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INTRODUCTION

1 In order to present aclear and helpful view of economic developments, it is essentid that
quarterly nationd accounts (QNA) are consistent with the annual accounts (ANA) - differencesin
growth rates between quarterly and annua GDP would confuse and irritate users. Differences are
inevitable, however, as aresult of the different data sources used for QNA and ANA, but they must be
reconciled. Commonly, the most comprehensive and detailed information is only available a afarly low
frequency (annudly, five yearly or even 10 yearly) due to the expense of collecting and processing such
volumes of data. Also, such data are often available only after a consderable lag because of the time
needed for collection and processng. These comprehensive data may form the basis for the ANA but it
is usudly necessary to use more timely, but less complete, datafor QNA (and even for the most recent
ANA yearsin some cases). These more frequent, timely data are generdly less accurate but they give
an indication of how the comprehengve datawould behave if they were available.
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2. The common feature of such indicatorsis that their coverage is less complete than is the case for
the less frequent benchmark data, i.e. coverage of establishments, variables, commodities, industries or
geographical areas. Thus, indicators suffer from bias in comparison to the more comprehensive data,
arisgng from factors such as sampling error, differencesin use of the business register (different versons
of the regigter, grossing methods, reclassfications of establishments), different quarterly and annud
accounting methods used by respondents, and respondent error. Other causes of bias are weak
assumptions about the relationshi ps between proxy indicators and target variables (e.g. constant IO
ratios), and failing to account for quality change or changesin product mixes.

3. Asaresult of indicator bias, quarterly source data are viewed as serving only to determine
short-term movements (quarterly path), whereas annua data determine the overdl levels and the long-
term trends. Thus, quarterly data and QNA estimates are adjusted as necessary 0 that they
correspond with the trends shown by annud estimates, i.e. once benchmark (annud) data become
available, the indicators need to be brought into line (benchmarked) with the long-term trends shown by
the benchmarks. Indicators will dso need to be subsequently revised in line with any later revisonsto
the benchmark data. The benchmark to indicator (BI) ratio for any benchmark period is a measure of
indicator bias, and adjustments are made 0 that the Bl ratio becomes one.

4, Some of the causes of bias are likely to have systematic and thus predictable effects so that it is
possible to make adjustments each quarter, i.e. “red-time” adjustments. Of course, it would be better
to determine the causes of the bias and remedy them, but this type of andysis may be too expensive to
carry out in practice. However, it will inevitably be the case that these “red-time” adjustments will not
be sufficient, and that once the benchmark data are available, the Bl ratio will not equa one, i.e.
retrospective adjustment of the quarterly datawill aso be needed. It is the retrospective adjustment
which will be congdered in this paper.

THE STEP PROBLEM

5. For any benchmark period (e.g. ayear for which ANA are available) the Bl retio can be
caculated. Since this can be viewed as amessure of the indicator biasit would be tempting to Smply
adjust for the bias by ditributing the annud level data according to the digtribution of the quarterly
indicator, i.e. Some means of pro-rata distribution across quarters. Thiswould be fine in cases where the
BI ratio is constant from year to year. If, however, Bl ratios for adjacent years are different, and pro-
rata adjustments are used in each year, a discontinuity in the growth rate from the last quarter of one
year to the firgt quarter of the next will be introduced. Thisis known asthe “step problem”. In other
words, the growth between Q4 of one year and Q1 of the next will reflect the change in the Bl ratio
(adjustment) between the years as well as any genuine growth between Q4 and Q1.

BENCHMARKING TECHNIQUES

6. The step problem is solved by smoothing the changesin Bl ratios need to be smoothed and this
can be achieved to some extent using straightforward techniques such as a Henderson moving average.
In other words, the BI ratios themsalves are treated as a quarterly time serieswhich initidly appearsasa
series of stepswith each year (Step) consisting of four equal data points. This stepped seriesis
smoothed, to give a series made up of BI ratios which are then applied to the indicator datato give a
smoothly benchmarked series.
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7. Ancther dterndtive isto use aleast squares method to minimise the difference in the first
difference between the adjusted quarterly series and the origina quarterly series, subject to the
condraint that the sum of the quarters equa the annud estimatel. This method is applied to estimates
for two years each time new annua estimates become available, so each year is adjusted twice.

8. The common feature of these methods is that they try asfar as possible to maintain the origina
quarterly growth rates under the congtraints of a smooth transition between years and the need for the
annud totals to reconcile.

INTEGRATED MODELS

0. In fact, benchmarking has two main dimensions, which are generally seen as separate topics by
QNA compilers but are, in fact, derived from common principles, and are combined in practicein the
more sophisticated QNA software applications.

Quarterisation —i.e. interpolating quarterly estimates using annua data as a base, or, put another way,
gplitting annual estimatesinto quarters. This may teke the form of:

revigng preiminary QNA estimates to dign them with corresponding annud estimeates
when available — retrogpective benchmarking of recent quarterly estimates to annua
benchmarks, as discussed above

congtructing time series of historica QNA estimates (back series) — interpolating for
years when quarterly data were not available

Extrapolation —linking quarterly source data onto previous annud estimates, for:

congructing forward series by adjusting the last available benchmark level according to
movements in an indicator.

Quarterisation is retrogpective in nature, whereas extrgpolation is forward looking. The two dimensions
are often associated, however, as extrapolated series generdly need to be retrospectively benchmarked
at alater date. Thus, two phases can be envisaged:

1) In the operationd phase, there will be no annua benchmarks for the most recent
quarters. So, the chdlenge isto extend the series beyond the last benchmark period,
anticipating future ANA estimates S0 that future revisons are minimised, whist
preserving, as far as possible, the short-term movements in the quarterly source data.
Most extrapolation techniques are based on the idea that the last Bl ratio based on
actua datais projected forwards (flat) for each quarter and applied to each new
quarterly estimatein redl time. Further red-time adjustments are made to quarterly data
if and when particular biasissues arise.

2) Following the operationd phase, quarterly datawill be treated retrospectively and
subjected to continuing cycles of revisons. These revisonswill arise from
the arrival of annua benchmarks for the most recent year
revisons to the quarterly source data
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revisons to the annua benchmarks of the previous year
Any new information needs to be incorporated into the QNA estimates as quickly as

possible.

10. In order to satisfy the need for congtant yet smoothed, updating and reconciliation, sophisticated
models, such as the proportional Denton technique are available. These provide an integrated means of
dedling with extrgpolation, dignment and updating and give superior results to methods thet treet these
phases separately. For good indicators, the results are fairly insengtive to the choice of technique, but
where sgnificant bias exigs different techniques are better suited to differently behaved biases, i.e. itis
important to understand the nature of the bias.

11.  Themore sophigticated gpproaches to benchmarking may be classified as purely numericd, or
gatistica moddling, gpproaches. The numerical gpproach does not pecify atime series modd for the
series, but instead uses least squares minimisation, e.g. the methods proposed by Denton and others
(1971), Bassie (1958) and Ginsbergh (1973). The statistical modelling approach includes ARIMA
model based methods (Hillmer and Trabels, 1987), state space models (Durbin and Quenneville,
1997), and a series of regresson models proposed by Statistics Canada. In addition, Chow and Lin
(1971) have proposed amulti variable generd least squares regression gpproach for interpolation,
digribution and extrapolation.

12.  Thebasc Denton method digns the back series usng aleast squares gpproach to minimise the
differencesin adjustments to adjacent quarters (i.e. smoothing the series of Bl ratios—the same
principle as described above in connection with Henderson moving averages) within the congraints of
the annud totals. For forward extrapolation, the last Bl ratio based on actua datais projected
forwards (flat2) for each quarter and applied to each new quarterly estimate in “redl time’.

13.  For thealigned back series, quarter to quarter growth rates will differ from those of the source
data, and in extreme cases, new or different turning points may be introduced. This should be viewed
as anecessary consequence of the reconciliation process. For the forward series, quarter to quarter
growth rates will be the same as those of the source data, but the annud rate will be different, as

expected.

14.  When benchmark datafor the most recent year become available, that year will be
retrogpectively benchmarked, and quartersin the year before (and maybe for severd years before that)
will dso berevised. Thisis because smoothing the series of Bl ratios may require trend adjustments
gretching back more than four quarters. In generd, the best results will be obtained if the entire time
seriesisrevised each time new annud benchmarks become available. However, with the recommended
proportional Denton technique, the impact on data for proceeding years will gradually become smaller
and smdler, and will normally become inggnificant after three to four years.

15.  Thus theleve and movements of find QNA estimates will depend on:

Movements in short-term indicators, which determine the quarterly path/pattern of
QNA

Levelsof ANA for the current year, which, through retrospective benchmarking,
determine the sum of the quarterly levels

Levelsof ANA esimatesfor severa preceding and following years, which through
retrospective benchmarking, determine the trend.
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16. It should be emphasised that in the case of incorporation of revised or new benchmarks, the
caculations should be basad on the original non-seasondly adjusted quarterly indicator, not on the
preliminary QNA estimates that have aready had adjustments made to them. Otherwise, the
compilation process risks deteriorating into data hashing, in which the compilers lose track of the origind
data, the effects of benchmarking, and the effects of other adjustments.

17. A detalled explanation of the theory behind the Denton technique and other methods can be
found in the IMF sdraft Handbook on Quarterly National Accounts Compilati on’.

CONCLUSIONS

QNA estimates should be aligned with ANA estimates, as soon as ANA data become
avalabdle

ONA egtimates should be revised in line with subsequent revisonsto ANA data

Except in the extraordinary case where Bl ratios are constant from year to yesr, it is
important to use a system which smoothes the trangtion between years, not asmple
pro-rata distribution within each year

Various benchmarking applications are available which provide an integrated gpproach
to retrogpective aignment and forward extrapolation. It isworth spending time sdecting
and setting up a system correctly, as different models are better suited to data with
different time series characterigtics

The importance of good benchmarking methods increases as quarterly indicators show
more divergence in movements from annud data.
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NOTES

! Thisis the method used by Statistics Sweden.

? The fact that the Bl ratio for the last quarter of actua data is projected forwards flat during the
operationa phase, means that the annud BI ratio for this year islikdly to be different to the average
annud Bl ration in the previous year. If thereisalarge amount of noisein theindicator’s annud rete of
change rdative to systemdtic bias, there is danger of a“wagging tall effect”.

The basic Denton method has been enhanced to improve the forecasting of Bl ratios for the operationa
phase. For example, if the annua growth rate of the indicator is systematicaly biased, then the Bl ratio
series shows atrend, and the best forecast for the next year’ s Bl ratio would be obtained using trend
extrapolation of the Bl ratio series. Thusthe Bl ratio is not projected flat during the operationd phase,
but risng or fdling in line with its behaviour in previous years.

* The draft can currently be viewed at:
http://Amww.imf .org/externa/pubs/ft/gna/2000/Textbook/index.htm




