20-year period: 1997-2016

» Measures
 Return: Average ROA for each insurer
* Risk: Variance ROA for each insurer
* Reference Point: Median of average ROAs of all sample insurers

» Statistical Tests
« Contingency table analysis (Bowman, 1980; Fiegenbaum and Thomas,
1988): Negative risk-return association ratio p (HL+LH)/(HH +LL)
» Spearman rank order correlation coefficients (Hays and Winkler, 1975):
Risk-return correlation




Empirical Analyses

a Risk-Return Association Analysis (Fiegenbaum and
Thomas, 1988)

> Results

TaBLE 1. Risk-Return Associations Below and Above Target for Annuity Insurers

Above Targel Below Target
Spearman Negative Spearman Negative
Rank Order  Association  Number of Rank Order  Association  Number of  Total Number
Time Period  Correlations Ratios Firms Correlations Ratios Firms of firms
19972001 0.509%* 0.4938 7126 0. 609** 2.4598 126 1452
2002-2006 (.565%* 0.4124 549 -.57]%%* 2.7534 549 1098
2007-2011 (.565%% 04094 421 -0.7703%* 4,0000 21 842
2012-2016 0.572%* 0.3459 358 -0.622*%%* 31628 358 116
1997-2006 0.568%* (). 3664 B3 -0.526%* 2.3077 b3 1206
2007-2016 0.597%* {.36649 381 -0.639%* 28776 381 162
1997-2016 (.587#% (.3450 461 -(. 564 2.3824 461 922
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» The L/Ainsurers are risk seeking when their performance is below
target levels and risk averse when their performance is above target
levels.



Empirical Analyses

&)
CD L/A Insurers in the US are risk seeking when
they are below targeted aspiration levels while
they tend to be risk averse following their
achievement of aspirations and targets,
consistent with the behavioral assumption of
the prospect theory:.




Basic Framework

a Mortality model
» The Lee and Carter (1992)’s model:

111 qu?.,f — ”'I + b;rl"ff_ + Ej_‘__!t
kt = ki1 + g+ e, e~ N(O, o)
J Annuity contracts

» An annuity insurer sells a buy-out annuity to a DB pension
plan with a retired cohort of N, (x,) members at age X,at
time O.

> The insurer receives a total premium of P at time O:

P = N (20) + B+ gy - (1 + Ip)



Basic Framework (Cont’)

3 Asset allocation

» Suppose the annuity insurer invests its funds in n = 3 asset
Indices at time 0: the 3-month T-bill (i =1), the Merrill Lynch
corporate bond index (i =2), and the S&P 500 index (1 =3)
with the weights of o ={&,, @, ®,} .

» The dynamic process of asset index 1, S,(t) , at time t, follows
a geometric Brownian motion:

dS;(t) = S;(t)[juadt + o;dWi(t)]

» The Brownian motions of indices I and j are correlated with
covariances equal to

Cov(Wi(t), W;(t)) = piit, 1=1,2,--- . nyg=12,---



Basic Framework (Cont’)

a Insurance surplus
» The insurer’s total assets at time t:

B Cy + _"‘I"r'-[]{.i!'[]:] - B - (. (I+1p) t=0
S(t) = 1

S(t) — B - No(zo + 1) t=1,2,---

» The insurer’s total liabilities at time t:
L(t) = No(zo+1)- B -agyse t=0,1,2,--.

» The insurer’s total surplus at time t given B=1.
X(t)=S5(t) — L(t)

i

C[;. T _-""Ir'_[]lij‘[]j] " Dy |r1 + E;.'-:l — _-""r'r[]l_r.j'."g:l " Qg t =10

)

5”} — ;ﬁhr[]f.i'[] + f:l — Nylxg + f:] " Ayg+t t=1.2,---



CPT Decision Model

1 We model the insurer’s changing risk preferences in the
CPT framework.

» The Reference Point

« Setabenchmark ROA, 77, as the reference point.
e Assume no dividend payment.
* The reference surplus level c(t) at time t :

c(t)=7F-St—-1D+X(t—-1) t=1,2,---
» The Value Function

e The two-part power function (Tversky and Kahneman, 1992):

-

(X (t) — e(t)]” if X(t) = e(t)
o[ X (1), c(t)] = ¢

—Ale(t) = X@)7 if X (2) < ()

b



CPT Decision Model (Cont’)

» The Cumulative Weighting Function (Tversky and Kahneman, 1992):

p(t)* i
w (p(t)) = 0" (- D) if X(t) > ct)

p(t)" DN
w (p(t)) [P{f -0 if X(t) < c(t).

e The decision weights:
T " [t} — H?+{pn|[f}},i'?_m_{f-] =w [p—m {fjj
mi(t) = w(pi(t) + ...+ palt) —w (pasi(t) + ...+ pa(t), 1 <i<n—1,

T () =w (pom(t) +... +pilt)) —w (p-m(t) +... +pi1(t)), 1 —m < i < -1



Basic Optimization Problem

1 The bulk annuity insurer’s total value Vv (¢) at time t.

n

-1
V(t)=Y [af(t) = et mf () + Y =Nelt) =z (1)) -7, (), t=1,2,---

i=1 I——m

 The discounted expected utility \/ of the insurer at time O over T
periods:
V = T I'f?‘}

it
—1

I



Basic Optimization Problem (Cont’)

1 Our optimization problem is to solve for the optimal
annuity business size[N,(x,)] and weights (v =[a, o,....s, ]
Invested in different assets so as to maximize the
discounted expected utility in the CPT framework:

Maximize (N (%), @) V

subject to the following constraints:

Constraint 1: Overall risk constraint var, [ X (t)]>R t=1,2,..T
Constraint 2; Budget constraint o, + @, +...+ @, =1
Constraint 3: Range constraints o< <1,i=1,2,...n;N,(x,) >0



Numerical Hlustration

J An insurer sells a bulk annuity to insure N,(65) participants
at age 65 in a DB pension plan at time O.

 Initial capital C,=1000.

d a=0.95,p = 0.88 and A =2.25 for the value function.
d ¢=0.61 and = = 0.69 for the weighting function.

J The insurer has The loading of the bulk annuity |, =0.2 .

d Each annuitant will receive an annual survival benefit B =1
as long as he or she survives at the end of each year.



Numerical Illustration (Cont’)

1 Based on the US male population mortality tables from 1933 to
2010 in the Human Mortality Database, we obtain the
parameters g =-1.46 and o, = 2.44 for the Lee-Carter model.

d Suppose the annuity insurer invests its funds in n = 3 asset
Indices at time 0: the 3-month T-bill , the Merrill Lynch
corporate bond index , and the S&P 500 index with the weights
of o ={w, v, o,

d Monthly data of asset indices from January 1995 to December
2010 from Datastream.

1 Based on the empirical results, we set a constant ROA
reference point T =0.0077 equal to the median of ROA at the
Industry level.



Numerical Ilustration (Cont’)

] Based on the estimated parameters, we maximize the
objective function over a 10-year time horizon subject
to Constraints 1-3:

Maximize INo(65). o] V

where V = ivt -(Zn:[xf(t) —et) ] m @+ i —225[c(t)-x )] -ﬂi(t)j

I=—m



Numerical Ilustration (Cont’)

TABLE 6. The Optimal Solution without Reinsurance

i“"r'r[_*, ( 65 ) ] L2 s V
Baseline - No reinsurance| 229.3072 [7.76% 71.47% 20.76% 8(09.2994

» The bulk annuity insurer should insure 229 pension
participants at the age of 65 at time O.



Numerical Ilustration (Cont’)

TABLE 6. The Optimal Solution without Reinsurance

Baseline - No reinsurance 229.3072

]

7.76%

L2

71.47%

“Wa

20.76%

v
809.2994

» The insurer should invest 7.76% of its funds In the 3-
month T-bill, 71.47% in the corporate bond index,
and 20.76% In the S&P500 index.



Numerical Ilustration (Cont’)

TABLE 6. The Optimal Solution without Reinsurance
2 N\

i“"r'r[_*, ( E_}EJ ) ] L2 Lta f
Baseline - No reinsurance 229.3072 7.76% 71.47% 20.76%\ 809.2994
<__~

» In this way, the insurer will achieve the maximum
discounted expected utility of 809.2994.



Numerical Ilustration (Cont’)

TABLE 6. The Optimal Solution without Reinsurance

i“"u'r[} ( 65 ) ] L2 s V
Baseline - No reinsurance 229.3072 7.76% 71.47% 20.76% 8(09.2994

EUTN.564.7489 24.48% 66.39% 9.13% /
\ /

1

Optimal Solution based on Uniform Risk Aversion in Expected Utility Theory




Numerical Ilustration (Cont’)

TABLE 6. The Optimal Solution without Reinsurance

hru({.f!} ] L2 Lta I?
Baseline - No reinsurance 229.3072 7.76% 71.47% 20.76% 8(09.2994

No(65) w1l w2 w3 / 17\

EUT 564.7489 24.48%  66.39%  9.13%  \387.6301)

1

Utility of a CPT insurer based on the EUT Optimal Solution




Numerical Ilustration (Cont’)

TABLE 6. The Optimal Solution without Reinsurance

Baseline - No reinsurance 229.3072 7.76% 7TI1. 4?% 20. ?6%(309 299=>

No(65) w1l w2 w3 / V\

EUT 564.7489 24.48%  66.39%  9.13%  \387.6301)

» Our numerical example shows that, compared to the maximum
utility based on CPT, an insurer with a mixture of risk seeking
and risk aversion will have a much lower utility if it adopts the
optimal solution based on the expected utility theory (EUT).



Optimal Decision making with Risk

Management under CPT

J Suppose the insurer purchases a reinsurance policy to
transfer a proportion # of its annuity business.

J We examine how reinsurance changes an annuity
Insurer’s risk preference and optimal strategy.

J The reinsurer requires a loading rate of 1, = a + by.

J The bulk annuity insurer pays a reinsurance premium
equal t0:  Pr = No(x0)B(1 + Ig)nas,

= Ny(zp) Bnay, + IZE”'J' T 53?2) No(z0) Bag,.
\ J

|
Reinsurance Loading (Jean-Baptiste
and Santomero, 2000)




Optimal Decision making with Risk
Management under CPT (Cont’)

J We maximize the insurer’s discounted expected utility
with reinsurance with respect to the annuity business

size(N,(x)], the asset weights (& ={m., - ,}] , and the
reinsurance ratio 77) in the CPT framework:

Maximizey ), 3 Ve

subject to Constraints 1-3.

We set the reinsurance loading parameters @ = 0.19 and b = 0.02.



Numerical llustration with Risk
Management

TABLE 7. The Optimal Solution with Reinsurance

;'\'r.[] (ﬁﬁ) w iy g 1} Il?ﬁ
Baseline - Reinsurance 413.4291 4.36% 74.21% 21.42 % |0.4204 |897.0182

» The insurer should transfer 42.04% of i1ts business to
a reinsurer.



Numerical lllustration with Risk
Management (Cont’)

TABLE 6. The Optimal Solution without Reinsurance

1'""uru {{JE'I :] L ) g L’r
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TABLE 7. Tl: Optimal Solution with Reinsurance

;'\'r.[] (ﬁ 5) i Wo (g 1] Ilfrﬁ

Baseline - Reinsurance | 413.4291 (4.36% 74.21% 21.42% 04204 897.0182

» Reinsurance allows the insurer to underwrite more
pension participants.



Numerical lllustration with Risk
Management (Cont’)

TABLE 6. The Optimal Solution without Reinsurance

1'“"»'1-“ { EJEJ :l L ) g L’r
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TABLE 7. Tl: Optimal Solution with Reinsurance

;'\'r.[] Eﬁ 5:] e Wo (g 1] Ilfrﬁ

Baseline - Reinsurance | 413.4291 (4.36% 74.21% 21.42% 04204 897.0182

» Reinsurance allows the insurer to underwrite more
pension participants.

» The insurer retains a risk of 240 = 413 x (1— 0.4204),
5% higher than that without reinsurance.



Numerical lllustration with Risk
Management (Cont’)

TABLE 6. The Optimal Solution without Reinsurance

No(65) w1 wn %
Baseline - No reinsurance 229.3072 7.76% 71.47% 20.76% |809.2994

TABLE 7. The Optimal Solution with Reinsurance \

;'\'r.[] Eﬁ 5) i W g 1} Fﬁ'

Baseline - Reinsurance 413.4291 4.36% 74.21% 21.42% 0.4204| 897.0182

» With reinsurance, the insurer achieves a 10.84% rise
In utility compared to the utility without reinsurance.



Sensitivity Analyses

TaABLE &, Optimal Strategies with Varied Parameter YWalues

Na(B5) Gt Wiz i F il Vor Vi
Baseline - Mo reinsurance 2203072 TGS TLATS  MLTG%  (LOOTT - HOQ, 200
Baseline - Reinsurance 413 429] 4. 36%5% T421%  X1.42%  LOOTT 04204 297182
FPanel A: Dbscount Rate Parameter
Mo reinsurance: @ = A% 2O TS T.705% Th.ATE MLTew  OUiITT HED ARG
Reinsurance: g = 4% 415 (SR 4 36% T4 21% 2L.42% 00077 04224 Q5 2977
Mo reinsurance: @ = 65% 220 3072 TG TL47T% MLIGE QL0077 - TER 1451
Reinsurance: g = G% S0 G200 4 365 T421% 21.42% LDOTT 04151 HIZ. 1 160
Fanel B Insurance Lasding Parameter
M repnsurance: (o= 0, 115 et 15 L mOLT 2 19255 ITT TA7.5555
Reinsurance: [ = (0,195 J19.6a893 Q30%  TO23w M LASW 0077 02964 TTE 5040
Mo reinsurance: {p = 0,205 2IBBGST  45T% T4 21.37% LOOTT - 90 698G
Brinsurance: Ipe = 0,205 GTO SRS OO TTAR%  22.42%  LOOTT 05915 10782582
Fanel O Wak Probabality Parameter
Mo reimsurance: o 1, H2.5951 L165% 69 19%% 19 19% 0077 - G301.5581
Reinsurance: < Choz2on e, 1 THT 1.0 %% =5525%  1374% 000077 D4Z0E T4, 380
Mo reinsurance: o = (L0G00 1. 2651 OO TETe%  XL21% 00077 - 1020 8039
Reinsurance: & = (L0300 SO 9T|S O TS5 24% X.70% 00077 042246 1099 8H6dbH
Panel [ Reference Poine
Mo reinsurance: ¢ = —OLWFEE 220 3072 T.I6% TL47T% MLY% L0077 - 10570547
Rrinsurance: ¢ = —il 023 4163830 4.47% T4.05% 21.49% 00077 04241 11535104
P repmsurance: - = N1 TT 194 8412 R TiR 4es  M)S5T9%  OOTT H5h3. 4248
Fensurance: ~ = (L0177 A 3753 LIS To44%  MLAG LOOTT D4167 G222 NS
Panel E: Parnmeter-alpha
Mo reinsurance: o = 10,963 53.5095 LN TET3I%  21.27% QLOOTT - 406 5288
Reinsurance: o = (1L.935 HHE. 0063 OO TE23% 2177 LDOT7T 04254 S00.2 1495
Mo reinsurance: o = (L097 220 4701 e T30 M)LE3% 00077 12587, 2326
Reinsurance: & = (LOT 40106318  4.55% TiIolw X .54% 00077 04171 14185674949
Famnel F: Parameter-beta
Mo reinsurance: 3 = (L6 203142 T.TTE% TLa6%  MLI7% LOOTT - 1SS 94617
Reinsurance: 7 = (LS6G 622147 4. 355 EBE A0 A5 L0077 DUEZS9 1206, | HG
Mo reinsurance: A .EH 53.5095 LR TETI%  Z21.27% OOOT7T - 5E4.2532
Reinsurance; 1 (LN B, 3T0E LS TE AR T EHIDW L0077 D F99E S5HED, 5903
Fanel G- Parameter-lambada
M rermsurance: & = 2.0 FIO 3N T390 Th.4aas  MLTTw OUITT 10501.1457
Feinsurance: 5 = 2. 4101.7325% 4. 50F% T s XLLS51%  UITT 0.4175 1155, 1250
Mo reimsurance: A = 250 544915 OO TE.THS  21.24% 0.00T7T - GO2 8303
Reinsurance: A = 2. 50 418707 4.56% T421% 21.42% 00077 04277 G35 MG21
Panel H: Reinsurance Loading Paramieters
P pepmsurance: o = 0, b = 11 20 JNT2 7.5 TH.AT% MLTeS  WITT E L el s
Reinsurance: & = (L17, b = (o 495 3258 1.3005% TET3% X 95% 000TT DS GEE 1483
Mo reinsurance: @ = 0, b = 0 220372 TG TLATS  MLIG% (L0077 - B0 290
Reinsurance: 4 = (0L10, b = 0.02 3205213 665 TXZ35% M097%  LOOT7T 02944 HI6, 3464




Conclusions

J Our empirical analyses contribute to researchers’
understanding on an insurer’s risk-return relationship and
Its changing risk attitudes.

» Insurers are risk-seeking when suffering losses and risk-averse
when above their targets.

J We provide an optimization framework to analyze the
optimal decisions of a bulk annuity insurer with changing
risk preferences dependent on its performance in the CPT
framework.

J We show that risk management, such as reinsurance, can
Improve an insurer’s operating performance and lessen its
risk-taking propensity.
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