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The present regulation system in China’s rural pension fund adopts an extreme quantitative asset restriction approach leaving only one investment option for the members and the pension funds. However, the restrictions aggregates concerns about the financial sustainability of the pension system. The problem is that there is a missing regulation system assisting investment activities in the diversified portfolios. The importance of regulation against investment risks has been overwhelming addressed across the globe, especially after the recent financial crisis. By employing quantitative tools derived, this thesis proposes an implementable regulatory framework which will guide and correct the investment behaviors of pension funds so that they will act in the interest of members. The quantitative tools can be varied in applications. But they all should serve two purposes: (1) to help recognize the risks-return trade-off; (2) to align the pension funds with the members towards realizing the pensioners’ interest. The study uses numerical examples to explain the application of such a framework. The regulators and members are enabled to capture the risk-return tradeoff characteristic of a certain portfolio. The risk-taking behaviors of the pension funds are influenced in a way that is seeking to realize the target for the members. The advantage of the proposed regulatory framework is that the chosen criteria are presumed to be easily communicated with the members. By simply asking them the desired annual final income, the members are able to compare which portfolio has the highest probability to realize the target. From the perspective of regulation, the alignment between the pension funds and members will facilitate assessment.
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In the year 2010, China’s population amounted up to over 1.37 billion people, 50.32% of which were registered in the rural regions (National Bureau of Statistics of China, 2010). The pension system in China has a distinct rural and urban divide. The new rural pension scheme is the first ever national-wide pension plan for rural China which is still operated on a trial basis. The coverage rate of the rural counterpart in 2010 was approximately 23%, while in civic areas, nearly 2.5 billion workers joined the urban worker pension system in 2010 (China News, 2010). Establishing and improving national wide retirement consumption system for rural China is one of the most fundamental tasks but simultaneously provides a great challenge for the Chinese government. 

A sustainable pension system for people in rural areas in China is quite important. On the one hand, the Chinese are the leading group in the world in terms of population, so the retirement consumption plan of this group catches spotlight worldwide and might set an example for other developing countries. The minister of Ministry of Human Resources and Social Security (MOHRSS) Yin Weimin said that China’s population is rapidly aging and the 170 million people over the age of 60 accounts for 12.8% of the total population (China Daily, 2011). The elderly (above 60) will be almost one third of the total population in 2050, depicted in China population projection released by the United Nations (Zhu and Liu, 2008). The increasing dependency ratio that one retiree supported by three people now will be backed up by 1.6 after 2045 (Zhu and Liu, 2008). So the looming aging problem rests a big challenge to the pension system in China. The new rural pension scheme, if implemented successfully, will be a significant accomplishment in guaranteeing a certain level of retirement life for pensioners.
On the other hand, China is establishing the world’s largest pension system for over 1.37 billion inhabitants in the coming decades. Once the system is fully constructed, the magnitude of accumulated pension assets from all members would be remarkable. What is foreseeable is that the entire accumulated assets in the pension fund will have significant impact on worldwide asset allocation and influence economic growth in a global scope. Barr and Diamond (2010) discussed that the improvement in individual DC pension would stimulate the development of financial sector on condition that the regulation system is reinforced and market forces are more reliant. 

However, the present problem within the system is that regulations guiding investment activities in the diversified portfolios are missing in both urban and rural pension system. The present regulatory approach is strictly restrictive. The eligible assets to be invested in urban pension system are bonds and bank deposits (referred to as cash). Merely cash is allowed to be invested for rural pension assets, which leads to an equivalently low or even lower investment return. Salditt, Whitefordand Adema (2007) concerned that the low return in the individual accounts in the urban worker pension system would jeopardize the sustainability of the public scheme. Thus investment returns in rural pension fund is further unable to financially support the development of such system. It is a natural thinking that how to deploy the regulatory resources to increase the protection for members when the government is paving the way for liberalizing the market. A much more clear reasoning structure about why the missing regulation system is the problem will be presented in chapter 2.

As will be argued in this thesis, the regulatory framework against investment risks should employ a set of quantitative tools to guide and correct the risk-taking behavior of pension funds so they will act in the interest of members. The advantage of the proposed regulatory system has considered the limited skills a rural member could possess regarding investment decisions. The regulatory framework assesses the risks focused by the government, provides criteria to fit for purpose, and suggests to what degree and scale the criteria can be operated. Moreover, the framework puts emphasis on defining goals of investment, the goals which are supposed to be valued and understood by the members. While in the meantime, the pension funds are obliged to realize a target with maximized chances to fulfil their obligations. The regulators will recognize the embedded risks, evaluate the reasonableness of the target, and assess the alignment of risk-taking behaviour of pension funds with the interest of the members. 

Metaphorically speaking, it is easy to draw on a blank paper. The rural pension fund as the entry point will face less complexity that the urban pension fund does, so this can be considered as advantage in the context of implementations. However, the problem of missing regulations regarding diversified portfolios also exist in the urban system, so the insights provided in this thesis are however also applicable to the urban scheme.

This promulgated voluntary pension program has two components. One is a basic account financed by central and local government, but having its initiation grounded on personal contribution in the personal account in the other component. However, the study in this thesis takes the present scheme as given and focuses on the individual component only. The study of a regulation system for pensions is a major undertaking. Operational risks, actuarial risks and others will affect both the design of regulation framework and implementation of rules. The scope of this thesis is therefore confined to investment regulation and policy. Through modeling retirement income and constructing portfolio returns, this thesis tries to provide a way of thinking about how to construct a regulatory framework that is in the interest of members. Of the remaining of this thesis, chapter 2 will describe the landscape of China’s new rural pension and present the key issue which initiates the rest of the study. Chapter 3 will conduct a review about the popular approaches in regulating investment risks in pension funds from the whole world. In chapter 4, the proposed regulatory framework will be introduced by drawing on applications from the two favored approaches. A pension model from the set of China’s rural pension plan and projected investment strategy to provide a platform for discussion is constructed in chapter 5. Numerical examples are given in chapter 6 to elaborate on how to work with the proposed regulation system. The main implication from applying such regulatory framework will be discussed. In the last chapter, the limitations and extensions of this thesis will be analyzed. Regarding the proposed regulatory framework, key policy implications will be recommended.
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[bookmark: _Toc305543673][bookmark: _Toc306752361]2.1. The rural schemes before 2009
From the very beginning of human history to recent times, land output and family members have been the backbone to secure retirement living of senior citizens in China’s rural areas. After People’s Republic of China was founded in 1949, collective economy prevailed, so the work and benefits allocation were implemented within a community. Therefore, Five Guarantees social assistance program generated from collective production was introduced to cover expenditures in food, clothing, housing, medical care and burial expenses for childless and disabled old persons in rural area (Wang, 2006).  Economic reform in 1978 had weakened the collective production and emphasized household responsibilities (Li, 2007). Gradually Five Guarantees program stepped down from the stage of history.

Later during 1990s, the Chinese Ministry of Civil Affairs announced the Basic Program for Rural Social Security Insurance (hereinafter referred to as old rural pension scheme) at the county level in some privileged regions (Li, 2007). However, it only required contribution from the individuals themselves and the government was relieved from payment. In 2007, 5.3 million rural elderly people from Five Guarantee programme, together with 3.9 million pensioners from the old rural pension scheme composed only 10 percent of the elders living in rural areas, given the assumption that there were 100 million elders living in rural areas (Shen et al., 2010). As a result, the old scheme was dismantled and will be replaced with new rural pension scheme. The discussion in the rest of the thesis will focus on the new scheme. (
Chart A
)
[bookmark: _Toc305543674][bookmark: _Toc306752362]2.2. The landscape of new rural pension system in China
The new rural pension scheme was promulgated in 2009. The vision of this action is to provide a guaranteed basic benefit for every resident in rural areas, which should be flexible from region to region and be sustainable in the future (China News, 2009). The new pension has two components, a basic pension component (Pay-As-You-Go system) financed by central and local governments and a funded individual account component based on contributions from enrolled individuals. 
· The PAYG component (also called Social Pooling): The central government will finance 55 Yuan per month per person to the basic pension component when the payment is due, while local government is encouraged to make additional payment depending on the level of wealth of the region. However, the prerequisite of eligibility for the basic pension is the eligibility to the individual account. Once individuals commit to save for pension in the system for at least 15 years, they will be able to enjoy the benefits from government. 
· The funded individual account component: The participants can choose the different levels of contribution which is set by the government. State of Council recommended five grades of contribution[footnoteRef:1], which are 100, 200, 300, 400, and 500 Yuan each year. However, there is space for regional variation in grades of contribution. For example, the highest grade in Fujian province is 1.000 Yuan (China Daily, 2010). To encourage the eligible participants to choose a higher contribution level, community subsidies will be granted. It is promised by the government that once the individual starts to contribute, an extra 30 Yuan per year will be granted to the individual account. In Fujian province, the subsidy for contributing 100 Yuan is 30 Yuan per year and each increase of one grade will be rewarded with 5 Yuan (China Daily, 2010). The investment objective is preserving and appreciating the pension assets in the new rural pension system (Decree of the State Council, 2009). An interest of the accumulated capital in individual accounts will be accrued each year referring to one-year deposit interest rate issued by the central bank. Funds from individual account are separated from those pertaining to Social Pooling to ensure full funding of individual account accumulation. When the pensioner retires, the accumulated capital will be spread out over 139 months with equal instalments but the payment is lifelong: [1: Local government is flexible to adjust the maximum contribution level by referring to the average income in that region.  For example, rural citizens in Beijing will contribute 10 percent of the average personal income each year into their individual accounts (Beijing Labour and Social Security Net, 2008).] 


	Total Benefit per Month (Unit: Yuan)

	From Basic account:
	55

	From Individual account:
	Total accumulated capital/139

	Government subsidy (the basic):
Total (per month):
	30/12
55+Total accumulated capital/139+30/12



The number’139’ originates from the assumption that after people retire (at age 60 for male and 55 for female) they live, on average, 11 years and 7 months. Barr et al. (2010) argued that “the factor of 1/139 does not reflect actuarial principles and is not set to change over time as life expectance increases which will make the system more expensive”. If pensioners live longer and there is a deficit in individual accounts, the government will keep paying and the payment is drawn from National Social Security Fund (NSSF).

It is a voluntary program. Generally speaking, people with rural residency are able to participate after the age of 16. To qualify as a pensioner the participants must be active in payment during the accumulation period for at least 15 years and till the age of 60 (for males) or 55 (for females) they can receive pension provisions. One favourable policy to pull for positive participation is that people who are already 65 years old nowadays are eligible for receiving the basic pension as long as one of the younger family members commits to join the new rural scheme (Decree of the State Council, 2009). 

In terms of the supervisory structure, MOHRSS is in charge of setting regulation rules and also supervising the whole process. The county is authorized to manage rural pension funds and only several provinces are qualified for collective management. Generally the pooling of pensions remains at the county level. In the pre-existed regulatory framework in urban pension system, officials in MOHRSS branches report to local governments rather than MOHRSS in Beijing, so there are always issues about the compliance of rules from central to the local (Hu and stewart, 2010). The operation offices in counties are responsible for pension collection and payment. A national-wide information management system, the “Jinbao Project”, is expected to be built up to facilitate recording, inquiry and inspection through a centralized database. Information disclosure is obliged to publish each year. The administration expenditure for new rural pension system is deducted from financial budget instead of the pension fund (State Council, 2009). 

[bookmark: _Toc305543675][bookmark: _Toc306752363]2.3. Identified key problem in the individual component
To sum up, the key problem at hand is that there is a missing investment regulation system for diversified portfolios on the way of liberalizing investment in pension funds. The present regulatory approach in the rural pension system is too restrictive. The pension assets can only be invested in bank deposits. The investment target set by the central government concerning rural pension assets is the value preservation and proper appreciation. However, the high inflation rate is driving the investment from reaching the target because the real investment returns are negative, referring to the comparison between China’s one year deposit interest rate from the Central Bank and the inflation rate from the database of the United Nations. In addition, China’s financial market is able to give a sound reward from investment diversification. The financial theory also supports the argument that proper diversification will generate higher returns on a given level of risks. Moreover, Investment policy in pension fund is subject to regulations in the system. The following parts in this section will firstly present the investment results both in nominal and real terms, then investigate whether there are higher return probabilities in China’ financial market, and lastly identify why investment regulation system is related.	Comment by eigenaar: It’s bank depoist, will be referred to as cash  as one kind of investment asset

The value of the pension assets in rural pension fund is at considerable risk. Once people are aware of the embarrassing low returns, they may leave the pension system. The new rural pension program is voluntary. So the ability to obtain a high level of participation partly relies on whether people have incentive to join. Investment return of a pension fund is an easy indicator to be discerned, and this indicator forms an incentive for participants. In the urban pension system, investment of pension funds from individual component is restricted to bank deposits and domestic government bonds only. The nominal return of bank deposits and domestic government bonds is around 3% per annum (Ebbers, Hagendijkand Smorenberg, 2008; Xinhua Net, 2010; Ifeng Net, 2010). For those counties which launch the pilot program of rural pension, the local governments announced interim regulation that interest will be accrued each year to preserve the value. This regulation is in accordance with the Decree of the State Council (State Council, 2009). The rate of accrual is referred to one-year benchmark deposit interest rate set by the central bank. In short, there is only one asset, bank deposit, in the investment portfolio of rural pension funds. So the interest rate is the only resource of investment return in rural pension fund. The average one-year deposit interest rate from 2001 to 2010 was 2.5 percent[footnoteRef:2]. The average inflation rate calculated from the data derived from National Bureau of Statistics of China (NBSC)[footnoteRef:3] during the same period was 2.1 but the inflation rate from the United Nations (UN) was 3.6[footnoteRef:4]. The real average investment returns were 0.4 and -0.9 respectively. There are doubts that NBSC’s inflation rate is under-valued. One is that the official inflation numbers in China are failing to reflect sharp jumps in housing, medical care, and other costs (Robert, 2010). Also, if using deflator to address inflation instead of CPI, the results will be sharply distinct. Deflator is used to show the cost of goods produced in the country instead of targeting on a set basket of goods. In the last three months of 2010, the deflator made inflation out to be 7.3%, compared with 4.7% using the CPI (Kaminska, 2011). If these reasonable doubts are true, the real investment return of individual component in pension system will not be positive.  [2:  The data about one year deposit interest rate (code: Y76071) is from DataStream and the interest rate is published by the Central Bank of China. ]  [3:  The data from NBSC (code: 517700993) is obtained through DataStream with quarterly frequency.]  [4:  This inflation rate from the UN World Economics Survey (WES) (code: 868912580) is deflator, obtained from DataStream with quarterly frequency, http://data.un.org/Data.aspx?q=inflation&d=WDI&f=Indicator_Code%3aNY.GDP.DEFL.KD.ZG] 


The Chinese financial market is able to provide a sound return and some financial institutions are taking advantage of international investment diversification. China’s financial market is incomplete but still capable of providing a higher return. Thomson Reuters China announces Reuters China Pension Index-“RCPI”-as a benchmark to access investment performance of enterprise annuity since 2006. One of the sub-index, RCPI-1, provides investors with an overview of the market profile and prospect. 15% of the investment portfolio in RCPI-1 is allocated to stocks, 75% to bonds, and 10% to bank deposits.  Up to 30 June in 2011, the value of assets in the portfolio has increased to 155.88% of that in 31 March 2006 (Reuters China, 2011). In addition, the National Social Security Fund (NSSF), a strategic reserve fund set up by the Chinese government to mitigate the looming aging crisis in the country and help provide financial protection for the country’s pensioners, is going abroad to look for better investment opportunity through international fund managers (Leckie and Pan, 2007). In one of the contractual agreements with Allianz, the target net-of-fees excess return over the chasing Index MSCI World (ex USA) promised is 300bps. The tentative study above has revealed the opportunity of receiving higher returns from investment. In this case, even the acceptance of the published official inflation data from NBSC will not rest one’s heart because the return from bank deposits is de facto quite low.

Diversified portfolios are favoured in various kinds of pension funds all over the world. Equities, derivatives, commodities and etc. are frequently used in order to reach the highest return given a certain level of risk, which is usually the case in developed western countries such as the Netherlands, Switzerland and UK. Even in emerging countries such as Chile, pension funds are making use of diversification with restraint. For members approaching the retirement age, the ceiling of maximum equity allocation is 60% if the participants make a choice. If not, the restriction is 40% maximum in equities (Antolín et al., 2009). Presumably speaking, diversified portfolio with restriction may also work in China’s rural pension system in a well regulated way.

The previous study has discussed the real negative returns in the investment setting in present rural pension system and the potential to obtain a higher profit from the financial market. Indeed, from finance theory, the move to diversification will increase the expected return given the level of pre-defined risk. A little diversification, including more than one asset class, will generally increase overall investment return with an incremental increase of volatility. However, once the assets such as stocks are incorporated in the portfolio, the domain of risks will be enlarged. There are more kinds of risks such as market risks of bonds and stocks, inflation risk, exchange rate risks if foreign assets are allowed to be invested and etc. Then here comes to the risk-return trade-off characteristic of an investment in a pension plan. And this is why government holds back the process of liberalization of investment portfolio in pension funds. How to deal with the investment risks from the perspective of regulators?  

The Chinese government is aware of the benefits of investment in diversified portfolios and the present embarrassing investment returns and they are working on finding an appropriate investment regulation system to put in place. During a personal conversation with an officer from the Ministry of Human Resource and Social Security (MOHRSS), the importance of investment regulation in pension system was emphasized. The development of the rural pension system in China is still at the early stage. There is a lack of experience and adequate knowledge about the investment regulation in pension industry. Hu and Steward (2009) summarized the supervisory structure of pension system in China and pointed out that MOHRSS does not specifically set out the information and data which is necessary to conduct supervision activities. Also, a risk profile for the supervised entities is not quantitatively analyzed and assessed. The present supervisory structure in China’s pension system cannot distinguish where most risks lie. Indeed, it’s too risky to venture people’s life collection in an unregulated pension market. Moreover, the rural pension assets are managed at a county level. Local departments of Human Resource and Social Security are responsible for asset management, pension fund administration and governance. Accordingly, the efficiency and effectiveness of the lower government bureaucracies in rural areas of China are presumed to be weak (Shenand Williamson, 2010). 

The importance of regulation has been addressed by the major regulatory and supervisory entities in other countries, especially after the financial crisis. The OECD Core Principles of Occupational Pension Regulation (OECD, 2004) (2.4) state that: “Pension entities should have adequate risk mechanisms in place to address investment, operational and governance risks, as well as internal reporting and auditing mechanism”. An aggressive investment portfolio with more weights allocated to risky assets makes the members who are approaching retirement age vulnerable in front of potential market crisis. Pension funds in countries with mandatory DC systems have experienced investment losses in 2008 as high as 20-25% (Antolín et al., 2009). Hence the risk-management requirement has been echoed among organizations such as OECD, International Organizations of Pension Supervisions (IOPS) and national supervisory authorities through judicial enforcement. Australia requires the trustees to devise a risk management framework, describing how the relevant risks are managed and controlled (Stewart, 2010). What can be discerned from various regulation systems is that the discussion of investment diversification should not be isolated from investment regulation of pension funds and it is important to have a solid and practical regulation system.

The present regulation system in China’s rural pension funds adopts stringent quantitative asset restriction approaches, which has been suggested to be liberalized steps by steps. Hu, Stewart and Yermo (2007) constructed a simple empirical study to demonstrate the quantitative effects of liberalising the investment restrictions in the individual pension fund. The study suggested that returns from the basic portfolio (50% in bonds and 50% in bank deposits) were consistently lower than constructed four other portfolios which had been diversified through equity and foreign investment. From the prospective of risk adjusted returns, internationally diversified portfolios can reach a good balance between risk and return (increase the sharp-ratio of the portfolio). In the end they suggest the quantitative asset restrictions could be loosened gradually by allowing investment in domestic stocks and in foreign assets.

In short, the missing regulation system regarding diversified portfolios leaves the members with one investment choice. Antolín, Blome, Karim, Payet, Peek, Scheuenstuhl and Yermo(2009) concluded that for countries where participation is voluntary, there may be of little use in providing a low risk product. Once the risk is included in any pension plan, the regulation against this risk should come out in order to protect the interest of members. Appropriate financial regulation against investment risk should consist of a set of suitable and implementable quantitative tools to guide and correct the investment behaviour of pension funds so that they act in the better interest of members. By learning from international experiences, the rest of the study takes efforts to come up with such a regulatory framework.

[bookmark: _Toc306752364]2.4. Research question
Having described the importance of proper pension fund regulation, the main research question is how to regulate investment in pension funds so the investment behaviour will lead to the interest of members. Specifically, how should the regulatory framework be set so that the regulation will guide and correct the investment behaviour of pension fund? How to align the investment of pension funds with the interest of members? What kind of quantitative tools should be employed as to deliver the purpose of appropriate investment regulation?




[bookmark: _Toc306752365][bookmark: _Toc305543677]
[bookmark: _Toc305717497][bookmark: _Toc306151773][bookmark: _Toc306274411][bookmark: _Toc306275169][bookmark: _Toc306752366]Regulation Framework: A Review	Comment by eigenaar: Amended. The structure should be more clear.

The pension systems in other countries utilize the diversified portfolios to pursue a better risk-return trade-off. In the regarding regulatory process, there are two popular approaches. Their advantages and disadvantages and how they are related to this study will be mainly discussed in this chapter.
  
[bookmark: _Toc305543678][bookmark: _Toc306752367]3.1. Regulation will influence the investment behaviour of pension funds
Regulation is able to influence the risk-taking behaviour in financial institutions. Defining what should be regulated and how to regulate will have a non trivial impact on the investment behaviour of pension fund asset managers. Mengle (2003) explained that “risk management was evolved as part of a process of adaptation to changing market conditions across national borders and regulatory regimes. But even though risk management as we know it today was not a regulatory invention, its evolution did not occur in a vacuum and was certainly shaped by regulatory events along the way”. Here regulatory events are those important publishing or universally accepted principles such as the 1998 Basel Accord. He meant to say that regulation has influenced the decision-making process of investments and this also extends to the pension fund industry. This paper clarified the importance of regulation in a broader sense. The influence on investment behaviours by regulation will ultimately make diffidence in the performance. Capelle and Lum (2006) did a survey among asset managers about the quality of governance, which was then compared with the performance from 1992 – 2004. They found out that on average the worst governed scheme was 1 to 2 basis points left behind in the context of performance. Their study provides evidence that poor regulation does induce inappropriate undertakings in investment of pension funds. More discussion about the influence of different approaches of regulation will be specified in session 3.2.

[bookmark: _Toc305543679][bookmark: _Toc306752368]3.2. Two popular approaches: Quantitative asset restrictions V.S. Prudent person rule
In short, the existence of quantitative asset restrictions ties the hands of asset managers because the asset allocations in portfolios cannot be flexibly adjusted. This approach is favourable unable to deliver efficient regulations against investment risk in the long run. Countries which adopted strict quantitative limits are trying to give more choices to the pension funds. The process of prudent person rules approach is more valued nowadays because the pension funds are oriented towards the interest of stakeholders. The asset managers are obliged to realize what valued by the stakeholders. The regulators should assess the appropriateness of the investment objective and the alignment between the pension funds and the members. These international experiences are referential when proposing a financial regulatory framework.

Quantitative asset restrictions (or quantitative limits rule) approach is defined as setting numerical boundaries for investments in a portfolio in exchange of a limited level of retirement income. These restrictions somehow can be used as criteria to regulate investment behaviour of pension funds. Hu, Stewart and Yermo (2007) analyzed this approach. Generally there are three popular ways: (1) quantitative risk ceilings such as Value-at-risk (VaR) (used in Mexico), (2) minimum return guarantees (as set in Switzerland), and (3) quantitative limits such as maximum weights of equities (applied in Chile) (Antolín et al., 2009). The prudent person rule is defined by Galer (2002) in principal as “a fiduciary must discharge his or her duties with the care, skill, prudence and diligence that a prudent person acting in a like capacity would use in the conduct of an enterprise of like character and aims”. He also elaborated on the origin of PPR which can be traced back in the Law of Trusts, where trust is a concept of Anglo-Saxon law in which trustees are managing the assets on behalf of and for the benefit of the beneficiary, in terms of pension, the members of pension plans. Nowadays, prudent person rule is interpreted as practices in pension fund while the practice itself possesses prudence. 
[bookmark: _Toc306752369]3.2.1. Quantitative asset restriction 
The quantitative asset restrictions approach has its drawbacks. The application of risk measures such as value-at-risk needs more accurate model, practice-based correction and in-time guidance. Berstein and Chumacero (2010) concluded that VaR limits would have a negative impact on pensions in the long run. In an ideal setting, if portfolios could pertain to a mean-variance frontier, the portfolios under VaR limits are sub-optimal by restricting both expected return and risks. Also, the computation of VaR using short-term data with high frequency (daily frequency is used in Mexico) may not be the relevant risk measures for most members who stills has long time to save for retirement. These drawbacks should be coped with in the real life.

But there are reasons why quantitative limits are favoured. The idea of “in the interest of members” in such approach is revealed by setting a limit on risk exposures for individuals. There is a specific targeted risk level and quantitative tools are applied to help realize this target. Risk measures such as value-at-risk (VaR) is effective to protect the principal (affiliates) – agent (fund managers) problem where fund managers seek for return maximization in the short run and ignore whether the clients are able to afford the embedded risks. Even without the principal-agent problem, moral hazard also requires investment restrictions. For example, both parties may be willing to be engaged in a riskier position whereas there is a minimum guaranteed benefit. The restrictions limit both the upside and downside potentials. 

However, China’s country specific factor necessitates the implementation of quantitative asset restrictions approach. Antolín et al. (2009) studied the impact of quantitative asset restrictions regulations stemming from DC pension plan and found out that alternatives of portfolios vary under different settings of quantitative limits. People who try to make a choice among the options will strike a balance between desired return and acceptable risk. For example, if using value-at-risk (VaR) method to set up the boundary that the return from a portfolio should not be less than -2% when being taken 5 percentile from the projected portfolio return distribution, the options are left with portfolios possessing maximum 30% stocks. If using 25% minimum replacement rate, portfolios with only 15 years contribution would be disqualified. Findings in this paper have at least three implications for this thesis. First, the shorter the length of contribution, the stricter the investment rules are because 40 years contribution can take larger risks than 20 years. The minimum accumulation period is 15 years in China’s rural pension system, which is quite shorter comparing to that of a normal female urban worker who joins the program consistently from age 25 to age 55. Second, simple quantitative regulation can be more efficient than prudent person rule regulation only in the case that the quantitative rules can be validated in the real world. Risk measures such as VaR, expected shortfall or minimum benefit should be modelled accurately as to match up with real events. A combination of quantitative regulations is able to deliver the purpose of risk reduction toward retirement income in DC scheme. Last but not the least, when the retirement income takes an overwhelming part in the sources of retirement consumption, the regulators usually choose the quantitative asset restriction approach to stringently minimize the downside risk and/or to request a higher probability of reaching a minimum income level. In the case of China, the government-participated national-wide rural pension program is the first-and-only regular retirement income for many rural residents. To this degree, it is understandable why the government is relative risk averse. At the present stage of development in China’s rural pension system, quantitative restrictions are still necessary to shape the risk profile of investment plan and will also be used in the proposed financial regulatory framework.

[bookmark: _Toc306752370]3.2.2. Prudent person rule
The weakness of prudent person rule is that the regulators have a hard time assessing the utilization of this approach because it provides enough room to manoeuvre. In other words, it is hard to define whether the investment behaviour of pension funds under prudent person rule is in the interest of members. Thomas and Tonks (2000) narrowed their research down to the performance of equity portfolios of UK pension funds from 1983-97 and found that the pension funds would all invest in similar well-diversified portfolios mimicking the market index. While the pension funds were regulated by the prudent person rule approach. This kind of conduct might be viewed as prudent by the pension industry. Longstreth (1986) did a survey which indicates that pension fund managers constrained their investment activities because they were supposed to be prudent. Somehow the prudent person rule should not encourage the asset managers to be risk averse. The prudent person rule could negatively influence the risk-taking behaviour of pension funds when it is misperceived that taking fewer risks is prudent. It is important for the regulators to pre-define or introduce what kind of conduct is prudent. Otherwise the members and the pension funds will get lost. 

But the advantages of the prudent person rule approach clarify its significance in delivering a member’s interest oriented regulatory system. More developed countries such as UK adopt prudent person rule approach and developing countries like Chile is moving toward a loosened regulatory framework. The prudent person rule approach emphasizes a risk-based analysis and underscores inner control processes as well as the behaviour of investment managers. The word “prudent” exhibits the concept “in the interest of stakeholders” because pension funds are supposed to be aligned with members towards a desired outcome. For Defined Benefit scheme, the stakeholders are members and employers. For Defined Contribution scheme, the stakeholders are members only, who are the individuals in China’s rural pension system. The pension funds are supposed to know what the interest of the stakeholders is. Stewart (2010) demonstrates that the first mission of regulation and supervision in risk-based supervision system in pension industry is to force the board of members to set up an investment objective and then the following supervision work is to check whether the conduct of investment is in line with this objective. In the Dutch Financial Institution’s Risk analysis Method (FIRM) manual, it is described that “in the pursuit of their objectives, institutions will attempt to optimise (added) value on behalf of their external and internal stakeholders”. This behaviour-oriented approach is flexible and resilient because it adjusts to the scope of risks.

The regulation framework promoted by this thesis draws on the prudent person rule in multiple aspects: (1) the regulators should focus on the process of making decision instead of going straight to define what the investment portfolio looks like; (2) the board of the pension fund will decide their risk tolerance and express what they value the most; (3) the regulators should assess the appropriateness of such desires; (4) the pension funds should adjust their risk-taking behaviour in order to realize the investment objectives. But the weakness of the prudent person rule requires co-works from the quantitative limits considering present development in China’s rural pension system. What kind of risk-taking behaviour is prudent should be pre-defined by the regulators.  

[bookmark: _Toc306752371]3.3. Conclusion of the review
The present regulation in China’s rural pension fund is a simple and strict quantitative asset restriction approach and this monotone should be changed. OECD (2006) issued guidelines to argue specifically that quantitative asset restriction and prudent person rule are not mutually exclusive. Thus, it is not the intention in this paper to discuss which method is more favourable. Chile and Mexico imposed limitations on investment but the restriction are loosened gradually. The international trend either moving from QAR to PPR or the opposite, has provides evidence that the solely QAR- or PPR- based investment regulation is not recommended. Instead, the regulation and supervision system in most countries lie in between with more inclination on one side based on country-specific factors. Instead of studying whether the investment regulation in China’s rural pension system should adopt a QAR-like or PPR-like approach, the regulation framework about investment risks proposed will employ both of them. 

The proposed financial regulatory framework in this thesis combines the advantages of the two approaches. From the prospective of country-specific factors, quantitative asset restrictions are still needed mainly for the regulators to recognize the risk and for the members to understand the risk-return trade-off. So risk measures derived from the quantitative asset restriction approaches will also be used in the proposed framework. But the drawbacks of quantitative limits and international experiences lead the regulators to re-think: (1) what is important to the members in China’s rural pension system; (2) how to realize what valued by the members in the context of regulation. The principle in the prudent person rule approach that the pension fund should act in the interest of members provides an interesting perspective. The process of decision making in the prudent person rule approach gives an inspiration, yet the weakness in such approach calls for a clear guidance about the prudent investment conduct. Generally speaking, the proposed financial regulatory framework about the diversified portfolio will employ a set of quantitative tools to guide and correct the risk-taking behaviour of the pension funds. The pension funds will act in the interest of members. Accordingly, this paper will draw on both approaches by using tools from quantitative asset restriction approach to measure the risks and introducing the investment decision-making process derived from the prudent person rule approach. 





[bookmark: _Toc306752372]
[bookmark: _Toc306151777][bookmark: _Toc306274415][bookmark: _Toc306275173][bookmark: _Toc306752373]The proposed financial regulatory framework

The proposed regulatory framework will employ a set of quantitative tools to guide and correct the investment behaviour of pension funds so they will act in the interest of members. The purpose of using the quantitative tools are two folds: (1) help recognize the risk-return trade-off; (2) align the pension funds with the members on the way of realizing the pensioners’ interest. So the quantitative tools are grouped into two categories: the risk measures and the performance measures. The risks embedded in a pension plan are more emphasised by the regulators and the understanding of risks requires a certain degree of finance knowledge. In the Dutch Financial Institution’s Risk analysis Method (FIRM) model, it is clearly specified that the risk analysis lies at the very heart of regulatory activities (FIRM Manual). The regulators are responsible to conduct such analyses, defined as the job responsibility of regulatory entities. However, the members in rural pension fund may care about what they are going to receive in the end so performance measures are also used to deliver this purpose. In the second part of this chapter, performance measures and why to be used will be analyzed. The application of the financial regulatory framework will be presented in Chapter 6.

[bookmark: _Toc305543680][bookmark: _Toc306752374]4.1. Risk measures 
In regulating and supervising DC pension plan, risk analyses are very essential. Especially the downside potential is recognized as the main threat in securing a pensioner’s retirement income. Only investment risk is covered in the study. In this section, the definition of investment risk and measures assessing this kind of risk will be discussed. 

D’Addio, Seisdedos and Whitehouse (2009) define investment risk in the context of pension funds as the probability distribution of different outcomes from investment returns over the long horizon involved in pension savings. More specifically, investment risk contains both unsystematic risk and systematic market risk. Unsystematic risk can be minimized by proper diversification, but members still suffer from market risk factors such as normal fluctuation of assets prices, market bubbles and crisis etc. The problem identified in the rural pension fund is a missing regulation system about diversified portfolios. Thus the investment risks come from the asset mix in portfolios. Recognizing and managing the unsystematic risk of a certain asset such as bond can be more specific under regulations, such as limits on the ratings of bonds. In practice, regulation about unsystematic risk is more details-oriented, such as whether there is a better substitute to replace the present chosen stocks in order to reduce the volatility (measured by standard deviation) of a portfolio. To clarify, the discussion about the regulatory framework toward diversified portfolios focus on the systematic risks. Systematic risks are generated from the markets of the chosen assets (as presented in Chapter 6), such as equity and bond markets and inflation risk in the economy. 

Risk measures used to scale the risks are standard deviation, value-at-risk and expected shortfall. The reasons to list out these three measures are that they are commonly used in pension funds and they are also valuable to shape the downside risk of a pension plan. In real world, there could be plenty of risk measures, the application of which should be assessed by the regulators based on more solid understanding of the financial system. This thesis chooses three important risk measures to facilitate discussion.

[bookmark: _Toc306752375]4.1.1. Standard deviations
The widely used and simplified method to measure the risk of an investment portfolio is its volatility, the standard deviation, as described by Harry Markowitz (1952). The Mean-Variance model is used to identify efficient asset allocation in a portfolio. Supposing that the sum of portfolio weights equal one and there be only three assets classes (cash, stocks and bonds) to be invested in, the expected return of the portfolio is given by:


The expected return of each asset is its average historical return. The standard deviation of the portfolio is:



Higher volatility of a portfolio leads to higher investment risks.

[bookmark: _Toc306752376]4.1.2. Value at Risk
Value-at-risk as risk measure evaluates the downside potential. When the financial market is incomplete, value-at-risk (VaR) method is an important indicator because there will be more intense fluctuation due to inefficient market regulation and information asymmetry. VaR is defined as a threshold value, given the portfolio, probability and time horizon pre-defined. The value is expressed as the loss with confidence interval on a portfolio over a given time horizon (Jorion, 2006). Although there are different ways to calculate VaR, the historical simulation method is used (mainly for its simplicity and ease of use). The study will not strictly assess the appropriateness of the choice of confidence interval (5%) for that the purpose of using VaR is not to decide how much capital should be set aside in order to cope with the potential losses; instead it is to compare the downside risks of different portfolios. 

The value-at-risk and the following expected shortfall measures are used to expose the downside risk. In the context of retirement income, these two measures are expressed in a different way comparing to their meanings in the traditional financial analysis. Usually the higher the value is, the higher the risk will be because they measures the losses among the worst cases. As argued in chapter 5 when modelling the retirement income from DC plan, VaR is defined as the 5 percentile (confidence interval) of the projected final income distribution. The higher the VaR in the worst 5% cases is, the lower downside risk the portfolio will have. 

[bookmark: _Toc306752377]4.1.3. Expected Shortfall
Expected shortfall, also called conditional VaR, measures the average of the worst losses. If the payoff of a portfolio at some future time is given as:


Then, expected shortfall can be defined as: 


where VaRγ is the value-at-risk, X is the function of income distribution and α is thequantile between 0 and 1 (Acerbi and Tasche, 2001). This differential function computes the average of the worst α% cases. For example, if the average loss on the worst 5% of the possible outcomes for the portfolio is 1,000 Euro, then the ES5 is 1,000 Euro for the 5% tail. The same with 5% VaR used above is that the lower the expected shortfall is, the higher the risk will be. 

To sum up, the above risk measures are widely used when supervising a pension plan. In the real world where quantitative asset restrictions approach is favoured, value-at-risk and expected shortfall are used to trim the risk, leaving limited choices to the pension funds and members. But only emphasizing the potential losses is not enough for members because they may care about what a certain pain is aiming to. Moreover, regulators are suggested to assess a pension plan based on its outcome. So the proposed regulatory framework introduces performance measures to assess what a pension plan could provide.   

[bookmark: _Toc305543684][bookmark: _Toc306752378]4.2. Performance measures
In brief, performance measure assesses the annual final income with confidence interval on account of one investment portfolio. The annual final income is the projected target in a pension plan. In this section, the reasons why setting a target and how to set in China’s rural pension fund will be discussed.
 
[bookmark: _Toc306752379]4.2.1. Importance of setting a target in DC plan
The reason of having an objective in the DC plan is twofold. On the one hand, the drawback of the DC plan is that the members know how much they are saving for pension but no one knows what this plan is aiming to do (The Economist, 2008). Two-thirds of European DC plans had no formal objectives or goals in a Mercer’s survey (The Economist, 2008). Impavido, Lasagabaster and Garcia-Huitron (2009) stated that the lack of long-term targets would enlarge investment risks faced by the participants because (1) it would result to the risk of misalignment of asset management behaviour with the long-term preference of members and (2) the regulators did not have reference when assessing the investment behaviour of pension funds. The lacking of a target raises hardness both for members and regulators to determine the appropriateness of a pension plan. Scholars have suggested that DC pension plan should have a DB-like, implicit target in its design. Blake, Cairns, Andrew and Dowd (2009) claim that a well-designed DC plan would look very much like a defined-benefit plan by offering a promised retirement pension. They argued, like designing an aircraft, it would be designed from the back to front, from desired out-puts to required inputs in terms of pension. On the other hand, from the perspective of regulation, it’s better to have a target than none. Steward (2010) suggests that the first step in the regulatory framework against investment risk in pension fund be to set up an investment objective. In short, the mentioned paper demonstrates the importance of establishing a target. 

The widely used target in occupational DC schemes is the replacement rate. One common ground is that the contribution is associated with wages. Yermo and Srinivas (1999) examined the performance of pension funds with DC scheme from a replacement rate perspective. Scheuenstuhl, Blome, Mader, Karim and Friederich (2010) compared 23 commonly used DC plan to assess whether they are qualified to be the default investment choices. They use the replacement rate distribution as standard to exhibit the main risk and return characteristics of a DC plan. Blommestein, Janssen, Kortleve and Yermo (2009) also used the replacement rate as key criteria to evaluate the risk sharing characteristics of a private pension plan. 

In China’s rural pension system, where the contribution is set in advance by different grades, the target is set as the final income per year (more details about the calculation are presented in Chapter 5). The annual payment from individuals in rural pension system is in general not charged as a percentage of salary because the rural pension fund is for all rural citizens instead of rural employees only[footnoteRef:5]. The components in the final retirement income are accumulative contributions together with investment proceeds. This target is not only for the purpose of supervision but also provides a convenient way of communication with the members. In real world, the members could understand the pension plan in this way: “I pay 500 Yuan per year from now for 15 years, so I can probably get 600 Yuan after I retire”, or the members can ask questions like: “if I pay 500 Yuan per year from now for 15 years, what is the probability of receiving 600 Yuan after I retire from investment?”     [5: Though in some regions such as Beijing where the contribution to the rural pension fund is related to local average personal income, the majority of the governments in rural China fix the grades of contribution in the first place. ] 


[bookmark: _Toc306752380]4.2.2. Probability of reaching a target
The target comes with confidence intervals. Merton (2010) discussed about the future of DC plan and recommended that by maximizing the chances of achieving the employee’s goal for retirement income, individual’s choice could be dynamically managed and optimized. Through picturing the desired retirement consumption level, the members are asked to set this picture in advance and the pension funds should maximize the chances of providing such desired benefit level in the end, though there are times when the workers may needed to work more years or contribute more if the desired retirement life is set very high. The benefit of such plan is that the members do not have to be financial elites. What they need to do is to set up some parameters for the pension funds first. Then the pension funds strive to reach the objective with the highest probability through dynamically managing their pension funds. Merton’s argument provides insight in this thesis that likelihood of a target can be a better choice for regulators to assess a pension plan. Whether the risk-taking behaviour of the pension funds align with the objective and what the likelihood is of realizing it. This point of view is also valued by International Organization of Pension Supervision (IOPS Website). IOPS recommends the regulators to use the likelihood of guarantees and the likely magnitude of shortfalls to analyze the risks of a guaranteed pension plan. The reason to use likelihood of realizing a target by IOPS is that emphasizing on the absolute value will induce inefficient asset management. If using absolute guaranteed return, such as 3%, pension funds in the end will hold almost the same assets in order to reach this target. Pension fund A copies the strategy used by pension fund B. Financial market will be negatively influenced because there is less room for innovation and improvement. By using the likelihood, pension funds faces more choices when adjusting their asset allocations. In China’s rural pension system, the performance measures are expressed as probabilities of reaching a target. The probability is counted by its occurrence. Details about calculation are in Chapter 5. 

Risk measures and performance measures are put in place in the proposed regulatory framework. In the real world, the regulators would check whether the criteria are fit for purpose and what the members of pension funds do care about. Repeatedly, the investment objective should be agreed by the members, the pension funds and the regulators in a way that the members do value and can understand, pension funds are able to execute, and the regulators find it significant and assessable. 

[bookmark: _Toc306752381]4.3. Dimensions of regulation
There are two important dimensions of regulation in pension industry. Unlike those asset managers in hedge funds who are in pursuit of short-term return maximization, pension fund investors should be long-term oriented. Long-term objective is in line with the feature of pension which has life-time income smoothing effect. Also, regulators should incline to assess the real return of a portfolio instead of the nominal one.  

The time horizon effect can find its footsteps back in the long history of finance. One big difference in the long-term and short-term investment is the perception about risks (Campbell, 2002). Put in other words, short-term volatility may be alleviated in the long run, so a portfolio perceived as risky could otherwise be a pertinent choice for members of pension funds. Campbell and Viceira (2005) discussed that stocks in the long-term are potentially more attractive due to the mean reverting of equity returns in a longer period. The fluctuating characteristic of stocks does not necessitate a change in the holding position. In terms of investment behaviour, the strategic asset allocation will be influenced by the term orientation of pension funds. 

Focusing on short term or lacking the long-term instruction will harm the interest of members in the pension fund. Pension funds have been criticized about their obsession of short-term performance (Rappaport, 2005). Raddatz and Schmukler (2008) did an empirical study about the relation between institutional investors and capital market development in Chilean pension funds during the period of 1995-2005 and found some short-term oriented investment pattern. For example, pension funds tended to hold a large amount of bank deposits and short-term assets, bought and sold assets without actively trading them, or followed momentum strategy (which assumes that the past good performer will continue to perform well in the near future). They concluded that incentives faced by the asset managers were one of cause. The risk is that the short-term optimization of investment might be sub-optimal in the perspective of long term (Rahphole, Hinz, and Yermo, 2010). Chilean pension funds had invested about 70% of equities in energy sector in the late 1990s which is suboptimal in the long run. There are times when the investors of pension funds are grappling with economic growth or prosperity of a certain industry. However, this investment behaviour does not necessarily result to a good result in the end. 

Not only the pension funds, but also the regulators will pay excessive but inappropriate attention to the short-term criteria when assessing the pension funds. Regulators are suggested to carefully select their criteria when assessing the performance of pension funds. In the conventional way, the assessment of performance of pension funds has put excessive attention in short rates of return (Hinz et al., 2010). For example, the Sharpe (1966) ratio may be a good indicator in valuing the competence of a hedge fund. It measures how much risk premium is added with respect to a proxy. However, there are some problems in its application: (1) Sharpe ratio varies among the time horizons and across investment assets so comparison set on a equivalent basis; (2) In the context of pension, the proxy for a 15 year investment plan and 3 year investment plan is different; (3) The Sharpe ratio should be used in a proper way which would not confuse the members whether the better the Sharpe ratio is the better the pension plan is. The concerns about using Sharpe ratio also prevail when considering other criteria to assess a pension plan. Keep in mind that the criteria should not elicit wrong information to both the pension funds and the members to riffle any misconduct against the interest of members. 

Certainly, there are reasons that pension funds place emphasis on short term indicators. The pension funds still needs to attract new members so sometime the pension funds take advantage of the short-term market fluctuation to earn profit and make a good-looking financial report. Also, the pension funds should strategically change the short-term investment scenario. So here comes one dilemma faced by the pension funds: to attract customers with short-term performance at the same time while keeping in mind the underlying sustainability and threats of loss in the long-run. One solution is that the pension fund should pay attention to increase the long-term value of the pension assets while utilizing the pertaining strategies in the short term. In some cases, the pension funds would even sacrifice opportunity of maximizing short-term return in exchange of long-term sustainability. 

To sum up, the papers discussing the performance of investment strategies and the measurement of performance are piled up in the academic world. The real gap in operations may question the effectiveness of such a framework. Vittas (1993) ascribed the missing pre-existing competence to regulation the financial markets to administratively inefficiency, shortage of skilled personnel or political interference prevailing in developing countries. Hu et al. (2009) had clarified the two deficiency of the regulatory system in China are skilled personal and experience. More discussion about the challenges in implementation will be discussed in Chapter 7.

There are very few papers studying whether a regulation and supervision system under DC schemes is in the interest of members. One possible reason is that the measurement of regulation system in pension industry is hard to define. Also, the system always takes into account various country-specific factors. The investment regulations in pension funds over the world are more practice-based. Therefore this paper is among the first of its kind to outline a members’ interest oriented financial regulatory framework.





[bookmark: _Toc306752382][bookmark: _Toc305543681]
[bookmark: _Toc305717504][bookmark: _Toc306151787][bookmark: _Toc306274425][bookmark: _Toc306275183][bookmark: _Toc306752383]Modelling retirement income from DC plan

The investment risk analyzed is the probability distribution of different outcomes from investment returns over the long horizon involved in pension savings. One pension plan will present one outcome, the risk and performance of which will be assessed under the proposed financial regulatory framework. To present the outcome, a retirement income model for the DC plan in China’s rural pension fund will be constructed in this chapter. The output of such a model is the annual final income distribution. Bootstrapping methodology is used to resample historical returns in order to project the distribution patterns based on the given set of the DC pension plan and investment strategies. The advantage of the final income distribution is its straightforwardness, both for regulators to supervise and members to understand. 

[bookmark: _Toc306752384]5.1. Set of the DC pension plan and investment strategies
The aim of modelling retirement income is to provide a direct insight about how much a pensioner could receive if he/she had joined the pension system. Given that the mortality risk is not included in this study, there is only one payout option that the accumulated assets will be divided by 12/139 for annual withdrawal until the day of death. In the Decree of the State Council, the accumulated pension assets are set to be divided by 139 for month withdrawal (State Council, 2009). In this analysis, the annuitization factor is taken as given (see Barr and Diamond (2010) for discussion about this factor). The contribution is an exogenous factor to the pension model and fixed to be 500 Yuan each year[footnoteRef:6]. Per capita annual net income of rural households in 2009 was 5153.17 Yuan (NBSC website, 2011). Since the contribution level regulated in Beijing rural pension system is 10% average income in that region, the 500 annual saving for pension is considered to be reasonable. Accumulation period is 15 years for that (a) the required minimum accumulation period is 15 years and (b) the income risk faced by individuals lowers the requirement of longer period of contribution.  [6: In the Decree of the State Council {2009}, No.32, it is not stated that the payment each year by individual to the pension system would be adjusted. Instead, the contribution levels are graded. To facilitate discussion, the contribution is assumed to be the same each year.. ] 


Basically, the typical assets classes held by pension funds are bonds and equities which would amount up to of over 80% of total pension fund’s portfolio at the end of 2009 in nine OECD countries (OECD, 2011). Bonds are more favored, especially public sectors bond. Bank deposits also take a significant role in reducing investment risks. The proportion of deposits in total portfolio in 2009 was, to name just a few, as high as 27.8% Turkey, 32.1% for Greece and 40.2% for South Korea (OECD, 2011). To facilitate the discussion and also consider real world applications, the chosen assets classes are Chinese one-year bank deposit (Cash), China 10Y government bond (Bond), and aggregated A share traded in both Shanghai Exchange and Shenzhen Exchange (Stock). The data description will be included in Chapter 6.

Four portfolios are constructed for illustration and discussion. The benchmark portfolio refers to the present investment setting in rural pension system for that there is only one asset Cash. From portfolio 1 to portfolio 3, the diversification step extends progressively to both bonds and stocks. The investment strategy is fixed asset allocation strategy which means the portfolio allocation is adjusted back to the initial allocation in the end of each period. Only one investment strategy is analyzed, which leads to further extension of analysis (Chapter 7).



[bookmark: _Toc306752385]5.2. Pension Modeling
This section describes the construction work of the pension model in China’s rural pension fund. Final income per month is the accumulated capital divided by 139. Then the annuitization factor is 12/139. 


Where FNorm denotes the nominal final income per year, ct is the contribution at time t, rj is the nominal portfolio return in year j, r1j is the nominal investment return of asset 1 in year j, and ω1 is the weight of asset 1 in the portfolio. All weights are non-negative and sum up to 1. There will be maximum of three investment assets in a portfolio. In order to deliver an effective and meaningful investment regulation, the dimension of regulation should include assessment of projected real final income, thus FReal will also be calculated by using real investment returns. The base to be annualized comes from the individual account which builds with personal payments and investment proceeds. Personal contribution is set to be 500 Yuan and constant for 15 years (ct = c = 500). 

In order to solve the model, it is necessary to predict the return distributions for all kind of portfolios. Hereby, the bootstrapping methodology is applied to compute investment return for the next 15 years. There are three assets (three vectors) in portfolios and 58 observations of each of them. To project a return distribution over a given time horizon, a number of samples is randomly picked from the dataset and the picking processes repeated 1000 times. 

[bookmark: _Toc306752386]5.3. Bootstrapping return distribution
Bootstrapping is a computer-based method which draws samples out of a seed database randomly and repeats this process, say 1000 times. In a broader sense, it falls into the category of re-sampling in statistics. Efron (1979) developed “bootstrapping” method to calculate the sampling distribution. The advantage of bootstrapping is its independence of prerequisite of assumption towards the distribution of data, such as normal distribution or else. Instead, it constructs and predicts future returns from the historical data set and in the meantime preserves the fat-tail features (excess kurtosis) which usually exist in financial time series data (De Vries, 2001). In the further research, it is possible to build ALM models to simulate return distribution. For example, Vasicek Model is a popular way to predict the pattern of interest rates and hence the returns from bonds. Monte Carlo simulation can be used to forecast the routes of changes about stocks. A fundamental assumption to use different models for different assets is the correlation between stocks and bonds is zero. However, there are embedded model and estimation risks if implemented in this way. One should remember that a model is only a simplified representation of reality, and cannot capture every aspect dynamic time-varying environment. Thus, for the purpose of proposing an investment regulation system, this thesis follows a model-free way to describe the return distributions of all portfolios. 

[bookmark: _Toc306752387]5.4. Combining pension model with quantitative tools
The pension model is used to project the distribution of annual final income on account of a certain portfolio. After obtaining the distribution, it is able to calculate the risk measures and performance measures. Value-at-risk (5%) is to take the 5 percentile of the distribution and the expected shortfall (5%) is the average of the worst 5% cases in the distribution. 

Probability of reaching a target is counted by the occurrence of the simulated final income not less than a chosen level. 


Where F is the nominal final income per year, T is the target annual final income in the context of nominal return, N1 counts how many times in total simulations the simulated final income is not less than the target level, and Nall is the total simulations which in this study is 1000. The setting of targets will vary under two regulatory dimensions. When comparing the portfolio in both nominal and real terms, the annual final income in real terms will be less than that in nominal terms after adjusted to the inflation rate. So a desired target aiming at the upside potential by using real returns will be meaningless if the target is relatively high. This difference is noticed and will be specified during applications in Chapter 6.

The investment objective set in the Decree of the State Council is value preservation and appreciation, which means the accumulated assets should be valued at least the same as measured in today’s price and goods (State Council, 2009). So to validate this objective, another criterion, probability of ending up with the minimum benefit (MB) is introduced when comparing portfolios in the time horizon dimension. Basically the invested portfolio should provide minimum non-negative real returns. Details about how much the minimum benefit is will be discussed in chapter 6. 

.




[bookmark: _Toc306752388][bookmark: _Toc305543685]
[bookmark: _Toc305717519][bookmark: _Toc306151793][bookmark: _Toc306274431][bookmark: _Toc306275189][bookmark: _Toc306752389]Enumeration on proposed financial regulatory framework

In Chapter 4, the proposed financial regulatory framework is shaped. The importance of quantitative tools and how to set them have been explained. In order to compare the outcomes from different portfolios, a pension model is constructed in Chapter 5. The accumulated assets in the rural pension funds are from the contributions and the investment proceeds. In this chapter, data about returns of assets as input in the pension model will be derived from the China’s financial market so as to calculate the risks and performances of a certain portfolio grounded on the given criteria. Data description and its processing will be discussed first. Later, the outputs of the pension model will be presented by means of histogram and statistical graphs, outlining final income distribution. Ultimately, information is assembled and summarized in tables. The purpose of using data is to explain how to use the recommended financial regulation framework. 

[bookmark: _Toc306752390]6.1. Data
There are three assets classes: Chinese one-year bank deposit (Cash), China 10Y government bond (Bond), and aggregated quarterly market return from aggregate A share traded in both Shanghai Exchange and Shenzhen Exchange (Stock). For each asset, there are 58 observations indicating quarterly returns from 1996 to 2011. The reasons why dealing with quarterly returns are for stocks it will generate huge deviation if annualizing monthly data or quarterly data[footnoteRef:7]. Information about bonds is obtained from Wind Info[footnoteRef:8]. Information about stocks is from GTA Information Technology Company[footnoteRef:9]. Information about Chinese interest rate is from the DataStream database. Historical information about the yield of China’s government bond is limited back to 1996, where the time frame of data in this thesis is trimmed. Foreign data is considered to be too risky to be incorporated after adjusted to the exchange rate. [7:  Annualize monthly data ()or quarterly data ()will generate huge deviation because the fluctuation of one month or one quarter does not represent the left of the year, so in this thesis quarterly return is taken.]  [8:  Wind Information Co., Ltd (Wind Info) is a leading integrated service provider of financial data, information and software. The website: http://www.wind.com.cn/En/Default.aspx]  [9:   GTA 	Information Technology Company is a leading global provider of China financial market data, China industries and economic data, whether real-time, delayed or historical (over 55 years for the latter two), to international financial and educational institutions. http://www.gtadata.com/index.aspx] 


		Data Description

	
	Time frame
	Frequency
	Observation

	CHINA_TIME_DEPOSIT_RATE_1Y
	Q4/1996-Q1/2011
	Quarterly
	58

	CHINA_GOV_BOND_10Y
	Q4/1996-Q1/2011
	Quarterly
	58

	AGGREGATED_A_SHARE
	Q4/1996-Q1/2011
	Quarterly
	58




Figure 1 : Time Series Data _ Line Graph

The original data about one year deposite interest rate (asset Cash) is seasonally adjusted annual rate, the one year deposite interest rate with quarter frequency. The quarterly return on investment in cash is to devide the original data by four. The first-hand data about aggregated A share (asset Stock) indicates monthly returns, the frequency of which is adjusted to quarterly. There are two sources of inflation rate data collected from DataStream, one issued by National Bureau of Statistics of China  with the other from a consistent economic survey conducted by United Nations.

The original data about bond represents holding-to-maturity yield. However, the holding strategy of bond defined in this thesis is different. One should buy 10-year government bond when issued and  sell it one-year after procurement. Upon sale  another newly issued 10-year government bond should be aquired. The data is reconstructed  accordingly by using the approach described by Campbell and Viciera (2002),:


Where rn,t+1 is the bond return series and n is the bond maturity (in this case, n=10). yn,t= ln (1+Yn,t) is the yield on the n-period maturity bond at time t and Dn,tis the duration approximated by:


yn-1,t+1is approximated by yn,t+1.

Table 1 below is the assembly of summary statistics after collecting and compiling the original data. Stocks exihibit the highest historical return in the last 15 years but are also the most risky in terms of volatility. On the contrary, the cash asset is the safest but also provids the lowest return. There are two inflation rates used from different sources, named NBSC and UN for short respectivily. Accordingly, there are two groups of real portfolio returns. Table 2 demonstrates the correlation between the assets. Bond and interest rate are tied up, which is explanatory. 





[bookmark: _Toc306275065]Table 1: Summary Statistics of Data Inputs


[bookmark: _Toc306275066]Table 2: Correlation Matrix



In table 3, the information about chosen portfolios based on the historical data is presented. Accordingly, the return (mean) and risk (standard deviation) are both increasing with weights in risky asset stocks. It is also notable that the real return of the benchmark portfolio, adjusted by the UN inflation rates, is negative. This means that the resources of the pension fund would be depleted in the long run if using the present strategy. In words, it puts the member’s interest at risk. 

[bookmark: _Toc306275067]Table 3: Summary Statistics of Portfolios


[bookmark: _Toc306752391]6.2. Histograms of final income distribution
The figures (2-4) below display distributions of annual final income in terms of nominal returns, real returns adjusted to the NBSC inflation rates, and real returns adjusted to the UN inflation rates. In general, the distributions of portfolio 2 and 3 (including stocks) are skewed to the right. 


Figure 2: Distribution of Nominal Annual Final Income




Figure 3: Distribution of Real Annual Final Income _NBSC


Figure 4: Distribution of Real Annual Final Income _ UN

[bookmark: _Toc306275068]Table 4: Summary Statistics of Bootstrapped Portfolios


The investment strategy set by the government is supposed to at least preserve the value of assets. However, as illustrated by the table 4 shown above, this target is not achieved by the benchmark portfolio. Investment diversification will produce higher benefit together with higher risks. Comparing to the Benchmark portfolio with 100% cash, Portfolio 2 with 70% bonds and 30% stocks has a higher average final income levels in nominal return condition and both two real return conditions. But the risk measured by standard deviation in portfolio 2 is also higher. 

[bookmark: _Toc306752392]6.3. Application and elaboration of the financial regulatory framework
The purpose of projecting the final income distribution is to analyze the risk profile and performance of each portfolio. By putting all risk measures and criteria into one single table, the advantage and disadvantage of each portfolio can be easily observed. Having these objective measures at their disposal, regulators are then able to safeguard the interest of members to a greater extent. However, a word of caution should be given, having these objective measures available alone doesn’t necessarily guarantee proper behaviour. Competent regulators should continuously monitor behaviour and be in conversation with pension funds in order to guarantee a proper and fair framework. The reason is that the members are not required to have proper financial education, which leaves the pension funds to execute the role of professional asset managers. So the regulators are supposed to supervise the risk-taking behaviour of pension funds all the way and efficiently communicate with them. The elaboration onwards is to demonstrate the application of such a regulation system against investment risks as discussed in previous chapters. The result of the analysis indicates that criteria as performance and risk measures will lead pension funds to reconsider their risk-taking behaviour.

[bookmark: _Toc306752393]6.3.1. Dimension A: Short-term VS Long-term
[bookmark: _Toc306275069]Table 5: Investment Regulation _ Dimension A


Apparently, there is risk-return trade-off characteristic in each portfolio after being assessed by quantitative tools. In either short or long term, portfolios with risky assets will generate higher returns (measured by average annual income) yet together with incremental risks (measured by standard deviation, 5% value-at-risk and 5% expected shortfall). The benchmark portfolio is the safest in the short run as measured by the lowest volatility as well as the downside risks. Portfolio 2 has the highest final income level in 5% cases (VaR) in the long term. As to the performance, portfolio 2 with 70% bonds and 30% stocks is still able to reach a 700 Yuan target with 89% chance. In comparison, except for the benchmark portfolio, no one can reach the chosen targets with an 89% chance. In order to compare the minimum benefit criterion in two investment frames, the minimum benefit is specified as annual final income with zero real investment return through all years[footnoteRef:10]. But this criterion is only applicable in the context of the time horizon dimension. In 15 years, the diversified portfolios have higher probability of ending up with the minimum benefit. Risks and performance vary in different investment time frames. The time horizon effect should remind the investment objective in pension funds is long-term oriented but the short-term strategy with strategically changing short-term strategies. [10: Since the real investment return is zero through all years and annual factor is one, minimum benefit is equivalent to the contribution.] 


The regulatory framework will influence the risk-taking behaviour of pension funds in two aspects. (1) Inappropriate investment decision can be flit out by both regulators and members. For example, pension fund coming up with portfolio 3 is able to provide the highest expected income level. However, the participants especially people who are approaching the retirement age may find it too risky (measured by its volatility and downside potential. (2) The pension funds are led to rethink their asset allocation strategy. Investment diversification empowers a risk-return enhancing effect in the long run, which cannot be detected in the short-run. Portfolio 2 with 70% bonds and 30% stocks has a moderate expected income after 15 years of investment and its downside potential is the lowest compared to other portfolios in terms of VaR. So a pension plan with short-term return maximization may be suboptimal in the long run, while a plan with enhanced balance between risk and return may be more valuable. It is worth reminding that a good performer will not prioritize a certain investment portfolio unless this criterion is valued by both the regulators and members of pension fund. 

[bookmark: _Toc306752394]6.3.2. Dimension B: Real VS Nominal

[bookmark: _Toc306275070]Table 6: Investment Regulation _ Dimension B



Real return is echoed in order to assess the riskiness and performance of a pension plan because it makes sense to the participants. What would a member get as measured in today’s price and goods if he/she would otherwise choose a particular plan? Supposing that a member sets 500 Yuan away each year and puts them into the rural pension system and keeps this commitment for 15 years, eventually the member would get Yuan per year just for the purpose of preserving the value of pension assets. Noted from the table above, the benchmark portfolio is the worst performer in realizing the real annual final income targeting at 650 Yuan. The expected pension provision (as measured by the average bootstrapping value) from the existing investment portfolio in the rural pension system is only 643 Yuan, which is less than the basic 647 Yuan. That is to say the pension system will run into debt if remaining unchanged. Once the members found out that they might as well invest their money somewhere else, the system would in the end fall apart and run out of trust. 

Nevertheless, portfolio 2 with 70% bonds and 30% stocks outperforms others in an overall basis, making the benefits of investment diversification more meaningful to members. The real performance is of more significance when the inflation rates tower the returns from cash, which is the case in present China. After removing the effect of inflation, the members could check how healthy a pension plan could be if using a certain investment plan. The information shown in this table has aggravated the concerns about the sustainability of the rural pension system. The risk-taking behavior is guided to realize positive real returns.

The setting of such a framework is supposed to facilitate the process of regulation and supervision against investment risks. The reason is that the regulators are enabled to assess the performance of pension funds by analyzing the rationality of the investment objective and whether the risk-taking behaviour of pension funds is towards realizing this objective. Between the regulators and the pension funds, risk measures are used for communication. The regulators are supposed to recognize the embedded risk the pension funds are taking. The pension funds are supposed to do the hard workings such as asset management. The work left for the members are not much. Merton (2010) has talked about the disadvantage to let the members to make investment decision. In the traditional DC plan, the members would make decisions “that they did not have to make in the past, are not trained to make in the present, and are not likely to execute efficiently in the future, even with attempts at education”, if they want to have individualized optimal DC pension plan. He proposed a simple DC plan that the individuals are supposed to set the parameters such as the desired final income level and how much they are willing to contribute. Thus the performance criteria set in this framework are also not intended to saddle the individuals with burdens. Through looking at one criterion such as “probability of reaching the target 600 Yuan in the retirement life”, the members can discern which portfolio has a higher probability yet affordable risk to realize the target. Even the risk part can be analyzed first by the government. In the Australian pension system, the members are provided with choices among various pension plans but the risks of all these portfolios are already confined within an upper bound and a lower bond. So the choices are refined. Also, the members can communicate with the pension funds and ask questions such as “if I want to pay 500 Yuan each year and aim to have 600 Yuan after I retire, which pension plan has the highest probability to realize my target”. The risk measures and criteria used in the previous illustration enable the key stakeholders of pension system to make their investment decisions rationally and cautiously. In this way, the proposed regulation framework exerts positive influence on the investment behaviour of pension funds in the interest of participants.

[bookmark: _Toc306752395]6.3.3. The in-depth application of the regulatory framework	Comment by eigenaar: Amended. The original comment is to let the reader understand for what this section is presented. Now it should be clear that why setting up this subsection.
This thesis is trying to provide a way of thinking about how to regulate the risk-taking behavior when the pension funds want to diversify portfolios. Two categories of quantitative tools are proposed: risk measures and performance measures. Risk measures are more emphasized by the regulators in order to protect the benefits of the members. Performance measures are mainly set for the members and the pension funds to help align the risk-taking behaviors of pension funds with the interest of members. The numerical examples have demonstrated that the proposed criteria will enable the members to look whether a pension plan is desirable, say, “I contribute 500 Yuan per year for at least 15 years and which plan can provide 600 Yuan after I retire with the greatest chance”. The pension fund also can re-consider their asset allocation strategy, say, “the members want to have 600 Yuan after they retire so how to reach this target with the greatest chance”. Timmermans, Schumacherz and Ponds (2011) have come up with a new pension product for DC pension plan. Their study helps the members and the pension funds to assess a pension plan in a way mentioned above. More importantly, their study makes the proposed financial regulatory framework implementable in the real world.

Specifically, the members will be asked to decide several important parameters in advance, such as the desired retirement life (desired replacement rate) and the affordable contribution level, while the pension funds will try to maximize the chance in order to realize the desired target. The innovative idea in the mentioned pension products is that the likelihood of reaching the desired benefit is maximized by forgoing the possible excessive returns. The pension funds would trim the potential in both directions. The upside potential is used to enlarge the probability of reaching a target benefit level. 

In the new pension product designed by Timmermans et al. (2011), the members are required to define the parameters such as desired income level and if the chance of realizing it is low then he/she may consider switching to a plan (1) with lower bars about desired benefit and guarantee, or (2) with a larger probability of ending up with the minimum benefit, (3) or by increasing contributions. For a given target and guarantee, the asset allocation strategy should maximize the chances of reaching the target and arriving at the minimum benefit. The responsibility of the following supervisory work is to assess whether the pension funds meet its obligation. If unexpected exogenous factors request changes, all parties should be aware of that.  

The proposed regulatory framework has considered the problems when letting the members to choose investment products. Even the well-informed members cannot make the right decision which is in their interest (Prast, 2007). Also the members may choose once and never change their investment plan again when there is a need to change. Prast (2007) recommended that risks should be managed primarily by the experts and the regulators should ensure the quality of the products and information. Merton (2010) also suggested that members should be asked simple questions such as desired retirement life because they are vulnerable in front the complex financial world. So the proposed financial regulatory framework is in line with the above mentioned views. The criteria are supposed to be easy for the members to understand. The probability of reaching a target is obvious for the members to assess an investment plan.

[bookmark: _Toc306752396]6.4. Conclusions
To sum up, the numerical examples are used to apply the proposed regulatory framework. The main conclusions can be summarized in the following aspects. (1) The chosen criteria will influence the risk-taking behavior of the pension funds, say, whether the investment plan can realize the target with the maximum likelihood. (2) What valued by the members would ultimately guide and correct the investment behavior of pension funds because the obligation of asset managers has be narrowed down to realize the objective. (3) There is a time horizon effect in the pension industry, so the government should address the long-term value that a pension plan should provide to its members. (4) The regulators should look for the real benefits provided in the pension funds, being obvious that the present scheme is at risk when preserving the value of pension assets in 15 years time. (5) There is always a trade-off, either a higher benefit or a higher risk, which should be understood by members. In theory, this framework would work. But there are limitations about the study and the implementation obstacles, which would influence the effectiveness of such a framework. These limitations will be discussed in Chapter 7. 
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[bookmark: _Toc306752399]7.1. Conclusions
The study underpins the key problem that is a missing regulation system guiding investment activities in diversified portfolio in China’s newly established pension industry. The present regulation takes a strict quantitative asset restriction approach, which leaves only one option available with cash allowed to be invested for the members and the pension funds. This restriction undermines the sustainability of the retirement income system on each ground, especially when the inflation is devouring the pension savings. The government is already aware of this problem and moves on to find solutions. 

Learning from international experiences, the study draws on the merits in two popular regulation approaches: quantitative asset restrictions and the prudent person rule. Scholars have expressed their worries on the long-run capability of quantitative asset restrictions in regulating investment risks in pension funds. But the present country-specific factors in China require a combination of quantitative asset restrictions to enforce effective controls. On the other side, the process of decision-making is valued by the prudent person rule. While the tricky part is how to define the conduct of pension funds is in the interest of members. As a matter of fact, these two approaches are in essence are not so different, albeit by different routes. The study derives criteria from applications in these two approaches. The idea “in the interest of members” is embodied in three places: (1) what the members care about become the criteria; (2) while the pension funds are obliged to realize this target with maximum chances, with the alignment of their risk-taking behavior under supervision; (3) the criteria should be interpreted in a way that can be easily understood by the members, but also significant viewed by the regulators.
.
[bookmark: _Toc306752400]7.2. Issues for future research
The suggested regulatory system provides an implementable framework concentrating on investment risks. However, there are some aspects which can be extended for further study. 

First of all, the assumption about financial market that the past represents the future is highly simplified. The data from financial market is only 15 years long so there is doubt whether this time span is indicative. Also, each asset has its own evolving path but the study use a one-size-fits-all approach. The bootstrapping method to project the final income distribution is a model-free re-sampling technique, which could be extended by building models for more accurate and realistic assessment. 

Second, there are only four portfolios and one investment strategy under investigation. Life cycle strategy is much favoured in countries which apply DC pension plans. The backbone of this strategy is that human capital stream over the investor’s life cycle is essential in determining the participant’s optimal investment scenario. Also, the young and the old are willing to and capable of taking different risks. More investment strategies with age difference can be taken into account in future research. 

Third, the parameters in the pension model have not been tested whether or not they fit in the real world. For example, the annual rate and level of contribution are constant in the analysis. In the absence of statistics, it cannot tell what appropriate length of contribution reflects the average accumulation period. This is a very important input for the regulators as suggested by Antolín et al. (2009) because the shorter the length, the stricter the regulation would be set. 

Finally, cost is excluded from the discussion. Cost here is specified as charges when investing assets such as transaction fees and cost of running the system. There are international cases which studying how to reduce the cost of pension funds. Central and Eastern European countries rest impositions of caps on fees, Sweden uses centralized collection and blind accounts, and the Netherlands utilizes collective arrangements to achieve scale of economy (Hinz et al., 2010). Without addressing the cost, the pension plan would only work in theory. 

[bookmark: _Toc306752401]7.3. Recommendations
[bookmark: _Toc306752402]7.3.1. Direct policy recommendations	Comment by eigenaar: Amended. First I delete one paragraph which does not point out anything. Then I restructure this section a little bit and state the recommendation in this way:  “what it is”and “how to do that”
The government should liberalize the quantitative asset restriction to a certain degree and incorporate the decision making-progress in prudent person rule. In the present stage of development in China’s rural pension system, the combination of quantitative asset restrictions are still necessary to increase protection of risk bearers. Investment restrictions will help protect the principal (affiliates) – agent (fund managers) problem. It means without the restrictions, the asset managers may be willing to take higher risks if they can benefit from such risk-taking behaviour. Or the members may expect for higher investment returns which may be inappropriately risky for the sake of pension. Berstein et al. (2010) suggested that before implementing any quantitative restriction, the regulators should evaluate the discrepancies of interests between principal and the agent. Because the main reason of imposing VaR is that the principal is supposed to be more risk averse than the agent. If in the real world it is the other way around, then the discrepancies of risk attitudes between the pension funds and the members would be enlarged. 

The proposed regulatory framework is trying to align the both parties. A target is recommended to set up in the pension plan. For example, if a member keeps contributing 500 Yuan annually for 15 years, the target is that the investment plan is expected to give back 650 Yuan annually after retirement with 90% chance. Though there is not any research directly indicating this kind of setting in the pension plan can be understood by the rural members in China. But Merton (2010) executed this idea and proved implementable somewhere else. The members are supposed to set up a reasonable target and the pension funds are obliged to realize the target with the greatest chance. From the regulator’s side, setting a target will help the regulators to deliver an effective supervision work because the regulators will assess the alignment of pension funds and their ability to meet their obligation. 

The regulators are suggested to ensure the quality and appropriateness of products for the members to choose. What can be provided to the members as target should be investigated first by the regulators. For example, what is the members’ risk tolerance? Whether the risks are affordable for this group? Regulators need to analyze the income level and how flexible the contribution is. Risk tolerance among groups can be different, say different groups of ages or of wealth. The poor region may take a more conservative path, so the ranges of targets available for the members in that region may be shortened.    

From the regulator’s side, it is the duty of the supervising entity to recognize risks in pension funds, especially investment risks. When analyzing the risks, there should be a specific focus on downside potential. The criteria set in the regulatory framework should address this issue since the DC pension plan makes the members become the only risk bearers. The members may do care about the risks but are unable to assess the risks at a professional level. Moreover, the government should ascribe the core forces to the most risky components, which means which part would most probably threaten the income security of pensioners. In addition, the integrity and coherence of regulation regarding all financial institutions should be underscored by the supervisory entity. This can be viewed as utilization of limited regulatory sources to the most.

[bookmark: _Toc306752403]7.3.2. Challenges for the implementation
The regulation with respect to the rural pension traces back to the Decree of the State Council, which leaves space for provincial improvement (State Council, 2009). The issue of more detail-specified regulations is suspended, while it had been expected to come out in recent years. The disputes of crafting the new bill of regulations about pension assets are: (1) the magnitude of investment diversification; (2) the constitution of trusteeship; (3) who hosts the trustee, the National Council for Social Security fund, the provincial governments, or MHROSS (Beijing News, 2011). In the present regulation system in China’s urban pension system, the Ministry of Human Resource and Social Security combines the roles of trustee and investment manager in one entity in order to manage the pension funds. The dual role has induced severe principal and agent problems.

The problems already existed in the regulatory framework in enterprise annuity sectors and their solutions are referential in rural pension sector. First, regulation is incoherent because of the complicated pension system. Thus a clear identification of roles and responsibilities is strongly recommended. Second, the regulation and supervision of public and private pension are processed by one department within MOHRSS. It is suggested to separate the work between public pension and private pension for that they are respectively pursuing different goals. Also the attitudes of investment would be distinct. Finally, in the enterprise annuity sector, the pension assets are managed by the private financial institutions, the supervision work of which involves three different financial regulators for various kinds of validation. In this respect, clear role distinction should be assigned to each of them especially when the issue demands cooperation. The coordination between the supervisory entities should be reinforced. More communication is necessary. Back to the rural pension fund, the government should assess whether the risks of such choices are reasonably affordable before presenting the available choices to the members. The present rural pension assets are managed at a county level. If the situation remains unchanged, each county may represent their own risk attitudes. The richer regions may be willing to take higher risks, while the poor regions may just want to preserve the value of the pension assets. So the government needs to consider geographical differences and issue different guidance if necessary. 

To sum up, institutional settings are not desirable at the present moment and the operational risk is a large threat which could erode all possible achievements through any reform. 

Regarding investment risks in pension funds, this thesis provides an implementable regulatory framework by utilizing quantitative tools. This framework aims to work for the interest of the members in China’s rural pension fund. In this aspect, this thesis contributes to the academic world by directly pointing out how to relate the financial regulations with the interest of members. The pension fund would reconsider their risk-taking behaviour which is supposed to be aligned with the interest of members. The criterion final income per year with confidence interval is recommended because it is applicable, understandable and valuable when trying to communicate with the participants. In terms of application, the fitness for purpose and practicability of a criterion should be considered. However, the ultimate reason to underpin one criterion is that it represents the interest of clients and helps correct the risk-taking behaviour of pension funds. 
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Cash Bonds Stocks

Benchmark Portfolio 100% 0% 0%

Portfolio 1 50% 50% 0%

Portfolio 2 0% 70% 30%

Portfolio 3 0% 30% 70%

Portfolio Allocation
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		Portfolio Allocation

				Cash		Bonds		Stocks

		Benchmark Portfolio		100%		0%		0%

		Portfolio 1		50%		50%		0%

		Portfolio 2		0%		70%		30%

		Portfolio 3		0%		30%		70%
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CHINA_TIME_DE

POSIT_1Y

CHINA_GOV_B

OND_10Y

CSMAR_AGGRE

GATE_A_SHARE

INFLATION_RATE

_NBSC1

INFLATION_RA

TE_UN2

 Mean 0,78% 1,15% 4,56% 0,44% 0,80%

Median 0,56% 0,94% 1,05% 0,32% 0,55%

 Std. Dev. 0,0041                 0,0082                 0,1931                  0,0063                   0,0052               

 Skewness 1,74                     1,31                     0,69                      0,70                       1,20                   

 Kurtosis 4,79                     5,27                     2,82                      2,78                       3,64                   

*data of cash, bond and stock used to compute is quarterly nominal return

1 Inflation Rate_NBSC is the consumer price index issued by National Bureau of Statistics of China

2 Inflation Rate_UN is GDP deflator published by United Nations from its World Economic and Social Survey. 

http://data.un.org/Data.aspx?q=inflation&d=WDI&f=Indicator_Code%3aNY.GDP.DEFL.KD.ZG
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				CHINA_TIME_DEPOSIT_1Y				CHINA_GOV_BOND_10Y				CSMAR_AGGREGATE_A_SHARE				INFLATION_RATE_NBSC1				INFLATION_RATE_UN2

		 Mean		0.78%				1.15%				4.56%				0.44%				0.80%

		Median		0.56%				0.94%				1.05%				0.32%				0.55%

		 Std. Dev.		0.0041				0.0082				0.1931				0.0063				0.0052

		 Skewness		1.74				1.31				0.69				0.70				1.20

		 Kurtosis		4.79				5.27				2.82				2.78				3.64

		*data of cash, bond and stock used to compute is quarterly nominal return

		1 Inflation Rate_NBSC is the consumer price index issued by National Bureau of Statistics of China

		2 Inflation Rate_UN is GDP deflator published by United Nations from its World Economic and Social Survey. http://data.un.org/Data.aspx?q=inflation&d=WDI&f=Indicator_Code%3aNY.GDP.DEFL.KD.ZG
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CHINA_GOV_BOND_

10Y

CHINA_TIME_DEPOSIT_

1Y

CSMAR_AGGREGATE_

A_SHARE

CHINA_GOV_BOND_10Y 100% 76% -1%

CHINA_TIME_DEPOSIT_1Y 76% 100% 1%

CSMAR_AGGREGATE_A_SHARE -1% 1% 100%


Microsoft_Office_Excel_Worksheet3.xlsx
Sheet1



				CHINA_GOV_BOND_10Y		CHINA_TIME_DEPOSIT_1Y		CSMAR_AGGREGATE_A_SHARE

		CHINA_GOV_BOND_10Y		100%		76%		-1%

		CHINA_TIME_DEPOSIT_1Y		76%		100%		1%

		CSMAR_AGGREGATE_A_SHARE		-1%		1%		100%
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Benchmark Portfolio1 Portfolio2 Portfolio3 Benchmark Portfolio1 Portfolio2 Portfolio3

100C/0B/0S 50C/50B/0S0C/70B/30S0C/30B/70S 100C/0B/0S 50C/50B/0S 0C/70B/30S 0C/30B/70S

Mean

0,78% 0,96% 2,17% 3,54% 0,33% 0,52% 1,73% 3,10%

Median

0,56% 0,77% 0,99% 0,94% 0,33% 0,49% 0,42% 0,83%

Stdev

0,0041          0,0058        0,0581        0,1351         0,0068         0,0084         0,0592         0,1360        

Benchmark Portfolio1 Portfolio2 Portfolio3 Benchmark Portfolio1 Portfolio2 Portfolio3

100C/0B/0S 50C/50B/0S0C/70B/30S0C/30B/70S 100C/0B/0S 50C/50B/0S 0C/70B/30S 0C/30B/70S

Mean

0,78% 0,96% 2,17% 3,54% -0,02% 0,16% 1,37% 2,74%

Median

0,56% 0,77% 0,99% 0,94% 0,02% 0,13% 0,01% 0,42%

Stdev

0,0041          0,0058        0,0581        0,1351         0,0066         0,0079         0,0594         0,1363        

* The mean and median of a portfolio measure the quarterly returns.

Nominal Real_NBSC

Nominal Real_UN


Microsoft_Office_Excel_Worksheet4.xlsx
Sheet1

		* The mean and median of a portfolio measure the quarterly returns.

				Nominal								Real_NBSC

				Benchmark		Portfolio1		Portfolio2		Portfolio3		Benchmark		Portfolio1		Portfolio2		Portfolio3

				100C/0B/0S		50C/50B/0S		0C/70B/30S		0C/30B/70S		100C/0B/0S		50C/50B/0S		0C/70B/30S		0C/30B/70S

		Mean		0.78%		0.96%		2.17%		3.54%		0.33%		0.52%		1.73%		3.10%

		Median		0.56%		0.77%		0.99%		0.94%		0.33%		0.49%		0.42%		0.83%

		Stdev		0.0041		0.0058		0.0581		0.1351		0.0068		0.0084		0.0592		0.1360



				Nominal								Real_UN

				Benchmark		Portfolio1		Portfolio2		Portfolio3		Benchmark		Portfolio1		Portfolio2		Portfolio3

				100C/0B/0S		50C/50B/0S		0C/70B/30S		0C/30B/70S		100C/0B/0S		50C/50B/0S		0C/70B/30S		0C/30B/70S

		Mean		0.78%		0.96%		2.17%		3.54%		-0.02%		0.16%		1.37%		2.74%

		Median		0.56%		0.77%		0.99%		0.94%		0.02%		0.13%		0.01%		0.42%

		Stdev		0.0041		0.0058		0.0581		0.1351		0.0066		0.0079		0.0594		0.1363
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Benchmark Portfolio1 Portfolio2 Portfolio3Benchmark Portfolio1 Portfolio2 Portfolio3

100C/0B/0S 50C/50B/0S 0C/70B/30S0C/30B/70S100C/0B/0S 50C/50B/0S0C/70B/30S0C/30B/70S

Mean

823 875 1.353 2.187 716 760 1.126 1.845

Median

822 873 1.255 1.738 716 759 1.090 1.407

Stdev

16 25 422 1.738 22 30 320 1.491

Benchmark Portfolio1 Portfolio2 Portfolio3Benchmark Portfolio1 Portfolio2 Portfolio3

100C/0B/0S 50C/50B/0S 0C/70B/30S0C/30B/70S100C/0B/0S 50C/50B/0S0C/70B/30S0C/30B/70S

Mean

823 875 1.353 2.187 643 682 1.014 1.678

Median

822 873 1.255 1.738 643 680 971 1.240

Stdev

16 25 422 1.738 19 23 299 1.409

* The mean and median of a portfolio measure the final income per year.

Nominal Real_NBSC

Nominal Real_UN


Microsoft_Office_Excel_Worksheet5.xlsx
Sheet1

		* The mean and median of a portfolio measure the final income per year.

				Nominal								Real_NBSC

				Benchmark		Portfolio1		Portfolio2		Portfolio3		Benchmark		Portfolio1		Portfolio2		Portfolio3

				100C/0B/0S		50C/50B/0S		0C/70B/30S		0C/30B/70S		100C/0B/0S		50C/50B/0S		0C/70B/30S		0C/30B/70S

		Mean		823		875		1,353		2,187		716		760		1,126		1,845

		Median		822		873		1,255		1,738		716		759		1,090		1,407

		Stdev		16		25		422		1,738		22		30		320		1,491



				Nominal								Real_UN

				Benchmark		Portfolio1		Portfolio2		Portfolio3		Benchmark		Portfolio1		Portfolio2		Portfolio3

				100C/0B/0S		50C/50B/0S		0C/70B/30S		0C/30B/70S		100C/0B/0S		50C/50B/0S		0C/70B/30S		0C/30B/70S

		Mean		823		875		1,353		2,187		643		682		1,014		1,678

		Median		822		873		1,255		1,738		643		680		971		1,240

		Stdev		16		25		422		1,738		19		23		299		1,409
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Nominal

Benchmark Portfolio2 Portfolio3BenchmarkPortfolio2 Portfolio3

100C 70B/30S 30B/70S 100C 70B/30S 30B/70S

Average Annual Income 

(Unit: Yuan) 636           1.045        1.689        532          595           664          

Standard Deviation 12            326           1.342        5              86             237          

Value at Risk (VaR) -5% 

(Unit: Yuan) 617           624           501           524          469           368          

Expected Shortfall (ES) - 

5% (Unit: Yuan) 613           568           419           523          453           341          

Probability of reaching the 

target (T=500 Yuan) 1 0,994 0,951 1 0,871 0,745

Probability of reaching the 

target (T=550 Yuan) 1 0,984 0,918 0,003 0,673 0,639

Probability of reaching the 

target (T=600 Yuan) 1 0,967 0,900 0 0,441 0,536

Probability of reaching the 

target (T=650 Yuan) 0,129 0,932 0,873 0 0,249 0,446

Probability of reaching the 

target (T=700 Yuan) 0 0,891 0,836 0 0,118 0,361

Probability of ending up with 

the minimum benefit 

(MB=500 Yuan) 0,402 0,931 0,855 0,446 0,747 0,692



Horizon: 15 years Horizon: 3 years



Theresultsfordiffernttimehorizonsarecomputedbydecidingthenumberofsamplesdrawneach

timeinasinglevectorfromthedatabase.58samplesareextractedasrepresentingthelongterm

15years,whilethatnumberis12asrepresentingtheshortterm3years.Tomakeboth

compatable,theannualrateissettobe1.Tomeasuretheperfomanceofeachportfolio,thetarget

asleveloffinalincomeperyearissetfrom500to700Yuanrepresentingpossibleoutcomes.The

bootstrappingprocessusesnominalreturninsteadofrealonewithoneexception.When

comparingtheperformanceofeachportfoliointermsofprobabilityofendingupwiththemiminum

benefit, real return is used to bootstrap. 
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		The results for differnt time horizons are computed by deciding the number of samples drawn each time in a single vector from the database. 58 samples are extracted as representing the long term 15 years, while that number is 12 as representing the short term 3 years. To make both compatable, the annual rate is set to be 1. To measure the perfomance of each portfolio, the target as level of final income per year is set from 500 to 700 Yuan representing possible outcomes.  The bootstrapping process uses nominal return instead of real one with one exception. When comparing the performance of each portfolio in terms of probability of ending up with the miminum benefit, real return is used to bootstrap. 

		Nominal		Horizon: 15 years						Horizon: 3 years

				Benchmark		Portfolio2		Portfolio3		Benchmark		Portfolio2		Portfolio3

				100C		70B/30S		30B/70S		100C		70B/30S		30B/70S

		Average Annual Income (Unit: Yuan)		636		1,045		1,689		532		595		664



		Standard Deviation		12		326		1,342		5		86		237

		Value at Risk (VaR) -5% (Unit: Yuan)		617		624		501		524		469		368

		Expected Shortfall (ES) - 5% (Unit: Yuan)		613		568		419		523		453		341



		Probability of reaching the target (T=500 Yuan)		1		0.994		0.951		1		0.871		0.745

		Probability of reaching the target (T=550 Yuan)		1		0.984		0.918		0.003		0.673		0.639

		Probability of reaching the target (T=600 Yuan)		1		0.967		0.900		0		0.441		0.536

		Probability of reaching the target (T=650 Yuan)		0.129		0.932		0.873		0		0.249		0.446

		Probability of reaching the target (T=700 Yuan)		0		0.891		0.836		0		0.118		0.361



		Probability of ending up with the minimum benefit (MB=500 Yuan)		0.402		0.931		0.855		0.446		0.747		0.692












image24.emf
Horizon: 15 years

Benchmark Portfolio2 Portfolio3BenchmarkPortfolio2 Portfolio3

100C 70B/30S 30B/70S 100C 70B/30S 30B/70S

Average Annual Income 

(Unit: Yuan) 643           1.014        1.678        823          1.353        2.187       

Standard Deviation 19            299           1.409        16            422           1.738       

Value at Risk (VaR) -5%  

(Unit: Yuan) 612           629           441           799          808           649          

Expected Shortfall (ES) - 

5%  (Unit: Yuan) 606           571           373           794          736           543          

Probability of reaching the 

target (T=650 Yuan) 0,355        0,931        0,852        1,000        0,993        0,948       

Probability of reaching the 

target (T=700 Yuan) 0,001        0,887        0,828        1,000        0,987        0,921       

Probability of reaching the 

target (T=750 Yuan) -           0,826        0,799        1,000        0,978        0,908       

Probability of reaching the 

target (T=800 Yuan) -           0,763        0,757        0,945        0,956        0,891       

Probability of reaching the 

target (T=850 Yuan) -           0,687        0,731        0,066        0,925        0,866       



Real_UN Nominal



The comparing between real and nominal final income from different portfolios is based on 15-year 

horizon with the annual factor 12/139. 
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		The comparing between real and nominal final income from different portfolios is based on 15-year horizon with the annual factor 12/139. 

		Horizon: 15 years		Real_UN						Nominal

				Benchmark		Portfolio2		Portfolio3		Benchmark		Portfolio2		Portfolio3

				100C		70B/30S		30B/70S		100C		70B/30S		30B/70S

		Average Annual Income (Unit: Yuan)		643		1,014		1,678		823		1,353		2,187



		Standard Deviation		19		299		1,409		16		422		1,738

		Value at Risk (VaR) -5%  (Unit: Yuan)		612		629		441		799		808		649

		Expected Shortfall (ES) - 5%  (Unit: Yuan)		606		571		373		794		736		543



		Probability of reaching the target (T=650 Yuan)		0.355		0.931		0.852		1.000		0.993		0.948

		Probability of reaching the target (T=700 Yuan)		0.001		0.887		0.828		1.000		0.987		0.921

		Probability of reaching the target (T=750 Yuan)		- 0		0.826		0.799		1.000		0.978		0.908

		Probability of reaching the target (T=800 Yuan)		- 0		0.763		0.757		0.945		0.956		0.891

		Probability of reaching the target (T=850 Yuan)		- 0		0.687		0.731		0.066		0.925		0.866
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