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Abstract

Benchmarking is a process of achieving mathematioakistency between low-
frequency (e.g. annual) and high-frequency (e.gartgdy) data. Statistics
Netherlands is planning to apply a new benchmarkaeghod on Dutch national
accounts.

To incorporate the economic relations of Dutchoral accounts into the model,
new methodological features, such as ratio comfaisoft constraints and
inequality constraints were needed. In this paperextended the multivariate
Denton method of Bikker and Buijtenhek (2006) witiese methodological

features. The extended method is formulated asasy @enderstandable quadratic
programming problem.

To apply this method to Dutch national accounts drucial that the software can
cope with large data sets, i.e. over 100,000 vkesabSuch large-scale
applications of reconciliation methods are rarghi@ literature. In this paper we
show, however, for these large problem sizes weficahsolutions, by using a
state-of-the-art optimization solver like CPLEX.

To test whether its possible to incorporate thestamts of the Dutch supply and
use tables in the proposed model, a simulation rexpat was conducted. The
results of this experiment are excellent: all comtaef national account experts
could be adequately incorporated in the model. Alse comparison of the results
with published figures of Dutch national accounteslonot show much

(unexplainable) deviation.
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1. Introduction

National Account data have to satisfy certain antiog rules. Since different data
sources and different statistical compilation mdthare used for annual and



guarterly data, violations of the accounting rwdesur naturally. Macro-integration is

a process of achieving consistency. The first siephis process consists of the
correction of errors. In the second step a balanpnocess is carried out. This paper
focuses on the second step only.

The literature on this topic goes back to Stonealet(1942), who presented a
constrained, generalised least squares method, hichwvariances are used as
reliability weights. The size of the adjustmentsatttare made to the data are
negatively correlated to the reliability of the @aSeveral other macro-integration
methods are described in Wroe et al. (2004, Annex A

This paper deals with a specific macro-integraggyoblem called benchmarking.
Benchmarking is the process to make high frequeaieg low frequency data
consistent. Without loss of generality, hencefarth assumed that the time series are
guarterly data and the benchmarks are annual 8gurgpically, the annual data
sources provide the most reliable information atmudrall levels and the quarterly
data sources provide information about short-tefmanges. Thus, the aim of
benchmarking is to make the quarterly data cohewdtit annual totals, while
preserving all quarter-to-quarter changes as magboasible. The latter is called the
movement preservation principle (Denton, 1971).

The benchmarking methods in the literature can foady classified into purely
numerical methods and model-based methods. Bloesh €001, Chapter VI) and
Dagum and Cholette (2006) give a comprehensivevarof methods.

In the model-based field we have regression modeisinstance Cholette-Dagum
(1994), ARIMA model-based methods proposed by Hilirand Trabelsi (1987) and
state space models proposed by Durbin and QuelmétB97). Closely related to
the regression method is the method of Chow and1971) for the interpolation of
time series, i.e. deriving quarterly data from aaindata, although this is not a
benchmarking method in the strict sense. The Chailan method may suffer from
step problems, i.e large gaps between the fourdrtguof one year and the first
guarter of the next year.

A classical reference to a method in the numeriigdtl is Denton (1971). The
Denton method is a quadratic programming methodveasl initially proposed for

univariate data. As the method is based on the mem&preservation principle, it
avoids the step problem. Di Fonzo and Marini (2088ye extended the Denton
method for multivariate data. In addition to tengdoalignment, multivariate data
often also have to satisfy a set of contemporanemunstraints (i.e. restrictions
between different time-series in one time-perio®ubsequently, Bikker and
Buijtenhek (2006) have added reliability weightshe multivariate Denton method.

In order to incorporate all economic relations led hational accounts to the model,
new methodological features had to be added tomihiévariate Denton method of



Bikker and Buijtenhek (2006). These involve: safnstraints, ratio and inequality
constraints. Magnus et al. (2000) already haverpuwated these features into a
reconciliation method, more general than for beratiimng purposes.

Although it is mentioned by Bloem et al. (2001) tthlae Denton method is well
suited for large scale applications, to the knogéedf the authors, such applications
have not been performed at NSI's (National Sta@stinstitutes). The lack of
adequate technology used to be an obstacle (Nutp2000).

Statistical Netherlands is planning to implement extended version of the
multivariate benchmarking method of Bikker and Banpek (2006) in its production
process of national accounts in the near futures application requires software that
can cope with large data sets, namely over 10,0080 series. The software will be
based on a state-of-the-art, commercial quadratbgrpmming (QP) solver. The
Bureau of Economic Analysis (BEA) also used similaoftware for the
implementation of a reconciliation method (Chenp&0 but their method is not
aimed at benchmarking.

A simulation experiment was conducted on data oftBwsupply and use tables to
find out whether all economic constraints that @sed in the current benchmarking
process can be included in the model. The expetimes successful and now
Statistics Netherlands is in the process of implgmg the method into its
production system.

In Section 2 we describe the univariate and a wasitite Denton method and its
extensions. Section 3 deals with the current andréubenchmarking process of
Statistics Netherlands, the software implementatiad the experiment on Dutch
national accounts.

2. Themod€

2.1 Theunivariate modé

In this section we discuss the classical DentorhotetThe aim of this method is to
find a benchmarked time-serigs, t = 1,....T, that preserves as much as possible all

quarter-to-quarter changes of the original sexesubject to annual benchmarks.

Denton proposed several measures to define theletqniarquarter changes. We
consider the proportional first-order function attg additive first-order function.
The additive function keeps additive corrections—(x, ) as constant as possible over

all periods. The proportional function is designiedpreserve the (proportional)



growth rates ok and therefore keeps the relative correctiongx, ) as constant as
possible over all periods.

In mathematical terms the additive Denton moddkigned as follows:

T
miinZ((fq - Xt)_ ()’Zt—l - Xt—l))2 (2.1)
t=2
t=4(j-1)+4
such that ;52I =y,
t=4(j-1)+1 j=1,..,T/4 (2.2)

and the proportional Denton model is given by

;
min Y- (% /%)= (%1/%)) (2.3)
t=2
t=4(j-1)+4
suchthat ;xt =y, j=1,...T/4 (2.4)
t=4(j-1)+1

wherej is an index of the year ang, is an annual value. The set of restrictions

expresses the alignment of four quarters to anotaks.

2.2 Themultivariate case

The extension of the univariate Denton model torthdtivariate case of Bikker and
Buijtenhek (2006) is straightforward. The multiad, additive model is given by

minii( ]';)2 ((Xt _Xit)_()A(it—l_Xit—l))2 (2-5)

suchthat C"g=b", (2.6)

wherei is theindex for the time-serie$) denotes the total number of time-series, and
w is a reliability weight of thé th time-series. The set of restrictions involveshbot

contemporary (i.e. over different time-series ané period) and intertemporal (over
different periods and one time-series) restrictions

The extension for the proportional model is similarBikker and Buijtenhek (2006)

the proportional and the additive models are coethiThe user has to specify for
each time-series whether the model is proporticadditive or fixed, that last one is
discussed in the following subsection.

2.3 Soft constraints, fixed quarters, ratio constraints, and inequalities

In this subsection we propose extensions to théivatkte Denton method.



At Statistics Netherlands a lot of subject matterowledge is used in the
reconciliation of national accounts. For instarfoe:some perishable goods the value
of the change of stocks, summed over the four quedf one year, should not differ
much from 0. In order to include such knowledge® itite model soft constraints are
needed. A set of soft constraints is given by

CS% ~ (bS,(W°)32). 2.7)

where b® is a vector with target values, amd is a vector of weights. Similar
notation will be used throughout this section.
In the literature variances are used to define wleéghts, but in practice these

variances are often unavailable. In our mogiet)®> can be chosen at will. Only the

relative values of the weights determine the out@foptimization procedure.

The superscrip denotes that the constraints are soft (where tiperscriptH in
(2.6) indicates that a constraint is hard). Thesesitaints are included in the model
by adding the following penalization terms to thgeative function (2.5).

+R2i2[bﬁ—iic§;xtj , 28)
rﬂ_@w )

t=1i=1

wherer is the index for the soft constraints aRd denotes the total number of
constraints.

Although the Denton method focuses on the preservadf quarter-to-quarter,
changes, in some cases it may be necessary taateckjuarterly value, for instance
if that value already published. Hard and softdixgiarters are respectively denoted

by
%, =% and X, ~ (%, (Wr)?). (2.9)
Hard fixed quarters are linear equalities and aided to the set of hard constraints

(2.6). Soft, fixed quarters are incorporated inrttwdel, by adding the following term
to the objective function (2.5)

'y (&t —FxtJ | (2.10)

whereF is the set of indices of all fixed quarters.

Many economic indicators are ratios of nationaloacds variables, for example the

relation between value added and the output of ralustry. To describe these

relations hard and soft ratio constraints are adde¢te model. These constraints are
given by

Xntlxdt :Vndt and f(nt / )'Zdt - (Vndt'(Wr?dt)z) (211)



wherex,; denotes the numerator time-serigg,denotes the denominator time series
and vhqt is some predetermined value. Following the approaiciMagnus et al.
(2000), ratio constraints are linearised in théofeing way

)A(nt _Vndt)A(dt =0and )A(nt _Vndt)A(dt ~ (O, (eri'h)z )- (2.12)
These linearised ratios are added to (2.6), ai@.7 respectively.

Note that, essentially, there is no difference leemvhard linear constraints and hard
linearised ratio’s, but there is a difference ip 8oft case. For soft linearised ratios,
the value ofv,g: is uncertain. But in the case of a linear constriie randomness is

in the values ob?®. Due to this difference the weights of soft ragiare computed in
a different way than the weights of soft, lineanstaints.

Most economic variables are not allowed to haveatieg signs. To incorporate this
(and other) requirement(s) in the model some in@guonstraints are needed. A set
of inequalities

AR<z (2.13)
can be easily added to the model.

The problem, defined by (2.5), (2.6), (2.8), (2.80d (2.13) is a standard (convex)
guadratic programming (QP) problem. The problerwedl known in the literature,
and many efficient solving techniques are available

24 Weghts

In the objective function of the aforementioned mloskeveral kind of weights are
used (weights of additive and proportional change$, fixed quarters, soft ratio’s
and soft, linear constraints). The weights havbdaaletermined, such that the model
meets certain properties, see Ohlén (2006).

Expressions for all kind of weights will be propds@ an upcoming paper. These
expressions focus on two model properties:

1) Invariance: If all input data are multiplied lye same nonnegative scalar, the
outcomes must also be changed by this factor;

2) Ratio symmetry (mentioned by Magnus et al. 2008e outcome will not change
if a soft ratio in the benchmarking model is replhdy its reciproke, i.e. if the

restrictionx/y ~ (r,(w§ . )% is replaced by / x ~ (Lk, (W% )?).

xly y/x



3. The application of the model

3.1 Current and intended benchmarking process

In this subsection we explain that the current hemrking method of the Dutch
supply and use tables can be improved by implemgrtie model described in
Section 2.

The current compilation of supply and use tablesaisied out as follows. Each year
t, annual national accounts are compiled of thesfearl,t — 2 and t — 3. After each
compilation, quarterly accounts are benchmarkedth® new annual accounts.
Currently, the benchmarking process is done foh estimate of the annual accounts
independently (i.e. three times a year). As a agusece sSpurious gaps can arise
between the last quarter of one year and thediarter of the next year. (the step-
problem).

In the future it is intended to apply the benchmagkprocess to the three years 1,

t — 2 andt — 3 simultaneously, by using the multivariate @entmethod. Thus, the
results will not suffer from the step-problem (at$t within the period of three
years).

Moreover the application of the Denton model todbunational account will enable
Statistics Netherlands to improve the efficiencycompiling national accounts. The
balancing process of the annual accounts of thesyeal andt — 2 will be skipped.
Hence, at the start of the benchmarking processatinual data af— 1 and — 2 will
not satisfy the accounting rules within each yd2wth the consistency between
annual and quarterly accounts and the consistenitynweach time period will be
achieved by using the multivariate Denton method.

An outline of the new process is as follows: Thartgrly values ot — 3 will be
aligned to the reconciled, annual accounts-e8. The benchmarked quarterly values
will be extrapolated to the quarterly valuestef 1 andt — 2, by using the initial
guarter-to-quarter changes and the annual valudsesé years. The annual accounts
of t — 1 and — 2 will be defined by the sum of the underlyingagerly accounts. By
applying the multivariate Denton method each ofséhesteps are performed
simultaneously.

3.2 Software

In order to be useful for practical implementatiah Statistics Netherlands, the
benchmarking software should be able to handle leege data sets.

Eurostat developed ECOTRIM (Barcellan, 2004), avemfe tool which supplies
several univariate and multivariate benchmarkingl aamporal disaggregation
techniques, including the multivariate Denton methpoposed by Di Fonzo and
Marini (2003). Although ECOTRIM is a useful toak does not satisfy the



requirements imposed by Statistics Netherlandsb&rchmarking national account
data. The reasons for this are that ECOTRIM is agigned for dealing with
thousands of time-series, it does not include featlike weights, soft constraints,
ansthe possibility to combine the proportional and iédd methods of

benchmarking into one model.

Statistics Netherlands has built a prototype ofcbemarking software, using CPLEX
(ILOG, 2008) as solver. This state-of-the-art, caencral optimization solver is able
to cope with very large data sets. A benchmarkirmplem with 13.790 time series,
each consisting of up to 3 annual, and 12 quarteslyes, was translated into a
guadratic optimization problem with approximatel$0]000 free variables and
75,000 constraints. By using CPLEX on a 2.00 GH2pX E5335 with 1024 MB
Ram, the optimal solution was found in 45 seconds.

However, in order to conduct the intended benchmgrkf Dutch supply and use

tables, an optimization problem will have to beved| with approximately 500,000

free variables and 120,000 constraints. We alstopeed tests with the simulated

data of these large sizes. The prototype softwarend the optimal solutions.

However the constraints for these tests were @iffethan the ones of the supply and
use tables.

3.3 A first simulation experiment

A simulation exercise was conducted on the Dutgtpguand use tables of 2004-
2006. The aim of the experiment was to find outtiwbeall requirements of statistics
Netherlands can be incorporated in the model. Theas no intention to obtain
results that fully satisfy all economic relatioi$wus, we did not use exactly the same
data as in the reconciliation process of Statistietherlands, and we did not
incorporate all relations among the variables @& thodel. For some classes of
similar constraints we only worked out examples.

An important feature of the supply and use talddabat they involve fixed price data
and current price data. Both kinds of data werel us¢he experiment. By definition,
ratios of current price values and fixed price ealare price changes. The values of
these price changes had to be preserved as mypdssible.

The initial model parameters (like weights and ¢theice whether a proportional or
additive or fixed model should be applied to sonmeetseries) were determined
together with experts of the national account diepant. Parts of the supply and use
tables were aggregated, to keep the model as smsalpossible. As we have
mentioned before this model still involves 13.790et series.

The outcomes of the model were reviewed by subfeatter specialists. Their
comments were translated into changes of the meetelip, for instance different
weights, other and or more constraints.



The results of this experiment are excellent. Atharks of subject-matter specialists
could be properly translated into changes of theeheet-up. However, this was not
always trivial. For instance, one expert argued tha values of one ratio of two

variables should be about the same as the valaa other ratio. Since the Denton
method, presented in Section 2, is not able to @ahethis type of constraint, ad-hoc

solutions were implemented, namely including d#fdr constraints, that have a
similar effect on the outcomes of the model.

Although only the most important economic relatiomsre incorporated in the
model, most of the outcomes closely resemble tidighed figures of the supply and
use table: the difference was smaller than 0.3%tgdor most of the main economic
indicators.

An explanation for this good result is that theialidiscrepancies of most constraints
were small. As the benchmark process starts withpded systems of national
accounts, there were no violations of the condsaivithin the quarters and years.
The only discrepancies were between quarterly amdia figures, but these were
mainly small. However, in some exceptional casesittitial discrepancies of the
constraints were large. The information on howeéaldvith these inconsistencies are
not included in the model. This lead to undesiratdsults. Since large initial
discrepancies in the data are rare, and the deswkdion is different for each
problem, it is not feasible to adapt the modelefach case, beforehand.

Therefore, in the future application, large disampes of constraints will be
detected and reconciled by hand, before the bertimgas carried out.
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