/
oo Resmurch
0.00 Publishing

American Journal of Industrial and Business Management, 2019, 9, 1568-1580
http://www.scirp.org/journal/ajibm

ISSN Online: 2164-5175

ISSN Print: 2164-5167

Optimal Asset Allocation for a
Mean-Variance-CVaR Insurer under
Regulatory Constraints

Yu Shi, Xia Zhao, Xin Yan

School of Statistics and Information, Shanghai University of International Business and Economics, Shanghai, China

Email: xzhao@suibe.edu.cn

How to cite this paper: Shi, Y., Zhao, X.
and Yan, X. (2019) Optimal Asset Alloca-
tion for a Mean-Variance-CVaR Insurer
under Regulatory Constraints. American
Journal of Industrial and Business Man-
agement, 9, 1568-1580.
https://doi.org/10.4236/ajibm.2019.97103

Received: June 6, 2019
Accepted: July 21, 2019
Published: July 24, 2019

Copyright © 2019 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

In this paper, we introduce the mean-variance-CVaR criteria into the study of
asset allocation for insurers. Considering that the financial market consists of
one risk-free asset and multiple risky assets with regulatory constraints, an
optimization problem is established for an insurer with underwriting busi-
ness. Based on practical financial and insurance data, an empirical study is
carried out. The results show that the mean-variance-CVaR model is able to
provide more potential investment strategies for an insurer. The regulatory
policy released by China Insurance Regulatory Commission plays a key role
in controlling investment risk for Chinese insurers.
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1. Introduction

There has been much attention to the optimal asset allocation problem for in-
surers recently in the field of risk management and insurance. Early studies
about the asset allocation problem for insurers can be seen in Kahane and Nye
(1975) [1], Krous (1970) [2], Lambert and Hofflander (1966) [3]. Briys (1985)
[4] studies the investment behavior of insurers by maximizing the expected util-
ity based on deterministic underwriting framework. Later, there have been some
extended works focusing on the asset allocation problem for insurers based on
different optimization objectives (see, e.g., Rong et a/ (2001) [5], Rong and Li
(2004) [6], Chen et al (2006) [7], Zhao et al. (2011) [8], Zhao et al (2018) [9]).

In the above literature, an insurer intends to either maximize the expected
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utility of return or minimize the risk of portfolios. Specifically, for the latter, va-
riance, Value-at-Risk (VaR) or VaR-based risk measure are generally used to
characterize risk. As we know, variance, which is generally cared about by tradi-
tional fund managers, only focuses on characterizing the fluctuation around the
expected return, but ignores the risk in worst-case scenarios. While considering
the risk of extreme loss, VaR and Conditional Value-at-Risk (CVaR), etc. are
widely used, see, Guo and Li (2009) [10], Xu et al (2016) [11], Banihashemi
(2017) [12], Yu et al (2011) [13] and the references therein. In particular, CVaR
has attracted more attention since it has good theoretical properties, which is
consistent with financial practice, see Artzner ef al (1999) [14].

Since different risk measures describe different risk characteristics, it is note-
worthy to incorporate two risk measures in an optimization objective. Roman et
al. (2007) [15] employ variance and CVaR in the optimal investment problem to
get a balanced policy for addressing the requirements of both traditional fund
managers and regulators. They find that the mean-variance (MV) model pio-
neered by Markowitz (1952) [16] and the mean-CVaR model might lead to very
different conclusion. The portfolio derived from MV model may have an exces-
sively large CVaR while that from mean-CVaR model may have an unacceptable
variance. However, the proposed mean-variance-CVaR model can generate a
series of portfolios which are generally disregarded by MV and mean-CVaR
model. The mean-variance-CVaR model is used for optimizing investment
strategy of China sovereign wealth funds by Yu and Ma (2014) [17]. Using a li-
near weighted sum method, Younes et al (2014) [18] devote to simplify the op-
timization of mean-variance-CVaR model. Chen (2016) [19] analyzes the op-
timal bond portfolio for commercial bank based on mean-variance-CVaR crite-
rion. And Gao et al (2016) [20] expand the above static mean-variance-CVaR
model to dynamic portfolio selection and derive the analytical forms of the
portfolio policy for mean-variance-CVaR optimization models.

So far, few papers have incorporated mean-variance-CVaR criterion into the
study of asset allocation strategies for insurance companies. Meanwhile, when
Chinese insurers invest in the risk market, they have to consider the constraints
on the proportion of investment channels imposed by China Insurance Regula-
tory Commission (CIRC). Therefore, the main contribution of this paper is that
new optimization criterion and regulatory constraints are incorporated into the
study of optimal asset allocation problem in insurance risk management. We
construct an optimization model based on mean-variance-CVaR criteria for an
insurer under the regulatory policies imposed by CIRC. The insurer can invest
in a financial market with one risk-free asset and multiple risky assets and un-
derwriting business is also involved. Based on the historical data of the insurance
industry and financial market from 2013 to 2017, an empirical study is carried
out and the results are analyzed.

The rest of this paper is constructed as follows. In Section 2, we introduce the

related risk measures, the return of an insurer and the optimization model with
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regulatory constraints. Section 3 presents the data selection, regulatory policies

from CIRC and conducts the empirical study. Section 4 concludes the paper.

2. Models
2.1. Risk Measures

Suppose that r=(r1,r2,~~-,rn)' represents return vector, in which n is the
number of assets and the corresponding weight vector is denoted by
x=(x,x,, ., )' , so the total return is Y =rx . Variance measures the
fluctuation of a random variable around its expected value. Since Y =rx,
variance of Y can be expressed as,

V(1) =V(rx) =3 Y0, = ¥Ex (1)

i=l j=1

where ¥ = (o-,.j )W is the covariance matrix of r and o, is the covariance of
7, and 7;.

Given a certain level of confidence 1-« , VaR measures the greatest potential
loss for a portfolio over specific holding period. If the cumulative distribution

function for return Yis F, VaR can be defined as,

VaR_, =-F'(a). (2)

Since VaR does not satisfy the subadditivity (see, Artzner (1999) [14]), a
coherent risk measure CVaR is proposed and defined as follows,

CVaR,_, = E[-Y|-Y >VaR_,]. 3)

Considering the discrete case, Rockafeller and Uryasev (2000, 2002) [20] [21]
propose a linear programming model for calculating CVaR, which has been
widely used. Suppose that there are 7 scenarios, every scenario i(i=1,2,---,T)
is observed with probabilities p, and every asset 7, ( j=12,---,n) consists of

T observations 7, . Then, CVaR can be formulated as,

CVaRla—m1n§+—2p{ Zn:xﬂ’ji—f} )

1—0{,1

where & is VaR_,

2.2. Return of an Insurer

We assume that an insurer is allowed to invest in n kinds of assets, which consist
of one risk-free asset and n—1 risky assets. Taking account of underwriting

business, the return of the insurer can be expressed as,
n-1 n-1
rp:rb+g l_kz:xi rf+gkzlxkrk> k:1927“'9n_19 (5)
=1 =1

where 7, is the underwriting return of the insurer; g is the utilization rate of

investment capital; r, and 1- ZS x, are the return and investment weight of
risk-free asset respectively.

Letting w =(w0,w1,-~-,w O )' =(l,gx1,gx2,~--,gxn_]) and

n
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R:(RO,R1,~--,RH)':(rb+g;f.,rl—;f/.,---,;;H—rf) , Equation (5) can be

rewritten as,

r =R'w. (6)

p

2.3. Mean-Variance-CVaR Model

Given that the confidence level is 1-a and the target return d, the
optimization problem is established in 7 scenarios. Based on the idea in

Rockafeller and Uryasev (2000) [22], we let every scenario have the same

probability, thatis p, = % And then motivated by Roman et al. (2007) [15], the

mean-variance-CVaR model with regulatory constraints is constructed as

follows,

min V(R'w), (7)
s.t. CVaR(rp ) <c, (8)
E[R'w]=d, (9)

n—1
0< Zwk <g, (10)

k=1
cons(wk),kzl,Z,---,n—l, (11)

where cons(-) denotes the relevant regulatory constraints on investment, d is
the target return and cis a given CVaR limit. In addition, since Z:;: x, is the
investment proportion without considering risk-free asset and short selling is
not allowed in real Chinese stock, fund and bond market, 0<Y " x, <1
should be satisfied. Multiplied by g on both sides, we get 0< gz;: x<g,
which can be rewritten as Equation (10) due to the fact that

w, =gx,,k=12,---,n-1.

Remark 1 Different from Roman et al (2007) [15], here the regulatory
constraints are incorporated into the model and risk-free asset is considered in
the optimal portfolio.

According to Roman ef al (2007) [15], to ensure the model has efficient
solutions, the value of d and ¢ should be chosen appropriately. Specifically, the
value of dshould lie in the interval [d,,.d,,, |- We defined
i

=max {d d }, where d and d_; ... are the expected
returns of the minimum-variance-portfolio and minimum-CVaR-portfolio

min var > ““min CVaR min var

respectively. And we define d_, as the maximum possible expected return,

which is the optimal value of the objective function in the following problem,

max E(R'w), (12)

st. 0 ) w, <g. (13)
1

=
I

d

:|, where ¢ . _ is the minimum value of CVaR,_,
,min

Furthermore, for a specific d” €[d , thelevel cof CVaR, must lie in

min > “*max ]

the interval [c v 5C .
d ,min d ,max
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for the expected return d  and c. s the CVaR,_, of the portfolio
generated by MV model with d" (more details, see Roman et al. [15]).

3. Empirical Study
3.1. Data Selection

According to the actual investment situation of Chinese insurance companies,
we consider six kinds of risky assets which consist of government bond (Bond),
financial bond (F_bond), corporate bond (C_bond), fund, stock and overseas

investment (Overseas) and one risk-free asset (bank deposit).

3.1.1. Rate of Underwriting Profit

We collect insurance industry data from China Insurance Regulatory Commission
and the statistical data of the national insurance industry in China Insurance
Yearbook 2013 to 2017. We are able to get Chinese insurance industry data of
premium income, total profit and investment profit (unit: hundred million
RMB), which can be denoted as 7, R, and R, respectively. Then underwriting
profit R, can be calculated by R =R —R,, and hence the rate of underwriting
profitis 7 =(R —R, )/I =R, /I . Related data is shown in Table 1.

3.1.2. Utilization Rate of Capital
According to CIRC’s annual statistics report, we organize and calculate the

utilization rate of capital in Chinese insurance industry, as shown in Table 2.

Table 1. Data for Chinese insurance industry’s underwriting business.

Year U;i;eg:v(rgi;lg Premium Income (J) Rate o;r[;z;ic(egriting
2013 —2666.90 17,222 —-15.49%
2014 —-3312.20 20,235 -16.37%
2015 —4980.00 24,283 -20.51%
2016 —5091.88 30,959 —-16.64%
2017 —5784.91 36,581 -15.81%
mean —4367.20 25,856 -16.89%

Table 2. The utilization rate of capital in Chinese insurance industry.

Year The utilization rate of capital (g)
2013 92.74%
2014 91.85%
2015 90.45%
2016 88.58%
2017 89.07%
mean 90.54%
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3.1.3. Return of Assets

We collect data in Chinese financial market. Here three-year bank deposit
interest rate 2.75% is regarded as a return of risk-free asset (r,), which can be
found from the website of the People’s Bank of China.

The data of government bond (z;), financial bond (r;) and corporate bond (r3)
are collected from Bond Index, Financial Bond Index and Corporate Bond Index
in the website of China Securities Index co.Ltd respectively. And for data of fund
(r,), stock (r;) and overseas investment (r;), we choose SSE Fund Index, the SSE
Composite Index and Hang Seng Composite index respectively (main channel
for overseas investment is HongKong securities market because of the policy
constraints). Such data is obtained from the website of Shanghai Stock Exchange
and HongKong Stock Exchange. We get the daily data of all these indexes from
January 1, 2013 to December 31, 2017, and calculate daily logarithm rate of
returns. Then the daily logarithm rate of returns of all indexes is transformed to

the quarterly rate of returns for each risk asset, which is shown in Table 3.

3.2. Regulatory Policies

In terms of the latest regulatory policy' released by the CIRC and in order to

Table 3. The quarterly rate of returns for risky assets.

Time Bond (r;) F_bond C_bond Fund (r,) Stock (z3) Overseas
() (1) (z5)

2013.1 0.0106 0.0167 0.0238 -0.0031 -0.0193 -0.0474
2013.2 0.0099 0.0076 0.0147 -0.0692 -0.1133 -0.0776
2013.3 -0.0231 -0.0136 —-0.0033 0.1015 0.0971 0.1208
2013.4 —-0.0263 -0.0267 -0.0178 -0.0304 —-0.0582 0.0177
2014.1 0.0246 0.0242 0.0296 —-0.0491 -0.0294 -0.0430
2014.2 0.0334 0.0356 0.0376 0.0170 0.0015 0.0318
2014.3 0.0126 0.0226 0.0252 0.1055 0.1501 -0.0073
2014.4 0.0348 0.0307 0.0190 0.2846 0.3418 0.0285
2015.1 0.0090 0.0004 0.0150 0.1048 0.1288 0.0540
2015.2 0.0189 0.0212 0.0290 0.0779 0.0611 0.0372
2015.3 0.0220 0.0230 0.0298 -0.2097 —-0.2543 -0.1613
2015.4 0.0269 0.0287 0.0296 0.0889 0.0468 -0.0515
2016.1 0.0198 0.0065 0.0171 —-0.0432 -0.0911 —-0.0410
2016.2 -0.0015 0.0082 0.0052 —-0.0020 -0.0257 0.0065
2016.3 0.0220 0.0167 0.0231 0.0071 0.0387 0.1150
2016.4 -0.0198 —-0.0241 -0.0196 0.0123 0.0286 —-0.0600
2017.1 -0.0034 -0.0038 0.0028 0.0176 0.0421 0.1081
2017.2 -0.0110 0.0053 0.0068 0.0165 -0.0229 0.0587
2017.3 0.0010 0.0059 0.0129 0.0357 0.0542 0.1122
2017.4 -0.0055 -0.0143 —-0.0050 0.0101 0.0212 0.0071

'In February 19, 2014, CIRC released policy “Notice on Strengthening and Improving the Regulation
of Utilization Ratio of Insurance Capital” to regulate the investment business of Chinese insurers.
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facilitate the calculation, we streamline and summarize the limits of investment
ratio for insurers as shown in Table 4.
Since w, =gx,,k=1,---,7, considering the above limits combined with the

assumption that short selling is not allowed, Equation (11) can be elaborated

as,

0<w,w,<g, (14)
0<w, <05%*g, (15)
0<w, <02%g, (16)
0<w,<02=*g, (17)
0<w,+w;<03%g, (18)
0<w,<0.15%g, (19)

n-1
g—ZwkZ0.0S*g, k=1,---,7. (20)

k=1

3.3. Optimal Asset Allocation under Mean-Variance-CVaR Criteria

3.3.1. Descriptive Statistical Analysis

First of all, we conduct a descriptive statistical analysis of the collected quarterly
data of assets and obtain (Table 5). We can conclude that corporate bond has
the lowest fluctuation and a relatively high mean value; government bond and
financial bond have low fluctuation while low mean value; fund, stock and

oversea investment have high return while high risk.

Table 4. Investment constraints from CIRC.

Type of assets Limits of investment ratio
Bond <100%
F_bond <100%
C_bond <50%
Fund <20% Total ratio
Stock <20% <30%
Overseas <15%
Risk free asset >5%

Table 5. Descriptive statistics of quarterly data.

Mean Std Max Min

Deposit (1) 0.0069 - - -
Hr) =Bond (1) 0.0077 0.0184 0.0348 -0.0263
F_bond () 0.0085 0.0180 0.0356 -0.0267
C_bond (r;) 0.0138 0.0161 0.0376 -0.0196
Fund (z;) 0.0236 0.0953 0.2846 —-0.2097
Stock (z3) 0.0199 0.1175 0.3418 —0.2543
Overseas (z;) 0.0104 0.0740 0.1208 —0.1613
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3.3.2. Results for Mean-Variance-CVaR Model

For mean-variance-CVaR model we consider five levels of expected return,
which divide the interval [dmin,dmax] into 4 equal parts: d, =d_, =-0.1421,
d, =-0.1351, d,=-0.1281, d,=-0.1211, d,=d_ , =-0.1143. For each
level of expected return d° e{d,.d,,d,.d,,d;}, we determine Crrin and
Crr (details can be seen in Section 2.3). In addition, the interval

L XJ for CVaR is equally divided into 4 equal parts, so five CVaR
levels ¢ e Cd*,min’cd*,maxj| . We solve the mean-variance-CVaR model with
policy constraints for every combination of d~ and ¢ . The results are shown
in Table 6 and drawn in Figure 1.

With the increasing of the target return, the proportion of bank deposit
declines remarkably and the proportion of corporate bond, fund, stock and
overseas investment climb up steadily. Corporate bond is the first increasing
asset in a portfolio to meet the requirement of higher target return, and reaches
the ceiling quickly. Afterwards, in order to further increase the expected return
of the portfolio, the proportion of financial bond, fund, overseas investment and
stock increase gradually and reach their ceilings finally. It is obvious that the
regulatory constraints are active to prevent an insurer investing intensively in
single high-return risky asset and to guarantee a certain level of retention of
bank deposit.

For every specific level of target return, a larger ¢ means that the model
considers more variance-controlling than CVaR-controlling. In particular, when
c=Cp the portfolio is just the mean-CVaR portfolio, and when ¢ = R
the portfolio is the mean-variance portfolio. We can see that a larger ¢  leads to
a more diversified portfolio, which has a smaller variance but larger CVaR ().
These findings are in line with that in Roman et a/ (2007) [15]. Under every
specific level of target return, corporate bond shares the same increasing trend
due to its good property. But fund and overseas investment have different trends
when the level of target return changes from low to high. And When it comes to
the highest level of target return, the portfolios are similar if the CVaR constraint
¢’ changes, since all proportion of assets are constrained by the regulatory.

Furthermore, as ¢’ moves from ¢ to c, , if the target return is relatively

low (d" =-0.1421 or d’ =-0.1351), the proportion of risk-free asset falls,
which means that more capital is invested in risky market. However, if the target
return is relatively high (d" =-0.1281 or d" =-0.1211), the proportion of
risk-free asset increase gradually, which means that the portfolio is more
conservative. We analyze the reason of this finding may be that if the target
return is low, both mean-variance and mean-CVaR invest a little capital in risky
market, and at this time the “diversification effect theory” of mean-variance model
is dominant and leads to more investment proportion in risky market; while if
the target return is high, both models have to invest a large proportion of capital,
and since CVaR just considers the tail-risk instead of the total fluctuation in

optimization, mean-CVaR model is less conservative.
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Table 6. The optimal asset allocation under mean-variance-CVaR model with different

d" and ¢ .
d =-0.1421
¢ -0.0318 -0.0315 -0.0313 -0.0310 -0.0307
Deposit 0.8969 0.8778 0.8703 0.8774 0.8672
Bond 0.0033 0.0242 0.0342 0.0243 0.0313
F_bond 0 0 0 0.0023 0.0007
C_bond 0.0831 0.0848 0.0863 0.0887 0.0993
Fund 0.0070 0.0058 0.0055 0.0053 0.0011
Stock 0 0 0 0.0004 0.0001
Overseas 0.0097 0.0073 0.0037 0.0017 0.0004
var (107%) 0.211 0.197 0.188 0.185 0.178
d =-0.1351
c' —-0.0253 —0.0252 -0.0251 -0.0249 -0.0248
Deposit 0.6466 0.6433 0.6398 0.6362 0.6327
Bond 0 0 0.0001 0.0002 0.0002
F_bonds 0 0.0001 0.0001 0.0002 0.0002
C_bond 0.3304 0.3356 0.3415 0.3471 0.3527
Fund 0.0229 0.0207 0.0181 0.0157 0.0135
Stock 0 0.0001 0 0.0001 0.0002
Overseas 0 0.0002 0.0004 0.0005 0.0006
var (107%) 0.297 0.295 0.293 0.292 0.291
d =-0.1281
¢ -0.0161 -0.0151 -0.0141 -0.0130 -0.0120
Deposit 0.2818 0.3039 0.3716 0.4072 0.4279
Bond 0 0 0 0 0.0001
F_bonds 0.0647 0.0673 0.0140 0.0007 0.0001
C_bond 0.5000 0.5000 0.5000 0.5000 0.4999
Fund 0.0376 0.0438 0.0544 0.0620 0.0675
Stock 0 0 0 0 0
Overseas 0.1159 0.0849 0.0600 0.0302 0.0045
var (107%) 1.5 1.25 1.05 0.895 0.819
d =-0.1211
c' 0.0114 0.0128 0.0141 0.0155 0.0168
Deposits 0.0500 0.0535 0.0562 0.1324 0.2186
Bond 0 0.0002 0 0.0001 0.0003
F_bond 0.1642 0.1973 0.2329 0.1772 0.1081
C_bond 0.5000 0.5000 0.5000 0.5000 0.5000
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Continued
Fund 0.1358 0.1415 0.1473 0.1598 0.1730
Stock 0 0 0 0 0
Overseas 0.1500 0.1075 0.0636 0.0304 0
var (107%) 4.37 3.82 3.42 3.17 2.99
d =-0.1143
c' 0.0538 0.0540 0.0541 0.0543 0.0544
Deposits 0.0500 0.0500 0.0500 0.0500 0.0500
Bond 0 0 0 0 0
F_bond 0.0019 0.0035 0.0047 0.0077 0.0090
C_bond 0.5000 0.5000 0.5000 0.5000 0.5000
Fund 0.2000 0.2000 0.2000 0.2000 0.2000
Stock 0.0981 0.0986 0.0989 0.0996 0.1000
Overseas 0.1500 0.1479 0.1463 0.1427 0.1410
var (107%) 12 12 12 12 12
1.0
» 0.8 r =
06 -2
2 P . G
204 v P - o 2 g
= /’,"/""’I"' P02 5 0
0.2 ,IIIII///IJJ/I?‘ ) 'g c MO0
0.0/ et T e LT L PP - ”I 2 25 -DI
R T T T T X 5 _Ql 1)
St
w

-0.1421 |
0.1351 |
-0.1281
0.1211
0.1143 |

[2]

©

]

@

(3]

[ 1 T >
Every taget return d* with five CVaR level c* o

Figure 1. Optimal asset allocation under mean-variance-CVaR model.

In addition, since the mean-variance-CVaR model considers two risk measures,
we can find that its optimal portfolios will have neither excessive variance nor
excessive CVaR. In other words, it takes into account both the regulators’
demand for controlling the left-tail risk and investors’ demand for minimizing
overall volatility. And the solutions derived from the model are generally
discarded by both mean-variance (c¢= cd*,max) and mean-CVaR (c= cd*’min)
model. It does not mean that mean-variance or mean-CVaR models are
dismissed, but on the contrary, the mean-variance-CVaR model reinforces them

by providing decision-makers more choices.

4. Conclusions

Motivated by Roman et al (2007) [15], this paper has studied the optimal asset
allocation problem under mean-variance-CVaR criteria for an insurer with

investment business and underwriting business. Furthermore, the policy
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constraints imposed by CIRC for investment business are considered.

Based on the practical data from Chinese insurance industry and financial
market in the period of 2013-2017, an empirical study has been conducted. The
empirical results show that there are fewer kinds of asset in the optimal portfolio
derived from mean-CVaR than that from mean-variance model and mean-CVaR
model does a better job in controlling the tail-risk but ignoring the variance
while mean-variance model is opposite. This is consistent with the results in
Roman et al (2007) [15]. Furthermore, we find that, with the target return
increasing gradually, as expected, less and less proportion of risk-free asset will
be invested. Specifically, more consideration of variance leads to less risk-free
asset investing if the target return is relatively low, while leads to more risk-free
asset investing if the target return is relatively high. By adjusting the parameters
of the constraint for CVaR, mean-variance-CVaR model can take into account
the preference between regulators’ requirements for short tails and classical fund
managers’ requirements for small variance, which is more reasonable for insurers
under regulatory constraints. In addition, we can find that the constraints
imposed by CIRC do work well to limit high-risk investment, especially when
insurers intend to go for a high target return. However, current investment
channels still can not satisfy the requirement of insurers for making up
underwriting losses. Therefore, it’s considerable to further expand the inves-
tment channels for Chinese insurers to gain more investment profit.

The main contribution of this paper is introducing mean-variance-CVaR
model and policy constraints into the empirical study of insurance risk management
and some meaningful results are obtained. The study could be extended to a
continuous-time setting and the CVaR item in the model could also be
incorporated into the objective function to simplify the optimization. We will

explore these topics in the following study.
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