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¢ In this presentation, I would like to introduce a new funding standard
and consider several measures for mitigating contribution volatility.

e Needless to say, funding standards play an essential role, along with
the accounting standards, in determining the contribution volatility
especially when the plan is in a financially distressed situation.

e First of all, I would like to show how contribution volatilities affect the
economic values of contributions.

e Next, I will introduce a benefit design which can lower the contribution
volatilities and thus enable the plan to survive under economically
unfavorable environments for pension plans.

e Then, we will consider decomposition of contributions and assets by
payout year. Ring-fencing of assets by payout year provides a framework
of the new funding standard, which I named as the PYS funding standard.

e Then I will explain the basic ideas of the new funding standard and
consider the discount rates for calculating the minimum funding.

e Lastly, I will show several numerical examples and consider their
implications to ordinary funding standards and investment policies.
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e When we assume that the market is complete, economic value of the
payoff vector v is given by this well-known covariance pricing formula.
This formula evaluates q using the pricing kernel or the state price
density £.

¢ This formula says that the expectation of the payoff vector v under the
ordinal probability measure have to be adjusted by the second term of
the right side, which is the covariance of £ and v.

e The pricing kernel is in proportion to the marginal utility of optimal
consumption in the future. The marginal utility thus increases in market
downturn and decreases in market upturn.

¢ The covariance of the pricing kernel and a cashflow increasing in a
market downturn and decreasing in market upturn should be positive,
which means that the economic value of such a cashflow is evaluated
greater than the best-estimate present value.
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e The sum of the EV of future contributions and the market value of the
reserves should be equal to the EV of future benefits.

e However, here we concentrate on the EV of future contributions.
Employer contributions tend to increase in market downturn since
employers are often required to pay supplemental contributions to make
up for the funding shortfalls.

¢ On the other hand, in market upturn employers may reduce the
contributions .

¢ Namely, the stream of employer contributions has the characteristic
stated in the previous slide and therefore its EV would be evaluated
higher than its best-estimate PV.

¢ It is anticipated that the greater the volatility of employer contributions
becomes, the higher the EV would be evaluated, even if its best-estimate
PV is invariant.

e Therefore, it is essential to address the issue of how to keep the
volatility of employer contributions under control. Innovative and
synthetic measures are desperately needed, ranging from benefit designs
to funding policies and investment strategies.
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e By the way, benefits moving in proportion to stock values in the market
is evaluated lower than their best-estimate PV. Namely, volatility affects
the economic value of benefits in the opposite direction.

¢ In other words, the risk premium & in this equation should be positive
with regard to the risk of benefits originated from the market volatility.

¢ On the other hand, the cashflow of a life annuity increases when
mortality rates improve. Normally, people have to reduce spending due to
budgetary constraints when mortality rates improve beyond the original
estimation.

e Then the risk premium & with regard to the benefit volatility originated
from the macro longevity risk, namely the annuity risk premium, should
be evaluated negative, since there is no financial instruments that hedge
the longevity risk.
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¢ On the other hand, sharing part of the risks and accepting benefit
fluctuation to certain extent might be a rational choice for plan
participants.

e This is because, if the employer has to bear all the risks, then the
employer is required to construct a fairly large risk buffer under the
present strong trend to mark-to-market valuation and accounting. Such
forced frontloading of contributions is often and inevitably accompanied
by reduction of benefits.

¢ At present the most prominent design from the aspect of risk-sharing
may be conditional indexation of benefits which is widespread in the
Netherlands. The conditional indexation design provides a virtual risk
buffer which corresponds the contribution and reserves for the
indexation.

¢ However, when low interest rates, low inflation and salary depreciation
persist for decades (Japan Scenario), the virtual risk buffer might be
lessened. Therefore, we have to devise a more robust benefit design
which enable the plan to survive even under the Japan Scenario.

¢ This slide presents a candidate of such designs. It is almost same as
the conditional indexation, but both the minimum benefit B(0) and the
maximum benefits B(1) are indexed to inflation.
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e Here I would like to point out a serious structural deficiency in present
DB plans. Namely, there is no specific correspondence between individual
liabilities and plan assets.

¢ Pension benefits are paid out each year. Benefits to be paid out next
year are never paid out this year. However, assets are not divided by
each payout year. Then the amount to be kept for the next year’s benefit
disbursement might be used for the benefit disbursement of the year.

e Put it in another way, the interests of present beneficiaries are given
the most privileged status.

¢ Under such an environment, it is very difficult to incorporate a
mechanism of protecting the interests of present active participants in an
effective and timely manner.
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¢ [ believe that there should be some proper mechanism of dealing with
the interests of active participants fairly and protecting the interests of
present active participants.

¢ Partial ring-fencing of assets is one of such mechanisms. It will serve
as a pre-requisite of the new funding standard which I will explain later.

e The mechanism is as follows. Firstly, divide the contributions by future
payout year. Then naturally the reserves are also divided by payout year
through this decomposition of contributions.

e We can imagine that the decomposed contributions are loaded on a
train of ‘sequentially chained containers’. Each container is assigned a
specific payout year. The contributions loaded on a container and their
investment income can only be used for benefit disbursement in the year
assigned to the container.

e Thus we can identify the amount to be allocated to benefit
disbursement in each specified year by calculating the terminal value of
the decomposed contributions respectively.

¢ Here the most important point is that a minimum permissible funding
ratio should also be assigned to each container.
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e This means that assets are ring-fenced by payout year. Of course, any
surplus in a container may be used for making up for the funding
deficiencies of other containers.

e This can be regarded as a kind of intertemporal risk-sharing.

¢ It should be reminded that when there is no container with a funding
surplus, you cannot make up for the funding deficiencies of a container
using the assets loaded on other containers.

¢ Then, there may be a question of how to decompose contributions.
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It is naturally given by discounting back the accrued benefit cashflows
using appropriate discount rates. The sum of the discounted amounts
should be equal to the amount of ordinal contributions.

¢ So, you can find that the question is reduced to the problem of how to
determine the appropriate discount rate for each container. The rest of
my presentation is devoted to this issue.

10
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e First of all, it is not prudent to use directly the expected rate of return
on investments of the actual portfolio.

e This example on this slide shows this point quite clearly.

e Let us suppose that the portfolio value follows the standard geometric
Brownian motion with constant drift r and constant diffusion o. And we
consider that the initial value of the portfolio value is just equal to the
discounted value of the benefits to be paid out in year capital T, using
the expected rate of return r.

e Then the probability that the asset value at time T is not less than the
amount of benefits is given by this formula. Here N denotes the
distribution function of the standard normal distribution.

¢ Clearly, this probability is less than 0.5. To make matters worse, this
probability decreases as the time to maturity T-t extends and the
volatility o increases.

e Then, should we only use the risk free rates? I do not think so.

11
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e We assumed that the portfolio value follows the geometric Brownian
motion, which includes incontrollable white noise.

e Then it is anticipated that the probability that the portfolio value will
attain the liability value at some time until the year of maturity is greater
than the probability that the portfolio value will surpass the liability value
at the year of maturity T.

e We are going to evaluate the probability P1 since it will serve as the

foundation of determining the discount rate of the new funding standard.

12
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e Firstly, we assume a hypothetical investment strategy that switches to
a complete liability-hedging strategy immediately when the portfolio value
attains the liability value corresponding to the maximum benefits.

¢ According to the anticipation stated on the previous slide, this strategy
should be superior to the simple strategy of just holding the strategic
portfolio (SAA) until the year of maturity.

e Here we consider the condition that the probability P1 is not less than a
predetermined constant p1. p1 may be, for instance, 70% or 80%.

¢ But it should not be 100%, since excessive risk aversion is not beneficial
for participants, as I have pointed out before.

e Evaluation of probability P1 is given by applying a result on the
running maximum process as follows.

13
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e Our interest lies on the initial portfolio value At in comparison to the
liability value Lt which is obtained by discounting back the maximum
benefit L1 at time capital T using the risk free rate rF.

¢ Here we assume that the liability value follows the process with
constant drift rF .

e And we assume that proportion 6t of the portfolio excess return is
taken into account in the discount rate for calculating the minimum
funded ratio.

e We can consider the process of log funded ratio when the initial log
funded ratio is equal to the minimum log funded ratio given from outside
and evaluate the probability P1.

¢ From this evaluation we can set a condition on the initial minimum
funded ratio.

14
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¢ Using the Ito’s quotient formula, we can show that the process of log
funded ratio X, which is the ratio of the portfolio value A to the value of

th @ o e maximum liability B, follows this Wiener process.

e The initial minimum funded ratio a t should take a negative value since
the we have taken into account a proportion of the portfolio excess return

in the discount rate.

e Then we can calculate the probability P1 utilizing the result on the
running maximum process.

15
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e The running maximum process Mx of a process X is the process of the
supremum of the process X.

oIf FM denotes the distribution function of the running maximum process,
then the probability P1 is given by this formula.

¢ Next slide shows the expression of the FM.

16
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e Thus for any combination of excess return and its volatility we can
determine the maximum proportion 6 of the excess return that can be
taken into account for calculating the minimum funded ratio, depending
on the period until the year of maturity.

¢ If the funding standard is scheme-specific, there is no need to
introduce additional conditions.

e However, If we want to determine a unique discount rate depending on
the period to maturity, then we have to introduce another condition,
which restricts the level of the volatility from the aspect of controlling the
severity of underfunding risk.

¢ A rational ground of introducing another condition may be that in such
a case the pension regulator cannot say to the participants, “"How
unfortunate for you. But you have to give it up thinking that you have
met with misfortune.”

¢ One possible idea is restricting the severity of loss when the portfolio
value could not attain the liability value at any time until the year of
maturity.

18
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e However, evaluating this severity of loss is not always easy.

e Therefore, instead of considering the case that the portfolio value could
not attain the liability value at any time until the year of maturity, here
we consider the case that the portfolio value at the time of maturity is
less than the liability value corresponding to the minimum benefits.

¢ And we introduce the condition that even in this case the funded ratio
in comparison to the minimum benefits is not less than predetermined
constant q. As you know, this is a condition on the loss given default.

¢ This condition can be introduced even if the minimum benefits are not
separated from the maximum benefits, which I have explained previously
in slide 6.

e When the minimum benefits are separated from the maximum
benefits, we can introduce another condition.

19
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e Namely, in such a case, we can set up a lower barrier on the funded
status.

e The lower barrier is the value of the liability corresponding to the
minimum benefits, which is denoted by C.

¢ We assume a dynamic investment strategy that automatically switch
the portfolio to a complete liability hedging portfolio immediately when
the portfolio value hits the lower barrier.

e Then, let us consider the probability capital P2 that the log funded
ratio in comparison to the minimum liability value is absorbed into the
lower barrier 0 at some time until the year of maturity. It may be
desirable that this probability is less than constant p2.

o Like the process X, let us consider the process Y of the log funded ratio
in comparison to the minimum liability C.

20
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e Then the process Y also follows the Wiener process with constant drift
and constant diffusion.

e The initial funded ratio B should be positive since we want to keep the
portfolio value not being less than the minimum liability value at any time
until the year of maturity.

¢ Namely, the log L1 over LO should be greater enough to make the
value of B positive. In other words, the gap between the maximum and
minimum benefits should be large enough.

e In such a case, we can utilize the result on the probability of the
running minimum process to calculate the probability capital P2.

¢ As explained in the previous slide, P2 is the probability that the log
funded ratio in comparison to the minimum liability value is absorbed into
the lower barrier 0 at some time until the year of maturity.

21
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e Running minimum process mu of the process Y is the infimum of Y
until time u.

e If the distribution function of the running minimum process mu is
denoted by Fmu, then the probability P2 is given by Fmu zero.

e The next slide shows the formula of Fmu.
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L/ 1.00 1.00 1.00| 1.00 1.00 1.00( 1.00 1.00 1.00
T—¢ 10 10 10/ 20 20 20/ 5 5 5
D 0.70 0.70 0.70| 0.70 0.70 0.70| 0.70 0.70 0.70
q 0.80 0.90 0.95| 0.80 0.70 0.60| 0.80 0.90 0.95
w, 0.74 0.35 0.17|0.57 0.91 1.26/ 0.94 0.46 0.23

0, 0.49 0.50 0.51| 0.44 0.40 0.40| 0.69 0.62 0.60

Yy 7.40 6.29 5.66| 6.97 7.81 8.45| 7.88 6.63 5.85
expt(r,—r)(T-0} | 0.79 0.88 0.94| 0.67 0.57 0.50| 0.87 0.92 0.96
exp{e,} | 0.89 0.94 0.97|0.84 0.80 0.76] 0.90 0.95 0.97

¢ This table shows some numerical examples for the traditional case that
the maximum benefits are equal to the minimum benefits. The period
until the year of maturity is 10 years, 20 years or 5 years.

¢ I fixed the condition on probability p1. Namely, it is assumed that the
portfolio value will attain the maximum liability value at some time until
maturity with 70% probability.

¢ The condition on q varies from 0.6 to 0.95. Namely, the conditional
funded ratio at the year of maturity is not less than 60% or 95% of the
benefits.

¢ Here we have assumed that the risk free rate is 5% p.a. and the yield
curve is flat. It is also assumed that the excess return of the speculative
portfolio is 3% and its volatility is about 14%o.

¢ You can see, for instance, in the far right column that under these
conditions on p1 and q, we can take into account 49% of the excess
return of the actual portfolio, where the weight of the speculative
portfolio is 74%.

o If we take into account 100%o of the excess return of the total
portfolio, then the initial funded ratio becomes 79% of the liability value.
But the minimum funded ratio should be 89%b, since we can include only
half of the excess return in the discount rate.

24
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T—t 10 10 10 20 20 20 5 5 5
P 0.70 0.70 0.70/0.70 0.70 0.70| 0.70 0.70 0.70
P, 0.20 0.30 0.40|{ 0.20 0.30 0.40| 0.20 0.30 0.40
w, 0.68 0.80 0.92| 0.48 0.56 0.64|0.92 1.09 1.27
0, 0.49 0.49 0.50| 0.46 0.44 0.43|0.69 0.73 0.79
Tp 7.25 7.55 7.84|6.68 6.91 7.14|7.84 8.18 8.47

expt(r,—r)(T—1)} | 0.80 0.77 0.75|0.71 0.68 0.65|0.87 0.85 0.84
expia, } 0.90 0.88 0.87|0.86 0.84 0.83|0.91 0.89 0.87
exp{f3,} 1.34 1.32 1.30|1.29 1.27 1.25|1.36 1.34 1.31

¢ In the previous slide, you can also see that the initial minimum
permissible funded ratio increases gradually as the acceptable risk with
regard to q, that is a risk measure on the severity of default, increases.

e However, it should be noted that the maximum permissible proportion
@ is almost stable and does not increase along with the acceptable risk

q.

¢ It should also be noted that the maximum permissible proportion 6
diminishes as the time horizon extends. As a result, the possible mark-up

to the risk free rate also diminishes gradually as the time horizon extends.

The proportion of the possible mark-up to the excess return of the
speculative portfolio is roughly evaluated by the product of w and 6.

e The table on slide 25 shows several examples when the maximum
benefits is 50% greater than the minimum benefits. This table also
justifies the argument that a certain proportion of the excess return can
be included in the discount rate of the funding standard.

e However, as in the previous slide, the maximum permissible proportion
@ diminishes as the time horizon extends.

¢ You may feel that these examples are counterintuitive. But we should
be fully aware that long-term investments do not assure high return with
greater certainty than short-term investments.

25



4
26

— AF|R MuUNICH
LIFE 2007

6-3. FEHE(FI512) [CRHTHRE
- ERICEYBELI-BIBIR, RFRBINEE

ND—EINSE=T.

« XIVFEETOHEARITNIE, HFFEIBIL
WRDSLAGIRICEFH TRV ERELE

CrRL SHEEETOMBISEL, FETEIUR
ORREE DR DR

. BEEBIRIEEDSLEEIEICEHTELVEBS
DAEE, ATRICHES TN TEERA DS,

- XIFEFTOHBICAIDHLLT, HFEFRELYR
JICERAHEEE

Y

e We can bring out several implications from these examples, although
these examples are based on very simplified assumptions. First is the
implications on the discount rates.

o Before I prepared this paper, I had anticipated that the proportion of
the excess return that can be taken into account in discount rates will
increase as the time to maturity extends.

e However, it has become clear that in order to obtain such results, we
have to accept greater risks as the time to maturity extends.

e Of course, as the time horizon extends, we can accept greater risks
since we can spend longer periods to correct the funding deficiencies.

e However, there should be a due limit on the acceptable risks
irrespective of the period until maturity. Then it is anticipated that the
graph of the proportion 8 might be hump-shaped.

26
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e The examples in the previous slides assumes the hypothetical dynamic
investment strategy and a new funding standard which requires partial
ring-fencing of assets and specifies a sequence of minimum funded ratios
for each payout year.

e However, from these examples we can bring out several implications
for traditional funding standards.

e The most important implication might be that the common
understanding that a pension fund can take large investment risks when
it has a long investment horizon holds only when it is allowed to correct
funding deficiencies gradually spending long periods.

¢ Thus the funding standards play a important role in determining the
general risk level that pension funds can take in investments.

e Put it in another way, any funding standard should strike a very
delicate balance between the two purposes of funding standards,
namely, assuring stable contributions and ensuring adequate protection of
benefits.

27



<

— AF|R MuUNICH
LIFE 2007

6-5. & FERR CRE 9 7R IE

28

« EEEEDR—IIAUTE, BEEI7UF
(TDFs)DER (AVRIYR) EBEZDIENTES.
— B EE((CEBRN

« R—bIAVAEILVFEERNHTBETHLT, &
f?l'\;g VUICHT 5EmEELGERILEYTHIE
iTES.

s BT xXvya7O—DRAAHPYREEE|C
ZlehBoT=EZ=(X, KK, R—FTAH)ADYINS
DADNKLETHS.

— HiBIZRTERAICEIENLZNELTE

e We can also bring out implications on investment strategies of pension
funds.

¢ Needless to say, any portfolio can be understood as a composite of
about 80 target date funds. We can make the considerations on the
investment horizon extremely transparent by decomposing the assets and
contributions by payout year.

e Each target date fund has its own year of maturity and needless to say
its strategic asset allocation depends on the time to maturity.

e Then if there were changes in the estimation on the benefit cashflows,
it would affect the relative weights of individual target date funds and
thus affect the composition of the total portfolio. Therefore, the portfolio
should be rebalanced even if the prospect on the market is invariant.

e Similarly, if the funded ratio of individual target date funds worsened or
improved at the year-end, then it would affect the degree of risk aversion
of the pension plan. Therefore, the portfolio should be rebalanced along
with the changes in the funded ratio.

¢ Finally, I would like to conclude my presentation by giving my views on
the funding standards.
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