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Investment Risk Taking Policy in the Context of ERM 
Miwaka Yamashita(*), BlackRock Japan 

Pension funds in Japan gradually make use of Enterprise Risk Management (ERM) 
framework. For long past periods, Japanese pension risk taking policy is not based on 
an enterprise point of view but on an asset return point of view, and even portfolio risk 
characteristics are by-product. This has changed after the experience of a subprime / 
Lehman shock and Greek / Europe credit incident and IFRS convergence discussion. 
ERM is rather governance issues and not only for investment but also for pension 
scheme holistic controls, e.d., scheme management, operations, pension financial 
healthiness, legal and legislation etc. Risk related description of ERM are assessment of 
risks, exploit and management of risks, and monitoring of risks. This paper focuses on 
exploit and management of risks focused on investment management part. Among 
pension scheme risks facing, investment risk has two faces. They should mitigate excess 
investment risk but need to take appropriate risk to get returns in a targeted manner. 
This paper, more specifically, examines the relationship between pension funding ratio 
and risk averseness. The funding ratio directly affect the enterprise risk and risk 
averseness, ex post, could show investment risk taking policy. 
Using Pension Fund Association researches of year 2009, 2010 and 2011 for more than 
one thousand pensions I performed additional calculation and analysis. I found that, 
according to pension funding ratio, pension risk averseness varies in specific ways and I 
think that shows pension funds are on the middle of holistic ERM taste investment 
management process. The ways are; (a) that if at under-funding, risk averseness is small 
(to take risk aggressively) and increases as funding ratio increases (less risk taking), and 
(b) that if at over-funding, risk averseness is decreases as funding ratio increases. Result 
(a) is on line with necessity of return seeking but lucking downside risk that affects 
sponsor contribution and result (b) seems to be showing natural increase of risk taking 
as over-funding status is strengthened but is contradicting against liability hedging 
concept. For the last point, there is the fact that all pension scheme is alive (on going) 
and need to beat expected rather higher discount rate. In addition, the tendency (b) 
seems to be decreasing.  
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1. Introduction 
 
ERM (enterprise risk management) becomes gradually popular in pension scheme 
management in Japan. Among many aspects of ERM, this paper treats investment 
policies. Until 1996, Japanese pension fund had been under meddling investment 
regulation and it was called 5:3:3:2 rule. Those days, the pension asset risk management 
was ruled by that assets should have 50% or more bonds and equivalents, that less than 
30% for domestic equity, that less than 30% for foreign assets, and that less than 20% 
for real estates. Even for a while after the abolition of the rule, Japanese pensions’ 
typical asset allocation is still “40% domestic bonds, 30% domestic equity, 20% foreign 
equity, 10% foreign bonds” type. 
 
Such a management changed a lot after subprime / Lehman crisis. Japanese investment 
policy, especially for risk taking policy began to be based on an enterprise point of view. 
ERM is rather governance issues and not only for investment but for pension scheme 
holistic points and controls. However, still risk taking policy is important part of ERM 
as IFRS convergence will force sponsoring companies its risk taking results (returns) 
reflected the balance sheet statement and the income statement, in case the sponsor is 
listed in stock exchanges. 
 
The change consists of two aspects, so far. One is more frequent revision of pension 
asset allocation and more funding ratio focus policy. Japanese pension decides policy 
asset mix every 5 years as the period is typical re-assessment period. Recently, they 
think more like annually or dynamically thinking of the allocation matters. The other is 
that funding ratio became more center of the driver of the allocation. ERM point of view, 
risk management includes not sole risk / return aspect but also current asset / liability 
balance aspect. Funding ratio began to decide the risk taking policy. 
 
In this paper, using several years survey results of Pension Fund Association in Japan 
for more than 1000 pensions, analysis of risk taking attitude and its funding ratio is 
performed and how the attitude characteristic has changed is examined. Among current 
existing academic papers, not this type analysis is examined so far in Japan. Couple of 
reasons are thought to be behind this. The investment policy may be its pension scheme 
specific with original conditions and circumstances. To check the allocation ratio of 
equities and other risky assets may be enough for the research. In the other countries, 
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pension funds may already changed their risk taking policy long time ago. From these, 
the topic might be thought be not an academic topic. Generally, risk averseness is an 
popular topic for empirical research (eg. Chiappori and Paiella, 2008 and others). A 
pension scheme research world also often uses risk averseness consideration (eg. 
Siegmann 2011 and others). For Japanese pensions, as described, the regulation changes, 
financial markets debacle, and ERM discussion happened in a perfect timing. In 
addition, thinking about group behavior culture of Japanese, pension survey could give 
us a good data. We examine risk averseness measure by asset allocation and historical 
return / risk data from macro economy methodology and analyzed its tendency of its 
funding ratio. The changing of the risk taking tendency regarding funding ratio 
difference could be valuable from academic point of views. 
 
The rest of the paper consist of Research Method (2nd section), Results of the analysis 
(3rd section), Consideration (4th section). In section 5, we conclude this paper. 
 
2. Research Method 
 
This paper consists of two analyses. We prepared pension survey results for several 
years (PFA survey 2006, 2007, 2008. 2009 and 2010). Some analysis was performed for 
surveys of 2006 and 2007, but the survey became more informative from 2008. So 
major analysis starts from 2008. The surveys show the asset allocation breakdowns for 
each funding ratio groups. We use historical data (majorly for 5 years monthly return) 
for return / risk calculation. Risk averseness for risky assets is calculated based on 
Friend and Blume (1975) (supposing CRRA Utility Function). We examine how risk 
averseness characteristics for each funding ratio groups changes among (2007,) 2008, 
2009 and 2010. 
 
Other analysis is to use monthly return and to prepare different utility function for 
negative return and positive return. Each funding ratio group is supposed to have this 
Kahneman and Tversky (1992) type utility function (Asymmetric Utility Function) and 
we examine how those shapes are. 
 
(1) Theoretical Background 
 
(a) Measure risk averseness supposing CRRA Utility Function 
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The risk averseness calculation method of Friend and Blume (1975) is often use in a 
macro economic research. The basic ideas are rewrite in a following way. 
Generally, we think about the following utility maximization problem. 
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t : time 
tw : value of the asset 

tX : asset’s portfolio. The value is tw . The portfolio consists of two 
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In case the utility is CRRA and parameters are constant, we got the following. 
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We can describe the risk averseness as follows by the maximization condition. 
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where tϕ is risky asset’s weight. Generally utility maximization problem is time 
dependent continuous time / multi-period problem but in this way, we can calculate as it 
is single period problem. 
 
(b) Measure risk averseness by using Asymmetric Utility Function 
 
Several different definitions of loss aversion have been proposed in the literature; see 
for instance, Abdellaoui, Bleichrodt and Paraschiv (2007). In an effort to investigate the 
properties of the function, we use the standard LA function proposed by Kahneman and 
Tversky (1992) with minor modifications. Allow x to monthly return contribution by 
risky asset portion and the utility function u(x) is defined as: 

u(x(m))= 
+

+

v
xv

 (=u+(x)) if x ≥ 0, 

−

−−
−

v
x v)(λ  (=u-(x)) if x < 0, 

Utility U=∑
m

 [ u(x(m)) ] 

where v+ and v- are risk averseness and λ is parameter for loss averseness. 
Based on Hwang et al. (2010), we introduce probability p if the month’s risky asset’s 
excess return vs. risk free (y) is positive for making continuous time / multi-period 
problem, and in the below way, we can calculate as it is single period problem as 
follows. 

Expected Utility U=∑
m
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v
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mϕ : ratio of risky asset vs. total asset value at month m 
Solving the maximizing expected utility, we obtain the following relationship among 
risky asset weight and risk averseness parameters. 
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(2) Data 
 
PFA surveys Japanese pension funds’ investment status for the end of fiscal year 2006, 
2007, 2008, 2009 and 2010. Among the research results, I use the following data. Year 
2006 and 2007 data is not perfectly setting the followings so mainly we use 2008, 2009 
and 2010. 
  Asset breakdown of pension funds 
  Funding ratio (at risk base) of pension funds 
For each fiscal year 2008, 2009 and 2010, and for each funding ratio group, we have the 
asset breakdown. The survey participants are two type of pension fund and number of 
employees’ pension scheme participated is 595 and number of defined benefit scheme 
participated is 807 in 2010. Those total asset will be more than 90% of total pension 
funds in Japan. The employee’s pension scheme tends to be used by industrial segment 
coalitions and still that is defined benefit. 
 
The breakdown items consist of domestic bond, domestic equity, foreign bond, foreign 
equity, Guaranteed Insurance Contract (GIC), hedge fund, and others other than cash. 
Funding ratio grouping ranges are 10% isobar groups and they are for instance, under 
80%, from 80% to 90%, from 90% to 100%, from 100% to 110%, and 110% more. 
Regarding year 2007 data, the funding ratio data is not based on at risk base so the 
analysis is for the reference. The year 2006 data is based on the criteria which is 
different from funding ratio. Year 2011 data is not published at this time. We use 2008, 
2009 and 2010 data. 
 
The other data we prepared is financial market data of monthly return for past 10 years. 
For each of the asset breakdown items, we set benchmark indices as proxy of the 
followings. 
   Nomura BP index: domestic bond and GIC 

TOPIX: domestic equity 
Citi WGBI ex Japan: foreign bond 
MSCI Kokusai: foreign equity 
CS / Tremont Hedge Fund index: hedge fund 
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S&P Global REIT index: others 
All currency exposure is no hedge base and returns are denominated in yen. Cash return 
and risk are supposed to be zero. 
 
(3) Research Methods 
 
Before describing research methods, I explain the following premise / conditions of this 
paper’s research. 
- Domestic equity, foreign equity, hedge fund, and item “others” will be the risky asset. 
- The asset breakdown data is as of the end of the fiscal year but we suppose during the 
fiscal year, the weights lasted the same. 
- When we calculate historical return, we use 5 years and 10 years historical returns 
ending the previous fiscal year end. 
- Actually, each year funding ratio groups have their different each year members but we 
suppose their investment attitude are coherent if the funding ratio is the same. 
 
(a) Measure risk averseness supposing CRRA utility function 
 
For each fiscal year and for each funding ratio group, we know the asset breakdown is 
meaning how much weight for risky assets. In addition we know historical (5 years or 
10 years) returns and risks. We can calculate risk averseness by using the following for 
each year. 

S

S
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σ
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(b) Measure risk averseness by using Asymmetric Utility Function 
 
For each funding ratio group, we know how much weight for risky assets for every 
month of fiscal year 2008, 2009 and 2010. We also know each fiscal year the monthly 
return for their each asset. We set parameters v+, v-, andλso that the equation; 

−+

−

+

−

−−
= vv

v
negativeyifm

v
positiveyifm

m py

py 1

..

.. ]
)1()(

)(
[
λ

ϕ  

fits most better way (minimize the difference of each year’s sum of square monthly 
errors as white noise distribution) among three years of 2008, 2009 and 2010. 
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3. Results and Analysis 
 
(a) Measure risk averseness supposing CRRA utility function 
 
The below from (Figure and Table 1) to (Figure and Table 3) are showing the results of 
2010 pension funds data and past 5 years returns, 2009 pension funds data and past 5 
years returns, 2008 pension funds data and past 5 years returns, respectively. 
Each consists of at the top three graphs showing how the risk averseness is different as 
funding ratio changes, for employees’ pension scheme universe, defined benefit scheme 
universe, and all universe, respectively from left to right. The below tables are asset 
breakdown and return / risk profile and risk averseness for employees’ pension scheme 
universe, defined benefit scheme universe, and all universe, respectively from top to 
down. The (Figure and Table 4) is for 2007 and this is only for a reference. 
Regarding historical return data of fiscal year 2009, they are negative so calculating risk 
averseness is not appropriate so we are more focus on the difference between 2010 and 
2008. We discuss the trend of how risk averseness changes according to the funding 
ratio. 
 
In 2008, both employees’ pension scheme and defined benefit scheme show that; 

#1) If the funding ratio is low, the risk averseness is low. (taking more risk) 
#2) If the funding ratio is near to full funding, the risk averseness increase. 
(less risk taking) 
#3) If the funding ratio is larger and overfunding, the risk averseness again 
decreased. (again risk taking) 

However, in 2010, #3) tendency disappeared for employees’ pension scheme. This is 
thought that even overfunding status, they think they do not have to take risk and just to 
maintain funding ratio near full funding is important. To take the risk even at 
overfunding status is none sense. Of course, for defined benefit scheme, which consists 
of more larger pension scheme, still has tendency to increase risk taking after 
overfunding. But the magnitude decreased. 
 
It seems that recent capital market debacles forced pensions more conservative risk 
management. Once full funding or over funding, after that, there is no reason to take 
excess risk. ALM type management should be more important. This may be the 
beginning of ERM management for those pensions in Japan. 
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Figure and Table 1: FY 2010 pension fund data case 
Fy2010 Employees' pension Fy2010        Defined Benefit     Total (5y return case)

FY2004-FY2008 Return

risk free Volatility

0.10% Sharpe

FY1999-FY2008 Return

Volatility

Sharpe

Correl 10y

N-BPI

TOPIX

WGBIexJ

Kokusai

axis 125% axis 103% axis 135% GIC

E 1.246218648 -1.5669 3.9054 HFRI （Yen Hed

D 1.0286586 -19.174 39.447 J-REIT

T 1.353933467 -5.0922 13.789 Cash

As of End of FY2010 (2011.3) Data 5year return

y = -1.5669x2 + 3.9054x - 1.4721 y = -19.174x2 + 39.447x - 17.69 y = -5.0922x2 + 13.789x - 6.8627

R2 = 0.974 MV of Ass R2 = 0.9593 R2 = 0.9632
Range Median -80% 80%-90% 90%-100% 100%-110% 110%- 2000/4/28

Range Median 75% 85% 95% 105% 115% 2000/5/31

Domestic Bond 23.8% 24.5% 26.0% 28.0% 25.6% 2000/6/30

Domestic Equity 25.6% 25.2% 23.1% 24.8% 22.2% 2000/7/31

Foreign Bond 8.6% 9.1% 9.0% 9.8% 13.1% 2000/8/31

Foreign Equity 21.5% 20.2% 19.0% 18.1% 17.6% 2000/9/29

GIC 4.8% 8.7% 10.1% 9.4% 11.7% 2000/10/31

Hedge Fund 5.9% 4.8% 4.9% 3.9% 1.8% 2000/11/30

Others (J-REIT etc.) 5.3% 4.2% 5.3% 3.0% 3.4% 2000/12/29

Cash 4.5% 3.4% 2.5% 3.0% 4.5% 2001/1/31

Total 100% 100% 100% 100% 100% 2001/2/28

Historical Return 0.5% 0.5% 0.6% 0.5% 0.5% 2001/3/30

Historical Volatility 11.3% 10.8% 10.3% 10.0% 9.6% 2001/4/30

Lammda 0.39 0.43 0.53 0.53 0.55 2001/5/31

Risk Aburese 0.585162 0.68484 0.857785 0.886325 0.94852 2001/6/29

defined benefit corporate plans 2001/7/31

Range Median -80% 80%-90% 90%-100% 100%-110% 110%- 2001/8/31

Range Median 75% 85% 95% 105% 115% 2001/9/28

Domestic Bond 28.3% 27.6% 31.5% 30.6% 27.5% 2001/10/31

Domestic Equity 20.8% 19.2% 17.7% 18.2% 17.1% 2001/11/30

Foreign Bond 9.8% 9.6% 9.9% 9.6% 9.8% 2001/12/31

Foreign Equity 17.3% 16.3% 14.5% 14.8% 14.1% 2002/1/31

GIC 13.1% 17.2% 16.4% 17.6% 20.5% 2002/2/28

Hedge Fund 2.7% 4.5% 4.4% 4.0% 2.9% 2002/3/29

Others (J-REIT etc.) 4.9% 3.1% 2.7% 2.6% 4.0% 2002/4/30

Cash 3.1% 2.6% 2.9% 2.7% 4.1% 2002/5/31

Total 100% 100% 100% 100% 100% 2002/6/28

Historical Return 0.5% 0.7% 0.8% 0.8% 0.7% 2002/7/31

Historical Volatility 9.3% 8.6% 7.9% 8.0% 7.8% 2002/8/30

Lammda 0.63 0.99 1.30 1.21 1.12 2002/9/30

Risk Aburese 1.129961 1.876285 2.6523 2.458238 2.347443 2002/10/31

Total 2002/11/29

Range Median -80% 80%-90% 90%-100% 100%-110% 110%- 2002/12/31

Range Median 75% 85% 95% 105% 115% 2003/1/31

Domestic Bond 25.2% 25.6% 29.3% 30.2% 27.4% 2003/2/28

Domestic Equity 24.2% 23.0% 19.8% 19.1% 17.5% 2003/3/31

Foreign Bond 9.0% 9.3% 9.5% 9.6% 10.0% 2003/4/30

Foreign Equity 20.2% 18.8% 16.3% 15.2% 14.4% 2003/5/30

GIC 7.3% 11.7% 13.9% 16.5% 19.8% 2003/6/30

Hedge Fund 4.9% 4.7% 4.6% 3.9% 2.8% 2003/7/31

Others (J-REIT etc.) 5.2% 3.8% 3.7% 2.7% 3.9% 2003/8/29

Cash 4.0% 3.1% 2.7% 2.7% 4.1% 2003/9/30

Total 100% 100% 100% 100% 100% 2003/10/31

Historical Return 0.5% 0.6% 0.7% 0.7% 0.7% 2003/11/28

Historical Volatility 10.7% 10.0% 8.8% 8.2% 7.9% 2003/12/31

Lammda 0.45 0.59 0.91 1.07 1.06 2004/1/30

Risk Aburese 0.701288 0.988685 1.692128 2.123829 2.190644 2004/2/27

0
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y = -1.5669x2 + 3.9054x - 1.4721
R2 = 0.974

y = -19.174x2 + 39.447x - 17.694
R2 = 0.9593

y = -5.0922x2 + 13.789x - 6.8627
R2 = 0.9632

employees’ pension funds MV of Asset/PBO
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Figure and Table 2: FY 2009 pension fund data case 
Fy2009 Employees' pension Fy2009        Defined Benefit     Total (5y return case)

FY2004-FY2008 Return

risk free Volatility

0.10% Sharpe

FY1999-FY2008 Return

Volatility

Sharpe

Correl 10y

N-BPI

TOPIX

WGBIexJ

Kokusai

axis 92% axis 91% axis 83% GIC

E 0.918616759 18.247 -33.524 HFRI （Yen Hed

D 0.912696606 -8.7866 16.039 J-REIT

T 0.834032732 -2.6213 4.3725 Cash

As of End of FY2009 (2010.3) Data 5year return

employees' pension funds MV of Asset/PBO
Range Median -80% 80%-90% 90%-100% 100%-110% 110%- 1999/4/30

Range Median 75% 85% 95% 105% 115% 1999/5/31

Domestic Bond 25.1% 24.3% 19.4% 17.2% 36.4% 1999/6/30

Domestic Equity 27.8% 25.2% 23.9% 15.4% 19.5% 1999/7/30

Foreign Bond 9.4% 10.1% 8.2% 10.8% 12.2% 1999/8/31

Foreign Equity 18.7% 14.6% 13.6% 13.2% 13.3% 1999/9/30

GIC 5.8% 9.6% 21.0% 15.6% 11.8% 1999/10/29

Hedge Fund 4.7% 2.9% 1.2% 8.1% 1.0% 1999/11/30

Others (J-REIT etc.) 4.2% 4.0% 4.4% 6.9% 0.2% 1999/12/31

Cash 4.3% 9.3% 8.3% 12.8% 5.6% 2000/1/31

Total 100% 100% 100% 100% 100% 2000/2/29

Historical Return -1.7% -1.3% -1.3% -0.5% -0.6% 2000/3/31

Historical Volatility 9.0% 7.8% 7.3% 6.7% 6.1% 2000/4/28

Lammda -2.06 -2.20 -2.49 -1.20 -1.59 2000/5/31

Risk Aburese -3.18142 -3.86913 -4.85489 -2.21313 -3.43733 2000/6/30

defined benefit corporate plans 2000/7/31

Range Median -80% 80%-90% 90%-100% 100%-110% 110%- 2000/8/31

Range Median 75% 85% 95% 105% 115% 2000/9/29

Domestic Bond 27.4% 29.8% 31.1% 30.4% 26.9% 2000/10/31

Domestic Equity 23.7% 21.0% 19.1% 18.9% 20.3% 2000/11/30

Foreign Bond 10.5% 9.9% 10.2% 10.7% 9.8% 2000/12/29

Foreign Equity 16.3% 14.1% 12.5% 13.1% 12.5% 2001/1/31

GIC 11.6% 15.1% 15.5% 19.4% 18.8% 2001/2/28

Hedge Fund 3.3% 3.3% 5.3% 1.4% 3.6% 2001/3/30

Others (J-REIT etc.) 3.1% 3.5% 2.6% 2.9% 3.1% 2001/4/30

Cash 4.0% 3.4% 3.6% 3.3% 4.9% 2001/5/31

Total 100% 100% 100% 100% 100% 2001/6/29

Historical Return -1.2% -0.9% -0.6% -0.7% -0.8% 2001/7/31

Historical Volatility 7.7% 6.9% 6.3% 6.3% 6.5% 2001/8/31

Lammda -2.00 -1.88 -1.50 -1.75 -1.87 2001/9/28

Risk Aburese -3.51445 -3.63778 -3.0144 -3.72713 -3.79747 2001/10/31

Total 2001/11/30

Range Median -80% 80%-90% 90%-100% 100%-110% 110%- 2001/12/31

Range Median 75% 85% 95% 105% 115% 2002/1/31

Domestic Bond 25.8% 28.4% 30.0% 28.8% 27.5% 2002/2/28

Domestic Equity 26.5% 22.1% 19.6% 18.5% 20.2% 2002/3/29

Foreign Bond 9.7% 9.9% 10.1% 10.7% 10.0% 2002/4/30

Foreign Equity 17.9% 14.2% 12.6% 13.1% 12.6% 2002/5/31

GIC 7.7% 13.6% 16.0% 18.9% 18.4% 2002/6/28

Hedge Fund 4.2% 3.2% 4.9% 2.2% 3.5% 2002/7/31

Others (J-REIT etc.) 3.9% 3.6% 2.8% 3.4% 2.9% 2002/8/30

Cash 4.2% 4.9% 4.1% 4.4% 4.9% 2002/9/30

Total 100% 100% 100% 100% 100% 2002/10/31

Historical Return -1.5% -1.0% -0.7% -0.7% -0.8% 2002/11/29

Historical Volatility 8.6% 7.1% 6.4% 6.3% 6.5% 2002/12/31

Lammda -2.06 -1.99 -1.62 -1.69 -1.84 2003/1/31

Risk Aburese -3.31728 -3.76383 -3.23278 -3.52222 -3.74201 2003/2/28
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Figure and Table 3: FY 2008 pension fund data case 
Fy2008 Employees' pension Fy2008        Defined Benefit     Total (5y return case)

FY200

FY199

axis 111% axis 111% axis 117%
E 1.109226765 -119.11 264.24
D 1.111417382 -87.069 193.54
T 1.171705069 -108.5 254.26
As of End of FY2008 (2009.3) Data 5year return

employees' pension funds MV of Asset/PBO
Range Median -80% 80%-90% 90%-100% 100%-110%110%-120%120%-130%130%-140% 140%-
Range Median 75% 85% 95% 105% 115% 125% 135% 145%
Domestic Bond 20.7% 23.9% 26.5% 26.5% 28.5% 32.8% 18.7% 20.0%
Domestic Equity 28.5% 27.5% 25.5% 25.8% 25.4% 21.0% 27.0% 27.7%
Foreign Bond 12.2% 11.0% 11.8% 11.3% 12.1% 8.8% 8.3% 20.7%
Foreign Equity 16.6% 15.0% 15.2% 14.6% 15.1% 14.4% 14.2% 21.6%
GIC 2.7% 3.7% 6.5% 8.9% 7.1% 10.2% 10.2% 3.3%
Hedge Fund 7.3% 8.8% 6.3% 4.8% 3.5% 3.2% 3.3% 2.5%
Others (J-REIT etc.) 4.8% 4.3% 4.3% 3.4% 3.1% 1.8% 11.9% 3.1%
Cash 7.3% 5.7% 3.9% 4.7% 5.1% 7.7% 6.4% 1.0%
Total 100% 100% 100% 100% 100% 100% 100% 100%
Historical Return 7.6% 7.3% 6.9% 6.6% 6.5% 5.5% 7.6% 7.8%
Historical Volatility 6.3% 6.0% 5.7% 5.6% 5.5% 4.7% 6.3% 6.7%
Lammda 18.92 20.23 21.34 21.31 21.25 24.94 19.49 17.23
Risk Aburese 27.25516 30.38027 33.82591 35.58074 35.89704 50.69439 30.12819 22.79262

defined benefit corporate plans 
Range Median -80% 80%-90% 90%-100% 100%-110%110%-120%120%-130%130%-140% 140%-
Range Median 75% 85% 95% 105% 115% 125% 135% 145%
Domestic Bond 18.7% 29.7% 30.1% 29.1% 30.5% 28.1% 27.5% 29.0%
Domestic Equity 19.7% 24.9% 20.2% 20.7% 20.0% 21.1% 21.0% 24.0%
Foreign Bond 9.4% 12.5% 10.8% 12.8% 10.7% 11.3% 12.0% 12.9%
Foreign Equity 11.9% 13.5% 12.3% 12.5% 11.8% 11.7% 11.7% 13.3%
GIC 12.6% 8.5% 14.3% 15.0% 15.0% 15.0% 9.3% 7.4%
Hedge Fund 0.0% 2.7% 4.2% 4.1% 5.5% 5.8% 3.7% 5.3%
Others (J-REIT etc.) 11.9% 3.8% 3.7% 2.5% 2.6% 3.3% 1.4% 3.5%
Cash 15.9% 4.5% 4.4% 3.2% 4.0% 3.7% 13.3% 3.8%
Total 100% 100% 100% 100% 100% 100% 100% 99%
Historical Return 6.3% 6.3% 5.7% 5.7% 5.6% 5.9% 5.3% 6.4%
Historical Volatility 5.0% 5.3% 4.6% 4.6% 4.5% 4.7% 4.5% 5.2%
Lammda 25.06 22.35 27.44 26.78 28.27 27.15 26.75 23.37
Risk Aburese 47.37405 38.94253 53.60092 50.91031 55.87105 51.028 53.71005 39.60673

Total
Range Median -80% 80%-90% 90%-100% 100%-110%110%-120%120%-130%130%-140% 140%-
Range Median 75% 85% 95% 105% 115% 125% 135% 145%
Domestic Bond 20.1% 25.4% 27.6% 27.9% 29.9% 29.0% 25.3% 27.5%
Domestic Equity 25.9% 26.8% 23.9% 23.0% 21.6% 21.0% 22.5% 25.3%
Foreign Bond 11.4% 11.4% 11.5% 12.1% 11.1% 10.8% 11.1% 14.2%
Foreign Equity 15.2% 14.7% 14.3% 13.4% 12.8% 12.3% 12.4% 14.8%
GIC 5.6% 4.9% 8.9% 12.2% 12.6% 14.1% 9.6% 6.7%
Hedge Fund 5.2% 7.3% 5.7% 4.4% 4.9% 5.3% 3.6% 4.8%
Others (J-REIT etc.) 6.9% 4.2% 4.1% 2.9% 2.8% 3.0% 4.1% 3.5%
Cash 9.8% 5.4% 4.0% 3.9% 4.3% 4.5% 11.6% 3.3%
Total 100% 100% 100% 100% 100% 100% 100% 100%
Historical Return 7.2% 7.1% 6.6% 6.1% 5.9% 5.8% 5.9% 6.7%
Historical Volatility 5.9% 5.8% 5.4% 5.0% 4.8% 4.7% 4.9% 5.6%
Lammda 20.70 20.75 22.91 24.07 25.77 26.76 24.87 21.60
Risk Aburese 32.04086 32.22269 38.5115 43.13921 48.44822 51.0645 46.3098 34.50983
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Figure and Table 4: FY 2007 pension fund data case 
Only for a reference 

 

Fy2007 Employees' pension Fy2007        Defined Benefit     Total (5y return case)

FY200

FY199

axis 107% axis 114% axis 41%
E 1.065349699 -29.411 62.666
D 1.135229567 -19.319 43.863
T 0.410016271 10.448 -8.5677
As of End of FY2007 (2008.3) Data 5year return

employees' pension funds MV of Asset/PBO
Range Median -80% 80%-90% 90%-100% 100%-110%110%-120%120%-130%130%-140% 140%-
Range Median 75% 85% 95% 105% 115% 125% 135% 145%
Domestic Bond 24.1% 23.7% 22.1% 22.2% 18.4% 27.6% 19.8% 24.6%
Domestic Equity 29.8% 27.7% 24.8% 28.4% 28.7% 25.4% 31.4% 21.6%
Foreign Bond 12.5% 12.3% 12.5% 12.3% 11.8% 18.2% 11.8% 14.8%
Foreign Equity 17.9% 18.8% 17.0% 19.1% 17.3% 16.6% 20.5% 22.5%
GIC 2.8% 3.4% 12.2% 4.5% 7.7% 2.3% 1.4% 7.3%
Hedge Fund 5.5% 7.6% 5.8% 6.5% 6.2% 3.5% 6.5% 5.6%
Others (J-REIT etc.) 3.7% 4.0% 2.1% 4.6% 6.2% 2.6% 3.8% 2.0%
Cash 3.6% 2.4% 3.6% 2.3% 3.6% 3.9% 4.8% 1.6%
Total 100% 100% 100% 100% 100% 100% 100% 100%
Historical Return 7.9% 8.1% 6.9% 8.2% 8.5% 7.3% 8.3% 7.1%
Historical Volatility 6.3% 6.2% 5.5% 6.3% 6.1% 5.6% 6.8% 5.9%
Lammda 20.18 21.04 22.48 20.79 22.60 23.30 18.02 20.35
Risk Aburese 29.08203 29.88663 36.14462 29.32552 32.19365 35.14382 24.35696 30.60471

defined benefit corporate plans 
Range Median -80% 80%-90% 90%-100% 100%-110%110%-120%120%-130%130%-140% 140%-
Range Median 75% 85% 95% 105% 115% 125% 135% 145%
Domestic Bond 27.5% 19.5% 23.1% 23.8% 37.8% 20.0% 35.2% 24.3%
Domestic Equity 19.9% 19.9% 21.8% 21.5% 19.2% 21.5% 20.8% 22.3%
Foreign Bond 16.3% 15.9% 16.2% 14.8% 11.1% 13.7% 11.6% 12.6%
Foreign Equity 14.5% 17.5% 13.6% 13.4% 15.1% 15.0% 13.6% 15.2%
GIC 11.3% 8.5% 6.8% 15.5% 9.1% 19.0% 11.2% 17.6%
Hedge Fund 4.7% 10.4% 4.3% 5.8% 3.3% 7.6% 4.9% 3.6%
Others (J-REIT etc.) 3.7% 5.2% 1.6% 3.0% 2.7% 1.7% 1.2% 2.0%
Cash 2.2% 3.1% 12.5% 2.2% 1.7% 1.6% 1.5% 2.3%
Total 100% 100% 100% 100% 100% 100% 100% 100%
Historical Return 6.9% 8.0% 6.2% 6.7% 6.0% 6.5% 5.8% 6.2%
Historical Volatility 4.7% 5.3% 4.8% 4.8% 4.6% 4.9% 4.6% 4.9%
Lammda 30.80 28.62 27.46 29.74 29.06 26.51 27.72 25.61
Risk Aburese 52.11598 41.53418 47.76483 50.83045 56.53479 44.56259 53.20221 45.97203

Total
Range Median -80% 80%-90% 90%-100% 100%-110%110%-120%120%-130%130%-140% 140%-
Range Median 75% 85% 95% 105% 115% 125% 135% 145%
Domestic Bond 26.2% 22.4% 22.3% 22.8% 32.2% 21.6% 33.4% 24.3%
Domestic Equity 23.7% 25.3% 24.0% 25.7% 21.9% 22.4% 22.1% 22.2%
Foreign Bond 14.8% 13.5% 13.5% 13.3% 11.3% 14.6% 11.6% 12.8%
Foreign Equity 15.9% 18.4% 16.1% 16.9% 15.7% 15.3% 14.4% 15.8%
GIC 8.0% 5.1% 10.8% 8.8% 8.7% 15.4% 10.0% 16.7%
Hedge Fund 5.0% 8.5% 5.4% 6.2% 4.2% 6.7% 5.1% 3.8%
Others (J-REIT etc.) 3.7% 4.3% 1.9% 4.0% 3.7% 1.9% 1.5% 2.0%
Cash 2.7% 2.6% 6.0% 2.3% 2.3% 2.1% 1.9% 2.3%
Total 100% 100% 100% 100% 100% 100% 100% 100%
Historical Return 7.3% 8.0% 6.7% 7.6% 6.7% 6.7% 6.1% 6.3%
Historical Volatility 5.3% 5.9% 5.3% 5.7% 5.0% 5.1% 4.8% 5.0%
Lammda 25.82 23.06 23.60 23.63 27.11 25.76 26.09 25.15
Risk Aburese 40.9154 32.93633 38.74863 35.7543 47.73054 42.29545 47.70335 44.4373

y = -29.411x2 + 62.666x - 0.9585

R2 = 0.168
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(b) Measure risk averseness by using Asymmetric Utility Function 
 
Each funding ratio group has different risk averseness parameters and the (Figure and 
Table 5) shows the Asymmetric Utility Function type shape using the analysis results. 
Lower funding ratio group has more risk averseness for negative returns and less risk 
averseness for positive returns. This tendency is very natural. 
 

Figure and Table 5: Utility Function for different funding ratios 

75% 85% 95% 105% 115%

Utility for different funding ratios

-40

-20

0

20

40

60

80

100

120

-
1
7
%

-
1
5
%

-
1
3
%

-
1
2
%

-
1
0
%

-
8
%

-
7
%

-
5
%

-
3
%

-
2
%

0
%

2
%

3
%

5
%

7
%

8
%

1
0
%

1
2
%

1
3
%

1
5
%

1
7
%

monthly return

U
ti
lit

y

75%
85%
95%
105%
115%
系列6
系列7

10^4

 

 

p 0.5 0.5 0.5 0.5 0.5
lambda 5 5 5 5 5
Funding Ratio 75% 85% 95% 105% 115%
my+ 0.000 0.100 0.250 0.550 0.666
my- 10.000 4.761 4.860 4.051 3.934  
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4. Conclusion and Future Challenges 
 
Our findings are the followings. 
(a) If under-funding, risk averseness is small (to take risk aggressively) and increases as 
funding ratio increases (less risk taking), and; 
(b) If at over-funding, risk averseness is decreases as funding ratio increases. 
 
Result (a) is on line with necessity of return seeking but lucking downside risk that 
affects sponsor contribution and result (b) seems to be showing natural increase of risk 
taking as over-funding status is strengthened but is contradicting against liability 
hedging concept. For the last point, there is the fact that all pension scheme is alive (on 
going) and need to beat expected discount rate. However, recently the tendency 
decreased. It seems that recent capital market debacles forced pensions more 
conservative risk management. Once full funding or over funding, after that, there is no 
reason to take excess risk. ALM type management should be more important. This may 
be the beginning of ERM management for those pensions in Japan. 
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