CHAPTER 2
THE GENERAL PRINCIPLES WHICH GUIDE THE
COMPILATION OF THE QUARTERLY ACCOUNTS






2 - THE GENERAL PRINCIPLES WHICH GUIDE THE
COMPILATION OF THE QUARTERLY ACCOUNTS

ESA 95: The methods used to draw up quarterly agsdiall into two major categories: direct procedsrand
indirect procedures. The use of direct proceduresdépendent on the availability at quarterly intdsy
naturally requiring certain simplifications, of theame data sources used to compile the annual atso@n
the contrary, indirect procedures involve breakidgwn annual data using mathematical and statistical
techniques and drawing upon reference indicatorkvhllow to make extrapolations for the currenay@

The French quarterly accounts are constructed wangdirect method,based on two major data series: the
annual national accounts, and the short-term okititada compiled from various sources.

The annual accounts are an exhaustive collectiatofiomic data, or at least as exhaustive aspibssible to
be, summarising this data within the frameworkhaf bational accounts. These data are of a suppraity, but
the downside of this quality is the time it takeccbmpile and publish the accounts. The econoriatidn for a
given year (Y) is thus described for the first timeghe annual accounts published the following Magse are
the provisional accounts, compiled largely with tredp of incomplete, short-term informatidOne year later,
i.e. in May of the year Y+2, the accounts for y¥aare revised and upgraded to the status of ‘sefinitive’;
they are still only partly based on exhaustive datee definitive version of the accounts for yeaisYfinally
published in May of year Y+3.

Conversely, various sources of short-term inforomgtpublished monthly or quarterly, are rapidlyifakde and
offer an immediate overview of recent economic genfance. This information is published by the INStie
the various other agencies charged with compiliragistical information (the General Directorate @ublic
Finances, the Banque de France, etc.). These sooite® have to strike a difficult balance betwdenspeed of
publication and the quality of the statistics inwad, which may for example mean that their statsti
construction is based on samples. In such caséar as data from companies is concerned, therirdton will
not cover recently-founded businesses and is tikedy Ito cause a cyclical divergence with regardthie
exhaustive annual information, if the demograpbicsusiness are linked to this cycle.

These short-term data sources often diverge, mst@f their level and their evolution, from the aahnational
accounts, largely due to differences in terms dindmn and scope. For example, the turnover iedicsed to
measure industrial output in certain sectors docootespond precisely to the definition of outpeed in the
national accounts, as they only take sales intowtcand do not include inventories. Variationsnwentory
levels can thus partly explain the differences olestt between the annual accounts’ output figures the
annualised turnover indices. It may also be the tiaat short-term data do not correspond prectselye scopes
defined in the national accounts. Thus the saldabdur figures issued quarterly by the INSEE avéddd into
various sectors of activity, whereas the employngetid contained in the national accounts are brdk@m into
branches of activitfl.The evolution of the salaried labour index thuy grartially reflects the development of
employment levels per branch, failing to distinguisetween the various different activities whichyntse
represented within a single company.

The quarterly accounts ensure a certain cohereatyelen the exhaustive annual data and the mordlyapi
available, but less complete, short-term informatibhe methodology used to reconcile these twocssurs
largely dependent on a process of calibration @tidd:

2 A number of other EU countries also use such audimethods, but in the vast majority of casesteugraccounts are
compiled using direct methods.

% This provisional account is actually jointly corgal by the accountants responsible for the annodl the quarterly
accounts.

* The salaried labour force for a given branch ofvitg covers all workers performing the activity question, regardless of
the nature of their employer, while the labour éffor a given sector of activity counts the totahtber of employees
attached to companies whose principal activity Wikin that sector.
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- calibration transforms the short-term data, makimgm conform to the definition and scope of the
corresponding data series in the annual accounts;

- fitting subsequently ensures complete coherenoyd®st the data series used in the quarterly accounts
and the annual accounts.

2.1. The twin pillars of the method: calibration ard fitting

2.1.1. Calibration

The quarterly accounts attribute a monthly or cerartindicator to each item in the national accounts, rapidly
available and corresponding as closely as possibkye concept and scope of this item. This astonias
achieved by creating an intermediary aggregation:ekample automobile production, export of agtimall
products etc. The fundamental purpose of the qgipréecounts is to ‘adapt’ the indicators to fietlannual
accounts: by estimating the historical statistioelationship between the annual-adjusted indicatod its
corresponding item in the definitive results, aydobstulating that this relationship derived frdm annual data
will also be applicable to the quarterly data.

The statistical method used to construct the gugréecounts thus seeks to correct the systeméfierehces
which exist between the information contained ie #hort-term indicators and that provided by thauah
accounts. For example, when estimating manufagwinput the indicators used in the majority ofrwfzes are
the industrial production indices (IPI). But cent&iranches are not fully covered by the classificaat the most
detailed level (size criteria, in particular, mehat the smallest businesses are excluded). Byofvag example,
if we consider that, for a given branch, the outfroin businesses not covered by the survey (vergllsm
companies, for instance) is growing at a fasterage rate than the output from other businessesirémd
shown by the IPI will actually be an underestimatid the actual annual output of this branch. Ichscases we
can use a statistical model to correct the biaggwardly revising the growth figures provided bg tRI.

The calibration equation is a simple linear equmatioking the annual accounts to the annual-adgustdicator,
which can be expressed as follows for a given year

Ca=a+lgxla+ua

where C, is the annual account for year, |, represents the annualised indicator, i.e. the @rsum of the

a
4

quarterly indicators: |, ZZI&t , and U, is the residual of the calibration model, repr¢isgnthe
=1

developments of this data item which are not rédi@én the evolution of the benchmark indicator.

The coefficientsa and 8 are estimated using the data item and the indicater several years, covering a
long enough period to guarantee the statisticaliracy of the estimate. Three models are used fniggt this
estimate, depending on the statistical propertigbencalibration residudlWe can thus us€, to represent the

residual element in these models, which should tieewnoise if the model has been well choen.

> On the importance of the statistical propertiethesf residual, see Bournay & Laroque [5].

6 Conceptually, this method is thus dependent orsthtistical nature of the annual relationship betwthe accounts and
the indicator. This process differs from other camniy-used temporal disaggregation methods, sucth@<how & Lin
model [8]. Such methods first create a model reprsg the statistical properties of the quarteglationship, which is then
estimated based on the annual figures.
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e The estimate is derived from the level model, whenehe calibration residual is stationary and not
autocorrelated. The following equation is calculasing the ordinary least squares method (OLS):

C,=a+pxl, +¢,

The calibration residuall, is thus equal to the residual of the estingate

« The estimate is based on the level model, whentwercalibration residual introduces an element of
autocorrelation. The equation uses quasi-leastreg{®LS):

Ca=a+ﬂx|a+ua

based on the hypothesis thaf = oxu,_, + &,

This model offers two advantages:
- when it comes to estimating the coefficients, ikithe ‘true model’, the QLS method will give a
more efficient estimate than the OLS alternative;

- when it comes to making predictions for the anraedounts, modelling the evolution of the
calibration residual allows to assess its persig#eand apply this to the estimates for the current
year.

« The model is estimated in terms of differences, nelwer the calibration residual is not stationariisT
model is a more extreme version of the previous with 0 =1. The following equation uses ordinary least

squares:

AC, =y+ BxDl, +¢,

The calibration residuall, can thus be expressedlas =uU,_; +&,.

In this case, if the coefficieny is significantly above or below zero, the calimatequation linking the
indicator to the accounts is actually:

Cazﬂx|a+yxTa+ua

where T is a linear trend andl, does not necessarily present a zero mean.

This model again has two advantages:

- if the annual accounts and the indicator aregiatied series of order 1, and not cointegrated,
their differencing allows to work with stationargries and perform standard tests;

- as with the previous model, taking the persiseat the calibration residual into account
allows to refine the estimate of the account fer ¢hrrent year. The model can be considered
highly plausible if a divergence between the acteund the indicator in a given year opens
up a permanent gap between the two series.

An example of a choice of a calibration model igegi in Appendix 1 This choice is made using different
statistical criteria. The portmanteau tesppendix 2 allows to rule out any models for which the residof the
estimated equation is autocorrelated. The standavéhtion of the residual allows to compare thelaxatory
potential of the three methods across the whol@gewhile the standard deviation of the recursiesiduals
allows for comparison of the predictive capacity.
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This relationship between the accounts and theadised indicator is held to be stable so that, wikstiimated
over the past, it continues to be applicable feruary recent past, and also allows to constrecbtst possible
predictions for the years for which the definiti@anual accounts have not yet been released. Fudherthe
indicator bias, corrected by the calibration equmtis supposed to be constant over the courdeafdar. In this
way, the same equation can be used to ‘correctytizeterly indicator. The estimated coefficied@sand [ are

then applied to this indicator and the first estemfbefore fitting) obtained for the quarterly acnb will
correspond to:

a
Ca,t :Z+ﬁx|a,t

where Ca’t represents the account total for the qualtear the yeara J

2.1.2. Fitting

Simply applying the estimated relationship betwéss indicator and the annual accounts does notvaito
preserve at a quarterly frequency all of the infation contained in the annual accounts. The cdidrdactor,

which remains, contains information that even thigisted indicator cannot provide. This informattbnos needs
to be preserved by ‘fitting’ the quarterly accoutdshe annual accounts for all available past ahexercises.
To do this, the annual calibration residual needsat split across each quarter of the year in aqrest

In theory, this practice of ‘quarterly breakdown$’calibration residuals should take into accotnet $tatistical
properties of the calibration residual, with difat approaches for autocorrelated, non-autocoegtlahd non-
stationary residuals. Simply dividing the annudibration factor by four, in theory the most sui@bpproach if
the residual is not autocorrelated, is not in fdet solution adopted. A simple division can indggtherate
substantial changes in level in certain first geiaitif for the year concerned the calibrationdeal turns out to
be relatively significant compared to the annualoamt. In practice the ‘quarterly breakdown’ methasikd,

which splits the calibration residual over thesarfquarters, has been developed for reasons ofratism,

allowing to minimise variation from one quarterth@ next so that the calibration residual hasragdd an effect
as possible on the volatility of the quarterly agus. This ‘smoothing’ method ensures that the tguigr

evolution of the calibration factor is as regularpossible, and to do so uses a system which nsegrthe sum
of the squared deviation observed between suceesalibration factor values (cf. section 2.1.4 omsthing).

The quarterly account thus becomes:

a
Ca,t _Z+ﬁx|a,t +ua,t

where U, is the quarterly calibration residual for guarterin year @ , obtained by smoothing the annual

calibration residuall, .

" If the model has been estimated based on diffeerand the constant is significant, the calibratielation will
demonstrate a linear trend which must be refletele quarterly data, and as such the equatioarbes:

Ca,t =ﬂx la,t +yxTa,t

4
where Ta,t is a linear trend such thaETa,t =T, for all years@. For example, the trena'ayt can be defined as:
t=1

T,; = (4xa+1t)/16 (for yeara and quartett, ranging from 1 to 4) and the annual trehg must then be defined as:
T, = 6xa+10)/16.
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4
The quarterly calibration residual is calculateéhsure that for each year it respects the l‘orr@]auayt =u,".

t=1

For each year up to and including the year covegethe provisional account, the sum of the quarteccounts
for the year should be equal to the total valuthefannual account. For the current year, whichnleaget been
‘fitted’, the annual calibration factor can be axtolated. This extrapolation is based on the assomthat the
residuals estimated by the models are white ndiiseresidual is thus considered null for the yaiahand. As a
result, the extrapolation method used to calcuth&e calibration residual will depend on the modsédi to
produce the estimates.

For the level model, the calibration residual i$ auato-correlated and so:

Up, =0

where P represents the year covered by the provisionaiiatc

If the calibration residual is autocorrelated katisnary,

Up,y = AUp

If the calibration residual is non-stationary,

Up.s = Up

The smoothing procedure is applied after this @diaion of the annual calibration residuals, eimguthat there
is no abrupt variation between the fitted quarserd the quarters which correspond to the provisiaceount.

8 |f the model has been estimated based on differeand the constant is significant, this becomes:
Ca,t = ﬂ)( la,t + yxTa,t + ua,t
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2.1.3. Example

This method of calibration based on the annual daig fitting via quarterly smoothing of the resitbus
illustrated with the example of wood and paper pmtidn. Graph 1 compares the growth rates of the annual

account C,), the indicator { ;) and the account with zero residuals. This lagiré corresponds to the results

of the calibration, as they would have been ifahaual account for the year in question was nowknaohat is to
say if the calibration residual had been extendsd-pn-year so as to eliminate the residual.

Graph 1: Effects of calibration-fitting, illustrati on using the output figures for the wood-paper
branch (indicator: IPI, estimation period: 1990-200 9)
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Source: quarterly national accounts, 2005 base

The output of the wood and paper branch is caliorain the basis of the industrial production infi&t). The

progression of this indicator corresponds relagiv@bsely to that of the annual account, but appéaibe less
dynamic on average over the whole period. The &liin process thus modifies the indicator to azirthis

bias, somewhat smoothing the progression but presethe contours of the indicator’'s curve. Thus ttero
residual account data displays a similar progresgiathat of the indicator, although more dynamicaverage
and closer to the annual account. The residualsrelegively small in comparison to the amplitude thé

fluctuations seen in the accounts, which sugghbststhe IPI is a fairly good indicator of output.

Focusing on a shorter period for greater clai@yaph 2 illustrates the results of fitting by taking thanse
statistic (output of the wood-paper branch) andsg@méng the quarterly evolution of this figure affdting,

demonstrating the respective contributions of thenfitted’ annual account data (‘zero residualjdathe
calibration residual. We can observe that the impédhe calibration residual on the volatility tife account
data is kept to a bare minimum, bearing in minddbestraints involved in fitting the quarterly acots to the
annual accounts.
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Graph 2: Effects of calibration-fitting shown in qu arterly terms, illustrated using the output
figures for the wood-paper activity branch
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Source: quarterly national accounts, 2005 base

2.1.4. Smoothing

Smoothing is used in two main situations. As exmdiin section 2.1.2, it can be used to accuratieide the
annual calibration factors obtained from the calilon process and to thus ensure coherency betteen
quarterly and annual accounts. Smoothing also allmaachieve quarterly breakdowns of certain detees for
which no short-term figures are available: annualoants are projected via a process of extrapolatacover
the current year, and quarterly accounts are tkeenet directly from the smoothing of the annuahda

This requires an extrapolation of the annual actaunich is not yet available into the current yeahis
operation is generally conducted on the basiadhocjudgements (such as those provided by the accounts
committees or by INSEE experts in specific fields)where necessary, by a ‘nuanced’ projection dbasepast
trends.

The procedure used to smooth an annual sdties for use in the quarterly accounts, consists oidpcing

estimates for a quarterly seriéﬁayt minimising the sum of the squared deviations faame quarter to the next
while observing the constraint that, for each y&ar the sum of all quarters must be equal to the annu
total C,:

minZ(Ca,t _Ca,t—l) 2
t

4
with the constraint thatz C,. =C, for all yearsa
t=1

This squared deviation technique is discussetbipendix 3
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2.1.5. An intermediate method between smoothing aatibration: rate
smoothing

The calibration-fitting process can be used to poeda quarterly account breakdown, as long as we ha
indicator which adheres sufficiently closely to tthefinition and scope of the corresponding itenthie annual
accounts. If no such indicator is available, a terir breakdown is often obtained by smoothing dimaual
account data. Nonetheless, in certain cases thayebm an indirect indicator which is linked to artjalar
account, notably via a rate of taxation or paymdrts example, no short-term information is avdéaiegarding
the taxes paid on imports. Nonetheless, these taxedinked to imports by the applicable tax rafbe
calibration method is not applicable in this caae,that would imply a linear relationship betweba two
accounts, i.e. a constant nominal rate of taxatWhen considering the current year, it is impossitol base
calculations on the assumption that the nominal wall remain constant if tax rates are set to gean

A more suitable method is therefore used, whictsiste in smoothing the ratio between these two deitis,
i.e. the nominal tax rate in this case. As withgarsmoothing, this method requires to extrapdigtees for the
current year, allowing to take developments inléiggslation and regulations into account.

This method of rate smoothing is also useful f@easing the value of an accounting item based lume if no
price indicator is available: the process is thgmiealent to smoothing the annual price.

Let us consider the example of an annual accdyn{customs duties, to continue the example givervepo
which is economically associated with another ahagaountC, (imports, for the purposes of our example).
They are linked via a ratdX,. If no quarterly information is available reganglithis rate, or even directly

regarding accounting itenT , the ‘rate smoothing’ procedure involves estinmtihe quarterly ratetxayt by
minimising the squared deviations between quartgith, the constraint that for each year, the sum of the
quartersT,, must be equal to the annual total:

min " (tx,, —tX,,) >
t

4
with the constraint tha’[i“tx‘,ﬁ't xC,, =tx,xC, =T, for all yearsa
t=1

The quarterly account is thus defined by the equati

Ta,t = tXa,t X Ca,t

The minimisation of squared deviations is explaimedppendix 4.
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2.2. The working day adjustment (WDA) and seasonadjustment (SA)
procedures

The aim of the quarterly accounts is to retraceddreclopments of the major economic variables gaterly
rate. However, the variations in the raw accouté imm one quarter to the next can be difficulirtierpret due
to the impact of seasonal effects and the variatidhe number of working days in each quarter.

To make the quarterly accounts easier to readdale series are corrected for the effect of thatian in the
number of working days (WDA) and the variation bedw seasons (SA). These corrections are applidteto
indicators, then a process of calibration andnfitiallows to produce the ‘SA-WDA’ accouht.

In practice, the coefficients which make up thélration equation and residuals are estimated et#sis of the
raw indicators and the annual accounts. The rawtepyaaccount is obtained by applying the calitmadfitting
process to the raw indicator:

a
raw — raw
Ca,t _Z+ﬁx Ia,t +ua,t

whereas the SA-WDA quarterly account is deriveanftbe SA-WDA indicator, in application of the pareters
calculated using the raw data:

sawpa _ O SA-WDA
Ca,t - Z + IB x| at + ua,t

An alternative method would be to calculate the sawount total using the calibration-fitting progethen to
apply the statistical techniques directly to tlig/rmaccount and not the indicators. This method oot allow to
perform certain seasonal adjustment operationsoa¢ precise levels of detail than those alreadipteswith
the calibration model. And yet such precise sedsmfjastment can be very useful when an accourdlibrated
on the basis of a sum of indicators correspondingeterogeneous products which have not the saasosal
effects.

It should also be noted that the method used byjtiaeterly accounts requires seasonal variatidmetaeutral
across the year as a whole. This is a customautipeawhich makes the annual data series easiezaih and
avoids deforming those series whose seasonal ieariatstable from one year to the next.

On the other hand, the correction for the variattonumber of working days is not neutral at theuwsl level:
the number of public holidays, for example, vafi@sn year to year and thus affects the variatieamfione year
to the next. The annual total of an SA-WDA indicai® thus different from the total of the raw inglior: the
difference corresponds to the annual effect of cbgection for working day variation. And yet thanse
calibration coefficients and residuals are appliedbtain both the raw quarterly accounts and tAeAdA

figures. The accumulated annual total of the quigrt8A-WDA accounts is thus different from the totaw

value of the account, i.e. the annual account: ttisl is in fact equivalent to the value of thenaal account
adjusted for the effects of working day variation.

The general method used to turn a raw indicator anfuarterly SA-WDA account is outlinediagram 1

® The abbreviation SA-WDA appears frequently in @as INSEE publications and information tables.désl not, however,
reflect the chronological order of the processgaithe indicators are first corrected for the eftdovorking day fluctuation
and then subsequently adjusted for seasonal \arti
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Diagram 1: Method used to derive the quarterly SA-W DA account from a raw indicator

Raw indicator WDA indicator WDA-SA indicator

v

Calibrating of the raw
annual account on
annualized raw
indicator: estimation «

a, B andu,

l

Smoothing of

residuals: givesl, , >
! !
Calculation of raw Calculation of quarterly
quarterly account: accounts WDA-SA:
C.@t)=a Cupasal@t) =a
+ a raw (a’t) + ua,t + M WDA_SA(a,t) + Ua’t

Source: quarterly national accounts

2.2.1. Correcting the effect of the variation inélmumber of working days

The variation in the number of working days caneptilly have a very significant impact on economata
series. To give an extreme example, if output wasedy proportional to the number of hours workeén the
output of a given quarter containing a public hajidvould be around 1.5% lower than the output efgtevious
quarter which had no public holidays (i.e. 1/65thw85 the average number of working days in a guavith no
public holidays). It is important to ensure thattsueductions are not confused with effects relatedhe
economic cycle. The purpose of correcting workiay @ariation is thus to construct data series winéftect
‘identical numbers of working days’, allowing fonalysis of economic developments which are notumied by
the differences in number of working days from qoarter to the next.

In fact, the effects of working day variation ae from proportional. For instance, production msses are
adaptable and can allow firms to partly compen$atahe output lost due to a public holiday. Morepbthe
effects can be different depending on the day efibek: on the one hand, employee productivitptsime same
for each day of the week, and on the other hanbwsarforms of consumption perform more strongly on
Saturdays than on other days of the week.

All of which militates in favour of statistical metds which measure the effect of the number of ingrilays for
each data series, with the capacity to differemtia¢tween different days of the week. These metlwds
generally more efficient when applied to monthlyadseries than they are with quarterly figuresitAsmppens,
the number of public holidays and the number ofheday of the week included in a quarter do not vary
substantially from one year to the nétwhich makes it difficult to estimate what effectch variation might
have. On the contrary, fluctuations in the numidgyublic holidays are more significant when seeraanonthly
scale. Thus for the quarterly accounts, and inasa$ is possible, working day adjustment is peréat using
monthly indicators.

Oror example, the™ quarter contains precisely 13 weeks, with 13 Mgsda3 Tuesdays... 13 Sundays.
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Working day adjustment is based on the assumptiahthe evolution of a statistical indicator canlveken
down into two orthogonal (non-correlated) composemne component linked purely to the effects & th
number of working days, and a second componensgadjfor working days (WDA), which also incorposatm
adjustment for the seasonal circumstances of tkee skaies. The component corresponding to the teffiethe
number of working days should thus be estimatedpeddently of all seasonal considerations; theaaeeceffect
of the public holidays associated with a particuteonth (e.g. Christmas) is incorporated into thasseal
component.

The basic method used for the quarterly accounsiniple: a regression of the raw monthly variabdngl
variables representing, in order, the number of d&ys through to Saturdays worked (i.e. not pubdiidays)
and the number of Sundays, public holidays or mogach month. So as to avoid incorporating theotsf of
seasonal variation, these variables are seasatjligted, retaining only the average deviation ftbenmean for
each month. The sum of all working days, Sundagspblic holidays not falling on a Sunday shouldeogal
to the total number of days in the month, whiclalisays the same except for in February, which ésdhly
month to have a variable number of days (28 or @8).thus need to add a leap year indicatorAppendix 5
for more details).

The raw indicator is thus broken down as follows:

— work work work WDA
It - alNMon + aZNTue Tt aGNSat +a7NSun + :61 leap + It

where N,‘\’,lvggk is the number of Mondays worked in morittadjusted for seasonal variatioh,,, is the leap year

WDA
I t

indicator and , the residual of this equation, is the indicatjuated for working days.

In this model, the effect of public holidays canhetdetected. As the sum of all working days, Syadholidays
or not) and public holidays (excluding those falion Sundays) is constant for each month from @ae to the
next (except February in leap years), the coefiisieestimated for the adjustment of working dayiatam
should be interpreted with reference to the nundfepublic holidays. As such the coefficient for \kimg
Mondays does not correspond to the gross effeatvadrking Monday, but to the effect of this dayatale to the
effect of a public holiday. For example, househeigenditure on “Accomodation and food serviceskéith to
tourist activities is greater on public holidaysuithit is on working days. The coefficients attactethe number
of working days are thus negative.

In practice the statistical work required to estienthe effect of working days is split into sevesaktcessive
stages, including a certain number of tests. Thaeps and the overall methodology are set out Igléar
Appendix 5

The choice of models and the estimation of the fefts are reviewed every year, at the same tsi¢he
provisional accounts for the past year are beiagvdrup.

By way of an illustration, the absolute effect afrking day variation currently represents betwednand 0.5
GDP growth points quarterlyGfaph 3) and 0.1 and 0.2 points annually. The effect of AM@h GDP is less
dramatic than the effect of SA, but WDA can somesnhave a significant influence on the calculatién
quarterly growth estimates.

To be more specific, GDP growth expressed in sediyeadjusted terms (without WDA) for Q3 2011 was
+0.1%, while the same figure after SA and WDA was3%, the latter figure being the one used whemasing
the detailed results for Q3 2011. The impact ofkivay day adjustment on the rate of GDP growth vims t
+0.2 points in the third quarter, up from -0.2 gsiim the second quarter. This negative effect2rh@s a simple
explanation: unusually, the month of May 2011 cmad no public holidays, and thus more working dass
both Mayday and'8May fell on Sundays.
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Graph 3: Quarterly Gross Domestic Product expressed in chained volumes, raw values, SA
values and SA-WDA values
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Source: quarterly national accounts, 2005 base, 3" quarter of 2011 detailed results publication.

2.2.2. Seasonal adjustment

The majority of items recorded in the national agcts (output, consumption) display marked seasonal
variations. Economic output, for example, is legsaiic in July and August when many firms reduceirth
activity as a result of the summer holidays. Enargysumption is much higher during the winter mentkhen
heating expenses are added to other, year-roursd Tise quarterly growth of GDP can fluctuate siigaiftly, as
illustrated inGraph 3 and displays regular seasonal patterns: GDPsiemstically lower during the summer
months, but we should not conclude from this thatdverall economic outlook is any weaker.

To fully understand the underlying short-term depehents, we need a set of measurements which @re no
subject to seasonal variation.

In the quarterly accounts, the effects of seaseaation are estimated on the basis of the indisatwhich are
already adjusted for working day variation. Two hoets of seasonal adjustment are used. The firetykras
the Buys-Ballot method, is a standard deviationho@t The process involves assuming the seasonativar
for a given quarter to be equal to the mean vafubeoseries observed for this quarter, in all gdar which data
are available, less the total meakppendix 6).This is a relatively unsophisticated method whiakes no
account of evolutions in seasonal variation. Ashstie method is only used for very short data seffier
example in cases where an indicator displays uhs#sonal variation in a given year and needstengo
separate adjustment in two distinct periods.

The second method of seasonal adjustment is thaloged by the software programme ‘X12-ARIMA’
(Appendix J. This method is based on a series of moving @esrapplied to the data series. These moving
averages allow to extract the seasonal componeutsirst require to extrapolate the series oveess months.
This extrapolation is performed using ARIMA-type deds.

The seasonal adjustment variation for a given atdicis constantly re-estimated, each time new idasailable
for the most recent periods. These new figures tedtequent revisions. The type of calculation moet (based
on addition or multiplication) and the ARIMA modeidich are used to extrapolate data series bek&immating
seasonal variation are reviewed every year, wheirtittiie comes to draw up the provisional accountshi® past
year.
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2.3.  Volumes at last year’s constant average price&grsus volumes at
constant prices

One of the major objectives of the national acceimto describe the changes in #tidumesexpressed in the
major economic aggregates, cancelling out the &ffetprice variation to analyse the growth of rd@mestic
output, consumption, etc. These volumes give areteamlea of quantity. However, simply adding up the
quantities of elementary components involved isnp@$s: the quantity of cars consumed is not direct
comparable with the quantity of bicycles consuniBoese quantities need to be commensurate, whictbean
achieved by linking elementary quantities with fiiees they commanded in a given period of time.

The values are then comparable: the value of areggte is obtained by adding up the values of ldmmentary
components involved, determined for each periodhenbasis of the quantity produced and the avepaige
observed during this period. The volume and pricaroaggregate are thus defined symmetrically:pttiee is
the ratio of aggregated value to volume.

Calculating the volume of an aggregate requiresveégght the volumes of its component elements based
prices. The choice of a reference period, whicH détermine the structure of the prices used talpce a
weighted ranking of the different volumes, is tiofigrucial importance. There are two options avdda

e calculating volumes using constant prices derivedrédm the base year(the slightly deceptive
abbreviation ‘constant volumes’ is often used);2id11, for example, this involved weighting the
elementary levels which make up aggregates (sowftesitput, or branches of the economy) on the
basis of their relative prices in the base yeath@'2005 base’, the reference or ‘base’ yeadi353;

e calculating volumes using the prices observed in ¢hprevious year in 2011, the sub-levels of
aggregates were weighted using their most recéative prices, i.e. the average prices recordetthén
accounts for the year 2010.

By way of an example, in order to calculate theaghoin total consumption in volume between 2010 aadi1,
using the system of volumes based on last yeaicepwould lead to weight the 2011 evolution of thé&ume of
electronic goods consumption based on the relatiiees recorded in 2010, prices which are lowen ttise
recorded for 2005 due to the significant price dases seen between 2005 and 2010. If the consumydftio
electronic goods was dynamic in 2011, total congionpnonetheless appears less dynamic when cadculat
using the previous year’s prices than it would floalculated using the prices observed in the lyase. This
problem becomes progressively more significanfhther we move from the base year.

The annual national accounts are themselves ctdcuéand published in volumes based oncti@ined prices of
the previous yeafanother somewhat misleading abbreviation meartsthig system is often referred to as the
‘chained volumes’ method), that is to say linkedlb® a specific reference year (the base yeag.idéa behind
these chained indices is to preserve the evoluti@tler than the levels, of volumes at last yeprises from
one year to the next, and to chain-link these diaiig starting from the values established forvegireference
year.

Levels of volumes based on non-chained previous [yeees cannot be used to construct time datesesince
the change in volumes between two consecutive y@aist include both the change in prices (betweem tw
reference years) and the change in volumes.

Estimating volumes based on last year’s chainemeprihus offers the dual advantage of providing dattable
for constructing time series and also detectingcmanges in the relative price structure: put symgbley provide
a more satisfactory description of the economitityeahen the prices of certain products evolveywdifferently
to other prices — as is notably the case with reshriologies. However, these chained volumes do perdain
problems:

e They can prove misleading when prices tend to laseifrather than evolve following a coherent trend.
This may be the case, for example, with agricultprizes and energy pricé’s.

1 on this subject, see for example the analysis wcted by J-P. Berthier [4].
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Furthermore, these volumes lose their additivitghwiegard to volumes calculated at non-chained
previous year prices and constant volumes. As siehuses-supply accounting balance is no longer
respected in levels and the aggregates cannotthaed using the same direct method employed as the
sum of lower levels. Appendix 8 explains why thésniot possible with chained volumes. The lack of
additivity makes drawing up and publishing the ante a more complex operation. Furthermore, this
may cause certain problems for some users operaithin the accounting framework: in the macro-
econometric models, for example, the accountingnérgork is proffered to vouch for the coherency of
the forecasts.

From a practical standpoint, measuring chainedmekiis more complicated for the quarterly accothds it is
for the annual accounts. Thus, for sub-annual #aqiges, several chain-linking techniques may bellfse

To obtain a rapid overview of structural price op@s it is possible to chain-link volumes to thegs of the
previous quarter. This method is discouraged by I®XA 93 [20] and Eurostat [9]. It can cause distos
because infra-annual data are more subject tafitions than annual data, particularly due to seslseffects.

It is therefore advisable to perform chain-linkingh reference to an annual base price. There talenat three
different ways of doing this:

The method which most closely resembles the anchaih-linking process sees the quarterly accounts
valued at the constant average prices of the pusviear (‘annual overlap’). This gives rise to a
methodological discontinuity (which need not neee§sbe substantial in empirical terms) affectthg

first quarters: the change in volumes calculatedtiie first quarter of each year will reflect bath
change in volume and a change in price, sinceigiueef for the fourth quarter of the previous yeasw
calculated using a different reference price. Thales of this ‘chaining effect’ on the evolution of
volumes observed in the first quarter of each yélirdepend on the way inflation is spread acrdes t
different components. The advantage of this metkathat it allows to preserve the additivity of the
infra-annual data: the sum total of the four ravargerly accounts is equal to the annual total lat t
year.

To resolve this methodological discontinuity affegt the first quarter, another method exists: it
involves calculating the volumes for the fourth gemof year Y using both the average prices frben t
previous year and the prices recorded so far that,\so that the transition from the fourth quadier
year Y to the first quarter of year Y+1 correspotalthe growth in volumes calculated at year Y gsic
(one-quarter overlap). This method, however, doet preserve the sub-annual additivity of the
quarterly figures.

Another method sees the links in the chain in yeayear terms, i.e. as a shift between the firstrigu

of the year Y+1 calculated at the annual averagee @f year Y and the first quarter of year Y also
calculated at the annual average price of yeah¥ @iver-the-year technique). The IMF manual advises
against using this latter method [12], which doethimg to resolve the discontinuity and introduees
greater volatility.

12 All of these techniques are described in detathanIMF’s quarterly account manual [12] and by &ud F. [1].
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2.4. Calculating volumes in the quarterly accounts

2.4.1. Accounts published with chained values...

Faced with these complex problems, until 2006 then€h quarterly accounts used volumes calculated at
constant prices derived from the base year. Orieeofrguments used to justify this system was thd§rance,
the difference between chain-linked volumes andvillames obtained by using constant base-year pri@es
relatively insignificant. This was partly due toettfact that up until this period products based namwv

technologies, whose prices are liable to decreagilly, did not occupy a particularly important gdain the
French economy.

This argument became increasingly untenable as teetinologies became ever more importaBtaph 4.

Applying the 2005 base figures to the year 20186, dbviation between the annual growth rate of hualgle
consumption on goods (an aggregate indicator phadisnonthly by the INSEE) expressed in chainednieky
and the same figure expressed in constant prioestie base year, reaches 0.4 points.

A desire to harmonise the methods used to produeetarly accounts throughout Europe, spurred orthby
increasing disparity observed between the chairddmes and the volumes calculated at base-yeagspfar
certain product-operation pairs, led to a rethgilkce 2007 the French quarterly accounts have peleiished in
volumes chain-linked to the previous year’s priaesng the annual overlap method. The principabathge of
this method is that it allows to retain infra-anhadditivity.

Graph 4: Year-on-year evolution of household expend  iture on goods — a comparison of chained
volumes and volumes calculated at constant prices b ased on the reference year 2005
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2.4.2. ...but constructed based on volumes estimatecbnstant prices
derived from the base year

Although they do present ‘chained volumes’, thertgryy accounts are nonetheless still calculatédgusonstant
prices derived from the reference or ‘base’ yeaor{stant volumes’).

When constructing the quarterly accounts, the supgés balances (SUB) are obtained by balancingioer
operations. For example, concerning most goodsSt are balanced on changes in inventories (cip@h 3),
which implies that the additivity of the data haseb verified. This is not, of course, restrictedhte quarterly
accounts: the annual accountants also check tlamdembf the SUB which they calculate in volumesaatstant
average prices from the previous year (not chairigal) unlike the annual accountants who work oolalyears
at a time, the quarterly accountants work on tierées. The additivity of these series thus needsetoerified.
However:

< series with chain-linked volumes based on last'ygaices are non-additive;

< series based on last year’'s constant average grioeshained) may be additive, but the suddenghan
observed in the first quarter of each year makemthnsuitable for use in the important econometric
operation of calibration and fitting.

In theory, it would have been possible to estinth&ecalibrations directly using chain-linked serig®n move
on to volumes at the previous year’'s prices (namredd) in order to balance the input-output tabteen
subsequently chain-link the resulting data. Bus timethod would have demanded a considerable anadunt
programming. It thus seemed to make sense to emntising constant base-year prices and, havinglasdd
volumes based on these prices, to make the tramgii volumes based on last-year’s prices and pleeform
chain-linking. Initially the decision to continusing constant base-year prices will not have atigeable effect
for users, since ultimately the quarterly seriebligshed in chained volumes are absolutely condistdth the
series featuring in the annual accounts.

Technically, the process is divided into three step

* In the first step, annual volumes at constant greme reconstructed from the chained annual acsount
(‘'unchaining’). In principle, constructing constaptice accounts by chain-linking volume or price
indices requires to add up chained volumes withgtleatest degree of precision possible. However, fo
reasons of simplicity of implementation, the qudyteaccounts use chained volumes at a relatively
aggregated level — the calibration figures, gehecallculated for 48 outputs — to reconstruct vohsmat
constant prices using the data given in the anac@dunts.

« In the second step, calibration and fitting (deseli previously in this Chapter) and input-output
evaluation (described in Chapter 3) are perfornmedrder to arrive at quarterly accounts expressed i
volumes at constant prices derived from the base ye

* In the third step, the quarterly accounts at caonskmse-year prices are transformed into accounts
expressed in volumes at constant average pricestfie previous year. The data are then chain-linked
at all levels in order to obtain the accounts whidhultimately be published.

This schematic description nonetheless runs upnsiai very particular problem: during the firstpstéo the

extent that the chained volumes do not respeatheunting balance and the quarterly accountsarbased on
the most detailed information but generally usepA@duct aggregates, the accounts (uses-supply dealdme
accounts for each branch of activity, etc.) may In@tbalanced on the scale at which the quartedpuats

operate. Thus for a given branch of activity, thgontaneous’ volume of added value at constanépdoes not
correspond precisely to the difference betweenvilame of output at constant prices and the intéliate

consumption of that branch. In the quarterly act®galculated at constant prices, the ‘unchainifighe annual
accounts thus involves a number of accounting iteimsh are designed to ensure that a structuranisal is
achieved. This means that there will be a certaigrek of deviation in the chained values of thémms. To
simplify: in order to balance the goods and sewiaecounts, the deviation from the chain-linkedesers

ascribed to changes in inventories for goods, andut for services. To balance the intermediatetingble, the
deviation in the chained values is counted withrfagins (total intermediate consumption by braact total

intermediate consumption by product), whereas €dpat account the balancing operation concernsvadided,
and adjusting business services allows to baldreédures out to reach a net transfer balanceaf.z
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In order to ensure that the published quarteripants are correctly calibrated with the annual aot® at the
end of the third step in the process (i.e. the nmdroktransition from figures calculated at lasays prices), it is
important to perform the reverse calculation anlstrawect the deviation values from the balanced itebtsined
by balancing the input-output tables at constaitiegrfrom the base years. As such these balaneed ivill be
correctly calibrated with their chained-volume aainequivalents.

Observing this sequence allows to ensure that tageterly accounts are consistent with the publistetibnal
accounts at all levels: all of which means thatatekier the output or operation considered, the sfitie
volumes (raw or seasonally-adjusted) for all fouaders in a given year will be equal to the anrugdlime
published in the national accounts for that year.

Certain aggregates are generally considered tonkaitable for chain-linking, and thus the operatismot
performed. This is particularly true of the balanoetrade (exports less imports), as well as chsanige
inventories. These two examples are instructiveb@h are subject to substantial fluctuations whieuire
frequent changes of sign.

Moreover, establishing data series for changesvientory volumes presents at least two very spepifbblems:
« major fluctuations, with changes of sign and, ogaaly, values which are close to zero;

« the difficulty of keeping track of price indicesrfeach source of output, due to the fact that chsung
inventories represent an adjustment item, for bathe and volume.

The combination of these two problems can havetidreBects on attempts to create chain-linkedeseri

Another alternative is to apply an original methelich can be called ‘additive chain-linking withige index
supervision’. This is the method proposed by Berthi], and used to perform chain-linking in thenaal
accounts (M. Braibant and C. Pilarski [6]).

2.4.3. Calculating contributions in the chained-wohe accounts

The fact that the chained volume accounts are dditiae makes it more difficult to calculate cobitions,
which will be familiar to users of the quarterlycacints.Appendix Sxplains these difficulties, and some of the
measures taken to arrive at a satisfactory dedimitif contributions.

2.4.4. Drawing up accounts in volumes, values anmeces on an elementary
level

When compiling the quarterly accounts figures e of volumes, values and prices, these figureganerally
obtained using a volume indicator and its corredpanprice indicator. Sometimes information is awailable
regarding volumes, or this information is not of t,kame quality as the information regarding pritessuch
cases the quarterly accounts are compiled usirgjue indicator and its corresponding price indicaliois less
common to see a volume indicator and a value itoliagsed in conjunction on the same accounting.item
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Account data are compiled using a number of stahdthods.

* When dealing with a volume indicator (e.g.: numblenew vehicles registered):

- Calculation of the account volume: raw volumeidatbr -> seasonal adjustment (SA)
and working day adjustment (WDA)-> SA-WDA volumealicator -> calibration-fitting
-> final SA-WDA account volume.

- Price indicator: raw price indicator -> seasosmig’Ustmerft3 -> seasonally-adjusted price
indicator.

- Calculation of the account value: value indicat@ccount in volume * price indicator
-> calibration-fitting -> account valigure.
- Account price = value / volume.

*  When dealing with a value indicator (e.g.: the awer index):
- First work out the account price value.

- The account volume indicator will then correspdaadhe account value deflated using
the price indicator.

¢ When dealing with a value and a volume indicator:

- The two figures (value and volume) are calculategarately using the calibration-fitting
method.

- The account price value can be deduced fromatie of value to volume.

2.5. Retropolation in the quarterly accounts

2.5.1. General principles applied to data from 1986wards

The general principles on which the quarterly aotiog system is based require time series to bidade over
a long time period. These series are availabldwén2005 base for every quarter since Q1 1980. &lbants
drawn up since this date, up until the last quademhich information is available, are publishadd may be
subject to subsequent revisions. Generally speakimgfurther back we go the smaller these revisioecome.
More substantial revisions are made when the fastlts for Q1 are published in May, integrating ttata from
the definitive, semi-definitive and provisional acats published for the last three years and Igathna re-
estimation of the calibration ratios as well as$#eWDA coefficients.

In order to continue exploiting the data seriesclvlstretch back to 1980, a process of retropolasooften
necessary. Taking the example of an IPI with figutating back to 1990 published in the 2005 bassh) series
was back-projected for the years before 1990. THask-projection process was conducted using the old
indicators originally used to compile the quartedgcounts in previous base systems, necessitatiegias
‘change of basis’ matrices allowing us to match altl new classification systems. These change @i ba
matrices are created at a relatively aggregatesl, léar each operation included in the accountss tiot possible

to make them as precise as the change of basizesatrsed by the information suppliers themsehubich are
generally applied directly at the individual levé&then a systematic bias is detected in the wayethggregated
matrices were applied, the retropolation of thedatbrs is adjusted accordingly.

Indicators are not always available for past esei This is particularly true of those familiesimdicators
whose scope has been refined over time. Certaigsseray thus be derived from smoothing in earlearg, and
calibration and fitting in more recent years. Aisgmay also represent the results of two diffeseiicessive
indicators, with the second superseding the firstaocount of its greater accuracy but not offeting same
historical coverage (this is the case for wagebrbych of activity, cf. Chapter 4).

13 price indicators are generally impervious to wogkihay variation, and as such are only adjustecetieat seasonal
variation.
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2.5.2. A specific retropolation method for the aeods from the period 1949
to 1979

Moreover, as was also the case with the 2000 ase€005 base has been used to perform retropolatithe
quarterly accounts beyond 1980, that is to saytatpfhe historical data series to correspond éortbw levels
and classification systems.

The methodology associated with this exercise isenstraightforward than that used to estimate tmeeat
quarterly accounts, in that:

there is no need to extrapolate data which argetaavailable;

rather than using the traditional indicators sushtte IPI, we use old incarnations of the quarterly
accounts as indicators, particularly since manythaf indicators originally used to draw up these
accounts are no longer available;

the level of work is much more aggregated thas wten compiling the current accounts: for the year
progress, the quarterly accounts are far more lddtéincluding over 50 items, cf. Chapter 3) thha t
historic publications (17 items). For the purposésetropolation, the level of work is directly thef
publication — 17 items (A17). It is not realistigapossible to work at a more detailed level sitiee
accounts used as indicators are only archivedcattain level of detail (between 15 and 20 iterasy
are based on classification frameworks which diffensiderably from that now used in the national
accounts; for these reasons, the level of det#ilasof the publication.

Nonetheless, all of the general principles usegrtamluce the quarterly accounts are respected fatbh and
fitting with annual data, SA-WDA, etc.), so muchtbat the pre- and post- 1980 series are consistent

F. Arnaud and R. Mahieu [3] explain the method ol the 2000 base was retropolated back past a9&ar
as 1949, with the help of retropolated annual aotsyiand thanks to quarterly accounts drawn upgubia 1956
and 1970 reference bases.

The 2005 base incorporates the same principlesibgion the works published in the 2000 base asidgu
different matrices allowing to make the transitivom the 16-item French composite economic clasaifbn
(NES) used with the 2000 base to the aggregatetbavelassification used in base 2005.

With the exception of some rate changes made t@anheal data, the pre-1980 series are no long¢ecutn
revision.
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Appendix 1: The process of selecting a calibratiomodel

When selecting a calibration model, we must chdmteeen the six available options summarised irtabée

below:
General description
Model - L o
Number Short description Level/variation Constant Estimation (1)
1 AYi=a + BAXt + &t Variation Yes OoLS
2 AYi= BAX: +¢&t Variation No oLS
3 Yt = a+BXt+ &t Level Yes oLS
4 Y = a+BXt+ ut Level Yes QLS
5 Yt = BXt+ ¢t Level No oLS
6 Yt = BXt+ ut Level No QLS

(1) OLS : ordinary least squares; QLS : quasi-least squares

Where : &, : residual (white noise)

U, : residual of the calibration model supposed to follow an autoregressive process of order 1.

Source: quarterly national accounts

The detailed example given below illustrates thecpss which led to the selection of the model tsadlibrate
household consumption of new cars, calculated inrmmes at constant prices. The indicator comes ftioen
French Committee of Carmakers (the CCFA), and lsutzted by mutliplying two indicators: the firshe is new
car registrations for individuals, the second a¢he engine rating of vehicles for tax purposd® llowing
table presents the results obtained from all hefrhodels described above, used to calibrate twuatfigures

on the basis of this indicator for the period 19830.

Table: results from different models, applied to th e example of household expenditure on new

cars
Model 1 Model 2 Model 3 Model 4 Model 5 Model §
Recursive residuals (RMSE 0.7 3.6 8.9 5.1 12.2 5
Ljung Box test
L =1 (p.value) 0.2 0.28 0.17 027 BN 03 |
Coefficients
constant 65.92 -1029.61
(Student) (5.85) (-2.07)
indicator 1.87 2.02 3.44 2.14 2.19 2.16
(Student) (11.13) (5.62) (5.68) (5.91) (33.7) (15.81)
rho 0 0 0 0.88 0 0.88

Source: quarterly national accounts

Models 3 and 5 are level models without autocotiateof the calibration residual, with and with@uitonstant.
The Ljung Box test (a variation of the portmantdast which allows to assess the autocorrelationthef
residuals) refutes Model 5 (low probability, thesidmal is not a white noise). Models 4 and 6 inelud
autocorrelation of the calibration residual, witidawithout a constant; for Model 4 the Student segjgests that
the constant is not statistically significant, nmkiModel 6 the more attractive of the two optiddadels 1 and
2 are differential models, with and without a cams$t the Student test shows that Model 1 achiewségréficant
constant, and that the most suitable option is Madeth the constant.

Ultimately a choice needs to be made between Motel and 6. In the table, the standard deviatibthe

recursive residuals shows that Model 1 has thengést predictive capacity. Moreover, the subseqgeaths

show that the prediction error is lower with Modeland that this prediction error is not biase@ @haphs allow
to compare the real evolution of the data seriesnatithe projections generated by the model; &re tepresent
the difference between the two, i.e. the predicémor for each year). For the period under comatiten, Model

1 is thus the best option. We should also note d@ldditional tests such as the unit root test allowetermine
whether the account series and indicators are ratied) or stationary, and thus allow to justify aoice of

Models 1 and 2 ahead of the other available options
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Graph: Results of ‘in sample’ estimates for the var ious models, using the example of
household expenditure on new cars 1980-1990
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Source: quarterly national accounts
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Appendix 2: The Portmanteau test

This test is conducted on the random values coedain the calibration equation. It involves estimgtthe
autocorrelation coefficient of these random vagahlsing the equation:

gt = px€t—l +,7t
Which gives us:

COV(E: &1)

p= var(e,)

and, assuming thayg, is normal:
. g,
p= N[p'Z—é}zj
Where p =0, andT represents the number of observations, we arevitft

A 1
=N(,=
P =N( T)
the portmanteau test (Ljung-Box method) thus htids

P T =X
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Appendix 3: The smoothing procedure

The procedure for ‘smoothing’ an annual data seies basically involves estimating a quarterly seri&gvt
where the squared deviation from one quarter tonthe is minimal, bearing in mind that for eachryéa the
sum of the individual quarters must be equal toateual totalX , :

minZ(Xa’t = Xaea) 2
t

4
with the constraint thatz X=X, fora=1.A
t=1
To avoid generating discontinuity at the end ofdharterly series, it is important to extrapoldte annual series
over several years. Smoothing is thus performedhf®mwhole annual series, including the extrapdigesars. In
the quarterly accounts smoothing is applied todhkbration residuals, and to the annual accoumtsvhich
there is no indicator. In both cases, the annual dige extrapolated for two years and then smoothed

This programme has a closed-form solution. Thetmmotaised is as follows:

- X = (X g Xy grees X a0 X5 4)" » the vector of the quarterly series with the disien [4A,1]

- X =(X4,..,X,)" , the vector of the annualised series with theedlision[A,l]

The programme is expressed in matrix form:

m)!n(Dx)' (Dx)

st Mx=X
where D represents the matrix
-1 1 O
0O -1 1 O
0 O m
D= with the dimensior{4A— l4A]
0o 0O O
0 -1 1 O
0 -1 1

andM represents the matrix defined by:

M=1,00 1 1 1) withthe dimensio] A4A).
y is a variable defined by = Dx. The minimisation programme thus becomes:
min yy
XY

X
st MT( “j =X
y
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N
N =)

whereT = with the dimensior{4A,4A]

=)
= O O

The Lagrangian associated with this programme is:

X1
L= y'y+2/l'{ MT( yj - x}

=yy+2A|mx, + y- A}

where

~ 0
m=M andm= MT( ]
4A-1

0

By differentiating with respect t, ;, y etA , we calculate that

(1) A'm =0
(2) y=mA
(3) mx, + my= X

By combining (2) and (3), we can deduce the vafud aas a function o ; :
, (=)L
(3) A =(m) ( X-m 41)

Starting with (1) and (3’), we can calculaxg, :

Using (3') we can deduced and using (2) we can calculate the valueyof We can then deducebecause

X= T(Xl‘lj
y
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Appendix 4: The rate smoothing procedure

Sometimes, in the absence of sufficient informatiese may decide to smooth not just an account ttahklso a
related rate, for example an operating margin,xaréde or a price. We then assume that an accduris

economically equivalent to a ra®x multiplied by an accounCC. The rate smoothing procedure basically

involves smoothing the annual rate and definingirerterly account ,, using the equation:
Ta,t = tXa,t X Ca,t .

The quarterly rate is the result of the followinghimisation programme:

min " (tx,, —tX,,,) >
t

4
With the constraintz tx, xC,, =tx,xC, =T, fora=1.A
t=1
This constraint may also be expressed:

itx X (Ca't) =tx
& a,t Ca a

At a more general level the programme can be egpdethus:

minZ(Xa,t - xa,t—1)2

st

D X, Py = X, fora=1.A
t

This equation can be solved in exactly the same asmyhe usual smoothing programme, by replacing the
matrix M with

Pii Pz Pz Pig
0 0 0 0

0 0 0 0
Pai Paz Pasz Pas
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Appendix 5: The method used to assess the impact\adriation in the
number of working days

We can postulate the following relationship betweerraw variable and its WDA equivalent, with ‘@’
representing the year and ‘m’ the month:

7 «

Ya,m = Z ai N :al,m + /8 Fa,m + ya—m,za-a,biss + Ya\ll,vn?A (1)
i=1

where:

Y a,m represents the raw variable

Y WDA . . . L
a,m represents the variable adjusted for working diryation

&M represents the number of working days of type1,(i.,6) in the month under consideration,

7

a,m

and represents the number of Sundays in this samemgafiether or not they are public holidays)

Fa’m represents the number of public holidays (exclu@ogdays) in this month
0,0

abiss 1S @ dummy which takes on a value of 1 in the marfitFebruary, but only for leap years.

WDA
The WDA data serieya .m isthus the residual of the estimated economegyu@gon.

Calendar-related variables are first centered atstmsonal mean so as to exclude all seasonatrin#éu(this
does not fundamentally change the nature of thesiiod

Furthermore, in order to handle series which doimdude a seasonal component and which are stagiq@as
far as possible), the model is estimated usinydae-on-year method:

7
— i WDA
A12Ya,m - Z ai A12Na,m + ﬁ A12Fa,m + y5m,2|a + A12Ya,m (2)
i=1
where: |a = 1ifaisamultiple of 4
| a — —1if a-1is a multiple of 4

| a = O in all other cases.

However, the total number of working days, Sundayd public holidays not falling on a Sunday is édaahe
number of days in a month. For example, for the tthofiJanuary (m=1):

7 .
Oa,), N, +F,,=31
i=1

February is different, for the obvious reason tiet number of days oscillates between 28 and 29.cive
express this as:
7

Z A12Neil,m+A12Fa,m =Jm,zla (@)]

i=1

The variableémzl a Sshould thus be seen as a corrective element relatbeé existence of leap years.

38 Insee Méthodes



We are then presented with a collinearity problama linear relationship can be observed betweedifferent
explanatory variables. We can solve this problemiriggrating the collinear relationship directiytdnthe
regression, giving us:
7
- [ WDA
A12Ya,m - Z ¢iA12Na,m +05m,2|a +A12Ya,m )

i=1

where@, =@, — Band@ =y + [
The impact of the number of public holidays is thos-identifiable.

The coefficients¢i must then be interpreted with reference to thedsig@holidays. As such the coefficient for

working Mondays does not correspond to the grofectedf a working Monday, but to the effect of tliay
relative to the effect of a public holiday. For exde, household expenditure on “accomodation aratl fo
services” is greater on public holidays than ibis working days. The coefficients attached to thenloer of
working days are thus negative.

> Constructing the Nti variables

In order to ensure that the estimate preserveg thffiscts ascribable uniquely to working day vasiatworking
days variables are seasonally adjusted by a prof¢esandard deviation, using a Buys-Ballot ta#pgendix §.

» Selecting the parameters of the model

There are two ways of assessing the impact of wgrllay variation: an additive method, and a mutigilon
method. The latter involves estimating the impatctworking days on the logarithm of the indicatohi§
supposes that the impact is proportional to thellef the indicator; the larger the indicator, teater the
calendar effect. The choice of model is made jgifttt both adjustment operations (WDA and SA).

To choose between the additive and multiplicatioathods, an initial graphical analysis of the seiies
conducted in order to determine whether or nostesonal variation increases in line with the ugiaey trend.
To put it another way, the objective is to detemmivhether this seasonal variation is essentiallifipticative.
To confirm the results of this analysis, a simptere@metric test is carried out, constructing aesgion of the
annual amplitudes against their averages. A sigmiti coefficient will point out that the multiplitan method is
the best option. Thereafter, a stability test oa thorking day coefficients allows to identify anyajor
instabilities which may result from a poor choicenoethod. More complex tests do exist (for exantple
nonlinear Box-Cox test) but are not used here)ewst due to the calculation and analysis timeireduo apply
them correctly.

For the rest ofAppendix 5 the explanation of the working day adjustmenthwodtcontinues, based on the
assumption that an additive method has been chdsemake the transition to a multiplication methie
indicator simply needs to be replaced by its |abari

. Step one: degree of differencing

The model is estimated using the year-on-year ndetharder to obtain stationary data. Nonetheltss year-
on-year evolution of the indicator may not be stadiry. A Dickey-Fuller test is performed on theidaal (3). If
the nonstationary hypothesis is refuted, the flifference of the equation (3) is calculated.

. Step two: detecting the influence of working day vdation

This involves conducting a Fisher test on the patans of the model (3) (differenced where relevdhthe test
finds out that the coefficients are not jointlyrsfgcant, no working day adjustment is required this indicator.

. Step three: detecting the existence of a leap yeeffect

This step involves carrying out a Student testt@né parameter of the leap year dummy. If the testsfiodt
that a coefficient is not significant, or conveyshas a value which is out of proportion with tbaserved for
other days, no leap year adjustment is performeithisrindicator.
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. Step four: testing for specific effects for July ad August

The months of July and August can undermine attertpestimate the effects of working day variatidaring
these months many people take their holidays, wbéhhave the effect of attenuating the influenfcerarking
days. To test the effects of calendar variationthémonths of July and August, the effects a fissessed for
the summer months only. A Fisher test then allosvtoudetermine whether or not the coefficientssigaificant.
If they are not, then the coefficients for the nienof July and August must be null, i.e. no workitay effects
are subtracted from the indicator for the summentimgy the working day coefficients are then estaddor all
other months. If the test finds that calendar \&mies do have a significant effect in the summenths, then the
coefficients are assessed in the same way foraitims of the year, with no specificity for summesnths.

. Step five: grouping tests

These five tests allow to draw up groups. The npoattical approach is to use very limiting speéifions,
which contribute to better understanding the coifits used and to improving the precision of tsenmeated
effects. Each test corresponds to a Fisher tespedific coefficients. These tests are performaagus model in
which the residuals follow an order 1 autoregressiodel.

The grouping possibilities tested are:
- the Sunday coefficient must be zero (this isroftee case for consumption indicators);

- the coefficients corresponding to the days ofwleek must be equal, and the Sunday coefficient mus
be zero (another common scenario for consumptidicators);

- the Saturday and Sunday parameters must botbrbethis is more applicable to output indicators);

- the coefficients corresponding to the days ofwleek must be equal, and the Saturday and Sunday
coefficient must both be zero (this is also apfliedo output indicators);

- the coefficients corresponding to the days ofwieek must be equal.

. Step six: compensation and forward planning

Once the grouping option has been chosen, the giegtis to determine whether extending the explampat
variables to the months immediately before andr dlfte month in question has a significant impatcts in fact
possible that companies will compensate for thecefbf a public holiday by increasing their outpwer the
subsequent weeks, or conversely they may anticipatincreasing production in the weeks leading aughie
holiday. It is also possible that household expemeion clothing may be spread over several wedienyfor
example, a public holiday falling on a Saturdaysesua significant drop in consumption for that dayboth
cases, the equation (3) is estimated using not tielyworking day coefficients for the month at habdt also
those for the months immediately before and afigfisher test on the lead and lag variables, arl together,
is then carried out.

. Step seven: stability tests

It is important to test the stability of the estteth coefficients. Changes in behaviour can possigify the
impact of public holidays on the French economy. &ample, the fact that shops are now increasioggn on
Sunday and public holidays will probably modify thigect that these days have on household consompti

Chow tests are performed for each year. If sigaificfluctuations appear, the working day coeffitseare
calculated using sliding scales covering severatg/eDetermining the number of years to be useddse scales
is a delicate operation: they must be sufficiesityall to adapt to fluctuations, yet broad enouglaltow to
estimate the coefficients to an acceptable degraeanracy.
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Appendix 6: Seasonal adjustment using standard deafion
(Buys-Ballot)

The Buys-Ballot method is a seasonal adjustmehintqae based on standard deviation. The methodsterts
estimating the seasonal effect of a quarter, repted by the mean value of the data series foigthaster, on all
years for which observations are available, redimetthe overall mean.

The method involves conducting a regression ofstries to be adjustelja’t against the quarterly indicatol:

5; : 5a2’t : 5; : 5;t , Where, for example&it =1if t is afirst quartert{ = 1), 0 otherwise:

Ia,t :alxdi,t +a2 xJ:,t +a3 xdeit +a4 xé:,t +€a,t
The model is estimated without a constant, bectheseum of the indicators will be 1 regardlesshefdate.

The estimated coefficients are in fact equal torttean values of the series for each quanﬁqr:: [t ..

a .= I_{T4}

- 1
wherel {11} = Kz I, and Ais the number of years.
a

— 4 —
The sum of the coefficients is proportionalltq the overall average of the seriez:: a, =4l .
i=1

The seasonal coefficients are ultimately definedh&sdeviation between the mean for each quartdrthe
overall mean:

a =0, =lm-1,.,a,=0,-1 =l —1.
The seasonally-adjusted series is thus:
| CVs
a,t

1 2 3 4
_Ia,t _alxaa,t _azxaa,t _asxaa,t _a4x5a,t

4
Seasonal adjustment is neutral over the whole gaare the coefficients confirm thaz a, =0.
i=1

% For the purposes of this example we assume thaseties | at IS stationary. Ifl at follows a linear progression, the

regression model used will bel_, =A+Bx(@4xa+t)+a,x0;, +a, x>, +Ay, X 02, +a, X 0., +&,,. This

4
model is not immediately identifiable. A constratherefore needs to be added to the coefficiengs Eai =0)
i=1
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Appendix 7: The X12-ARIMA seasonal adjustment methd

The method used by the X12 programme consiststod@ing from a data series(dlready adjusted for working
day variation) a component corresponding to thadt®ycle TG a seasonal component &d an irregular
component R The seasonal adjustment consists of estimatiegntpact of the seasonal component in order to
correct the initial data series of this component.

It is important to note that, in conformity withethconcepts used in the quarterly accounts, theulae
component Rmust feature in the seasonally-adjusted datasseai®d thus in the SA-WDA series as well. For
example, the effects of a strike on a given brasichctivity must be clearly visible in the SA-WDAutput
figures for this branch.

The X12 method is based on a number of moving gesrawhich are applied to the series. The seasonal
adjustment of a quarterly data serigisvolves three key steps:

Step 1: initial estimation of the seasonal andduar components

Using a symmetrical moving averaf(.), it is possible to separate the trend cycle compb(EC) and the
seasonal-irregular compone&+R,):

1
M(lt)zg(lt—2+2|t—l+2|t +2|t+l+|t+2)

_M(It):(8t+ Rtj thus gives an estimation of the combined valuethaf seasonal and irregular
component§S+Ry).

Step 2: first estimation of the seasonal component

A A

In order to remove the irregular component frEISt + Rtj, for each quarter we apply a moving averdde

defined as:

M'(I,) = %(I g t2l_,+3l, +2l,,+1,.,,) (5-yearaverage)

Thus M'(l, = M(l,)) = é( gives an estimate of the seasonal component.

Step 3: standardising the seasonal component only

However, this estimate of the seasonal componess dot satisfy the constraint of a zero sum fohqmr We
thus impose another constraint:tif is one of the four quarters of the yearand S is the sum ofS for the

year @ , we can defineS as the standardised seasonal component®jus S —ZSa .

We thus obtain an initial estimate of the seasgradjusted seriest, =S, =17

In order to refine this initial estimate, the scite repeats these three steps using other moviemges
(including Henderson moving averages), applyingsdme principles. We thus arrive at a second etiofahe
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seasonal coefficients, which we once more transfirransure that they satisfy the zero sum requinénigy
removing this coefficient from the initial seriage arrive at the final, seasonally-adjusted values.

In order to apply these moving average filtershat start and the end of the period, and thus tidaaoy
deformations at the ‘fringes’ of the series, we tperform both retropolation and extrapolation. Thethod
used by X12-ARIMA involves choosing an ARIMA modehich accurately represents the series, then tkiag
as a predictive model to extrapolate the seriess [Elads to revisions in the SA-WDA series: whamew point
becomes available (or a recent value is reviséé) ARIMA extrapolation will also be modified; agesult of
these two factors, the seasonal effect is estimdiféetently. The revision itself thus takes onemsonal nature,
and its effects decrease the further back we goGsaph below). Moreover, in an improvement on the presiou
version X-11, the X12-ARIMA programme has a specamdule for detecting and correcting ‘outliers’.igh
allows to remove anomalous values (which may betdspecific short-term factors or reflect longrtechanges
of level) so as not to upset our calculation of‘ttend-cycle’ and seasonal components.

Graph: Revising the % trend of ‘food’ imports, betw een the detailed results for Q2 2011 and
those for Q1 2011
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Source: quarterly national accounts
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Appendix 8: From volumes at constant prices to chaed volumes
at last year’s prices (and vice versa)

The value at a basic level for a given y@#s equal to the product of a price and the quanfitihis product:
val, = p, Xq,
where P, is the price and),, the quantity.

The volume at constant prices is defined as thdumtoof a price, in the base year, and of the quantity, so that
for the base year the volume is equal to the value:
vol, = p, Xq,

The price index is thus defined as the ratio betvwedue and volume:

indp, = Y2 = P
vol, P,

It therefore represents the difference betweermptloe for the year at hand and the reference firaza the base
year.

If we consider two elementary output values i anithg¢ aggregation of these two outputs is simpie:violume
(and the value) of the aggregate will be the suth@fvolumes (and the values) of each product.

vol, (i + J) = po (1) xq, (i) + Py () *q,(])
andval, (i + j) = p,(i)xq, () + p,(})*q,(]) -

As such, the volume indicator, that is to say theligion in volume between the base year and tla yader

consideration, can be expressed as:
... _vol (i+]
IndVol, (i + j) :M
voly (i + j)

or
_ G voli() . a.(i),  vol(j)
A1) voly(i+ ) qo(i) vol(i+Jj)

IndVol (i + j)

As the volumes are equal to the values for the lpase, the volume index involves weighting the edatary
volume indices against the value structure of @eebyear (making it a Laspeyres index).

Generally speaking, we can express the volume inflar aggregate of elementary levels i as:
Zvoln (i) i ) )
ndvol,(Yiy= ==y S | _Po)xG% (0
Yvol, () 5 dp(@) | D poli) * a, (i)
i i

Volumes are generally measured either in last gganites or at the prices of the base year. Thedumwe get
from the base year, the greater the differencebgilbetween last year’s prices and those of the yoeer.
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However, volumes expressed at last year's priceaatabe used directly in a time series. If we coraphe
volume level of Year 1 and the volume level of Y&arexpressed in last year's prices, we are effelgti

comparing:
vol (3 1) =2 po (1) 0, (i) etvol,(31) = > py(i)x 0, (i)

so the difference between these two volumes raflboth a price change (between Year 0 and Yeand)aa
volume change (between Year 1 and Year 2).

On the other hand the volume index for Year 2, esped at last year’s prices, does correspond év@ntion in
volumes between Year 1 and Year 2:
Z p.(1) x 9, (i)

IndVol,(2.1) = z 0. ()% (1)

The purpose of chained indices is thus to retagnviliume index estimated at last year’s pricedadrdicator
of the change in volume, while chain-linking theagable indices starting from a given referenceryea

Thus if the reference year is Year 0, the chairddmae for Year 2 is equal to:

Z Po (1) > 0, (i) Z p. (i) xq, (i)
Z Po (1) qu(l) Z p. (i) x (i)

veh (3 i) =vol, x IndVo| x IndVol, = (Z P, (i) x qo(l)j

which can be simplified as:
ILHOLEN0 -
m PILAOLEAD

When we chain-link volumes at an eIementary lewdd, obtain the volume at a constant price, that axfeb
Year O:

veh (i) =

_ Po()*a(i)
VRO =) xa)

By developing this formula, or applying it to a gil® numerical example, we can observe that:

vehy (i + ) # vehy (i) +vehy ()

x p(i)xq,(i) = py(i) xq,(i)

To put it simply, the additivity is lost. To obtaghained volumes we thus need to chain the inditaf levels of
aggregation, and for all operations.

Conversely, based on the chained prices for theique year we can reconstruct volumes at constace$ by
basing our calculations on chained volumes at thst mhetailed level possible.
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Appendix 9: Calculating contributions in chained vdumes

In the context of the volumes calculated at thestammt prices of the base year, a single and relgtintuitive
formula allows to calculate the effect of a givariable Y on the change in a second variable Yot annual
and quarterly levels, represented in the followi@gntrib’ function:

| pricect
Contrib (Yvol pricect xvol pricect) —e Yvol pricect) Yav—01 pricee
a 1 Na - a xvol pricect
a-1
| pricect
H vol pricect vol pricect | — vol pricect Yt\i?_ pricee
Contrib Yt ’Xt =e Yt W
t-1
where ev(Y) represents the growth rate of the éei in relation to the preceding period.

The contribution of the variable Y to the evolutiohthe variable X thus corresponds to the growtie of the
variable Y weighted to reflect the relative weiglty in X in terms of volumes recorded in the pas period;

In the annual data, this formula remains valid ¢baeined volumes requiring only a slight modificatiorhe
contribution of the variable Y to the evolution thfe variable X then corresponds to the growth odt¢he
variable Y weighted to reflect the relative weiglty in X in terms ofvaluesrecorded in the previous period.

value
Ya—l

value
Xa—l
Calculating quarterly contributions, however, isnare complex undertaking which requires to makeaaer
choices. First and foremost, simply transposing #mmual formula given above has been found to be
unsatisfactory (although it does preserve the adglglitof the contributions made by different compgaoits of an

aggregate), as this would cause a sudden jumgeifirdt quarter (since in the first quarter thee\dous year’ is
no longer the same as it was for the precedingtepar

ma (Y volch, X volch) —e Yavolch)

The French quarterly accounts thus base their ibomitsn calculations on a formula derived from tenual
formula, but adapted so as to prevent sudden jumpach first quarter, while also preserving thdithty of
the contributions made by different componentsrofggregate. The generic formula, which thus inoates a
corrective element specific to first quarter resutan be written as follows:

contrib (Y;{"C“, X;‘fmh)

Contiibe, (¥, X ") = +C0ntrib(YanICh,X;‘fmh)(che —1j

price
xa—l
volch volch price price
+1[ x Ya—1,4 _ Ya—l X ( Ya—l - Ya—2
=1 volch volch price price
xa—l,4 Xa—l xa—l Xa—2

The first term corresponds to the ‘traditional’ adhtion of contributions (using th€ontrib function). The
second term introduces a corrective element coadetd the price disconnect between component Y and
aggregate X. The third term applies only when dating the contributions made in th& quarter of each year,
correcting any sudden jolts resulting from the deaaf reference prices (from year Y-2 to year Y-1).
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At first sight this formula can seem complex. Buistcomplexity needs to be put into perspectiveofte thing,
the formula is relatively easy to progré?ri.:urthermore, the fact that the formula respedtsatiditivity of the
component variables means that we can also useidltulate the contributions of those variablegctuhas they
are sometimes negative and sometimes positive @sicihanges in inventories or the balance of trade)not
available as chained volumes. The contributiorheftialance of trade to GDP growth in chained vokimméhus

defined as the difference between the respectiatribations of exports and imports in chained vobdgmdespite
the fact that the trade balance variable itsatbiseven available in chained volumes.

The ‘Quarterly Accounts/ methodology’ section of tNSEE website includes a detailed explanatiothefmethod used

to calculate contributions in chained volumes, glaiith an Excel spreadsheet in which the contrdutalculation formula
has been pre-programmed using sample data.
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