Briefing Paper

Forecasting uncertainty;
How accurate can we pe

R. J. CORKER
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This Briefing Paper is the second in our series
papers concerning aspects of forecasting al
building. In last October’s Economic Out
discussed the structure of econometric models a
they are used, in conjunction with our judgement
produce macroeconomic forecasts. It was stressed
paper that the equations we use in our economic
cannot describe economic behaviour precisely. Thes
unpredictable, random elements, which affect act
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equations and the model more closely
ways of quantifying the uncertainty
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attempiing to answer the question, ""How accu
be?"'. The related question *'How accurate have w ;
will form the basis of the third article, 1o be published in
June. The paper is divided into three parts. Fart I is
mainly expositional; Part Il describes our methodoiogy
and Part 111 presents the empirical resiilis.

I SOURCES OF FORECAST ERROR

Before we discuss how we might quantify forecast
uncertainty, it is instructive to catalogue the sources of
error in a macroeconomic forecast produced by a large-
scale computer model. (A brief summary of the key
features of econometric models as described in the
October 1982 Briefing Paper can be found opposite.
The reader who is familiar with the operation of
economic models should turn to Part I, where we
discuss our methodology or to Part 1II where we
present our empirical results.)

In considering the possible sources of errors in our
forecasts it is convenient to distinguish between model
and non-model errors.

Model errors

Model-generated forecast errors derive from two
sources; equation misspecification and the stochastic
nature of the model. Taking the first of these, errors in
specification relate to our having an incorrect modei. In
other words our equations are an incorrect description
of economic behaviour. For example, we may include
explanatory variables which are irrelevant or exclude
variables which have an important influence on the
economic activity in question. We may have the right
variables but expressed in the wrong form. Also we may
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serious kind since it is not possible to quantify their
likely magnitude in advance. For this reason statements
about forecast uncertainty are conditional on the
absence of specification error. Stochastic errors arise
because the equations in our model cannot be exact
descriptions of economic activity and are necessarily
simplifications of what we know to be more compiex
processes. We know that our equations do not precisely
fit past observations and we do not expect them to
predict outcomes precisely in the future. But any state-
ment about the magnitude of the errors is based on the
assumption that the equation is an unbiased represent-
ation of reality.

We can illustrate these sources of model error by
referring again to the equation for consumption of non-
durables which we described in the previous Briefi
Paper. (See below). The equation will almost certai
be misspecified. For example, there is no mention of t
personal sector’s wealth, or the level of unemploym
although both probably affect consumers’ beha
Also we have only one measure of income
consumption will depend on how income is dist -
between different groups of people. The term ¢
records our recognition that this is a stochas
equation, QOur statistical techniques provide an es
of the distribution (or pattern) of the stochastic errors.

Over the estimation period the average value of these
errors is zero but, as we described in the previous
Briefing Paper, we sometimes project non-zero error
terms, which we call “*constant adjustments”.* It shouid
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* For the present forecast, tables of constant adjustments can be found
on pages 81-4

The consumption sguation in the LBS modai

AlnCNDt =- 0.0045 - 0.470 AInCNDt_1 - 0.344 AInCND,

+ 0.208 AInYD/, + 0.161 A5InYD/,_5 - O.

- 0.201 AInPC, — 0.213 { AInPC,_4 — AInPC, )

- 0.166 AInPC,_3 +¢,

Key

CND = Non-durable consumption (1975 prices)
YD/ = Real disposable income

PC = Consumption price deflator

In = Natural logarithm of variable

subscript t = Time period {in quarter years)
A = difference of variable, e.g. AInCND, = inCND, — InCND,
4, two-period difference, e.g. &InYD/y = in¥YD/, — InYD/,
€ {random) error term
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For a description of this equation, see Economi




certainty. Statistical techniques generate the
value of these parameters but we cannot be certain,
il the equation is correctly specified, that these nu

are correct. Uncertainty about the values of p:
provides another possible source of model error.

]

Non-model errors

Non-model errors can occur even if the model is
correctly specified and is not subject to stochastic errors
in estimated equations. One important source is errors
in the published data. Largely this is a probiem of scaie.
The official statisticians collect vast numbers of returns
from firms, shops, banks etc., which they aggregate into
single observations. This process will involve consider-
able measurement error and it would be impossibie to
calculate exactly the true value of GDP, for exampie, for
a country as large as the UK (even if a sauisfaciory,
unambiguous definition could be agreed upon). By

are based on data that only approximate the true vaiues
of economic outturns.

A more serious problem, however, is that the data are
often revised by the official statisticians, particuiarly
when series are seasonally adjusted. Seasonai adjustment
is a process of smoothing raw data to remove an under-
lying or systematic seasonal pattern. For example the
level of unemployment is usually scasonaliy adjusted to
take account of such factors as the end of the school
year or holiday-related jobs. The techniques of seasonal
adjustment are frequently updated and so, perhaps as
long as 12-18 months after the first publication, official
estimates are revised. The consequence is that the fatest
data we have are largely provisional. Since our
equations are dynamic this means that these recent
values are used to predict future values for other vari-
ables. Hence there is a possibility that forecast errors are
made because we start with wrong historical values.

A second non-model error source is in our prediction
of the likely paths of exogenous variables. These, it wiil
be recalled, are not generated by the model but must be
predicted independently beforehand. In our model most
policy variables such as tax rates and the ievei of public
expenditure are forecast exogenously.

Errors in exogenous variable forecasts can be broken
down into two components in much the same way that
model forecast errors have in the previous section. In
one sense there is a stochastic component: government
spending, world interest rates elc., can oniy be forecast
to within a certain tolerance. It is possible, as we see
later, to allow for this source of error when evaiuating
overall forecast uncertainty.

A second component, which is usually unquantifiabie,
is the probability that our underlying assumptions break
down. To take an example, we know there will be a
general election in the near future. The outcome of this
clection will determine the course of the economy in the
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The advantage of this seemingly complicated measure
is that it has certain statistical properties that we can
to our advantage in the following way. If we can
the size of the standard error for each variable in

mathematical assumplions*, we can make probability
statements about the certainty of the forecast. In
particular if the assumptions we make about the quality
of our model and about government policy are correct
then there is only a one-in-twenty chance that the actual
outcome will lie outside a band +2 standard errors either
side of the central forecast. The forecast uncertainty can
therefore be quantified if we can in some way measure
future standard errors of variables.

~— 0y

1]

Stochastic simulations

[

Our aim in this paper is to quantify some elements of the
uncertainty and future errors of our forecasts. We shali
particularly concentrate on the errors that arise from the
stochastic nature of the behavioural equations and from
the uncertainty of our forecasts of exogenous variables.
Even though this is a limited exercise it is an extremely
complex one. Our model is highly interdependent.
Therefore errors in one part of the forecast will generate
errors in another part of the forecast. For example,
errors n forecasting real personal disposable income
(which is itself generated by several separate equations)
will cause errors in forecasting consumption even if the
equation for consumption is exactly correct. QOur
forecast for GDP depends on the interaction between a
large number of behavioural equations and exogenous
forecasts. It is virtually impossible to calculate the
standard error of the forecast of GDP or of the other
key variables in our forecast analytically. Instead we use
the technique of stochastic simulations.

Stochastic simulations are produced by programming
the computer to generate a large number of forecas
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Each forecast uses the estimated structure of the mo

but in each case where stochastic errors can occu
chooses random numbers according to the rules

tributions for the future.) In the equation for
durable consumption, for example, stochastic e
can arise in each of the coefficients on the right
side or through the residual term, €. There will al
an equation elsewhere in the model for the consu
price index which will in turn have its own stoch
elements — in particular a residual term and a de
dence on exogenousty determined tax rates, In the
we have observed, or at least can estimate, the size
standard error of all these sources. For example,
standard error of the residual of non-durable co
tion is 0.6 per cent of its average value in the p
that for consumer prices is 0.4 per cent. So the r
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* Namely stationarity, normality and linearity.



Interpretation of the standard error bands

We emphasise that the standard errors we present are
conditional measures of uncertainty. They ar
conditional on

€ economic status

W
O

a) A correctly specified model.

b) The policy assumptions which have been used.

¢) No fundamental change in the structure of the
economy.

©
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A way of extending the scope of the uncertainty
measures Lo overcome condition (b) would be io
produce an alternative forecast based on an alterna

set of assumptions about economic policy*. The forecas!
standard errors would then be recomputed for thi

second ‘scenario’. The alternative forecast would thu

have associated confidence bands. For the conditional

standard errors presented there is a 95 per cent chance

that the actual outcome will lie within +2 standard errors
i

[

of the central forecast. There is a 68 per cent probability

that the outcome will lie in a +1 standard error band.
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11l UNCERTAINTY AND THE CURRENT
FORECAST
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In Table | we present the results of the stochastic experi-
ments which quantify the uncertainty of the forecast
contained in this Economic Outlook. We concentrate on
just a few key variables, reporting annual totals or
averages for the next three years.

Considering all the variables together we observe
certain common features. The standard errors all
become larger the further into the future we are fore-
casting. Intuitively this is what we would expect. The
confidence we have in our 1983 forecast is higher than
that for 1984 and 1985. Increasing standard error bands
with time is not, however, a feature we would observe
for all variables indefinitely. A mathematical property
of our model ensures that for many variables the
forecast standard errors eventually settle down to
constants. By 1985 several variables have reached this
upper limit — the public sector borrowing requirement
being a notable exception. For example this limit would
appear to be about 1.5 percentage points for the growth
rate of GDP, slightly lower for consumption and about
3 per cent for fixed investment. As we have repeatedly
stressed, this interpretation is conditional on our having
the correct model and there being no fundamental shocks
to world events or domestic economic policy. If indeed
we do have the correct model and domestic and world
economic institutions do not change fundamentally in
character then there seems no reason why foreeast
uncertainty should increase simply with the passage of
time. It is because we do give increasing weight to the
possibility of political and structural change that sub-
jectively we are increasingly less confident about out-
turns the further into the future we look. Thus our
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* As we do in the section on the medium term (p.19).



probably be positive growth, there is a distinet
possibility that growth could be negative.

It is very important at this stage to emphasize that
not equally as likely that GDP will fall in 1983 as it w
rise. Conditional on the model and the information we
have at present the most likely outcome is what we hav
forecast. The further we move away from the mid-range
of the band shown in Chart | overleaf, the less likeiy
the outcome (see below).
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GROSS DOMESTIC PRODUCT
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The above chart reproduces on a larger scale the
forecast and standard error bands for Gross Domestic
Product shown in Chart 1. Data was available at the
time the forecast was completed, up to the third
quarter of 1982. Beyond this period, the chart forks
three ways. The central fine is our published forecast.
This is our best estimate of the future evolution of
GDP, i.e. the path we think GD\P is most likely to follow
if our underlying assumptions are correct. We regard
outcomes away from the central path as progressively
less likely, although still a possibility. The two broken
lines (+2 standard errors) mark a boundary outside
which we consider outcomes to be unlikely. There is
only a one-in-twenty chance that outcomes will lie in
these regions. Clearly the +2 standard error boundary
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capture mathematically and also tend to be more
volatile data series.

The next three variables in Table | are all price va
ables. The first of these, average annual consumer pri
inflation (Chart 2), has a steadily growing standard erro
over the next three years. Our expected outcome
consumer price inflation in 1983 is thus the centre o
range 4.2 per cent to 7.4 per cent. By 1985 the ran
3.3 per cent to 1.7 per cent which although larger
that for 1983 still seems narrow when one consider
erratic movements of pnces over the last decade.
narrowness of the range is, however, largely a
sequence of our ‘consistent policy’ assumptions. A
government committed to reflation or even a U-turn b‘-f
the current government could well force the actual ¢
come through the top of the forecasl range.
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the conunuauon of anti-inflation policy a!s-- apply to
this variable.

The third price variable reporled is the trade-
weighted exchange rate — the price of sterling. The
standard error, as a proportion of the forecast value,
is fairly large, (e.g. two standard errors in 1985 is i8
per cent of the expected value and implies a range
0.65 to 0.93). The exchange rate has proved
notoriously difficult to forecast in the past largely
because the speed of adjustment in exchange markets
can be extremely fast and is dependent on fairly
unpredictable speculative expectations. The ‘funda-
mental’ determinants of a long-run equilibrium
exchange rate may be reasonably certain, but large
sustained movements away from equilibrium are quite
common. Most forecasters would, therefore, view even
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the reported uncertainty band as uncomfortably
narrow. More than any other variable the exchange
rate depends on market perceptions of the govern-
ment’s policy stance, and the narrowness of our error
bands (as for prices and wages, but to a far greater
degree) is conditional on the policy assumptions.

The next variable on the table shows the precision
with which we can predict money supply gro
(Chart 3). It also gives some indication of the ease
with which the money supply can be controlied.
Target bands much tighter than the +2 standard error
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Budget.

The same is true for the forecast of the current
account of the balance of payments. Although the net
balance is forecast to be only a small number, small
changes in any of the components — exports, imports,
volume and prices — can cause large changes in the
outcome. This is reflected in the relatively large
standard errors.

The final variable in the table is UK unemployment
(Chart 5) which has a surprisingly low standard error
given the size of movements in the unemployment ra
over the last few years. Our reported bands say
our model predicts almost certainly no significa
change in unemployment from the 3 million level
the next three years.

It is clear from Charts 1-5 that the uncertainty we
attach to our current forecast is qualitatively very f i greate

Economic Outlook, Vol. 7, No. 5, February 1983,
pp. 33-41





