University of
< Reading

Asset-liability models and the Chinese
basic pension fund

Article

Accepted Version

Zhao, Z. and Suicliffe, C. ORCID: https://orcid.org/0000-0003-
0187-487X (2021) Asset-liability models and the Chinese
basic pension fund. Economic and Political Studies, 9 (2). pp.
186-216. ISSN 2095-4816 doi:
10.1080/20954816.2020.1793497 Available at
https://centaur.reading.ac.uk/90414/

It is advisable to refer to the publisher’s version if you intend to cite from the
work. See Guidance on citing.

To link to this article DOI: http://dx.doi.org/10.1080/20954816.2020.1793497

Publisher: Taylor & Francis

All outputs in CentAUR are protected by Intellectual Property Rights law,
including copyright law. Copyright and IPR is retained by the creators or other
copyright holders. Terms and conditions for use of this material are defined in
the End User Agreement.

www.reading.ac.uk/centaur

CentAUR


http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf
http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence

University of
< Reading
Central Archive at the University of Reading

Reading’s research outputs online



Asset-Liability Models and the Chinese Basic Pension Fund
Zucheng Zhao” and Charles Sutcliffe®

* The ICMA Centre, Henley Business School, University of Reading, PO Box 242, Reading,
RG6 6BA, UK, email: Zucheng.Zhao@pgr.reading.ac.uk

$ The ICMA Centre, Henley Business School, University of Reading, PO Box 242, Reading,
RG6 6BA, UK, email: c.m.s.sutcliffe@rdg.ac.uk, ORCID 0000-0003-0187-487X

4 April 2020

ABSTRACT

Pillar 1B (individual accounts) of the Chinese basic pension fund (BPF) have suffered from
substantial underfunding due to a series of challenges such as rising longevity, conservative
investment policies, and the fragmentation of the pension system. Using an asset-liability
model (ALM) we investigate the effects of the pre-2015 and post-2015 limits on asset
allocations, as well as no limits. We also investigate the likely effect on investment
performance of transferring the pillar 1B funds to the Council of National Social Security Fund
(NSSF) and raising the retirement age to 65. We find that an ALM is superior to an assets-only
analysis, removing the limits on investment in domestic assets (but not foreign assets) would
be beneficial, as would transferring the assets to the NSSF, and raising the retirement age.
Finally, the official notional rate on individual accounts should be set at a realistic level.
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Asset-Liability Models and the Chinese Basic Pension Fund

After over 30 years of economic reform China has established a three-pillar pension system for
urban employees. This system faces the challenges of rising longevity, an increasing ratio of
non-workers to workers, an economic slowdown and considerable under funding. Additional
challenges include negative real returns on pension investments and a fragmented pension
system. The focus of our research is on the investment of the assets of the first pillar of the
basic pension fund (BPF), which is by far the largest of the three pillars. The BPF was designed
to be a national state pension scheme, with the assets in the individual accounts invested by the
provinces. The provinces make their own local decisions, which loosely follow a common set
of national regulations; and the central government remains ultimately responsible for any
deficits generated by the provinces. In 2015 there were two changes to the regulations
governing the investment of BPF assets by the provinces. The upper and lower limits on the
proportions of assets invested in different asset classes were changed, and the provinces were
allowed to transfer their BPF assets to the Council of National Social Security Fund (NSSF) to

invest on their behalf in a pooled manner, subject to national investment restrictions.

The four main questions on which we focus are: how is the asset allocation and
performance of the BPF affected by the inclusion of the BPF liabilities in the portfolio model,;
what are the effects of the various investment regulations on the BPFs optimal asset allocation
and performance; will transferring the funds to the NSSF improve performance, and what
would be the effects on the asset allocation, liabilities and investment performance of the BPF
of raising the retirement age to 65? To answer our first question, we compare the results of a
conventional assets-only mean-variance model with that of an asset-liability model (ALM).
For our second question we solve the ALM with three different sets of investment restrictions.
Our third question investigates the extent to which the NSSF’s superior investment
performance is due to their different investment restrictions, or to other factors. Finally, we use
an ALM to study the effects of raising the retirement age to 65 to answer our last question. We
compute the optimal asset allocations in 2016 using annual data for the asset and liability
classes from 2001 to 2016. For both active members and pensioners, we disaggregate the
liabilities into male employees, female officers in public institutions and female blue-collar

workers, making six groups in total.
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This is the first study of the BPF to compare the assets-only efficient frontier to that of
an ALM with six groups of pension liabilities, the first to use an ALM to compare the effects
of the pre-2015, post-2015 and no investment restrictions on the efficient portfolio of the BPF.
We are also the first to use an ALM to analyse the effects of outsourcing the BPF investment
of pension funds to the NSSF, and the first to investigate the effects on the efficient frontier of

an ALM of raising the retirement age of the BPF to 65.

We find that using an ALM is preferable to an assets-only analysis, and that the pre-
2015 investment limits were very restrictive. Relaxing the post-2015 limits on domestic assets,
but not foreign assets, would allow an improvement in performance; and removing all limits
would permit much higher returns, but also lead to much high risk. Investment of pillar 1B
funds by the NSSF would probably improve investment performance. Instantaneously raising
the retirement age would worsen the funding ratio, but a phased change should improve the
funding ratio. The notional rate of return of over 8% on the investment accounts set recently
by the government (MOHRSS, 2017c) will probably worsen the funding ratio as it exceeds

likely investment returns.

This paper is structured as follows: Section 1 provides background information on the
Chinese pension system, the investment restrictions, the challenges it faces and the various
reforms. Section 2 introduces the ALM approach to setting the asset allocation for defined
benefit (DB) pension schemes. Section 3 presents our ALM model. Section 4 describes the
calculation of the liabilities, and Section 5 reports the asset data we use. Our results follow in

Section 6, and Section 7 concludes.

1. Background

1.1. Three-Pillar Pension System in China

Starting with the economic reforms in the 1980s, a multi-pillar pension fund system was
established in urban China (Oksanen, 2012). This system can be divided into three pillars - the
BPF (pillar 1), the enterprise annuity (pillar 2) and private annuities (pillar 3) (Dong and Wang,
2016). There are some differences between those who work in the public and private sectors,
and between those who live in urban and rural areas. All those who work in for-profit
enterprises must participate in the BPF, which is also called Basic Old Age Insurance. Civil
servants working in non-profit public institutions must join the Public Employee Pension (PEP),
which was merged into the BPF in 2015. By the end of 2016 the BPF had 278.26 million active
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members and 101.03 million pensioners (Ministry of Human Resources and Social Security
(MOHRSS), 2017a). The BPF is divided into two parts: pillar 1A operates as a DB scheme on
a pay-as-you-go (PAYG) basis, and pillar 1B is designed to be fully funded individual accounts.

Only a few authors have considered whether pillar 1B of the BPF is a DB or defined
contribution (DC) scheme. The OECD (2017) describes the individual accounts of pillar 1B as
DC. But these accounts are largely notional, with interest credited at a rate set by the
government, and benefits received as a lifetime annuity (Bateman and Liu, 2017). The
government, in the form of the province, is responsible for investing the money in these
accounts, and for any deficits (Dorfman et al., 2013; Wang et al., 2014a). DC schemes are not
run in this way. For example, members of American 401(k) schemes are responsible for
deciding how to invest their pension pots and may decide how much to contribute. They also
decide how and when to receive benefits, and bear all the investment risk (Bassett et al., 1998).
The operation of pillar 1B resembles a cash balance scheme, which is somewhere between DB
and DC. Because members typically have an individual account and receive benefits as a lump
sum at retirement, cash balance schemes look like DC schemes. But they are generally
classified as a type of DB scheme, as the sponsor invests the assets and bears the investment
risk (Cahill and Soto, 2003). Therefore, in this study, we define pillar 1B as a DB cash balance

scheme.

Pillar 1 of the BPF covers urban employees in full-time jobs, or with permanent
contracts. In 2009 the New Rural Resident Pension (NRP) was established for non-employed
rural residents, and in 2011 the Urban Resident Pension (URP) was created for urban non-
employed residents. Ning et al. (2016) find that the NRP does not improve the wellbeing of the
elderly, particularly those in bad health. In 2014 the merger of these two voluntary schemes
into the Resident Pension was announced, and by 2017 this scheme had 512.6 million

participants (Fang and Feng, 2018). It is not part of the three-pillar system.

In 1991 the pillar 2 employer-sponsored Enterprise Annuities (EA) were introduced for
employees of large state-owned enterprises (SOE). As a DC scheme, the EA is increasingly
offered by employers, and has the advantage that the sponsor is not responsible for the level of
pension benefits. At the end of 2016 the EA had 23.3 million members, which was only 5.8%
of the number of BPF participants (Fang and Feng, 2018).

The third pillar (private annuity insurance) is intended to be complementary to the other

two pillars, and most products in pillar 3 are DC schemes, with a few old DB schemes. It has
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been growing rapidly, and according to the annual report of the Chinese insurance market, the
private annuity market expanded by 16.9% each year from 2001 to 2014 (Chinese Insurance
Regulation Commission, 2015). But the third pillar is still in its infancy. According to Fang
and Feng (2018), most existing private annuity products are treated as wealth management
products, and not held for long periods. Therefore, these products are unlikely to provide an
income in retirement. To develop the private annuity insurance market, on 1% May 2018 a pilot
policy of tax relief was launched in the cities of Shanghai and Soochow, and in Fujian province.
Investment gains are tax exempt, and 25% of the annuity payments are also tax exempt. Table

1 summarises the Chinese three pillar pension system.

Table 1: The Structure of the Three Pillars in China

: Type of L
Scheme Pillar Contribution Rate  Mandatory
Scheme
BPF: Social Pool 1A PAYG Enterprise: 20% YES
BPF: Individual Accounts 1B DB Funded* Individual: 8% YES

_ - Enterprise and
Enterprise Annuities 2 DC Funded NO**
Individual < 12%

Private Annuity Insurance 3 DB/DC Funded Individual: N.A. NO
* Pillar 1B should be fully funded, but in practice it operates with notional or empty accounts (Liu and Sun, 2016);
** Only large state-owned enterprises offer enterprise annuities to their employees, and they are voluntary for

these employees (Hu et al., 2009; Cai and Cheng, 2014). Other sources: Feldstein (1999), Song (2009), MOHRSS
(2017a) and Fang and Feng (2018).

1.2.  Challenges to Pillar 1B

Over the coming decades most countries will face a higher dependency ratio (non-
workers/workers) due to rising longevity and falling birth rates. This issue will be more severe
in China than any other country due to its very large population and one-child policy* (Li and
Meérette, 2005). Peng (2008) forecasts that the demographic shift in China will be rapid, with
the proportion of those over 60 years old increasing from 6.9% in 2000 to 15.7% in 2030.
Leung (2003) estimates that a ‘4-2-1° dependency ratio will appear in 2030: that is, the caring

responsibility for two parents and four grandparents will rely on a solo adult child. This

11n 2016 the one-child policy was replaced by the two-child policy (Feng et al., 2016).
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challenges the financial sustainability of the pillar 1A PAYG system. In 2030 cash outflows
from the PAYG pillar 1A are forecast to exceed its cash inflows, and by 2037 the scheme’s
reserve fund will be exhausted, (Xu et al., 2017). So, on current projections, from 2037 onwards
pillar 1A will have insufficient funds to meet its obligations. Since the provinces are
responsible for paying the pillar 1A pensions, funding problems will emerge earlier in

provinces with a recession.

The individual accounts in pillar 1B have suffered from the fragmentation of the BPF
across the provinces, and their excessively conservative investment policies. Pillar 1B funds
are pooled at the provincial level, or even at the county level; and each local government has
considerable autonomy in operating the BPF and investing its assets (Frazier, 2010; Barr and
Diamond, 2010). Some local governments in poor areas, or those with a recession, have used
the accumulated assets in pillar 1B to finance their current payments to pillar 1A pensioners
(Sin, 2005; Liu and Sun 2016). Therefore, the individual accounts in some provinces are
notional, with no assets in the individual accounts (empty accounts). There are also significant
differences in the pension payments and conditions of pensioners of the urban, rural, SOE,
public institution and civil service schemes, leading to unfairness (Lin, 2004; Wang et al, 2014b;
Jia, 2017).

1.3. Reforms of Pillar 1B
The literature has discussed possible reforms to pillar 1B to ease the challenges it faces, such
as raising the retirement age, pooling investment of the assets, and more flexible investment

constraints.

1.3.1. Delaying Retirement
Raising the retirement age is a direct remedy for pension underfunding, and has been used by
pension schemes in many other countries. A higher retirement age means there will be more
contributors and fewer pensioners. In China the mandatory retirement age is currently low at
60 years for male workers, 55 years for female officers in public institutions, and 50 years for
female blue-collar workers (Liu et al., 2015). In practice, the average male retirement age is 56
years, and that of females is around 50 years (James, 2002). Simulation results indicate that
raising these retirement ages to 65 can postpone the time when the cash flow of the pillar 1A

PAYG system becomes negative by 15 years (Wang et al., 2004).

However, these simulations implicitly assume that, if their retirement age is raised,

members will continue to be employed. Fang and Zhang (2018) recently challenged this
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assumption. They show that the growth rate of the productivity of Chinese workers is much
higher than that in developed countries. In the manufacturing and textile industries there is a
surfeit of workers, and so the Chinese economy does not need to employ elderly workers to
increase output. Moreover, for full-time workers in China there is a strong positive correlation
between age, or years of service, and salary. Therefore, organisations may be reluctant to hire
elderly workers on higher salaries. In consequence, an increase in the retirement age might not

be successful, as older workers may be unable to find employment.

1.3.2. More Lenient Investment Restrictions
To provide ‘absolute safety’ to pensioners, until 2015 investment by the pillar 1B scheme was
restricted to bank deposits, domestic treasury bills and Chinese government bonds (Hu et al.,
2007). These assets were too conservative to beat inflation, and the provincial pillar 1B funds
experienced average negative real returns from 2011 to 2015. During this period the average
nominal return on pillar 1B assets was 2.5%, while the average inflation rate was 2.7% (Dong
and Wang, 2016; Zhang and Harte, 2017).

Table 2: Chinese Investment Restrictions on Pillar 1B Funds and the Social Security Fund?

Provincial investment of pillar 1B funds, pre-2015

At least 20% in domestic fixed income and money market instruments with a maturity of
under one year.

At least 20% in government bonds with a maturity of at least one year.

Provincial and NSSF investment of pillar 1B funds, post-2015

At least 5% in domestic fixed income and money market instruments with a maturity of
under one year.

Not more than 30% in domestic equity

NSSF investment of the Social Security Fund, 2006 onwards

At least 50% in domestic and foreign bank deposits and government bonds
Not more than 10% in domestic and foreign corporate bonds
Not more than 40% in domestic and foreign equity

Not more than 20% in total foreign investments

2 The Social Security Fund was established in 2000, and the Chinese government described it as a ‘strategic
reserve fund’ and ‘the last ditch to the problem of ageing’. The assets of the Social Security Fund come from four
sources: allocations from the central government’s treasury, equities of SOEs, state lottery proceeds and its own
investment revenues (Leckie and Pan, 2007). The Social Security Fund was the only fund managed by the NSSF
before pooled investment of the BPF pillar 1B funds was permitted in 2015.
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Note: No investment is permitted in any asset not mentioned in the regulations. Sources: Hu et al. (2007), Leckie
and Pan (2007) and The State Council (2015).

With the introduction of new investment regulations for the pillar 1B individual
accounts in 2015, the investment restrictions started to be eased. According to the new
constraints, in contrast with the pre-2015 limits, the minimum investment in short-term
investment vehicles (the duration of the investment is less than one year) decreased from 20%
to 5%. The minimum proportion of 20% of assets under management (AUM) in one-year plus
fixed income investments was removed; and the asset classes in this section were no longer
limited to government bonds and term deposits (Hu et al., 2007). An allocation of the pillar 1B
assets to equities was allowed for the first time, with a maximum proportion of 30%, but only
in domestic equities (State Council, 2015). Not only is investment by pension funds in domestic
equities likely to improve the investment performance of pension portfolios, but it will also
help stabilise and expand the Chinese equity market and improve market efficiency (see
Faugere and Shawky, 2003; Bohl et al., 2009; Alda, 2017). The investment restrictions

(including those of the Social Security Fund) are summarised in Table 2.

1.3.3. Pooled Investment of the BPF Assets
The fragmented nature of the BPF has resulted in a series of problems, e.g. restricted labour
mobility, and higher administration and investment costs. When migrant workers switch jobs
from rural to urban areas, or from one province to another, they have to give up a proportion
of the accumulated contributions in their individual accounts to transfer their pensions to the
new scheme (Yang and Zhou, 2017). In some cases, they may have to give up all the
accumulated benefits in their pillar 1B pensions (Zuo, 2014). This is because, when a migrant
worker switches his/her job from one province to another, only the actual money (often less
than the notional value of the individual account) is transferred, due to the problem of empty

accounts. This discourages labour mobility in China.

In 2015 the State Council of China issued the ‘Regulations on the Basic Pension Fund
Investment Management’. From December 2016 these regulations permit provinces to transfer
their BPF pillar 1B assets to the NSSF to invest in a pooled manner, subject to the pillar 1B
investment regulations. By the end of 2017 nine provinces had transferred about 430 billion
Chinese yuan (accounting for 12% of the total assets in pillar 1B) to the NSSF (NSSF, 2018).
The central government is currently encouraging the other provinces to outsource the

investment of their pillar 1B pension funds to the NSSF.
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The NSSF, which is not part of any pillar of the pension system, has a better historical
investment performance than the BPF (NSSF, 2018). The NSSF has managed the Chinese
Social Security Fund since 2000, achieving an average annual return of 8.37%. The returns of
the NSSF are higher than almost all the wealth management products in China, and higher than
the weighted average return of the EAs (7.57%) over the same period (Hu, 2017). The NSSF
uses both internal and external fund managers, and Shen et al. (2019) show that from 2000 to
2016 the external fund managers of the Social Security Fund earned better risk-adjusted returns
than the internal managers, with five generating positive alphas; while funds managed
internally by the NSSF failed to achieve a positive alpha. Shen et al. (2019) find that private
information and alumni networks at fund management companies contributed to the total
investment performance of the Social Security Fund, even though insider trading is not allowed
in China. Although the Social Security Fund is subject to different investment restrictions to
the BPF, these results suggest that pooled management by the NSSF of the pillar 1B funds has
the potential to bring better investment performance. Pooled management of pension portfolios
by the NSSF will also reduce the growth of the problem of notional individual accounts, as
provinces will find it hard to remove money from the NSSF, except for the purpose of paying

1B pensions. This should improve labour mobility, as individual accounts will be less empty.

The fragmentation of the BPF into many small pension pools has led to higher overall
investment costs. Large pension funds can benefit from economies of scale, such as lower
administration expenses, the attraction of in-house experts and access to additional types of
asset, e.g. direct property, infrastructure, hedge funds and private equity. Evidence of this can
be found in the large Canadian and US DB schemes that access asset classes unavailable to
smaller schemes (Mitchell and Andrews, 1981; Chemla, 2004; Bikker, 2017). In-house
expertise can bring further cost reductions and boost returns for large pension funds (Dyck and
Pomorski, 2011). Pooled investment of the BPF assets by the NSSF offers the advantages of
much more professional management?, lower investment costs due to economies of scale, and

greater exposure to equities.

2. Asset-Liability Models of DB Pension Schemes

DB schemes have different objectives from other institutional investors. The goal of DB

schemes is to accumulate enough assets to meet their liabilities, not to maximise their returns;

3 Only a few coastal provincial administrative regions, such as Shanghai City and Shandong Province, have
experience of selecting and hiring external asset managers.

8|Page



and so asset performance relative to the liabilities is more important than beating a benchmark
(Sutcliffe, 2016). A scheme has a fully hedged position if it can make its pension benefit
payments, no matter how the values of its assets and liabilities fluctuate. The asset allocation
decision of DB schemes can be treated as a portfolio problem, where the aim is to invest the
funds to minimise the combined asset and liability risk, subject to a given rate of return. This
can be addressed by expanding the traditional Markowitz portfolio model to include the
liabilities, creating a single period ALM (Sharpe and Tint, 1990; Ezra, 1991; Craft, 2001 and
2005).

Board and Sutcliffe (2007) used annual data from 1981 to 2002 in an ALM to optimise
the asset allocation of the Universities Superannuation Scheme (USS), which is the largest UK
DB pension scheme. They found that inclusion of the liabilities altered the efficient frontier.
The assets-only efficient frontier lay to the north east of the ALM efficient frontier, with
different portfolio weights for any given level of risk or return. This shows that including the
liabilities affects the optimal portfolio weights, and managers of DB pension funds should not
ignore the liabilities when investing the funds. Using assets-only and ALM portfolio models,
Hoevenaars et al. (2008) explored the intertemporal covariance structure of US assets and
liabilities. They conclude that an assets-only model tends to select short-term assets (e.g. T-
bills) because of their low risk in the short run, and good diversification with stocks in the long
run. But when liabilities are added to the model, long-term investment assets tend to be selected,

as they provide a better hedge against duration mismatch risk with respect to the liabilities.

In the only previous study of the asset allocation of pillar 1B, Jin (2017) used an ALM
to compute the optimal asset allocations from 2009 to 2014. He concluded that pillar 1B has a
low funding ratio (below 70%), and to remove this underfunding without central government
subsidies, more assets need to be allocated to equity markets, or the government contribution
rate should be raised. However, his model does not include the investment restrictions on pillar
1B investments which have an important effect on the asset allocation. The retirement age,
annuity factor, salaries, average age at the valuation, and life expectancy differ as between
active members and pensioners, males and females, and job types; but Jin’s model does not

disaggregate the liabilities.

3. Methodology

3.1. Calculation of the Actuarial Liability
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Calculation of the actuarial liability is the first step in constructing an ALM model of Chinese
individual accounts (pillar 1B). Board and Sutcliffe (2007) divided the liabilities into three
parts: active members, deferred pensioners and pensioners. Because the retirement age is based
on gender and occupation in China, we divide the individual account liabilities of pillar 1B into
three groups: male members (retirement at 60), female officers in public institutions (retirement
at 55) and female blue-collar workers (retirement at 50). We further divide the calculation of
the actuarial liability for each group into two sections: active members and pensioners®. As

membership of pillar 1B is mandatory for urban employees, it has no deferred pensioners.

We use extended versions of the formulae for actuarial liabilities provided by the
Actuarial Education Company (2002), adapted for a cash balance scheme. Our actuarial model

for active members is:

Pot,, 1+gN""
AL, = N, x < :E ) % {(1 +i)}
() o

Gl

i =1 represents male employees, i =2 stands for female officers in public

X

where:

institutions and i = 3 is for female blue-collar workers

AL, represents the actuarial liability for the active members in each group,

N, is the number of active members in each group,

P, is the average length of service of each member at the valuation date for each group,
AEF is the annuity factor for each group,

g, is the annual forecast nominal salary growth rate for each group between now and
retirement,

h is the nominal discount rate between now and retirement,

Pot,, is accumulated notional value of a member’s individual account at the valuation
date for each group,

R, is the statutory retirement age in China for each group,

G, is the average age of members in each group at the valuation date,

4We aggregate the liabilities in these six groups across all the provinces. Since the proportions of these six
liabilities and their age distributions differ as between provinces, our ALM solutions apply to China as a whole,
and may differ at the provincial level.
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W, is the life expectancy of members in each group at retirement, and
p is the growth rate of the price level.

The term Pot,, can be expressed as:

POtPi = C[Si,m + Si,mfl (1+NRl,m)+ Si,mfz(1+NRi,m)(1+NRi,m71) + o +

(1b)
S.(1+NR,)(1+NR,)..(1+NR))]

where:
C is a constant contribution rate, which equals to 8% according to Table 1,

S, 1s average member’s annual salary for each group in period m (1 < m < P), and

NR,,, is the notional rate of return for each group in period m.

Our model of the actuarial liability for pensioners is:

S

1+p

AL, = N, X PEN, X

where: AL, is the actuarial liability for the pensioners in each group,
N, represents the current number of pensioners in each group,
W A, is the life expectancy of pensioners at the valuation date, and
PEN, are the average annual current pension for each group at the valuation date.

Therefore, the total actuarial liability (ALt) of the scheme is the sum of the liabilities for these

Six groups:

AL, = Z(ALM +AL,) 3)

3.2. Forecasting Salaries

The Chinese economy has made rapid progress since its reform in 1978, and GDP experienced
double-digit growth until 2010. The annual average salary growth rate for Chinese urban
employees from 2002 to 2016 was similar to the growth in GDP, with an average annual growth
rate of 12.32% (MOHRSS, 2017a). However, it would be unreasonable to adopt this historic
growth rate as a forecast of the future growth rate, as it is unlikely that the Chinese economy

will keep expanding at such a high rate over the next 25-30 years. To estimate a more realistic
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salary growth rate, we use a logistic growth model with an upper bound to forecast annual

salaries, which is a modified version of Fan (2010).

K

- 1+ ae# (42)

Y.

where: y, is the average annual salary in year t,
K is the upper bound on average annual salary,
a is a coefficient,
B is the annual salary growth rate in the previous year,
At is the number of years since 1990, and
e is the mathematical constant

Equation (4a) can be rewritten as:

In (g - 1) = In(a) — AL (4b)

t

The strategic objective of China’s economic development is to become a medium-level
developed country by the mid-21% century. Therefore, following Wei and Qiu (2014), we
assume the ceiling on average annual salary (K) is 305,875 CNY (US$50,000). They applied
linear regression to equation (4b), using the average annual salaries of urban employees in
Sichuan province from 1991 to 2012. Their estimates of the coefficients in equation (4b) can

be transformed back into equation (4a):

305875
1 + 154.3774e 014

where « is significant at 10% level, and 8 = 0.1444 is significant at the 5% level.

y= (4c)

We use equation (4c) to forecast salaries. The forecast salary growth rate per annum (g,)
is the average logarithmic return on the forecast annual salaries between the valuation date and
retirement. Since the three liability groups in China entered employment at different average
ages and have different statutory retirement ages, the average salary growth rates for each group

are different.

3.3.  Asset-Liability Model
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DB schemes must meet their obligations to present and future pensioners in full, and so the
liabilities are included in the extended version of the traditional portfolio model. Assuming that
the value of the actuarial liabilities is unaffected by the fund’s asset allocation (Inkmann et al.,
2017), the ALM can be stated in mean-variance terms with the addition of the covariances

between the liabilities and asset classes, and the rates of change in the value of the liabilities.

We expand the Sharpe and Tint (1990) model by dividing the total liability into six
groups, which have different correlations with the various asset classes. We identify three
groups (male employees, female officers in public institutions and female blue-collar workers)

and two types of members (active members and pensioners).

The extended portfolio model with six types of liability is:

N+B N+B

Minimise V,, = Z Z x,x,COV, (5a)
j=1 k=1
Subject to: R,, = Z xR (5b)
Z x,=1 (5¢)
x>0, j=123.,N (5d)
_ _ALai _ALpi k _ . . 5
Xy =—— or ——, = ai, pi (5e)

plus any additional constraints on the asset weights (x;), where:
I, 1s the variance of the asset-liability portfolio,
j and k represent asset and liability classes,
N and B are, respectively, the number of assets and liabilities,
COV, are the covariances of returns on asset or liability classes j and k,
R, is the expected return of the asset-liability portfolio,
R, is the expected return on each asset class,

x, is the portfolio weight of each asset class,

13| Page



x, i1s the initial ratio of each type of actuarial liability to the initial value of the assets, it

has a negative sign and is fixed,

A, 1s the current value of the fund’s assets,

AL, represents the actuarial liability for the active members in each group, and
AL, is the actuarial liability for the pensioners in each group.

By repeatedly solving this quadratic problem for a range of portfolio returns (Rac), an
asset-liability efficient frontier can be computed for comparison with the conventional assets-
only efficient frontier. This is computed in a similar way to the ALM frontier, but with the
liability terms removed from the model. According to the BPF investment regulations, short
selling is prohibited to avoid the risks involved, and this has an important effect on the optimal
asset allocation (Sutcliffe, 2005). Because the liability weights are fixed, changes in the value
of the liabilities and covariances between the various types of liability have no implication for

the asset weights of the efficient frontier, and can be set to zero.

3.4. Hedging Effectiveness

After computing the asset-liability efficient frontier, we use Ederington’s (1979) statistic to
measure the hedging effectiveness of the portfolios. This is the reduction in the variance of the
asset-liability portfolio, relative to the variance of the liabilities, and can be expressed as
follows:

HE =1 Vu 6

L

where: HE is the hedging effectiveness,
I, denotes the variance of the asset-liability portfolio, and

V. represents the variance of the fund’s actuarial liabilities.

4. Estimating the Liabilities

To estimate the actuarial liabilities for each group of active members and pensioners for 2001-
2016, we use data from the China Labour Statistical Yearbooks®. For example, the number of

active members and pensioners, the average pension benefits and so on were collected from

> We assume the pension contributions in year t in the individual accounts will be increased by at the notional
rates of return in year t+1.
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these yearbooks. The average age of each group at the valuation date was estimated using the
educational attainment of urban employees in these yearbooks. For those with no senior school
qualifications we assume an entry age of 16, which is the minimum legal working age in China.
For senior school and medium vocational education graduates we assume an entry age of 18;
and for those with a high-level vocational education and college graduates we assume an entry
age of 21. For bachelor’s degree holders we assume 22, and for master’s and PhD degree
holders we assume 25. We find that the average entry age gradually increased between 2001
and 2016 for both genders, reflecting the increasing academic qualifications of employees. In
2015 the average entry age of female employees overtook that of male employees. This may
be because Chinese companies tend to prefer men when they hire skilled workers and non-
customer-oriented managers; and to overcome this preference women need higher academic
qualifications (Kuhn and Shen, 2012).

Life expectancy at retirement for male and female employees from 2001 to 2016 was
collected from the World Bank’s (2018) database. The database of the National Bureau of
Statistics of China (2018) provides the average annual salary of urban employees, and the
annual consumer price index for calculating the inflation rate. In urban China the salary gap
between male and female employees has been rising since the 1980s. The China Urban Labour
Survey (CULS) of 2001 found that the average hourly earnings of females were almost 20%
lower than for males, and 84% of this difference cannot be explained by differences in
individual endowments. This large difference can be viewed as evidence of gender
discrimination against females, although other unknown factors may also contribute to this gap
(Wang and Cai, 2008). We follow the CULS survey and assume that the average annual salary
of women is around 16% lower than that for men. We estimate the average annual salaries of
males and females in each of the three groups using the proportions of male and female

employees in each group.

Chinese monthly pension payments are computed by dividing the final value of a
member’s accumulated pension pot by an annuity factor, as in equation 1. Because the
retirement age and average life expectancy are different for each group, the annuity factors are
also different. It is 139 for male workers, 170 for female officers in public institutions and 195
for female blue-collar workers (MOHRSS, 1997; Li and Lin, 2019). For each liability
estimation, the discount rate is the current 10-year Chinese government bond yield in each year.
Summary statistics of the demographic data used to calculate the actuarial liabilities of the six
groups are displayed in Appendix 1.
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The computation of the six liabilities each year allows for changes in the number of
active members and pensioners in each group, the level of inflation, the average salary and
other demographic factors (e.g. life expectancy), and changes in the notional rate of return.
According to the regulations®, to diminish the unfairness of the fragmented pillar 1B system,
every province must update the balance of individual accounts each year by at least the 1-year
commercial bank deposit rate (MOHRSS, 2017b). However, this rate is lower than the inflation
rate for some periods. Before the launch of this regulation, each provincial or city-level
authority could set their own notional rate of return. We use the 10-year Chinese government
bond yield as the notional rate of return for each liability estimate, except for 2014-2016. Based
on the policy notice of MOHRSS (2017c), the notional rate of return on individual accounts
(pillar 1B) of urban employees is uniformly set at 5% for 2014-2015 and 8.31% for 2016.

The total actuarial liability has exceeded the total accumulated assets in pillar 1B since
2001, and when required, government subsidies have enabled the provinces to meet their
obligation to pay pensions. The deficit has grown to 1,405,645 million Chinese yuan (around
US$200 billion) in 2016 and, in contrast to Jin (2017), this fiscal burden for the government is
forecast to increase further in the future. The accelerating growth of the pillar 1B deficit is
consistent with the rapid ageing of the Chinese population, which challenges not only the
notional individual accounts, but also the sustainability of the pillar LA PAYG system (Peng,
2008).

The actuarial liabilities of male employees are larger than for females because there are
more male employees. The total actuarial liability of female active officers in public institutions
is smaller than for active female blue-collar workers; but their average growth rate is much
higher. At the end of 2016 the actuarial liabilities of the three groups of active members, as a
proportion of the total scheme assets, were: males x,, = —51.04%, female officers in public
institutions x,, = —12.24%, and female blue collar workers x,, = —19.26%. For pensioners
they were: males x,, = —26.10%, female officers in public institutions x,, = —8.66% and
female blue collar workers x,, = —19.14%. The total actuarial liability was around 1.36 times
the assets, i.e. a funding ratio of 73.50%. The time series of the estimated liabilities for the six
liability groups in pillar 1B, together with the total values of the assets and liabilities, are plotted

in Figure 1.

8 http://www.mohrss.gov.cn/SYrlzyhshbzb/zwgk/szrs/tongjinianjian/ , last viewed on 20 January 2019.
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The Six Liabilities, and the Total Liabilities and Assets of
Pillar 1B from 2001 to 2016
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Figure 1: Liabilities and Total Assets

5. Asset Data

In compliance with the BPF investment regulations, we include the following assets: the MSCI
China A-Level Onshore’ Growth total returns index in CNY?8, the MSCI China A-Level

" Measures for Unifying and Standardising the Notional Rate of Return on the Individual Accounts of Urban
Employees’ BPF.

8 MSCI China A Onshore index captures 537 large and mid-cap constituents of Chinese equities listed on the
Shanghai and Shenzhen Exchanges (MSCI, 2019a).
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Onshore Value total returns index in CNY?, yields on 10-year China government bonds, the 3-
month China interbank offered rate provided by DataStream, and yields on the China Corporate
Bond Index from S&P, with yields on the China Corporate Bond (AAA) Index from China
Bond*? as a supplement due to the shorter time span of yields from the S&P. The MSCI World
index in CNY*!!, yields on FTSE World Government Bond index — Developed Markets in
CNY?*2 and yields on the FTSE WorldBIG Corporate bond index in CNY® are used to test the
effects of relaxing the restriction on overseas investment. We used annual data from 2001 to

2016 for all the asset classes.

We estimate the actuarial liability for each group and the total actuarial liability using
the actuarial models in equations 1-3. We also estimate the rates of change, standard deviations
and correlations for the six types of actuarial liability, the expected returns, standard deviations
and correlations for each asset class, and the correlations between the asset classes and
liabilities (see Table 3). All the expected returns and correlations are tax-exempt, and in

Chinese yuan.

6. Model Results

We investigate the effects on the investment performance and asset allocation of pillar 1B for
four situations - including liabilities in the portfolio model, changing the investment restrictions,

outsourcing investment to the NSSF and increasing the retirement age.

6.1. Including Liabilities in the Model

For the assets-only model we compute the efficient frontier using five assets (MSCI China A-
level onshore growth index, MSCI China A-level onshore value index, China corporate bond
index, 10-year government bond, and the China 3-month interbank deposit rate). Table 4
contains 12 efficient asset allocations when the post-2015 regulatory constraints of the BPF
apply, together with their expected return and risk. The BPF 2017 annual report gives a broad

indication of its opening asset allocations, 5.5% of the assets under management (AUM) were

® The growth index captures equities in MSCI China A-Level Onshore Index which exhibit growth style
characteristics (MSCI, 2019b).

10 The value index captures the equities in MSCI China A-Level Onshore Index which exhibit value style
characteristics (MSCI, 2019c).

11 The yield curve of the China Corporate Bond (AAA) Index from China Bond:
https://www.chinabond.com.cn/cb/eng/zzsj/cywij/sygx/sjxz/zzqyzgx/list.shtml, last viewed on 31 July 2018

12 The MSCI World Index contains 1,632 large and mid-cap constituents across 23 developed markets countries.
It covers around 85% of the market capitalisation in each country (MSCI, 2019d).

13 The FTSE World Government Bond Index — Developed Markets measures the performance of fixed-rate, local
currency, investment-grade sovereign bonds issued in developed markets (FTSE Russell, 2018).
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invested in short-term vehicles, 16% in long-term government bonds, 48.5% in corporate bonds,
and 30% in stocks (NSSF, 2018), which complies with the regulatory constraints. The expected
returns and standard deviations of returns for the actual BPF portfolio computed using our data

appear in Table 4.

In addition to the five asset classes, the ALM with post-2015 restrictions also includes
the six fixed liabilities, and Table 4 shows the asset weights and performance of 12 efficient
portfolios. 1returns do not include expected liability returns as the liabilities are exogenous.
Including the expected liability returns in Figure 2 would shift the ALM frontier downwards
by 20%, making it difficult to compare the ALM and assets-only frontiers. Therefore, the
figures considerably overstate the expected returns on the combined portfolio of assets and
liabilities. This may mislead fund managers and the government into thinking that the current

investment regulations are compatible with boosting the sluggish performance of the past.

Efficient Frontiers (Post-2015 Limits)
—0—ALM ——BPF (ALM) —f— Assets-Only —>é&=BPF (Assets-Only)
6%

6%
5%
5%

4%

Expected Returns

4%

3%

3%

0% 5% 10% 15% 20%
Standard Deviation

Figure 2: Assets-Only and Asset-Liability Efficient Frontiers

14 FTSE WorldBIG Corporate Bond index is one of the sub-indices of FTSE World Broad Investment-Grade Bond
Index, which is a multi-asset, multi-currency benchmark that provides a broad-based measure of the global fixed
income market (FTSE Russell, 2019).
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The assets-only and ALM efficient frontiers, together with the actual asset allocation
of pillar 1B of the BPF, are plotted in Figure 2. This shows that the ALM frontier is not simply
a linear transformation of the assets-only frontier. Due to the inclusion of the six types of
liability, the shape of the ALM frontier is different, and has substantially higher risk for every
level of return. The big increase in risk which shifts the ALM frontier to the right in Figure 2
is due to the incorporation of liability risk in the ALM but not the assets-only frontier. The
hedging effectiveness of the ALM is included in Table 4 and shows that portfolio 2 with the
funds invested in 82.7% of 10-year government bond and 17.3% of the China Interbank 3M
rate offers the best hedge by reducing the liability risk by 0.94%. For portfolios 4 to 12, and
the actual BPF portfolio, the negative hedging effectiveness means these portfolios are riskier
than just the liabilities. For the assets-only model, portfolio 1 is the risk minimising portfolio,
with 94.7% of the funds in 10-year government bonds. Despite their different plots in Figure
2, the asset weights for the five asset classes exhibit only small differences between the two
models. The BPF portfolio plots just below the top end of both the assets-only and ALM
efficient frontiers. This shows that the BPF’s asset allocation is more or less on the efficient

frontier, with almost the highest available expected returns and risk.

6.2. ALM with Different Investment Restrictions

Table 2 summarises the various sets of investment restrictions pre- and post-2015 for pillar 1B
and the Social Security Fund. In Section 6.1 we computed the ALM efficiency frontier for the
post-2015 regulations, and we now compute the efficient frontiers for the pre-2015 pillar 1B
regulations, and with no investment restrictions. These plots appear in Figure 3. The differences
between these plots reveal the implied cost of these regulations, in terms of their effect on the

risk and return of efficient portfolios.

6.2.1. ALM With Pre-2015 Pillar 1B Investment Restrictions

The pre-2015 pillar 1B investment limits were very conservative, which caused the negative
real return on its investments from 2011-2015, contributing to the problem of empty individual
accounts. In this subsection, we compute the ALM efficient frontier under the pre-2015
constraints to see the cost, in terms of risk and return, of pursuing ‘absolute safety’ with
investment in only government bonds and interbank deposits exposures. The efficient

portfolios and related hedging effectiveness are included in Table 5.

It can be seen that all 12 portfolios have positive effectiveness, and portfolio 12

provides the largest reduction of 1.70%; but the expected returns for portfolios 2 to 12 are lower
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than for the post-2015 portfolios. While the asset allocation varies, the expected returns and
risk of the 12 portfolios with pre-2015 limits are very similar to each other, effectively a single
point, which is because the two available assets have similar characteristics. The pre-2015
investment regulations ruled out almost all of the efficient frontier made available by the
introduction of the post-2015 limits. The post-2015 BPF asset allocation in Figure 3 shows that
once these very restrictive rules were loosened, the BPF moved to a higher risk and return
portfolio by transferring 78.5% of its assets into the newly permitted asset classes. This helped
to alleviate the problem of empty individual accounts due to higher investment returns. The
benefits from relaxing the investment restrictions in 2015 suggests there may be further benefits

from additional relaxation.

6.2.2. ALM with No Investment Restrictions

Two previous studies of Chinese pensions have found that allowing investment in foreign
assets worsens the Sharpe ratio. In the assets-only investment liberalisation analysis of Hu et
al. (2007), the four hypothetical and arbitrary pension portfolios which allowed investment in
foreign assets achieved lower Sharpe ratios than a portfolio with no foreign investment that
complied with the pre-2015 investment limits. Pfau (2011) used an assets-only portfolio model
with a risk aversion parameter of five to compute efficient portfolios. He found that adding
foreign assets to a portfolio of domestic equities and bank deposits led to 99.78% of the funds
being invested in foreign assets. This increased Chinese returns by 60%, but also increased

their standard deviation by 66%, which implies a small reduction in the Sharpe ratio.

We now apply the ALM with no investment limits (except for banning short sales),
together with eight asset classes, and the results appear in Figure 3 and Table 5. The three
additional assets we include are the MSCI World index, the FTSE World Government Bond —
Developed Markets index and the FTSE WorldBIG Corporate Bond index. Figure 3 shows that
the post-2015 investment constraints on pillar 1B investment remove a large part of the
efficient frontier. Portfolios 1 and 2 provide positive liability risk hedging, with 1.21% and
5.78% reductions, respectively. Portfolios 3 to 12 with no limits only invest in domestic value
stocks and domestic corporate bonds. This shows that the ban on foreign equities and fixed-
income products in the post-2015 investment limits is not a binding constraint, and its
relaxation would provide no benefit. If the BPF wishes to deal with its substantial underfunding,
the removal of investment limits on domestic equities and domestic corporate bonds would
enable the BPF to achieve a much higher expected return, although this is accompanied by

additional risk.
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Comparison of ALM efficient Frontiers with different
investment restrictions
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Figure 3: Asset-Liability Efficient Frontiers

6.2.3. Assets-Only Model with Social Security Fund Limits

The NSSF accesses foreign investments through international fund managers. The Social
Security Fund has performed much better than the BPF (Leckie and Pan, 2007), with an average
return of 7.1% from 2011 to 2016, and 8.37% since 2000 (Zhang and Harte, 2017). This
superior performance may be for two different reasons. First, the NSSF benefits from superior
investment expertise, economies of scale, insider trading, the use of external fund managers
and access to additional types of asset; and these can also benefit pooled investment by the
NSSF of the pillar 1B assets. Second, the Social Security Fund benefits from less restrictive
limits on investment in domestic equities and is allowed to invest in foreign equities and bonds
(see Table 2). This advantage is not available to those provinces who transfer their funds to the

NSSF, as transferred funds remain subject to the pillar 1B investment limits. To quantify the
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size of this second advantage, we compare the assets-only efficient frontiers (plotted in Figure
4) for the Social Security Fund using both its own investment limits and the post-2015 pillar
1B limits®®. This figure shows that the post-2015 efficient frontier lies to the left of the frontier
with Social Security Fund limits, indicating that investment of pillar 1B funds by the NSSF
will increase returns for two reasons — more favourable investment limits, and superior

investment expertise, economies of scale, and insider trading.

Details of the assets-only efficient portfolio with Social Security Fund limits appear in
Table 6, and like the ALM portfolio with no investment limits, there is no allocation to foreign

assets, except for portfolios 1 to 3.

Assets-only Efficient Frontiers
—@— Assets Only (Social Security Fund Limits) Assets Only (Post-2015 Limits)
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Standard Deviation

Figure 4: Assets-Only Efficient Frontiers for Social Security Fund and Post-2015 Limits

15 For example, ALM portfolio 11, which plots close to the actual BPF portfolio, has an expected return of
—25.52%, not 5.52%, when the liability returns are included.
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6.3. Retirement Age of 65
There has been a lot of discussion in the literature about delaying retirement in China (James,
2002; Queisser et al., 2016; imrohoroglu and Zhao, 2018), and we examine the effects on the
asset allocation of an immediate increase in the retirement age to 65 in 2016, which is the
statutory or average retirement age in many developed countries, for all three groups of
members. While members will contribute for longer, current assets will be unchanged.
Increasing the retirement age affects the liabilities as it decreases the time spent in retirement,
which alters the rate of change, volatility and total amount of the six liabilities. As members
will contribute for longer, and receive a pension for a shorter period, the annuity factors in
equation 1 need to be adjusted. We assume the annuity factors for male employees (139),
female officers (170) and female blue-collar workers (195) are reduced by the same proportion
as the reduction in their expected longevity at retirement. For example, in 2016, the average
life expectancy of male members at the age of 60 is 14.8 years, retirement at 65, not
60, implies a reduction in their period drawing a pension of 33.78%. A summary of these
changes is provided in Appendix 2. Delaying retirement to 65 increases the liabilities for active
members by over 40%, mainly due to the reductions in the annuity factors. The liabilities for

pensioners younger than 65 are not changed, as we treat retirement as irreversible.

In Figure 5 we compare the efficient frontiers of the ALM (post-2015 limits) and the
current retirement ages, and with a retirement age of 65. Figure 5 shows that if the retirement
age was increased to 65 in 2016, the ALM efficient frontier shifts a long way to the right of its
original position. For little higher expected return, portfolios with retirement at 65 have much
higher risk. This is because raising the retirement age increases the magnitude of the liabilities
by over 40%, and their standard deviation by over 30%. Only portfolios 1-4 provide positive
effectiveness, with a highest reduction of liability risk of 0.58%. The ALM efficient portfolios
with a 65-year retirement age are in Table 6.

With more pension contributions, and smaller pension payments due to a modest
reduction in the size of the annuity factor and no more than a small increase in longevity
induced by later retirement, delaying retirement will probably improve the sustainability of the
PAYG system (pillar 1A) (Wang and Shan, 2016). This will help to postpone the time when

the cash flow of pillar 1A becomes negative.
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Current Retirement Age Versus 65-year Retirement
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Figure 5: Asset-Liability Efficient Frontiers with the Current Retirement Ages and Retirement at 65

7. Conclusions

The Chinese pension system faces some very considerable challenges. The state scheme (pillar
1) dominates the pension system, and we study the individual accounts of pillar 1B of the state
scheme, which is a funded cash balance scheme. We find that the total actuarial liabilities of
pillar 1B are much larger than the accumulated balances in the individual accounts, and in 2016
it had a funding ratio of only 73.5%. This low funding ratio is forecast to get substantially
worse, and improved investment performance is urgently needed. We use portfolio theory, both
with and without the liabilities, to study the asset allocation of pillar 1B. To this end we divide
the calculation of the actuarial liability into six different types - active members and pensioners
in three groups (male employees, female officers in public institutions and female blue-collar

workers).
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Using the post-2015 limits on the investment of the pillar 1B funds, we demonstrated
that the asset allocation of these funds should use an asset-liability model (ALM), rather than
the conventional assets-only portfolio model. We also show that the pre-2015 limits, which
only allowed investment in government bonds and bank deposits, result in portfolios with very
similar risk and return that lie at the bottom end of the post-2015 efficient frontier with low
return and low risk. With the removal of all investment restrictions the efficient frontier mean-
variance dominates the frontier when post-2015 limits apply, and this relaxation greatly
expands the length of the efficient frontier by allowing investment in portfolios with much
greater risk and return than is currently possible. Interestingly, these improvements are not due
to allowing investment in foreign equities, but to relaxing the restrictions on domestic value
stocks and domestic corporate bonds. Therefore, China should consider relaxing the restriction
on investment of pillar 1B funds in domestic assets as this both improves and expands the

efficient frontier.

The investment track record of the NSSF in managing the Social Security Fund is
superior to that of the provinces This is due to some combination of greater expertise,
economies of scale, private information, investment in additional asset classes and the use of
external fund managers (Shen et al, 2019). When managing pillar 1B funds the NSSF must
observe the pillar 1B investment restrictions, rather than the Social Security Fund restrictions;
and we find that this will further increase the investment performance of the NSSF when
managing provincial pension funds. Moving funds to the NSSF will also limit the misuse of

these funds by the provinces.

A common way of addressing pension underfunding is to increase the retirement age.
If the Chinese retirement age was increased to 65, we find that the liabilities of active members
increase by over 40%. When we include these liabilities, compared to the ALM with current
retirement ages, while the expected returns of asset-liability portfolios are largely unchanged,
their risk increases considerably. As a result, an instantaneous increase in the retirement age to
65 is a challenging pension reform option for China because there is no accompanying increase
in assets. However, if the increased retirement date was applied only to those currently of
working age, they and the state would contribute for longer. The resulting increase in assets,
coupled with the shorter period of retirement and appropriate annuity factors, should improve
the scheme’s funding ratio. To quantify the effects on the funding ratio over time requires a
dynamic analysis of pillar 1B, and the problems of employing the elderly in China need further

discussion.
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This paper has several implications for the reform of pillar 1B of the BPF. First, asset
allocation using an ALM is preferable to an assets-only approach, if only because it reveals the
correct risks and returns of the scheme and prevents fund managers and the government from
thinking the current investment regulations are compatible with boosting the previous sluggish
performance. Second, relaxing the restrictions on investment in domestic value stocks and
corporate bonds would improve investment performance. Third, transferring provincial
pension funds to the NSSF for investment should lead to better investment performance, and
discourage empty accounts. Fourth, increasing the retirement age is an obvious policy to
improve the pillar 1B funding ratio, although this change needs to be carefully designed.
Finally, the official notional rate of return on individual accounts (pillar 1B) is uniformly set at
5% for 2014-2015 and 8.31% for 2016. Investment returns may be sufficient to meet a 5%
notional rate per annum, but a notional rate of over 8% may be higher than can be achieved.
This will lead to an increase in the liabilities, and a worse funding ratio. The choice of a
reasonable notional rate, and the relationship between pillar 1B fund investment and notional
rate need further investigation. We leave the analysis of this issue and raising the retirement

age to future research.
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Table 3: Correlation Matrix, Expected Returns and Standard Deviations

MSCIChina A MSCI China A FISEWoll  pror WordBIG China Comporate 208 10Y Choa 1 & iy Standard
Oushore Valie  Onshore Growith MSCI World Government Bond C ate Vield Bond Index Vield Government  Interbank 3M Devifi
nshore Value  Onshore Grow Yield . DM “orporate Yie ond Index Yie Bond el Offered Rate eviations
MSCI Chma A L00 ) ) ) ) ) ) ) )
Onshore Value
MSCI Chma A
0.98 1.00 - - - - - - -
Onshore Growth
MSCI World 0.65 0.69 1.00 - - - - - -
FTSE World
Government -0.08 -0.04 -0.38 1.00 - - - - -
Bond Yield - DM
FISEWorBIG 0.2 0.37 0.13 1.00 : : : :
Corporate Yield
China Corporate
Bondlndor Ve 2 0.18 -0.01 -0.49 -0.07 1.00 . . .
Chma 10Y
Government -0.12 -0.15 -0.12 0.10 -0.02 0.57 1.00 - -
Bond Yield
Chma Interbank
3M Offered Rate -0.26 -0.36 -0.28 -0.31 -0.21 0.82 0.47 1.00 -
Alal 0.03 0.08 -0.01 -0.16 0.27 -0.44 -0.66 -047 14.21%
ALa2 0.15 0.18 0.10 -0.46 0.28 -0.20 -0.66 -0.23 18.40%
ALa3 0.03 0.09 -0.05 0.04 0.23 -0.46 -0.44 -0.50 14.88%
ALpl -0.23 -0.17 -0.42 0.49 0.30 -0.33 -0.52 -0.25 4.04%
ALp2 0.18 0.18 0.00 -0.40 0.25 0.08 -0.39 0.11 12.94%
ALp3 -0.05 -0.03 -0.22 0.22 0.10 -0.38 -0.36 -0.38 7.77%
Expected 9.19% 5.47% 4.83% 2.30% 3.42% 4.22% 3.60% 3.63%
Return
Standard
. 46.24% 46.77% 20.33% 0.80% 1.22% 0.71% 0.44% 1.04%
Deviation

Note: the correlations between changes in the six liabilities and their expected returns have no impact on determining

the efficient frontier and are not included in the Table.
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Table 4: Assets-Only and Asset-Liability Portfolios (Post-2015 Limits)
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Ioo360%  042%  000%  018%  012% 9470% 5.00% 358% 140G -1026%  000%  000%  0.00% %B00%  500%
20 408%  060%  000%  031%  T5%8% 1871% 5.00% 3% 1270 094%  000% - 000%  0.00% 1%  1730%
3 4Wh 0% LI% 000% 385% 0.00% 5.00% 9%  27%  06%  000%  000%  0.00% 000%  100.00%
4 4%% 1% 2% 000% 9% 0.00% 5.00% A%  Blew  -63%  48%  000%  %0.12% 000%  500%
S 4% 200%  44%  000%  905T% 0.00% 5.00% 4%  B3%  94% 9% 000% 859 000%  500%
6 4% 3%  T9%  000%  §710% 0.00% 5.00% 456%  139%%  2003% 18%  000% 81T 000%  500%
T 4% 0% 1%  000% 371% 0.00% 5.00% 468%  1436%  -2661%  1638%  000%  7862% 000%  500%
§ 49 T00%  I5T%  000%  T920% 0.00% 5.00% 491%  1550%  475%  197%  000%  7526% 000%  500%
9 % 8% 1006 000%  T58% 0.00% 5.00% SI2%  1612%  -396%  29%  000%  T204% 000%  500%
0 530% 1000  2252%  000%  T248% 0.00% 5.00% 5% 1668%  -T091%  2606%  000%  68%4% 000%  500%
I 55% 1200  269%  000%  6801% 0.00% 500% S2%  1761%  -040%  2908%  000%  6592% 0%  500%
2 56%%  13M% 3000%  000%  65.00% 0.00% 5.00% S6T%  1824% 10437 3000%  000%  65.00% 000%  500%
BPF*  558%  1335%  30.00% 000%  4850%  1600%  550% 556%  18.24% -10439% 30.00%  0.00%  4850%  1600%  5.50%

* In the BPF 2017 annual report, the investment rate of return was 5.23% (the realised rate of return after transaction

costs was 4.55%), which is close, but a little lower than the result of 5.58% using our assets-only data. This is because

we cannot separate the stock investments of the BPF into value stocks and growth stocks due to the limited information.

29| Page



Table 5: Asset-Liability Portfolios (Pre-2015 Limits and No Limits)

ALM (Pre-2015 Lins)

Efficent Asset Proportions

AIM (No Lims)

Efficent Asset Proportions

S _EHH“ Ol G | S mﬂwm MSCICia %m o TEW TE - Om Gl G
R Deon Covemment Inferbank M R Devfon »om;ga oioe WORD Covemment  WoddBIG  Comporate Govemment Inferbank
Bond Rate Value o Bond-DM  Coporate ~ Bonds ~ Bond  3MRate
[ 3% 7% D% 200%  8000% | 230 L268%  12%  000% 00 000
Do MR D% 018 3000% 00 | % W% ST 00% 00 000
PN LM% 034 B0 6500% | 430 DB 8% 43 788  000%
S 3B B% 0SB 4000%  G00fs | 6 1800%  990%  202% 1070  000%
5o % IM% 06t A500%  N00% | 6% 2200  1970% 4110 8900  000%  000%
6 3% 7% 08 00 0% | 66tk 250%  28W% 1M 08% - 000%  000%
T % LM% 09% 0% A00% | 6% 20 3R% M3 566% 000
§ 36l 6% L% 600%  A000% | 7% D% % o06% 00 00% 0% 00 3036% 00 000%
O 36l L68% 12M% eSO 300 | 7% 0% SBMe 680 000% 00 00 B31%  000% 00
0 360 126% 140 0%  3000% | 814% Y0 AT T8 00
I 360  1266% 156 T500%  B00% | 8T% 0% 9B2% N7 0% 000% 006 92  000% (0
2 360 126% L7 8000% 2000 | %1%  43%%  -11978I%  100.00% 00 000
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Appendix 1: Summary Statistics of Demographic Data

Table 1: Summary Statistics of Actuarial Vakues for Active Members (2001-2016)

Ouantiles
Valies Mean  SD. 0% Wa 0% % 100%
Number of Maks (m Mtlion) 1470 3878 | 6108 7583 10747 15715 17698
Number of Female Ofticers (m Milkon) 19.40 8.4 129 1247 150 XM 312
Number of Female Workers (m Milion) 133 129 | 2718 3136 5105 8% 6401
Average Current Age of Males B 078 | 3732 B/ NGB 04T A0
Average Current Age of Female Officers 318 034 | 3559 B8 617 638 6%
Average Current Age of Female Workers 31,61 LS | 3503 363 35 BHU 44
Average Service Length of Males A8 077 | 2000 2051 2412 AT 265
Average Service Length of Femak Officers B9 02 | U B9 186 182 1968
Average Service Length of Femak Workers 002 130 | 1781 1888 2006 204 201
Life Expectancy at Retrement (Males) 3.3 120 | 1087 1220 134 K432 U
Life Expectancy at Retrement (Female Officers) 19 L8 | 1908 202 A3 ¥ 1Y
Lo Expectancy at Retrement (Female Workers) 2629 118 | 2408 2522 263 774 2183
Average Annval Salary of Males (¥) 3595831 19.804.00 | 11357.17 1698864 3258229 5464040 7188929
Average Annval Salary of Femakes (¥) 3002159 1633436] 9649.08 1418381 2720295 4561927 6002037

Table 2: Summary Statistics of Actuarial Values for Pensioners (2001-2016)

Quantiles
Values Mean  SD. 0% We % %% 100%
Number of Males (n Milion) B3 B | 09 B4 MW N 6
Number of Female Ofticers (m Milkon) 0.47 307 376 4.01 5.03 8.50 13.53
Number of Female Workers (m Mikon) 1570 459 851 1050 1082 19.58 BAU
Average Current Age of Males 09.03 020 | 6867 6885 6008 (9.3 69.30
Average Current Age of Femak Officers 6616 030 | 6576 658 6609 630 6662
Average Current Age of Female Workers 6246 0I5 | 6201 6230 6%  625% 6%
Average Current Life Expetancy of Makes 420 129 | 20 307 418 548 0.4

Average Curent Life Expetancy of Female Offcers 1014 143 147 g 106 138 170
Average Current Life Expetancy of Female Workers 1383 L8 | 132 1% 1“2 uB 153
Average Annual Pension Benefits of Makes (¥) 1708860 831833 | 73467 910929 1558730 2437891 3354366
Average Annual Pension Benefts of Femaks ()~ 1420727 6944.97| 611537 760535 1301383 2035395 28005.60

Sources: MOHRSS (2002-2017a), National Bureau of Statistics of China (2018), World Bank (2018) and

authors’ own calculations.
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Appendix 2: Changes in Liabilities for Active Members with a Single Retirement Age

Current Retirement Age 65-year Retirement Age
Ave_rage Forecast Ave_rage New  Forecast
Average Life . Average Life .
Average Annuity  Amount Average Annuity  Amount
Rate of L Expectancy - Rate of o Expectancy -
Volatility . Factor  (Billion, Volatility . Factor  (Billion,
Change of Active Change of Active .
¥, 2016) in 2016 ¥, 2016)
Members Members
AlLal | 25.39% 14.21% 13.23 139 1969 26.40%  15.56% 12.92 92.02 2290
AlLa2 | 24.94%  18.40% 21.29 170 472 27.56%  22.95% 20.67 95.55 699
AlLa3 | 17.11% 14.88% 26.29 195 743 22.13%  26.17% 25.35 89.91 1578

Sources: Authors’ calculations based on actuarial liability models and demographic assumptions.
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