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Finding certainty

IN

Pension funds need to operate ef ciently during periods of long-term
uncertainty, so how can they best mitigate their risks? Theo Kocken, chief
executive of Cardano, examines two theories by Keynes and Pascal on
decision-making during uncertain times

behaviour is observed during
the kind of serious economic downturn now being experienced. People
replace their belief in quantitative probability distributions with a less
concrete acknowledgement of uncertainty . This leads to a set of sce-
narios that aims to represent the most relevant uncertain future states
of the economy. Scenarios based on (recent) past frequency distribu-
tions do not determine the view on risk; instead the experience of
practised men is the key input to this process.

Pascal s Wager is about actions we
should take, given that we do not know for
sure if God exists or not. For Pascal, the
most logical choice was opting for living a
saintly life

After de ning these uncertain states of the economy, the next
question is how to nd a solution given a set of scenarios to which
no probabilities are attached? Utility-based approaches do not work,
nor does maximisation subject to a probability-based value-at-
risk constraint. They cannot work in the absence of known
probabilities.

But instead of formulating a complex mathematical algorithm, a
multi-objective minimax case is an alternative. The intellectual herit-
age of two of the most in uential academics of the past few centuries,
John Maynard Keynes and Blaise Pascal and their approaches to
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uncertainty is at the root of this approach, and can be applied to a
real-life pension fund.t

For Keynes, uncertainty rather than mathematical probability is the
ruling paradigm in the real world. Seasoned by the bitter crisis experi-
enced in the 1930s, he remarked:

By uncertain knowledge | do not mean merely to distinguish
what is known for certain from what is only probable. The game of
roulette is not subject, in this sense, to uncertainty the sense in
which I am using the term is that in which the prospect of a European
war is uncertain, or the price of copper and the rate of interest 20
years hence, or the obsolescence of a new invention about these
matters, there is no scienti ¢ basis on which to form any calculable
probability whatever. We simply do not know! (Keynes, 1937.)

Uncertainty to Keynes was expressed in terms of propositions :
degrees of belief about possible future events. Calculable probabili-
ties do not add much. He rather thought of possible future scenarios
as the only basis for effective actions.

Decision-making under uncertainty is extremely complex and has
only a very short history in economic theory. Only since the rst half
of the 20th century, economists such as Von Neumann and
Morgenstern (Von Neuman, 1928) really started to formalise risk
and uncertainty in economic theory. However, Pascal made a very
important contribution in the eld of decision-making under uncer-
tainty much earlier (1660). This was not picked up in economic
theory for centuries. His reasoning is wrapped in a religious context

which is unsurprising given that Pascal had chosen to live in a
monastery in Paris.

Pascal s Wager (le pari de Pascal) is about actions we should take,
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given that we do not know for sure if God exists or not. We cannot
reason about this. Now what actions can we take? We can live either
according to the assumption that God does exist or with the assump-
tion that he does not. If God does not exist, it does not matter if you
live a pious life or a life full of sins. If he does exist and you bet against
it by living a sinful life, you risk eternal damnation. So the worst that
can happen if God does not exist is that you unnecessarily live a God-
fearing life and abandon some more joy. The worst that can happen if
you live in sin is that God does exist and you spend eternity in
doom. Consequences are more important than the exact
(unknown) probabilities. To Pascal this meant the most
logical choice was opting for living a saintly life. It

was the best action, providing that all scenarios

can work against you.?

Why is this approach, also referred to as the
minimax approach, so relevant to econom-
ics? The fundamental value lies in the fact
that consequences under some scenarios can
be very disruptive to the continuation of a

rm, a bank, a pension fund and so on.
Added to that, during a crisis, in the middle
of huge uncertainty, probabilities are not
known. This approach can circumvent the
absence of probabilities and seeks to avoid
unwanted outcomes in all states of the scenarios.

In practice, minimax is quite dif cult to apply in a
straightforward sense, because decision-makers have dif-
ferent objectives at the same time, often con icting. This
multi-criteria problem can be solved by means of introducing other
objectives and constraints and having a closer look at the second-to-
maximum (and further) actions and see if there is a more robust
solution that meets all objectives and constraints in a satis cing
manner (to quote Herbert Simon s famous notion).

This approach is not to replace stochastic asset and liability model-
ling. However, under very uncertain circumstances, especially in crisis
situations when both market actions (investments, consumption) as
well as governmental actions (monetary actions, tax actions, etc) are
unclear, the approach above may help to seek robust solutions under
this uncertainty without relying purely on the usual stochastic
models.

From Pascal to pensions

Pension funds are incredibly complex institutions. They are governed
by many stakeholders retirees, active employees and employers with
con icting goals and risk aversion.

Take a pension fund that has the ambition to pay an in ation-
indexed pension. However, if the funding ratio is too low, it has the
right to waive indexation in a certain year, or various years, as long as
the fund is in a shortfall. This is a worry for the retirees, among
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others. The employer is faced with the problem that there is a direct
impact on his balance sheet if the fund s solvency, measured in nom-
inal terms (ignoring indexation), ends up in a shortfall. Given the
size of the fund in relation to the company s equity, this is, in many
cases, a very uncomfortable prospect.

The employers and employees pay contributions and want to take a
certain risk  for simplicity represented by the asset class equity .
This is to ensure the bene ciaries receive a fair pension, but that

contributions into the pension fund in the future do not increase
unsustainably. Missing all returns from a swift recovery is

deemed too costly.
The current nominal funding ratio of the pension
fund under investigation equals 110% (the market
value of the assets is 1.1 times the market value
of the liabilities, discounted against the nomi-
nal interest rate). The real funding ratio equals

80% (the market value of the assets is 0.8

times the market value of the liabilities, dis-
counted against the real interest rate).
In other words: the nominal funding ratio

(real direct risk to employer s balance sheet) has

a 10% buffer, the real funding ratio has a 20%
shortfall.

The pension fund objectives are summarised as:

1. Ensure the real funding level is not too low during

bad times and will be able to pay a fair amount of index-
ation in the future.

2. Ensure the nominal funding level will not end in a deep shortfall,
requiring unfeasible additional capital requirements, such as a direct
cash drain to the sponsor company that already suffers from the present
crisis. A nominal level in the area of 85% to 90% is more or less a
minimum target.

3. Take enough risk to make the ambitious indexed pension affordable.
This constraint is translated such that the real funding ratio in case of
a serious recovery should not deviate too much from 100%.

To make things more complicated, all three objectives are equally
important to the board of this pension fund, since they represent the
interests of different stakeholders. This is far from a stylised case and,
in practice, many boards of trustees are struggling to nd a balance
between these criteria.

Uncertainty and the three-state economy
The pension fund trustees have determined a set of three possible
states of the economy for the coming one to three years. They include
extreme downward and upward movements that may reasonably occur
during these uncertain times. More scenarios could be cooked up, but
would again create a false feeling of exactness.

Although the emphasis in this article is on the methodology, to make
it more practical the three scenarios are described brie y below.
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5 . . .
Table 1: Impact of the scenarios on funding ratio under various actions taken_. Asa njlatt_er O_f fact, the impact O_f any scenario on the Noml.nal
- - - Funding Ratio is different from the impact on the Real Funding
Scenario 1 Scenario 2 Scenario 3 i
- — - - Ratio.
De ationary crisis Stag ation In ationary recoup ) . ) ) )
. To steer the risk exposure caused by the three risk drivers in this very
Nominal rates [30 yr] -1% +1% +2.5% . . . . . Lo
simpli ed model, various investment strategies could be applied:
| i ion [30 -1.5% 2% 2.5% . . .
U s 0y : . Action O: retain the current investment strategy.
Equity 0% 0% 5% Action A: hedge all equity risk (equity futures) and nominal interest
rate risk (interest rate swaps).
PSR O [REEN I EsEme SiEEEy Action B: hedge all equity risk (equity futures) and real interest rate
Nominal funding ratio 80 108 165 risk (interest rate swaps plus in ation swaps).
Real funding ratio 71 50 100 Action C: partially hedge the remaining nominal interest rate risk
(60%), in ation risk (70%) and replace equity exposure by a 20% out-
Action A: Full nominal hedge of-the-money call option with a two-year duration (assuming this is the
Nominal funding ratio 110 110 110 time span within which the uncertainty will remain extremely high).
Real funding ratio 101 52 45 The actions are applied to the pension fund and the results under
the various scenarios are shown in table 1 (top left).
Action B: Full real hedge In case the current strategy is continued, the de ationary crisis can
oo m——— 59 138 145 cause a serious nominal shortfall that cannot be sustained by the
Real funding ratio % % % pension fur.1d. The stag ation scenario causes the real funding ratio
to drop to irrecoverable levels. The recoup, on the other hand, pro-
- - - vides some relief: the pension fund will end in a real funding ratio of
Action C: Mix of partial hedges
N I fund 89 131 164 around 100%.
lominal funding ratio .. . . .
This implies, under the current strategy, two out of three objectives
Real fund t 79 73 99 S .
e have the possibility of underperforming.

Hedging the nominal interest rate risk on top of unwinding or
hedging the equity exposure causes serious problems for the real

Scenario one: de ationary depression. In this scenario, the econ-
omy slips into a long recession with falling demand and de ation,
similar to Japan (1990s) and the US (1930s).

Scenario two: stag ation. The economy ends up in a period of seri-
ous recession but the monetary and scal stimulus programmes cause
in ation to rise and real rates to decline.

funding ratio, which in two out of three scenarios drops to levels in the
unacceptable range of 50% or lower.

In case the real interest rate gap is closed, complemented with de-
risking the equity exposure, this leads to a small nominal shortfall risk
(in the de ationary scenario), but also to a xation of the real funding
ratio at 80%, which implies it will become dif cult to recoup in real
terms when markets recover.

The third action focused on avoiding the de ciencies inherent in

De ned bene t pension funds, with their multi-
stakeholder character, are among the organisations
most involved in multiple objectives, which makes

their decision process under high uncertainty

the two previous solutions.

Now, how does Pascal s reasoning apply to this matrix? The worst
outcome in case of no change of plan is 80 (minimum of 80, 108 and
165), in case of action A, this value is 110, action B 89 and action C

032-035_L&P_1009_Comment Pascal.34 34

extremely dif cult

Scenario three: in ationary market recoup. The nancial, scal and
governmental spending measures start to do their job properly and the
equity and credit markets show a rebound, but the monetary and scal
actions cause an in ationary pressure.

The important message is that our economy is in a state that is so
uncertain that any of the three widely dispersing scenarios can represent
the future state of the economy reasonably well. These three scenarios
have a different impact on the pension fund, if no further actions are
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89. Therefore, the maximum of these minima is 110. Action A would
be optimal in case the damage to the nominal funding ratio needs to
be minimised under all possible scenarios.

The same reasoning for the real funding ratio leads to the series of
minima under the scenarios of 50 (no action), 45 (action A), 80 (action
B) and 73 (action C). The maximum of these minima is reached with
action B.

Last step is to look at the recovery values (outcomes of scenario
three), especially in the context of the real funding ratio, with the
ambition to get this level close to 100 in order to meet the indexation
ambition in case of an economic recovery. In case of no change in
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strategy, the recovery will be most bene cial

to the pension fund. Table 2 summarises the
minimax solutions (in bold) per objective.

As discussed in the previous paragraph, dif-

ferent objectives may lead to different optimal

solutions. This happens in an extreme form in

this case and is typical for the con icting tar-

Table 2 Optimal solutions (in bold) per objective
Strategy
No action Action A Action B Action C
Nominal funding ratio 80 110 [minimax] 89 89
Real funding ratio 50 45 80 [minimax] 73
Recovery result real funding ratio 100 [maximum] 45 80 99

gets pension funds are faced with in reality.

To deal with these con icting optimal
actions, as a next step deviations from the maximum (in table 3 denoted
as S from max. ) are investigated.

Taking a closer look at table 3 reveals that taking no action as well as
executing action A or B entails very large possible (downward) devia-
tions from the maximum achievable values. No action and action A
especially entail serious risks for the real funding ratio, whereas action
A and B will not pro t enough when markets recoup. Action C seems
closest to all maxima.

Action C entails the following in economic terms: under the worst
imaginable scenario, nominal shortfall will grow to 11. This is a level
that is deemed recoverable. In the scenario that is disastrous for the
real funding ratio different from the scenario that impacts the nom-
inal funding ratio the real funding ratio will drop only 7% from the
current level. And in case of a market recoup, even if this coincides
with huge in ationary pressures, the real funding ratio returns to
levels close to 100.

Table 3 contains valuable information that may be less obvious than it
appears. The values under the rst two criteria are minima under all
economic scenarios. They seek to minimise dire consequences for the
pension fund, whatever happens. The values under the last criterion seek
to avoid too much opportunity loss in return when a big recoup takes
place. The procedure applied is therefore not return-only or risk-
focused , but closest to all the risk and return targets in a very uncertain
world for a pension fund that is in an unfavourable nancial situation
that cannot afford missing either a recoup or further losses.

The implications of this can be summarised as:

Decision-making under uncertainty requires an approach that aims
to control the possible consequences of adverse and prosperous
scenarios.

Scenario analysis is the key in steering risk-return, especially crisis risk
management, focusing on uncertainty, not on past statistics.

The multi-criteria minimax approach has as its outcome a solution

that is acceptable in its consequences under all scenarios and all
objectives.

Pension funds as multi-stakeholder entities are among those institu-
tions that can bene t most from this approach by means of trying to
reach their multiple (often con icting) targets as closely as possible.

De ned bene t pension funds, with their multi-stakeholder charac-
ter, are among the organisations most involved in multiple objectives,
which makes their decision process under high uncertainty extremely
dif cult. But, as Pascal taught us that we should not take actions of
which we cannot bear the consequences, and when Keynes swapped
his belief in probability to the notion of uncertainty after the great
crisis of the 1930s, there are solutions to these issues.

Combining the profound wisdom of these two scholars implies that
in situations of great uncertainty, we should embrace a risk manage-
ment solution that practically seeks to be the least detrimental to our
targets, considering various regimes of uncertainty and taking into
account multiple objectives.

1. I learned much about Pascal and Keynes from Peter Bernstein, (see amongst others Bernstein, 1996). Peter kindly
reviewed a preliminary version of this paper. Unfortunately he died on June 5, 2009 at the age of 90.
2. Pascal s Wager was recorded in a letter to his good friend Pierre de Fermat. See David (1962).
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Table 3: Analysis of the sum of deviations from the maximum

Minimum over all scenarios Nominal funding ratio S from max. Real Funding Ratio S from max. Recovery results S from max. Sum of deviations
No action 80 -30 50 -30 100 0 -60
Action A 110 0 45 -35 45 -55 -90
Action B 89 -21 80 0 80 -20 -41
Action C 89 -21 73 -7 99 -1 -29
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