EVALUATION OF NORGES BANK 'S PROJECTIONS

by Anne Sofie Jore, economic adviser in the Economics Department, Norges Bank*

As a means to drawing up the most accurate projections possible for economic developments,
Norges Bank regularly evaluates its model-based forecasts. Analyses of forecast errors may
make an important contribution to improving projections. It is also desirable to compare
Norges Bank's projections with those of other institutions.

The strength of the cyclical upswing was clearly underestimated in the projections for the
period 1994-1996. Projections for employment growth were particularly low, also for the 1997
projections albeit to a lesser extent. On the other hand, forecasts for price and wage inflation
werefairly accurate. Theforecast errorswereto alarge extent ascribableto erroneous assump-
tions about economic policy, particularly growth in public demand. Petroleum investment was
also much higher than projected. If the model-based projectionsare corrected for these factors,
they arevery close to the outturn, particularly for price and wage inflation. Over the past year,
Norges Bank took stepsto improve the accuracy of the exogenous variables used in the projec-
tions. Among other things, the estimate for public spending growth is supplemented by Norges
Bank’s own assessment of local gover nment demand. Furthermore, data on oil-related activities
are collected from a larger number of sourcesthan earlier.

A preliminary analysisof forecast errorsfor 1998, based on figuresfrom the national accounts
figurespublished in February 1999, indicatesthat previous analyses of forecast errorsmay have
improved the projections. Forecast errorsseem to have been reduced in 1998 compared with the
two previous years.

A comparison with projections from Statistics Norway and the Ministry of Finance for the
period between 1994 and 1998 indicates that the degree of forecast errorsfrom the threeinsti-
tutions has been fairly similar. On average, however, projections from Statistics Norway and
Norges Bank have been more accurate than forecasts from the Ministry of Finance.

In this article, we focus on forecast errors stemming from erroneous estimates of economic
policy and inaccurate projections for other exogenous variables. A more thorough analysis
would also include a further disaggregation of errors stemming from the incorrect use of the
model and those errorsoccurring dueto model deficiencies. Such an analysiswill be undertaken
oncetherevision of the national accounts system that took placein the mid-1990s has been fully
incorporated in the model data.

Introduction Bank's Research Department, has been the principal

Pursuant to the Norges Bank Act, Norges Bank is
an executive and advisory body in the area of
monetary and foreign exchange policy. Analyses of
the macroeconomic situation, including forecasts
for economic developments in the Norwegian and
international economy, which are published in the
Bank's quarterly Inflation Report, are an important
basis for the formulation of monetary policy. In
addition, the analyses are used as a basis for advice
on the orientation of general economic policy.
Norges Bank aims to produce the best possible
projectionsfor the Norwegian economy. The macro-
economic model RIMINI, developed in Norges

tool for Norges Bank's analyses since 1994. RIMINI
is an econometric model with approximately 370
equations. About 70 of these equations are estimated
on the basis of historical data, while the remaining
equations are definitional relationships.

It must be possible to evaluate the outturn of
Norges Bank's projections if they are to be credible
over time. For this reason, Norges Bank has placed
considerable emphasis on transparency and the
availability of its forecast work, including adjust-
ments of previous errors. Projections are based on a
model that is publicly known, and the Bank's use of
the model is published. The purpose is to provide

*With thanks to my colleagues at Norges Bank for their useful comments.
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others with the basis for evaluating how we have
arrived at our projections. Systematic evaluation of
the use of the model places greater demands on the
Inflation Report and ensures that projections are not
actively used in an attempt to influence the market
in any way.

It is important that errors are revealed if projec-
tions are to improve and become more accurate.
This will lay the foundation for better exogenous
projections and for improving the model and the
way the model is used. We aso wish to compare
Norges Bank's projections with those of other insti-
tutionsin order to determine whether our projections
are at least on a par with those of other ingtitutions.

Analyses of Norges Bank's projections have been
published previoudy. In an article published in
Penger og Kreditt 1996/1 (Madsen 1996), Norges
Bank's projections for the years 1987-1994 are
compared with those of other ingtitutions. An article
published in Economic Buletin 1998/1 (Jore 1997)
provides an analysis of Norges Bank's projections
for the period 1994-1996 that focuses on the factors
behind forecast errors in 1996. The article aso
provides some summary measures of forecast errors
for the Ministry of Finance, Statistics Norway and
Norges Bank, showing that these institutions
projections were amost equaly accurate. The
article also shows that the strength of the cyclica
upswing was considerably underestimated by dl the
institutions.

The first section of this article briefly describes
the main sources of forecast error. Thisis followed
by an analysis of forecast errors in Norges Bank's
projections for 1997. The evaluation was carried out
using the same method employed in the evauation
of projections for 1996 (Jore 1997). Forecast errors
in the projections for 1998 are examined briefly on
the basis of preliminary nationa accounts figures
published in February this year. We will publish a
more thorough analysis of 1998 at a later date. The
last section of the article presents an overview of
projections for the entire period 1994-1998,
comparing projections from Norges Bank with those
of Statistics Norway and the Ministry of Finance.

Forecast errors

The macroeconomic model RIMINI has been the
most important tool for Norges Bank's projections
since 1994. In the model, important economic rela-
tionships are represented by quantified empirical
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relationships. The model aso takes account of the
simultaneity in the economy: the explanatory
varidbles in the individua equation are taken as
given, but by combining several equations account is
taken of the fact that the explanatory variablesin one
equation are determined in another. The model dso
ensures consistency in that demand equals supply in
the various market segments.

However, there are significant sources of
forecast errorsin an economic model. The model's
coefficients are quantified on the basis of historical
data. There are uncertainty intervals around each
coefficient, and the interaction between many
equations in a model increases the uncertainty
around each variable. Changes in the functioning
of the economy may not be captured by the quanti-
fication of coefficients. Finally, there are areas
where the model does not take sufficiently into
account important economic relationships.

These factors require the use of some degree of
discretion, particularly for the shortest projections.
Theinterpretation of current short-term statisticsis
an important basis for these discretionary evalua-
tions. In practice, the evaluations are taken into
account by adjusting the add factors in each
equation. Erroneous adjustments of add factors
therefore represent another important source of
forecast errors. However, correct adjustments
result in better forecasts.

In addition to forecast errors ascribable to
incorrect assumptions on exogenous variables and
model errors and deficiencies, projections may be
affected by inaccurate estimates of the previous
year's developments and a change in the base year
of the national accounts. For projections for 1997
and 1998, forecast errors are also ascribable to the
use of data from the old national accounts. Thisis
examined more throroughly by Jore (1997).

Owing to the main revision of the national
accounts, it is not possible to make an exhaustive
analysis of forecast errors due to the model and the
use of the model. Norges Bank's Research
Department is in the process of re-estimating the
model relationships, however, so that a more
complete analysis will be possible in due course.

In this article we will analyse the forecast errors
for 1997 in the same way the analysis was under-
taken in Economic Bulletin 1998/1. First, errors
stemming from incorrect economic policy assump-
tions are eliminated, followed by errors ascribable
to deviations of other exogenous variables from



actual developments. The errors remaining after
adjusting for incorrect forecasts of policy variables
and other exogenous variables are due to random
effects, incorrect model use or model deficiencies.
The projections are evaluated against the prelim-
inary national accounts published in September of
the following year. Revisions to the national
accounts figures are also made after this time, but
are usually minor. We will also briefly examine
forecast errors for 1998 against accounts published
in Statistics Norway’s Economic Survey at the
beginning of February 1999. These accounts
usually undergo substantial revisions which, to a
considerable extent, are based on projections for
thefourth quarter. An analysis of forecast errorsfor
1998 is therefore of a provisional nature.

Errorsin forecasts for 1997 and 1998

1997

In Economic Bulletin 1996/4, Norges Bank
projected continued strong but moderating growth.
We projected that growth in private and public
consumption, traditional exports and mainland
business fixed investment would be considerably
lower than in 1996, while fixed investment in the
petroleum sector would be substantialy higher
than the previous year. The lower growth in
demand would, according to the projections, be
accompanied by slower growth in mainland GDP
and traditional imports. Following very high
growth rates in employment in previous years,
Norges Bank projected that employment growth
would be reduced by haf compared with the
previous year. Pressures in the labour market were
increasing, and it was assumed that price and wage
inflation would be higher than in 1996.

Projections for key variables for 1997 are shown
in Table 1, along with peliminary national accounts
figures from Statistics Norway. As shown in the
table, mainland demand was more robust than
anticipated. The forecast for growth in private
consumption was fairly accurate, while projections
for public consumption and mainland business
fixed investment were underpredicted. Petroleum
investment was substantially higher than assumed.
Total export growth was approximately as
projected, but this was because the forecast errors
in the sub-groups, traditional exports and oil and

gas exports, offset each other

Table 1 Projections for 1997 made in December
1996, and actual figures for 1997. Percentage
growth from the previous year unless otherwise
indicated

Projection  Actual  Forecast errorl)
Mainland demand 3% 45 1
Private consumption 32 34 -
Public consumption 1 3.0 2
Fixed investment 5% 9.7 4v4
Petroleum investment2) 8 237 15%
Exports 6 5.8 -Va
QOil, gas and pipeline transport 62 23 -4y
Traditional goods 6% 8.0 1%
Imports 6Y2 12.3 5%
Traditional goods 5 8.6 3%
GDP 3% 34 -
Mainland GDP 3 3.7 %
Employment 1% 29 1
Annual wages A 4.6 -Va
Consumer prices 2V, 2.6 -
LFS unemployment 4 41

1) Percentage point difference between actual and projected value.
2) Excluding services related to oil and gas production.

Sources: Statistics Norway (Economic Survey 3/98) and Norges
Bank (Economic Bulletin 1996/4)

As a result of higher than expected demand,
growth in both imports and mainland GDP was
higher than implied by our projections. The higher
growth in production also resulted in higher
employment growth. Unemployment turned out as
projected because higher employment growth was
offset by higher growth in the supply of labour. An
important factor behind the fairly accurate projec-
tion for consumer price inflation and wage growth
isthat unemployment was in line with projections.
It is also clear that the main forecast errors, calcu-
lated as relative errors, related to variables that are
exogenously determined, ie public consumption
and petroleum investment.

The contribution of inaccurate exogenous
assumptions to forecast errrors is found by incorp-
orating actual growth rates for the variables deter-
mined exogenously. The first line in Table 2
repeats the forecast errors for some of the variables
in Table 1. The second line shows how large the
forecast errors are after incorporating correct
economic policy assumptions. In addition to public
expenditure, these include money market interest
rates and exchange rates. The projections for 1997
were based as usua on technica assumptions
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Table 2 Forecast errors. The effect of changes in assumptions. Positive figures denote underprediction.

Percentage points

Mainland Employment Wage growth  Consumer price Private Mainland
GDP growth inflation consumption business
fixed
investment
Aggregate error Y4 1% Va 0 0 44
Error after changesin policy assumptions 0 1 0 0 Va 1

and after incorporation of correct
estimates for al exogenous variables 0 1 0 -Va 0 %

Source: Norges Bank

regarding exchange rates and money market rates.
These entailed an average appreciation of 1 per
cent from 1996 to 1997. The appreciation turned
out to be somewhat lower, at 0.5 per cent. Interest
rates averaged 3.7 per cent in 1997, 0.6 percentage
point lower than the technical assumption.

If the economic policy assumptions for 1997 had
been correct, the estimates for that year would have
been more accurate. The forecast error for the
estimate of growth in fixed investment would have
been substantially reduced, primarily because the
exogenously determined variable public invest-
ment was higher than anticipated. On the other
hand, the estimate for private consumption would
have been a little too high. Employment growth
has increased by Y» percentage point in relation to
the estimates, since public employment growth is
now correctly projected. There is nevertheless still
a substantial error in the employment estimate,
whereas growth in mainland GDP is now correctly
estimated.

The forecast errors remain virtualy the same
when the actual figures for the other exogenous
variables are incorporated. The most important
variables now assumed to be correct are petroleum
investment and foreign price inflation. The
increased petroleum investment helps to bring
growth in mainland fixed investment closer to
actual figures, but estimated consumer price
inflation is now Y4 percentage point too low. The
reason for this is that price inflation among our
trading partners was lower in 1997 than assumed
when the estimates were made. The accuracy of
our estimate for consumer price inflation is due to
the fact that the erroneous assumptions about
externa price inflation were offset by other types
of error.

On baance, the forecast errors for 1997 were
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smaller than for 1996. When correct assumptions for
exogenous variables are incorporated, however, the
estimated growth in employment still remains
substantially underestimated. The remaining forecast
eror for growth in mainland fixed investment is
amost as large, but the relative error is small, asis
the forecast error for consumer price inflation.

The errors remaining after correct assumptions
about economic policy and the other exogenous
variables are incorporated are partly due to incorrect
estimates for 1996, a change in the congtant-price
year, the break in the national accounts, and aspects
of the model and its use. In future analyses of
forecast errors, we will also look at the latter two
causes of forecast errors, and the break in the
national accounts will no longer have an effect. The
analysis can then be more complete.

An evduation of Norges Bank's projections for
1996 revealed that overly high forecasts for product-
ivity growth, which is endogenous in the model,
explained a large proportion of the forecast errors
remaining after correct exogenous estimates had
been incorporated. Productivity growth was aso
appreciably overestimated in the estimates for 1997.
For a given GDP growth, this means that employ-
ment growth has been correspondingly underestim-
ated. In recent years there has been a tendency to
overestimate productivity growth and underestimate
employment growth. If thisis not attributable to the
assumptions concerning exogenous variables, the
cause must lie in factors relating to the underlying
data, the mode! relationships or our use of the model.
As described in Jore (1997), the main revision of the
national accounts has led to problems in making
model-based estimates. Forecast work for 1997 aso
had to be based on the old national accounts prepared
up to and including 1994. Corrections of the add
factorsin the model's rel ationships are therefore used



to reconstruct historica growth rates. This has
resulted in methodology problems with respect to
ariving at vaues for the corrected add factors.
Problems of this nature will affect the accuracy of the
projections.

1998

Table 3 shows preliminary forecast errors in the
estimates for 1998 presented in Economic Bulletin
1997/4. The estimates are compared here with the
preliminary national accounts for 1998, published in
February 1999. These are the first estimates for the
nationa accounts, and the figures may be subject to
major or minor revision.

From the preliminary figures, it appears that the
forecast for economic growth was dightly overestim-
ated in 1998, in contrast to previous years when
economic growth was consistently underpredicted.
Once again, factors exogenous to the model contrib-
uted to forecast errors — in particular, developments
relating to the petroleum sector. Fixed investment in
this sector again increased more strongly than
expected, while oil and gas exports were substan-
tidly weaker than expected. In addition, the dramatic
fdl inail prices, by asubstantially larger margin than
expected, resulted in a deficit on the current account
instead of the large surplus projected.

Table 3 Norges Bank's projections for 1998
presented in December 1997, and actual figures for
1998. Percentage increase on previous year unless
otherwise indicated

Projection Actua Forecast
errord)
Mainland demand 3% 29 Va
Private consumption 4 32 Y4
Public consumption 2 28 %
Fixed investment 2% 20 Rz
Petroleum investment2) 2 18.8 16%
Exports 7% 05 -1V
QOil, gas and pipelinetransport  13%» -3.2 -16%
Traditional goods 6 3.7 -2Y
Imports 4% 6.9 2V
Traditional goods 5 9.5 4v;
GDP 5 20 -3
Mainland GDP 3% 29 -Va
Employment 2 23 Va
Annua wages 5 6.3 -1
Consumer prices 2% 23 Vs
LFS unemployment, per cent 3% 32

DDifferencein percentage points between actual and estimated value.
2) Excluding services associated with oil and gas production.

Sources: Statistics Norway and Norges Bank

Overestimated growth in both private consump-
tion and mainland fixed investment was partly
offset by underestimated growth in public sector
expenditure, but growth in mainland demand was
still dlightly overestimated. Exports of traditional
goods were also overestimated. These errors were
offset by the overprediction of GDP and import
growth.

Employment growth was again underestimated,
but the forecast error was appreciably smaller than
in previous years. This can to some extent be
viewed in the light of the experience of previous
years. In the estimates for 1998, account was taken
of the fact that there has been fairly systematic
underestimation of employment growth and
overestimation of productivity growth in the past.

Despite the fact that wage growth was underestim-
ated and exchange rate movements were weaker
than the technical assumption, consumer price
inflation was overestimated. The main reason for
this is that imported price inflation was substan-
tially lower than anticipated, despite the weakening
of the exchange rate.

Evaluation of estimatesthrough the
whole cyclical upturn

Charts 1 to 8 show Norges Bank's projections for
some key macroeconomic aggregates for the
period 1994 to 1998, together with forecasts from
Statistics Norway, the Ministry of Finance, and
growth rates in preliminary national accounts
published in September of the following yeard.
The estimates are published in Economic Bulletin
(1993/4, 1994/4, 1995/4, 1996/4 and 1997/4),
Economic Survey (4/93, 4/94, 4/95, 4/96 and
4/97), the Final Budget Bill (1993, 1994, 1995,
1996) and the "Supplementary Proposition"
(1997).

The three ingtitutions have fairly similar projec-
tions for economic growth. Chart 1 shows that
growth in mainland demand has been clearly
underestimated throughout this cyclical upturn.
Not until 1998, when growth in demand slowed,
did the forecasts accurately predict growth in
demand. The picture for growth in traditiona

DNational accounts figures for 1998 were published in February
1999.
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Chart 1-8. Growth estimates from Satistics Norway (SN), the Ministry of Finance (MoF) and Norges Bank
(NB), compared with actual growth (Actual). Per cent. 1994 to 1998
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exports is more mixed, and there are both positive
and negative forecast errors in Chart 2. Petroleum
investment, which is determined exogenously,
provesto be very difficult to estimate (see Chart 3).
Although petroleum investment represents only a
modest share of total demand, the changes in
investment are so substantial from one year to the
next that it makes a substantial contribution to
changes in total demand.

Because growth in demand was underestimated,
production and import growth was aso underestim-
ated (see Charts 4 and 5). The forecast errors for
mainland GDP growth were reduced through the
period, while projected import growth remained
substantially lower than actual import growth.

Forecast errors for wage and price inflation are
consistently smaller than those for demand and
production (see Charts 6 and 7). This is partly
because growth in nominal variables normally
varies less than growth in real variables, but this
may also be due to the general accuracy of the
estimates for unemployment. Although there were
large forecast errors for employment growth in the
years 1995 to 1997 (see Chart 8), they were offset
by corresponding errors in estimated labour force
growth. The forecast errors for price inflation are
largest in 1996 and 1998. The errors in 1996 are
mainly due to the reduction of car taxes, while
errors in 1998 can be attributed to imported price
inflation being lower than expected, partly as a
result of the ripple effects of the Asian crisis.

Table 4 contains two different measures of
average forecast errors for selected variablesin the
period 1994 to 1998. The measures are cal culated
on the basis of the forecast errors shown in the
charts. These measures summarise the information
in Charts 1 to 8. MAE? provides an indication of
the average size of the actual forecast error, in

2)MAE (mean absolute error) is defined as:

@/

wherere y,, presents the actual growth rate, and the i/\n estimated
growth rate.

yn_yn

3) RRMSE (relative root mean squared error) is defined as

Jl/NZf_l((yn— yA,,)/yn)z

wherere y,, presents the actual growth rate and the y,, estimated
growth rate.

percentage points, over this period, while
RRMSE?) indicates the size of the relative forecast
error. The measures aso provide an indication of
which ingtitution provided the best projections
during the period. The table also includes sub-
components of domestic demand.

There are no mgjor differences in the forecast
errors of the three indtitutions in terms of the
average errors for these five years. The average
relative forecast error is decidedly largest for
public consumption and petroleum investment.
The next poorest forecasts were generally made for
growth in traditional imports and exports and
employment. The forecasts for the other variables
were better, but the average relative forecast errors
nevertheless range between 25 and 35 per cent.
Norges Bank's wage growth projections stand out
with arelative error of only 14 per cent.

Table 4 Mean absolute error (MAE) and relative
root mean squared error (RRMSE). 1994-1998

SN MoF NB

Mainland GDP MAE 11 11 0.9
RRMSE 0.32 0.33 0.27
Employment MAE 0.8 10 0.9
RRMSE 0.35 0.46 0.42
Exports of

traditional goods MAE 48 45 41

RRMSE 0.58 0.62 0.56

Imports of
traditional goods MAE 39 45 39
RRMSE 0.46 0.56 0.45
Mainland demand MAE 11 13 13
RRMSE 0.30 0.35 0.34
Private consumption MAE 0.7 11 0.9
RRMSE 0.25 0.34 0.26
Fixed investment MAE 22 28 26
RRMSE 0.42 0.50 0.33
Public consumption MAE 12 14 13
RRMSE 127 170 1.69
Petroleum investment MAE 145 131 10.8
RRMSE 154 112 1.06
Annual wages MAE 10 15 0.6
RRMSE 0.23 0.35 0.14
Consumer prices MAE 0.3 0.3 0.4

RRMSE 0.21 0.25 0.32

Sources: The Ministry of Finance, Statistics Norway and Norges
Bank
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Conclusion

A thorough analysis of forecast errors entails
analysing contributions to errors from exogenous
variables and errors due to deficiencies in or
incorrect use of the model. In this article, we have
only looked at the contributions from exogenous
variables. A more detailed study of the model’s
forecasting properties and our use of the model will
be presented when the equations in the model have
been re-estimated on the basis of new national
accounts data. Norges Bank intends to present
analyses of the quality of estimates and causes of
forecast errors at regular intervals.

The general impression of the analysisis that in
1997 Norges Bank again underestimated the
strength of the cyclical upturn, as was the case in
the period 1994 to 1996. Nevertheless, projections
for wage and price inflation were good. A substan-
tial portion of the forecast errorsis due to incorrect
assumptions about exogenous variables, particu-
larly public demand and petroleum investment.
Adjusting for this, the model-based projections are
close to the mark, particularly with regard to wage
and price inflation. During the past year, Norges
Bank has taken steps to improve its estimates of
exogenous variables. Estimates of growth in public
expenditure are supplemented with the Bank's own
evaluations of local government demand, and
information about petroleum activities is obtained
from a wider range of sources than previously.

The preliminary analysis of 1998 indicates that
forecast errors for demand and production growth
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will be smaller this year. In particular, the estimate
for employment growth appears to have improved.
One reason for this may be that previous analyses
of forecast errors revealed that overly high
forecasts for productivity growth had been used in
the model, thereby contributing to underprediction
of employment growth. It is also clear that
developments in the petroleum sector were very
different from what was expected in terms of price,
fixed investment, production and exports.

A comparison with projections from Statistics
Norway and the Ministry of Finance for the period
1994 to 1998 indicates that the forecast errors of
the three institutions are not substantially different.
On the whole, however, Statistics Norway and
Norges Bank provided estimates with somewhat
smaller average errors than the Ministry of
Finance.
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