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The object of our analysis is, not to
provide a machine, or method of blind
manipulation, which will furnish an
infallible answer, but to provide
ourselves with an organised and
orderly method of thinking out
particular problems.
...
It is better to be roughly right than
precisely wrong.
John Maynard Keynes
When I first encountered actuaries
thirty years ago, I was astonished that
they seemed to know nothing about
economics. And now I think they know
almost too much about economics, in
the sense that, as it seems to me,
they’ve taken a whole pile of stuff from
financial economics on board, as if it
were kind of some established truth...
John Kay, quoted in Clacher (2019)

Abstract
By law Defined Benefit pension schemes must value their investment assets and
liabilities triennially. There are two rival methodologies to value assets: the traditional
actuarial method, which uses projected investment income, discounted mathematically
to a present value, and the mark-to-market method, which uses only asset market
prices and ignores future investment income flows. Liabilities are estimated using the
discounted present value formula applied to projected benefits. But pensions are normally paid from income, at least in open schemes, therefore it is more straightforward
to base funding regulation on the former method. Yet the statutory funding objective
requires the latter. If markets were perfect and complete there would be little difference
between the two; some noise but no bias. But empirical evidence shows much higher
volatility in asset market prices than with the traditional actuarial method. The issue
is illustrated with USS data.
Which methodology is used is crucial to the cost of pensions because they imply
different risk measures, and hence the cost of prudence. The cost of prudence is approximately proportional to the volatility of asset values; so pensions are considerably
more expensive to provide if the risk metric is asset price volatility rather than investment earnings.
This is a very important and urgent issue that suggests that the DB sector deficit
is exaggerated by a regulatory system that focusses on mark to market valuation. A
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case in point is the USS, a very large, open, immature scheme with a strong employer
covenant.

1 Introduction: pension funding and valuation are
not the same
As the pensions regulator consults yet again1 on ideas on how to secure payment for
defined benefit (DB) pensions at a time of growing uncertainty it is increasingly apparent to an open-minded observer that the current regulatory framework is not fit for
purpose. Schemes that have strong employer support are being weakened as a result
of the need for them to report exclusively through the lens of valuation. The required
valuation procedure - that uses market prices to value the investment assets and market discount rates to calculate liabilities - is of little relevance for an open scheme that
might reasonably be expected to continue indefinitely - such as the Universities Superannuation Scheme, USS. Such a methodology is at best an oblique method, even for
closed schemes, and really an irrelevant distraction for one that is expected to remain
open to new members.
The valuation of liabilities is highly problematic, made worse by the use of inflexible
accounting standards, instead of the scheme specific flexibility allowed by legislation.
That, and the extremely low interest rates due to recent government monetary policies,
has been to greatly inflate reported pensions liabilities, to the point where they have
become so large as to pose an existential threat not only to individual schemes but the
pension system as a whole.
The belief that discount rates based on market bond rates rather than the returns
of the actual investments held by the scheme are somehow ’objective’ is an economic
ideology more akin to a religion than practical economic policy. Its results are both
that individuals have lost their pensions and are continuing to do so, and that the
increasing demands by the Regulator for ever more additional contributions by employers worsen the recession and stunt economic growth.
Much has been written about the problems of valuing liabilities. That is not the
main focus of this paper. Instead I argue that valuing assets at market prices - a keystone of the statutory valuation framework - is equally problematic because it inflates
risk. From the point of view of the valuation methodology the volatility of asset prices
must be seen as risk which then has to be paid for in higher contributions. But in
reality asset price volatility has little relevance to the funding of pensions in an open
scheme. Funding is a matter of budgeting cash flows - in practice much less volatile
than market prices. The cost of ignoring this point is enormous. In the case of the
USS a large part of the supposed deficit arises because of this factor.
It is a truism that pension schemes must be able to fund the pensions promised.
1

ThePensionsRegulator (2020)
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This fundamental principle is the basis of the legislative system of regulation. It suggests that there should be enough income flowing into a scheme to cover the pensions
benefits being drawn at all times including far into the distant future until every member has died. However it has been construed in the legislation, including the Pensions
Act 2004, as saying something subtly different: that the capital value of the scheme’s
investments should be enough to cover its pension liabilities converted into a lump
sum. For a pension scheme, particularly one for a whole sector rather than a single
company, such as the USS, this simple comparison as on a balance sheet is problematic
because it does not carry over in a simple way into funding. It appears superficially to
do so but ignores economic facts about the real world.

2

Valuation

DB pension schemes are subject to a triennial valuation requirement to comply with
the statutory funding objective laid down in the 2004 Pensions Act. Funding of benefits already accrued is couched in terms of valuation, whereby the assets are compared
with the liabilities expressed as a lump sum discounted present value.
The easy way to value the assets is at market prices where there is a market for
example for equities, bonds, real estate. I will argue below that this does not necessarily relate to funding in the real world but rather only if we assume the theoretical
world of perfect capital markets. This figure is a capital amount subject to the vagaries
of market price fluctuations and therefore it is a random variable. In fact it will be
subject to large variation.
The liabilities figure is the more difficult one to calculate because there is no market
as such for pensions. The figure is constructed by first projecting the benefit payments
that are predicted to become due for every year in the future. This expected cash outflow is then converted into a cash lump sum that is equivalent in a specific sense, using
a discounted cash flow formula (see below). This formula is a thought experiment: how
much, if it were to be invested at a given fixed rate of return, would enable the same
payments to be withdrawn each year. Clearly the key parameter in this calculation is
the assumed rate of return, the discount rate.
Under the regulatory rules (see ThePensionsRegulator (2014)) it is the job of the
trustees to determine the discount rate, with a suitable degree of prudence, taking into
account the strength of the employer support, economic conditions and the expected
investment returns: the so called technical provisions. Trustees can choose a discount
rate from a range between (1) a supposedly low risk rate on bonds, such as gilts or low
risk corporate bonds, and (2) the expected rate of return on its investment portfolio,
which might typically include equities and other high return seeking assets. The USS
has a substantial investment in equities. These are conventionally seen as of higher
risk in the short term, because of market volatility in share prices. They are however
good long term investments because of the higher expected rate of return, the equity
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premium. See Dimson et al. (2009).
The regulations are sufficiently flexible that trustees have freedom to set the discount rate. They are under pressure from the regulator always to use it prudently in
selecting their scheme specific discount rate. A higher discount rate will mean lower
liabilities and vice versa. In present circumstances of unprecedentedly low interest
rates, a result of the government’s so called quantitative easing policies, liabilities have
gone through the roof.
Many people, including some commentators in the press and elsewhere, have failed
to distinguish this discount rate effect from the impact of greater longevity, and often
given members and the public the wrong idea - that pension schemes have become unaffordable mainly due to people living longer in retirement. It is obvious that increased
longevity makes pensions more expensive but the effect of this on the liabilities calculation is dwarfed by the much bigger effect of the use of extremely low discount rates.
The stated aim of quantitative easing is to lower interest rates on bonds in order
to incentivise investors to move out of them into productive assets, such as equities, in
order to stimulate growth and raise consumer price inflation to its target of 2% CPI. It
is inconsistent for the regulator to force schemes to move in the opposition direction,
and invest in poor value gilts.

3 Alternative ways to value a defined benefit pension
scheme
The crucial importance of valuation methodology is well demonstrated by the following
quotation from the first edition of David Blake’s comprehensive survey of pension
schemes, published in 1995:
Having produced a particular set of assumptions ... the actuary will use
these to forecast future benefit outgo and investment income. These projected cash flows are then discounted back to the present day, to give the
discounted present value of the cash flows ... In terms of investment assets,
it is possible to take the current market values of the assets. But a common
procedure is to use the actuarial values of the assets. The actuarial value is
determined by discounting the projected income streams on the assets. The
argument that actuaries use for doing this is that both assets and liabilities are valued according to a common consistent set of long-term financial
assumptions. In addition, market values can be quite volatile in the short
term. (Blake (1995), p 303)
He describes a clear distinction between two different approaches the actuaries have
available, one based on the market values of the investment assets and the other on
projected cash flows of income and outgo. They will in general give different results. He
also gives powerful reasons for using the latter: first that the assets and liabilities are
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valued on a common consistent set of long-term financial assumptions (including using
the same discount rate for both assets and liabilities), and second, that market values
are quite volatile in the short term. It is notable that the inconsistency between the
treatment of assets and liabilities inherent in the market values methodology is immediately apparent: assets are market values but liabilities are a discounted present value.
Blake was writing in the 1990s before the actuarial profession was pressured into increasingly using a market value basis, also mandated by the 2004 Pensions Act. They
have also been persuaded to use mark-to-market valuations, despite the limitations
mentioned by Blake, on the grounds that this method is supported by financial economic theory. 2 In doing so they have made a grave error. There is still a growing
debate ongoing about the appropriate methodology for pension valuation, as the crisis
in the pensions sector leading to the closure of many schemes, continues, and the DWP
is consulting once again on DB valuations. See the many papers by Con Keating.3
It is widely assumed that the choice of valuation methodology is a minor matter,
because the two approaches are thought to be mathematically equivalent, or roughly
so. I will show that the empirical evidence suggests that following this line of argument
is a major error. The beauty of mathematics can be seductive and can lead us to forget
that the real economy is messy and complex.
I will demonstrate that the two methodologies are far from mathematically equivalent. I argue that both should be used, as a normal part of the valuation process.
Doing that will not only comply with the regulatory requirements under legislation but
will also better inform the trustees, enhancing the proper discharge their fiduciary duty
of prudence. Just as, for example, the Bank of England monetary policy committee
employs a range of indices of inflation the better to get as clear a view as possible,
so pension scheme trustees should use all the indicators available of the health of the
scheme. No deficit valuation should be taken as authoritative until this has been done.
I will begin by discussing how discounting works, its importance for a pension valuation and the mathematics underlying it. I will argue that too much reliance is placed
on a mathematical formula and that a mathematical identity should not be confused
with an economic law. I will show that this is far from the truth for asset markets in
general. I will show that for the USS the difference between the two methodologies
will be huge and that the adoption of the mark-to-market approach is a major source
of problems.
Since the two rival methodologies are respectively the mark-to-market method and
the traditional actuarial method, I will refer to them henceforth using these terms.
2

The paper by Exley et al. (1997) is taken by many as seminal, although in my view it is flawed and
ought to have received a lot more criticism than it has. The most important rebuttal to it is by Carne
(2004); see also Clacher et al. (2017).
3
For example, Keating (2010, 2011); Keating & Slater (2013)
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Misuse of financial mathematics

At the centre of the argument is a mathematical equation, the DCF formula, that
establishes an equivalence between any cash flow over time and a discounted present
value capital sum. That equivalence only holds under certain given conditions and it
is not an economic law. In particular it does not allow regulators to assume a strict
one-to-one equivalence between a pension scheme valuation and the funding of pension
benefits when they are due.
The formula does not hold as an identity, linking real economic cash flows and the
values of assets traded in the market, outside of textbooks. The assumptions needed
to make it so require a belief in perfect asset markets and a version of the efficient
markets hypothesis, not supported by evidence. In fact the evidence shows that asset
market prices are much more volatile than the theory suggests.
The reader can skip the mathematics that follows, that is well known and only
presented here for completeness, and still follow the argument.

4.1 A mathematical formula: DCF, the present value of a cash
flow
The principle underlying how a pension scheme works is that funds are saved out of
income during working life and put away until needed to pay for the pension defined
by the rules of the scheme in each year of retirement. In the mean time they are lent
or invested for a return which is compounded because it is not drawn on until needed.
The framework of any pension scheme is therefore the mathematical formula for compound interest.
Thus, an amount of principal, P(0) invested today (year 0 ) in a savings account
paying an interest rate of 100r %, will pay a dividend of D(t) after t years, according
to the formula:
D(t) = (1 + r)t P (0)
(1)

This is a mathematical identity. It can be turned round to answer the pensions
question: ’How much (call it P(0)) in pensions contributions today (year 0 ) will be
needed to be invested to provide a given pension payment, D(t), after t years?’

P (0) =

D(t)
(1 + r)t

(2)

The question has been changed to one about discounting rather than compound
interest. The terminology is different but the mathematics is the same. P(0) is now the
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discounted present value of the payment of D(t) after t years, r is now the discount rate.
Now apply this to find the present value of a pension, which is a stream of regular
payments during retirement. For simplicity of mathematics, let us consider an illustrative example: assume a Defined Benefit (DB) scheme such as the USS Retirement
Income Builder, and a member who will retire after 20 years of working life, with life
expectancy of a further 20 years. They can expect to receive a stream of payments
defined under the scheme rules D(21), D(22), ... , D(40).4
Then, if the funds are invested at 100r %, that is, the relevant discount rate is r,
the discounted present value of their pension is.

P (0) =

D(22)
D(40)
D(21)
+
+ ... +
(1 + r)21
(1 + r)22
(1 + r)40

(3)

In general5 we can define the present value of any income stream by the discounted
cash flow (DCF) formula as,
P (0) = D(0) +

D(1)
D(2)
D(t)
+
+ ... +
+ ...
(1 + r) (1 + r)2
(1 + r)t

(4)

I have laboured this elementary mathematics somewhat to emphasise the point.
The relationship between the principal and interest payments in the compound interest version of the formula is an identity (in fact a tautology); the same is true of the
discounted present value and the dividend payments in (4).

4.2 The DCF formula is a mathematical equation not an economic law
The question of methodology arises when we consider using the formula in the valuation and funding of a pension scheme. We cannot assume that it describes the relation
between the market value of a capital asset that is traded in the market place and the
receipts of investment returns in respect of that asset.This applies to all kinds of traded
assets, including equities, bonds, real estate. The market price of any asset is determined by the forces of supply and demand in the market where it is traded and not
by a mathematical formula, although obviously that formula has a role in informing
agents to a greater or lesser extent. It is therefore primarily a matter of economics,
4

Suitably redefining D for economy of notation.
We can generalise this further for greater realism by allowing the discount rate to vary (as for example
in the USS 2020 valuation assumptions). For my present purpose this level of complication is not necessary
and can easily be handled, and adds nothing to the present methodological discussion. I have also ignored
the pension contributions for convenience since my focus is on the relation between asset values and funding.
They should obviously be included in any real analysis of funding.
5
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an empirical, descriptive science of human behaviour, rather than mathematics.6 Economics recognises that real world markets are driven by many factors, among them the
DCF formula, but much more besides. There are many instances of economic variables
that are theoretically linked by a mathematical identity. Some examples are briefly
discussed in Appendix 2.
When valuing the assets of a pension scheme (in the current year 0 ) recognising
economic reality therefore dictates that there are two approaches: the market prices
or the discounted present value of the expected investment income using formula (4).
The liabilities figure, on the other hand, can only ever be defined as a present
value, using a formula analogous to (4) (having suitably redefined D(t) to refer to
contracted future benefit outgo). This liabilities figure can only be constructed as a
discounted present value because there is no market in traded liabilities that would
generate a price independently of the formula.
Thus the valuation methodology choice of either the mark-to-market method or
the traditional actuarial method, is not merely a matter of analytical convenience.
The valuation differs substantially between them. How large this difference is is an
empirical matter determined by the economics of asset markets versus the economics
underlying investment returns. These reflect completely different kinds of economic
behaviour. Asset markets are driven by a range of motivations and behaviour, not
only the rational optimisation assumed in textbook theory. Speculation, noise trading,
herding, irrational exuberance, demographic factors, market sentiment, etc, all drive
asset markets, and as a result asset prices are highly volatile. By contrast, investment earnings depend on a different set of factors. For example dividends paid by
a company to its shareholders will be influenced by factors relating to the success of
the company in the market places for the output it sells and the inputs it purchases,
how it is financed, its corporate governance, trade regulation, many others. Generally
investment portfolio earnings are much more stable than the market value of the assets
that comprise it, as will be shown below.
The sensible approach is, arguably, therefore, not to assume formula (4) to hold
as an identity, a strict economic law, that enables actuaries to ignore projected earnings/outgo and based their valuations only on the mark-to-market method. This is
especially so since it is actually not particularly difficult (for a trained actuary) to
do a valuation on projected earnings/outgo, assuming actuarial projections are made
in compliance with professional standards that guarantee independent best estimates
unaffected by commercial pressure from trustees and sponsors (as they sometimes are
in practice).
6

One of the founders of modern economics, Alfred Marshall defined the subject very broadly, beginning,
‘a study of man’s actions in the ordinary business of life ...’ It is important to remember this when some
commentators use the term to mean something narrower, a specific theory of a world of universally perfectly
competitive markets in everything, populated by hyper-rational actors, in possession of perfect information.
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4.3

Market valuation is incomplete as an indicator of funding

Moreover it is actually more natural to use the traditional actuarial method. That is
because the important question to which the trustees desire the answer above all is
funding. To pay the pensions “when they are due” requires a scheme to always have
sufficient income at the relevant time. A mark-to-market valuation does not answer
that question directly; in order to do so it needs, in addition, an explanation of how
the assets can produce the income needed, which will be different, for example, for an
open scheme with an long horizon and a mature scheme nearing the end of its life. The
implicit assumption that markets are perfect so it does not matter is not good enough.
It would make sense, therefore, if the aim is for the trustees to be in possession
of the best information about the state of the scheme, to conduct the valuation using
both the traditional actuarial methodology and the mark-to-market methodology, in
the spirit of economic pluralism. The law in the form of the statutory funding objective7 requires only the latter.

4.4

The choice of discount rate

For both asset valuation methodologies there is the important question of what discount rate should be used. The choice of discount rate is crucially important for the
mark-to-market method because that has a substantial effect on the liabilities, using
formula (4). It is less so for the traditional actuarial method.
Much of the debate centres on this choice. A lot of it is about the tension between
the accounting standards for company balance sheets and the pension valuation regulations. The accounting standards are prescriptive in determining that the discount
rate must be a risk-free rate on corporate bonds or gilts. If this is used for the pension
scheme valuation, the liabilities are independent of the investment strategy used by
the trustees. On the other hand, the pension scheme valuation regulations (ThePensionsRegulator (2014)) recognise that the ability to pay the pension benefits depends
on the investment strategy and only the trustees are able to have a well informed
view about that. Therefore, in the so called, scheme specific technical provisions, the
trustees must choose a suitably prudent discount rate, having regard to the expected
return on the scheme’s assets on the one hand, and the rate on low risk bonds on the
other.
The discount rate is less important to the projected income/outgo method. The
trustees can form a view about the health of the scheme and the likelihood of the
future income being able to pay future benefits by a direct comparison, from forecasts
of cash flows, without any reference to a discount rate. If the method is to be used to
7
In light of the argument of this paper that is surely a misnomer because it requires a bald comparison
of asset values with liabilities only and ignores the matter of how funding of pensions works. There is
presumably an unstated assumption that the scheme could be in run off. But that is not appropriate for
an open scheme with a long time horizon.
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find discounted present values of assets and liabilities the same discount rate would be
applied to both projected income and outgo .
A major issue with the mark-to-market method is that it leads to valuations that
are highly volatile. That is partly due to the fact that assets and liabilities are calculated by different methods. The deficit or surplus by this method is the difference
between two very large independent random variables: scheme investment assets valued at market prices and DCF liabilities. As is well known the variance of such a
difference between two independent random variables is the sum of the two variances.
The method therefore naturally exaggerates the volatility of a deficit or surplus. This
effect is greater the lower the discount rate used (hence the larger the liabilities). This
is a major factor in valuations carried out under current circumstances due to the extreme low bank rate set by the Bank of England and the high volatility of stock, bond
and real estate markets. If liabilities are valued using currently low bond rates, they
will be exaggeratedly high.

4.4.1

The contractual accrual rate

Every defined benefit pension scheme has, as an implicit property of its rules, a discount rate that balances out contributions and pensions. It depends on life expectancy
of members, contribution rates, inflation indexation, definition of benefits, and other
rules (dependants’ benefits, death in service benefits, etc). It is calculated as an internal rate of return. See Clacher & Keating (2020).
This is a natural choice for the discount rate and would greatly simplify the valuation if adopted. It seems puzzling why this is not more used (or even discussed) by
actuaries. It would seem to be an even simpler matter to compare the expected rate of
return from the investment portfolio with the Contractual Accrual Rate, as a means
of assessing the health of the scheme.

5

The limitations of financial economics

A belief that is central to the mark-to-market valuation methodology is that the price
of an asset is always a true reflection of the expected future earnings represented by
that asset and therefore a suitable basis for a judgement about funding. That is because market traders are believed to all be ‘rational’ in the sense of possessing perfect
foresight and having an infinite capacity for trading for their own benefit. Thus the
price of an asset is assumed to be the suitably discounted present value of a stream of
expected (given all the information available at the time) future earnings, otherwise
there would be unexploited arbitrage opportunities.
But this is no more than a theory and it needs empirical support before it can be
relied upon. So let us distinguish the market price of the asset, P (0), from its ‘rational’
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or ‘perfect foresight’ value, P ∗ (0), given by the formula:
P ∗ (0) = D(0) +

D(1)
D(3)
D(2)
+
+ ...
+
2
1 + r (1 + r)
(1 + r)3

(5)

where the D(t)s are expected earnings based on the information set at time 0.
The theory then assumes the equilibrium condition that
P (0) = P ∗ (0)

(6)

holds as an identity at all points in time and so asset prices incorporate all the
information about the expected future earnings of the asset. But it is really an equilibrium condition for a model not an observed fact. We should test it by examining
whether it holds in the data.
Traditionally pension schemes adopt an investment strategy aimed at returns in
the long term. Thus investment risk is a matter of the reliability of the D(t) terms
going into the distant future. An analysis of the funding security of a scheme is fundamentally a matter of understanding whether the forecast dividends are likely to be
enough to pay the pension promises as they fall due. So actuarial valuations of assets
by whichever methodology are all really about future income. The risk in the valuation is due primarily to volatility of earnings from year to year, as well as forecast error.
In reality equation (6) is an equilibrium condition not an identity. It only holds
if the market for investment assets behaves according to the precepts of the efficient
markets hypothesis. Therefore using asset prices in the market to stand for the present
value of expected future earnings amounts to a strong assumption that asset prices are
a perfect reflection of expected future earnings.
On the belief that the market is efficient, equation (6) holds by the force of an
invisible hand. But that is assuming a lot, and actually when empirical evidence is
considered, it becomes clear that it is wrong. But this is not a mere computation error
in the valuation, a technical detail. The assumption has the effect of exaggerating risk
because we know that asset prices are much more volatile than equation (6) leads us
to believe, because P (0) is a market price driven by other factors.

5.1 Empirical evidence: excess volatility in asset markets refutes efficient markets theory
The hypothesis of market efficiency has been studied by numerous scholars, most notably by Robert Shiller and his co-authors since the 1970’s and there is a large volume
of empirical work. See for example and especially, Shiller (1981, 1979) and his more
recent book, Shiller (2015).8
8

See also the important theoretical paper published about the same time, Grossman & Stiglitz (1980),
which argues that an informationally efficient market is actually an impossibility.
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Figure 1 shows the relation between the two sides of condition (6), for the Standard and Poors index of stock prices to 2013, taken from Robert Shiller’s Nobel Prize
lecture.9 It is a clear refutation of the efficient markets hypothesis.10
The theoretical model says that the two graphs should be pretty much the same.
Prices should be the expected discounted present value of future earnings, with expectations based on all publicly available data at the time. Yet they are strikingly
different. The perfect foresight price graph is relatively smooth. It is smooth for two
reasons, first, because it is constructed using the present value formula, like equation
(5), a type of moving average of a long series comprising all future dividend payments,
suitably discounted. Second, the future dividend payments themselves tend to have
followed the growth of the economy and have not varied dramatically around a trend.
But on the other hand, market prices are very volatile. This is a massive difference
and quite significant.
The efficient markets theory says that market prices ought to be less volatile than
the perfect foresight value. As Shiller puts it, “Assuming that stock prices are supposed
to be an optimal predictor of the dividend present value, then they should not jump
around erratically if the true fundamental value is growing along a smooth trend. Only
if the public could predict the future perfectly should the price be as volatile as the
present value, and in that case it should match up perfectly with the present value. If
the public cannot predict well, then the forecast should move around a lot less than
the present value. But that is not what we see in Figure 11.2 [Figure 1].”(Irrational
Exuberance, Shiller (2015), p. 211)
The graph shows that instead of actual stock prices (P ) being less volatile than
the perfect foresight prices (P ∗),11 as the efficient markets theory states, in fact, they
are more volatile, and considerably so. This is a striking finding, not only because the
direction of the difference is opposite to the prediction of theory, but also because it is
such a large effect.
In a later analysis of the same data, Campbell and Shiller estimated that only 27%
of the annual return volatility of the U.S. stock market might be justified in terms
of genuine information about future dividends.12 Later Campbell and Ammer, using
similar methodology and a different, more recent data set, found that only 15% of the
variability in monthly returns in the U.S. stock market could be attributed to genuine
information about future dividends.13 .
It would be hard to imagine there being stronger evidence against the efficient markets hypothesis than this. Yet, although Shillers findings were originally published as
9
Reprinted in Shiller (2015) This is a revised version of the graph in his seminal paper, “Do Stock Prices
Move Too Much to be Justified by Subsequent Movements in Dividends”, Shiller (1981)
10
See also Haugen (1999a,b) for more evidence.
11
These correspond to P (0) and P ∗ (0) in (6).
12
Campbell & Shiller (1988), cited in Shiller, Irrational Exuberance.
13
Campbell & Ammer (1993).
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Figure 1: Perfect foresight stock prices (P* ) versus actual market prices (P )(from Shiller
(2015) p. 210)
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long ago as 1981, and moreover prominently so, in the most prestigious and widely
read academic economics journal in the world, the American Economic Review, it did
not have that effect at least not as far as financial economists are concerned. Moreover,
if policy makers have also ignored such strong evidence and gone ahead with designing
regulations based on a theory unsupported by evidence, that is ethically questionable.
The evidence leads us to conclude that there is only a very weak relation between
the value of assets at market prices and future earnings, and moreover that asset prices
are a very noisy indicator of the investment income that is likely to be available to pay
pensions. This is particularly important for the metric by which prudence is addressed.
We are therefore led to conclude that the use of asset prices in a balance sheet,
mark-to-market approach to valuation introduces a degree of risk that would not be
present if investment earnings could be used. Trustees should therefore look at the
valuation of the scheme using projected income/outgo and would find such valuations
to be much more stable and less likely to be in deficit.
This projected income/outgo approach should be used for the valuation of the assets as well as the liabilities with, of course, the same discount rate. It does not,
under current circumstances, replace the need to satisfy the regulatory requirement for
the statutory funding objective. But as an additional procedure it would provide better information for trustees on which to base their judgements, on which to take a view.

5.2

Financial economics and economic theory

Financial economics is an extreme manifestation of neoclassical economics, a rigorous focus on individualistic rational choice theory with an overarching unquestioned
assumption that markets are always and everywhere perfect and complete. An important component of it is the mechanistic application of probability models of risk and
return and an unquestioned assumption that all randomness is Gaussian.
Financial economics models behaviour of economic agents as making a choice among
different assets with different combinations of only two parameters, expected return
and risk. This is a difference from neoclassical economics which does not restrict the
dimensionality of the choice space in this way. It is very restrictive in characterising
the returns to investing in an asset as being always separable into mean and standard
deviation of a probability distribution. This fits neatly with Gaussian probability distributions which have only two parameters and are analytically tractable. These two
parameters are fixed attributes of each asset regardless of the state of the rest of the
economy. Moreover there is also an assumption that the returns of different assets are
correlated with invariant covariances. There is also an untested and unshakeable belief
that equities are invariably more risky than bonds. This assumption however has not
gone completely unchallenged: see for example Baker & Haugen (2012).
The models of financial economics and the efficient market hypothesis have received
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much criticism in the literature over the years, more so since the 2008 crash. For example the monograph by Thompson et al. (2009) gives a serious critique, also Haugen
(1999a), Smith (2010), Triana (2009). The Gaussian model of probability distributions
is an empirically unrealistic assumption for financial assets. Its limitations are well explained in Haldane & Nelson (2012). There is also the considerable body of significant
work by the mathematician Benoit Mandelbrot demonstrating in a series of papers,
notably Mandelbrot (1997), that it is a very poor model for asset prices. His book
with Hudson (Mandelbrot & Hudson (2010)) is an excellent account that ought to convince anybody of the inappropriateness of the Gaussian model for financial analysis. It
has not made the impact it deserves. The reason is that assuming investment returns
follow a Gaussian distribution leads to simple, tractable models, while the critique is
essentially to point out that, actually, the real world is not that simple.
As regards the relation of financial economics with economic theory more generally,
it should be noted that a lot of work is being done by economists on reappraising
economic theory in light of its failure in the financial crisis. See for example Colander
et al. (2009), Kirman (2012). Yet this reappraisal movement has had little impact on
financial economics. Or rather the work that has been published has had little impact
on financial economists or the actuarial profession. A recent study that addresses the
last point is the important report by Iain Clacher arising out of a survey conducted for
the Institute of Actuaries, Clacher (2019).
In the world of pensions actuaries there seems to have been little serious criticism
of the flawed paper by Exley, Mehta and Smith ( Exley et al. (1997)) that many still
regard as seminal. There is a need for a comprehensive critique of it to build on the
important critique by Simon Carne (Carne (2004)).

6

The cost of prudence

Mark-to-market valuations have an artificial bias towards schemes showing deficits because of the excess volatility described above. It is not because of low expected returns.
It is because of the way valuations deal with risk. The regulators’ strong risk aversion
and a concern only with losses means that volatility plays a central role.
The volatility of the market prices of investment assets is much greater than that
of their expected earnings would suggest. Thus it matters a lot which methodology
is used. The excess volatility of the mark-to-market valuation methodology, means
trustees having to make a larger allowance for risk, resulting in bigger deficits. This
raises member and employer contributions, and weakens the employer covenant.
We know that the two sides of (6) are not equal in general. Even if the mathematical expectations of P and P ∗14 are equal, as might reasonably be assumed to be the
14

That is P (0) and P ∗ (0). It is convenient to drop the time domain from the notation.
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case from Figure (1), their variances are still substantially different.
To see this, suppose that the liabilities are a constant, L, the market value of assets
is P , the traditional actuarial value of assets is P ∗ , and that the expectations of P
and P ∗ are equal. Then in general a given level of prudence is achieved by adding
an amount to the assets so that the probability of shortfall is a given small number.
Let this cost of prudence in the two cases be amounts A and A∗ respectively. Assume
that the probability of the assets’ valuation falling short is some suitably small number
associated with the trustees’ idea of prudence, something like, say 5%.
Then we can write, for this probability:
P rob[P + A < L] = P rob[P ∗ + A∗ < L]

(7)

Then it follows, from the fact that the variance of P is greater than that of P ∗ ,
that A > A∗ .
This is a simplified case where the liabilities are constant and the contributions are
being ignored. However it makes the point that relying on mark-to-market valuation
rather than the funding methodology increases the cost of ensuring a given level of
prudence.
The size of this increase in the cost of prudence is actually proportional to the ratio
of the volatilities, at least in the special case where P and P ∗ are normally distributed
and have the same expectation µ. Let their respective volatilities, measured by standard deviations, be σ and σ ∗ , and let σ = λσ ∗ , say. A typical approximate value for
the ratio of the volatilities, λ, might be taken to be something over 4, from the evidence
of Campbell and Shiller referenced above.
Then equating Z-values for (7) for the chosen prudence probability,
Z=

L−A−µ
λσ

=

L−A∗ −µ
,
σ

hence A = λA∗ .
Therefore we conclude that if a mark-to-market valuation is being used, that in itself leads to a large increase in the cost of ensuring the same level of prudence, relative
to the use of a valuation based on the traditional actuarial funding methodology, simply as a consequence of the excess volatility in the risk metric.The size of the effect on
the cost of prudence is quite large and roughly proportional to the ratio of volatilities
of asset prices in the market versus the predictions of theory on the basis of projections
of investment earnings.
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7

The Universities Superannuation Scheme

We can examine the importance of the issue of valuation methodology in practice by
looking at the UK’s largest private pension scheme, the USS.
The annual Reports and Accounts each year show income and outgo in a table titled ‘Fund Account for the year 31 March’. An example is shown in Figure 2. It shows
income receivable from Contributions, Benefits payable and Returns on investments.
What is striking about the table is that it conflates two different types of payments
which should be treated separately. It should really be read as two tables since the
contributions and benefits figures are actual payments made whereas the investment
returns include both realised and unrealised items: ‘Investment income’, which is realised, and ‘Change in market value of investments’, a mixture of both real payments
and unrealised value change. This is the usual way that accountants report the total
return on investments but from the point of view of pension funding the distinction
matters.
The table also reports investment management expenses and administrative expenses.
The figures from all the reports for the twenty years 2001 to 2020 are presented in
Table 115 and shown graphically in Figure 3. The ‘Net change in value of investments’
is the change in the aggregate value of investment portfolio over the year.
The ‘Returns on investments’ number in Figure 2 does not make a distinction between real returns in the form of income received, such as dividends, interest, rent and
sales or purchases of assets, on the one hand, and those that are only notional, consisting of uncrystallised capital gains or losses due to asset price changes. This distinction
is very important to funding methodology and to understanding why the stochastic
modelling approach to risk - and valuation analysis in general - used by the USS to
the exclusion of all else - is problematic.16
The graphs in Figure 3 show the annual investment income from the portfolio and
the net change in the value of the investment portfolio. The investment income is a
cash flow while the change in the value of investments is a valuation, reflecting both
changes in asset prices and real purchases and sales of investment assets.
The huge difference in volatility is striking - suggesting that the choice of valua15

I have also included in Table 1 the benefit outgo and contribution income, in order to give a sense of
perspective.
16
There is therefore a question mark over how to interpret the figures reported for the ‘Changes in value
of investments’ in that they combine a purely notional value and the real value of asset purchases less sales.
I investigated this question by comparing these two time series and found that the effect of changes in
market values of assets was very much dominant. I have therefore treated this item as a nominal change in
the value of the investment portfolio rather than income/outgo. See Appendix 1.
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Figure 2: Fund account from the Annual Report for 2018: note the very large and volatile
figure for ‘Change in market value of net investments’

Year

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
mean
st dev
coeff var

Investment
income
£M
522.4
478.9
555.1
557.0
587.6
686.9
814.1
952.9
866.1
767.8
749.6
832.8
1,045.8
1,017.2
1,131.0
1,173.0
1,509.0
1,432.0
1,716.0
1,663.0
952.9
371.8
0.39

Net change in value
of investments
£M
-2,073.4
-129.4
-4343.5
3,983.2
2,273.3
6,562.7
2,038.5
-1,254.3
-7,406.2
8,506.8
2,550.7
1,440.0
4,723.7
3,082.7
7,564.5
798.6
10,227.0
3,939.0
3,999.0
-772.0
2,285.6
4,187.5
1.83

Contribution
income
£M
691.9
755.7
816.2
844.0
1,046.0
1,013.8
1,113.6
1,242.9
1,356.5
1,518.9
1,553.7
1,589.1
1,643.8
1,786.9
1,831.0
1,926.0
2,114.0
2,210.0
2,295.0
2,725.0
1,503.7
556.9
0.37

Benefits
paid
£M
571.7
672.0
695.7
737.7
809.1
839.6
953.8
1,040.9
1,119.5
1,293.9
1,396.2
1,460.5
1,462.0
1,588.7
1,732.0
1,898.0
1,830.0
1,959.0
2,061.0
2,112.0
1,311.7
495.9
0.38

Table 1: USS investment income and changes in market value of investments*
*Unadjusted for inflation. Investment income includes: dividends from UK equities, net property income, income from pooled investment vehicles, dividends
from overseas equities, income from UK fixed interest securities, income from
overseas fixed interest securities, interest on cash deposits, interest from money
purchase AVCs. Change in the value of investments is the change in market
value of the investments over the year, comprising both realised gains/losses on
purchases/sales and unrealised gains/losses due to market price changes on investments held at the year end. The assets include pooled investment vehicles,
derivatives, property, money purchase AVC investments, cash deposits.
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tion or funding methodology could be vital to the perception and treatment of risk.
The ‘Investment income’ (dividends, interest, rents, etc) is a relatively smooth time
series, its fluctuations reflecting the year to year variation in the real economy as far
as investment returns are concerned. On the other hand, the ‘Net change in value of
investments’ is extremely volatile. For example the financial crisis in 2008 resulted in
a large fall of 7.4 billion in 2009 followed by a bounce back the following year of 8.5
billion, representing a 25.5 % fall followed by a 29.3% increase, relative to assets at end
2008.
Meanwhile investment earnings were much more stable, at 866.1 million and 767.8
million respectively representing two year falls of 10%; this was followed by a gradual
recovery by 2013. We can compare their volatility using the coefficient of variation,
the standard deviation normalised by the mean. The coefficient of variation for ‘Investment income’ is 0.39, while that for ‘Net changes in value of investments’ is 1.83,
greater by a factor of 4.7 times.17
While not strictly directly comparable with Figure 118 , the graphs in Figure 3 tell
a similar story: the value of the assets in the scheme’s investment portfolio are very
considerably more volatile than the investment income those assets bring in. The difference in volatility is so great that it is very difficult to present the two time series on
the same graph. 19
These graphs lead to the conclusion that a valuation based on the investment income, as by the traditional actuarial method, will be very different. It will be much
less volatile, hence there will be much less risk, and it will lead to a different valuation
from the USS trustee’s preferred mark-to-market method. It is dominated by asset
market price changes, whether realised or not, but mostly notional, rather than real
income changes. Yet the USS approach to risk uses stochastic modelling that tracks
excessively volatile market prices rather than real investment returns. It therefore exaggerates market risk and bakes it into the whole valuation.
The cost of a given degree of prudence for an open scheme with a strong employer
covenant, which has occupied so much time of stakeholders, is greatly overestimated.
This scale of the overestimate is in proportion to the excess volatility of asset market
prices compared to future investment income.Therein lies the source of a large part of
the risk that bedevils the valuation.
Ever since the UCU criticised the ‘flawed methodology’ of the 2011 valuation, there
17
This analysis ignores relevant factors such as inflation and economic growth, but nevertheless makes
the point about excess volatility. Looking at the changes in asset values alone, that is ignoring the other
components of change in the asset portfolio, mainly asset purchases and sales, the coefficient of variation is
3.01, suggesting that asset market price variation is even more volatile.
18
It shows income and changes in market values of investments not the value of the portfolio.
19
There are obviously many factors such as inflation, economic growth, changes to the scheme, demographics, and so on, that will affect these numbers. However the result stands out clearly without needing
to make adjustments for them.
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Figure 3: USS investment income and change in value of portfolio investments, 2001-2020
(Data source: USS Annual Reports and Accounts for all years 2001-20, Fund Accounts and
Notes to the Financial Statements: see Note 9, for years until 2015, Note 10 thereafter.)
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has been much talk about methodology by all concerned, to the point where the word
has lost much of its original force. The original sense used by the UCU was to mean the
approach by which the funding adequacy of the scheme was assessed, whether this was
a comparison of asset values with liabilities or projected income versus benefit outlay.
Following JEP2 the USS set up a ‘valuation methodology discussion forum’ that has
held many technical meetings. However it has focussed almost entirely on the mark-tomarket methodology and dealt with risk by stochastic simulations of the evolution of
total investment returns.20 Total investment returns conflate capital gains/losses due
to changes in asset prices with investment income in the manner of financial economics.
They are excessively volatile because the former are very considerably larger than the
latter and dominate. Yet from the point of view of the scheme remaining open indefinitely it is really the latter which count; asset price volatility is of little significance.
In other words the VMDF seems to have largely ignored the crucial issue surrounding
the funding methodology. There needs to be an analysis using the traditional actuarial
methodology that does not treat risk as originating in asset market price volatility but
the lesser volatility of investment income. This should be done as a matter of urgency.
Figure 4 is indicative of the health of the scheme. It shows the income and outgo
over the past twenty years. It is suggestive that a valuation conducted using the
traditional actuarial approach that emphasises funding would be a significantly improvement.

20
Some of the economic scenarios assumed by the VMDF reveal some worryingly simplistic economic
ideas. For example one of them is a regime of high taxation/ high government spending and low growth
ignoring the economic evidence that such a policy is more likely to lead to high growth. Neoliberal economics
is presented as fact.
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Figure 4: USS Income received and Benefits paid 2001-2020 (Data source: USS Annual
Reports and Accounts 2001-20, Fund Accounts and Notes to the Financial Statements: see
Note 9, for years until 2015, Note 10 thereafter.)
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8

Conclusion

John Kay (Kay (2014)) warns us that there is no such thing as a single ‘economic approach’ to all problems. Unfortunately, the architecture of pension scheme regulation
is designed around just that logic.
Regulation of defined benefit pensions has to be about funding, that is budgeting
for, the payments of pensions on time. Trustees and regulators must be able to show
that there is a reasonable expectation that there will always be enough money and to
make adjustments to investment strategy, contributions and benefits as needed. Therefore the ultimate focus has to be on cash flow in terms of investment income versus
benefit outgo every year into the distant future.
Actuaries used to use a funding based methodology that I am advocating. Unfortunately the present regulatory regime focuses instead on market valuation at a point
in time. But valuation is not the same as funding. The regulator requires trustees to
address the question: do the investment assets, valued at today’s market prices, exceed the liabilities figure, calculated using a mathematical DCF formula and a prudent
discount rate?
But to use this mark-to-market valuation methodology as the sole basis for a judgement about funding is questionable. It is a roundabout procedure, whose validity only
derives from misuse of financial mathematics and questionable theorems from financial economics. It does not really answer the funding question except in the case of a
scheme likely to be facing immediate wind-up. For an open scheme it can be highly
misleading because, on the one hand, there is a very poor relation between projected
investment earnings and asset values, and, on the other hand, there is considerable
uncertainty about the discount rate to use in calculating the liabilities as a discounted
present value. The mark-to-market valuation methodology does not use full information because it ignores completely the projected investment income needed to pay the
projected pensions, the logic being that prices reflect the market’s view of income with
a given information set. It uses forecast investment rates of return only to inform the
choice of discount rate.
A deficit or surplus coming from a valuation is the difference between assets and
liabilities. It is unreliable for a number of reasons. First, it is very imprecise because it
is the difference between two large, essentially independent random numbers; second,
it is volatile because asset market prices are volatile; third, it is volatile because the
liabilities calculation is very sensitive to small changes in discount rates, especially
when interest rates are as low as they are now. This in itself does not mean that the
valuation methodology is biased.
What makes the valuation methodology not only noisily inaccurate but substantially biased as well is in its implications for the application of prudence when assets
are valued at market prices rather than the traditional actuarial method. The trustees
are under a legal obligation to apply the principle of prudence when taking a view
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about the probability their investment strategy will succeed in funding the pension
promises. So there is a need to look at the variance as well as the best estimate of
the expectation. I have shown that the excess volatility of mark-to-market valuations
increases the cost of achieving a given level of prudence substantially.
University Superannuation Scheme
There has been a lot of discussion of valuation and funding methodology among
the stakeholders, executive and managers of the USS. But the meaning of the word has
become devalued somewhat. It has lost some of its original sense when the issue was
first raised in connection with the deficit in the 2011 valuation and repeated subsequently. It is now used in a rather general sense particularly by the USS management
and trustees. However there is a need for the Valuation Methodology Discussion Forum
to focus on the original sense used in this paper.
If the USS is valued according to what I have called traditional actuarial methodology based on projected investment income rather than market-valued assets it is likely
that the scheme deficit will be a lot less, if it exists at all. This is because the risk
metrics of the two methodologies are very different. The mark-to-market valuation
methodology links risk to excessively volatile market prices resulting in a much greater
cost of prudence. The traditional actuarial methodology, on the other hand, sees risk
in terms of the likelihood that the flow of investment income will fall short, a much
smaller cost of prudence because investment income is not subject to asset price volatility.
The focus of the VMDF seemingly exclusively on stochastic modelling using computer simulations of market prices, and the financial economics perspective and tools,
is missing the point of why it was set up. It is not dealing with the fundamental issue
which is that ultimately it is funding that matters and that valuation matters only
to the extent it contributes to that end, which differs between open or immature and
closed or mature schemes.
Looking at the health and valuation of the USS in terms of projected income and outgo
would provide more information for the trustees and therefore improve their decision
making. I suspect that the fact they have resisted doing this despite repeated requests,
and despite it being fairly easy to do, as First Actuarial have indicated when they have
done indicative projections at the request of the UCU, suggests to me that there may
not be a deficit on anything like the scale they are claiming.
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Appendix 1: USS Investment returns and change in
value of portfolio investments
The Returns on Investments includes a large item ‘Change in market value of net investments’ which combines the effect of changes in market prices of assets, equities,
bonds, etc, which are notional, and realised changes due to asset sales and purchases.
It is important to separate the two items, since the former is not part of income for the
purposes of funding the scheme as an open scheme, while the latter is. Here the two
are separated using the reconciliation figures from the notes to the financial statements
(variously notes 9 or 10).
It is obvious that the change in market value of investments is dominated by the
effect of changes to market values and that the net purchases/sales is of minor importance relatively.

Figure 5: USS investment income and change in value of portfolio investments, 2001-2020
(Data source: USS Annual Reports and Accounts 2001-20, Fund Accounts and Notes to
the Financial Statements: see Note 9, for years until 2015, Note 10 thereafter.)
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Appendix 2: Some mathematical identities that do
not hold in the real economy
1.World aggregate exports equals world aggregate imports
The sum total of all exports of all countries are mathematically equal to the sum of
all imports by all countries. But once we try and apply this truism to lived reality, it
ceases to be true for measured exports and imports. In fact the aggregate exports exceed aggregate imports. This creates the illusion that the world has a sizeable balance
of trade surplus: the IMF estimates it at over $2 trillion, in other words around the
size of the UK economy. This is a measurement issue purely. Analysts do not rely on
the identity but collect data on both exports and imports separately in empirical work.

2.The quantity equation and the quantity theory of money
The quantity equation is an identity linking the price level, money supply, velocity of
money circulation and real GDP: written M V = P Y where is the stock of money, P
the price level, V the velocity of circulation of money, Y real (constant price) GDP.
This equation has exerted a powerful influence on politicians and some economists.
It is the origin of the policy of monetarism. The belief that prices are proportional to
the money supply. All government should do is to control M and that will keep down
inflation. It was adopted as the policy of Thatcher in the eighties on the advice of
swivel-eyed people like Keith Joseph, Enoch Powell, Milton Friedman, etc.
Trouble is it is a mathematical identity but it does not hold as a causal law. Most
importantly the money supply is not fixed and under the control of government. Monetarism was abandoned as government policy in the late eighties. But there is still
widespread belief in it, notably as a reply to modern monetary theory. We are told
that quantitative easing, by the Bank of England buying up gilts with newly created
money, will result in inflation, despite the fact it has been doing it for ten years and it
has not happened.
This is much more serious than a measurement problem. Belief in this mathematical identity has done much damage. It is a sort of economic superstition.

3.GDP: the equivalence of the three definitions
The three ways of defining gross domestic product are fundamentally methodologically
different but theoretically identical. GDP of a country can be defined as (i) the total
value added produced by all firms and the public sector in a given time period, (ii)
the total income received by factors of production (wages, profits, rent, interest), (iii)
total expenditure by all economic units (consumption, capital formation, government
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spending on goods and services, exports net of imports).
The economics of GDP requires analysis of three different types of markets (production, factors of production, goods and services) but they are mathematically and
theoretically identical. In practice however they differ. Economists do not rely on the
mathematical identity when doing empirical work but use measures of all three that
are gathered by the ONS.
This is another measurement/ statistical issue since theoretically they ought not to
move appreciably in different directions.

4. The Law of One Price
The universal operation of market forces of supply and demand, will smooth out variations in price internationally. The same good should trade at the same price after
allowing for exchange rates, transaction costs, and so on. There is considerable evidence
against the law of one price, even including financial markets. A good illustration is
The Economist magazine’s Big Mac index, comparing the price of burgers in different
countries.
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