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Abstract: Statistics Netherlands uses questionnaires taupesghort-term statistics on turnover. VAT
data are mainly used as an auxiliary variable.etiuce respondent burden, we are trying to use VAT
turnover data instead of questionnaires. This istraightforward, because it can be difficultitik|

VAT units to enterprises. A statistical procesdeseloped, using both VAT data and questionnakes.
top-down editing approach is followed. Turnover raggtes are examined first and score functions are
used to detect potential influential errors atghbblication level. These errors are caused by nmeasnt
errors, population frame errors, or linking errdree number of potential influential errors is telaly
small and they are edited manually.

1. INTRODUCTION

There is a lot of pressure from the Dutch goverrtraed business community to reduce the response
burden for companies, for both short-term sta8s{TS) and structural business statistics (SBS).
Statistics Netherlands is therefore developingtissical process which uses VAT data for most
companies and questionnaires for the 1900 largespg of enterprises. The aim is to produce both
reliable yearly turnover growth rate and reliablederly turnover level. Estimated turnover aggtega
for four quarters added up and used for SBS.

The resulting mixed mode statistical process ctssicnine parts. Parts 1, 2, 3, and 5 constitwgdriput
data phase. Parts 4, 6, 7, 8, and 9 constituteaimbined data phase.

1. Preparation and receipt of input data

Technical standardization of input data

Editing of generic systematic errors in input data
Linking VAT units to statistical units

Editing of branch specific systematic errors inungata
Estimation of totals

Top-down editing of totals
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Authorization of publication totals
9. Publication of figures

In this paper we focus on editing strategies fofTf\Wata. That is, we focus on parts 3, 5 and 7 for
VAT data. In section 2, we discuss the use of VAatador STS. Section 3 concerns systematic
errors in input data. Section 4 deals with sconetions to detect influential errors for statiskica
units. In section 5, we discuss top-down editingn€lusions are given in section 6.



2. USE OF VAT-DATA FOR SHORT TERM-STATISTICS

VAT data are collected by the tax authorities. Th&y be very useful to produce turnover statistics.
However, using Dutch tax data is not a straightBoyprocess. Tax data are only available for VAT
units and several matching procedures are necessabfain tax data for enterprises. Furthermare, t
data for enterprises have to be edited becauseasumement, population frame, and linking erro&sTV
declarations become available in waves, becaugeniag be submitted on a monthly, quarterly, or
yearly basis. Only enterprises with little turnownesy declare on a yearly basis. A substantial gfatte
VAT turnover is therefore available soon. VAT tumeo for a specific VAT unit and time period is
derived by Statistics Netherlands from variablethanVAT declaration.

For short-term statistics we are interested inyfaaly growth of turnover in a specific period,.eag
month or a quarter. In this paper we focus on guigrstatistics. We make use of a division of the
population into strata. A stratum is a combinatd™NACE and company size classes. So far, we use
VAT turnover for an enterprise if it is observed & least one related VAT unit. Otherwise, thetwer
for an enterprise is imputed. Methods are develapaétpute VAT turnover for missing VAT units. We
take into account that a VAT unit can be exemptethftaxation.

VAT turnover and other tax information can not Isediif a VAT unit is related to several enterprises
Respondent burden can be reduced if administrdtite can be used more often. SN therefore changed
the composition of enterprises. If a VAT unit ifated to several enterprises they are combined. A
disadvantage is that enterprises may become meeesdiin their economical activities. It can theref

be more difficult for an enterprise to fill in a@gtionnaire for a business statistic.

For some branches it is expected that VAT can aaided, because of VAT regulations. For each NACE
the usability of VAT data is therefore assessed.pgagt years the yearly VAT turnover of an entegis
compared with yearly turnover that is observed B$SA decision tree is used to decide whether VAT
turnover is used for a specific branch. For insgaNAT turnover is not used when a regression &imly
shows there is no linear relationship between Véffidver and SBS turnover, and VAT regulations
apply. For example, mortuaries have a VAT dispémsatHowever, in some cases mortuaries do declare
VAT, because of sidelines such as photo reportsrel'Is no linear relationship between sidelines of
mortuaries and principal turnover. VAT turnovemodrtuaries is therefore not used to estimate net
turnover.

From the year 2011 questionnaires are sent topgiges where VAT turnover is not usable or entsgwi
that belong to the 1900 largest groups of entexprig/hen enterprises do not respond in time, VA& da
may also be used to impute missing data for largaps of enterprises. Until then filled-in
guestionnaires for short-term statistics basedercurrent statistical process are used.

2. DETECTION OF SYSTEMATIC ERRORS

For Statistics Netherlands (SN) it is important ta& AT declaration for a specific period relateghat
period. For the Dutch tax authorities it is lespamiant. For instance, it happens quite oftenahdAT
unit states that it has zero turnover for the tinste quarters and a positive turnover for thedaarter. It
can be realistic that a unit was not active foe¢hquarters. However, it is also possible that su¢AT
unit actually had a positive turnover in severadmers. For the sake of convenience the VAT unif ma
declare its yearly turnover in the last quarteithis case the yearly turnover is correct, butttineover in
the first three quarters is underestimated.

We apply detection rules to detect VAT units witisgicious monthly and quarterly turnover patterns
(Ouwehand, 2010). Some of the quarterly pattera®aly corrected when they occur for two years in a
row. For instance, a VAT unit is detected whenttlraover pattern for eight following quarters i9{0,

0, x), (0, 0, 0, y), where x>0 and y>0}. A correctirule is then used such that quarterly turnoveiot



available and only the yearly turnover can be ussdsoon as a corrected VAT unit does not folloig th
pattern anymore, quarterly turnover is used adgable 1 shows that suspicious quarterly turnover
patterns occur frequently in VAT data, especialiytgrns with zero values or the same turnover galue
For patterns 1 till 8 a correction rule is appl@dy if it occurs two years in a row for a VAT unitor
most patterns the correction rule implies that dhéyyearly turnover is used.

Table 1. Suspicious turnover patternsin quarterly VAT declarations of a VAT unit.

Year

No Pattern 2007 2008 2009
1 (0,0,0,x) ,x>0 1,59%  1,53% 1,58%
2 (0,0,x,0), x>0 0,42%  0,45%  0,45%
3 (0,x,0,0), x>0 0,52%  0,52%  0,55%
4 (x,0,0,0), x>0 0,99%  0,97%  0,97%
5 (w,x,y,0), w,x,y>0 1,27%  127%  1,26%
6 (w,x,0,2), w,x,z>0 1,05%  1,04%  1,13%
7 (w,0,y,2), w,y,z>0 0,81%  0,79%  0,85%
8 (0,x,y,2), X,y,z>0 1,99%  1,99%  1,97%
9 (X,X,X,X), X% 0 2,46% 1,89%  2,28%
10 (xXx,x,y), x£ 0 and y£ 0 0,98% 0,73% 0,84%
11 (x,xy.x), x20and yz 0 0,16% 0,12% 0,15%
12 (x,y,x,x), x20and yz 0 0,17% 0,13% 0,16%
13 (yxxx), xz0and yz 0 0,51% 0,42% 0,48%
14 (wxy,z), z<0 0,17%  0,17%  0,17%
15 (wxy,z), y<0 0,08%  0,08%  0,08%
16 (w,xy,z), x<0 0,05%  0,06%  0,06%
17 (wxy,z), w<0 0,04%  0,04% 0,05%

Other 86,74% 87,81%  86,96%

Some turnover patterns are only suspicious foriBpéranches. For instance, a VAT unit with thenga
turnover for each month or quarter is not considierespicious when it leases out real estate. Imfhe
data phase the only information about the econaetivity of a company is a ‘branch code’ that the t
authorities assign to each VAT unit. This branctiees considered unreliable by SN. Branch specific
correction rules are therefore not applied in tiput data phase.

In the combined data phase SN links (groups oBrenises to legal units, and legal units to VATtsIni
Legal units are constructed by means of informagiotne Chamber of Commerce. Each legal unit is
assigned a NACE and a VAT unit obtains the NACEheflegal unit it is linked to. Branch specific
correction rules can then be applied for each VAIL.u

3. DETECTION OF INFLUENTIAL ERRORS

A. Introduction

In the combined data phase several data sourcéiakeed to assess publication figures and undeglyin
strata, and detect influential errors. We wantdtedt enterprises with an influential suspiciousdwver
or yearly growth rate, using the principles of s#le editing, cf. Granquist and Kovar (1997). Tisat
we want to detect potential errors that influerfeerequired output. To detect such errors the émnite
and the suspiciousness associated with a valueefdurnover in a publication cell is assessedhil
section we discuss score functions related to grgrtiurnover.

VAT turnover can have a negative value. A negativaover can be a deduction of an earlier erroneous
declaration or a correction of earlier estimatedatations. This is a problem for the interpretatid



growth rates, because these rates can becomeveegstivell. Suppose, for instance, that an ensarpri
has a turnover of 100 k€ in quartet and -50 k€ in quartdr The growth rate is then 100 /-50 = -2. A
negative growth rate is difficult to interpret acehnot be easily compared with positive growthsate
However, a negative growth rate can be very suspéciWe therefore transform negative turnover \salue
to positive turnover values (Hoogland, 2009).

B. Influence

Here we show how the influence of quarterly turmageompiled. We break down the influence of a
value for turnover into two components. These camepds are

a) the influence of a turnover value within a stratum
b) the influence of a stratum

Theinfluence of a turnover value within a stratum
A turnover value in periotlor periodt-4 may be erroneous. We do not want to underestimftence
of turnover due to an error. To assess influei@tarnover value in periodwe therefore compute

O' =max{0,0"'Q%} ,

where Qf’ is the median of the growth rates of observedrpriges in straturh, and 6f the observed

turnover (after transformation of negative values)enterprise.
To assess influence of a turnover value in perideve compute

o 2 /A
O =max{0/™,0 /Q.}

The contribution of enterprigeo the total used VAT turnover in stratdmfior publication celp is

(s, j)=i~s . (1)

Zjurzﬁ O

where/); is the set of indices of enterprises with VAT towar in periods and stratunt.

The influence of a stratum
A publication cell can exist of different stratehel'contribution of straturhn to the total turnover is

o
AS
ZkDpC)k
where (5§ is an estimate of the total turnover in stratufeontaining enterprisg for periods. The

summation in the denominator concerns all strafaulslication cellp. Fors=t — 4 the estimated total
turnover is used:

0" =0, 3)

h,def

(s j)= 2)

Fors =t we use a robust estimator that is not influengeduspicious turnover values:

t
ét = Q(Z), ét—4 Nh

h G h, def t-4
Nh

: (4)



with O™ the estimated total turnover for strathrin periodt —4, and Ny the population total for

h,def

periodsin stratumh.

The influence measures are combined to one metwueaterprisg in publication cellp:

12.(0) = max{ee (i) i) -4 )t -4 0) (5)

The first term used to compute the maximum valwegihe influence of enterprigen the estimate for
periodt, while the second term gives the influence ofgheerprise on the estimate for periced4.

C. Suspicious values

Our aim is to detect enterprises that have a siosi¢urnover or growth rate. For practical reaswas
only consider enterprises with a large deviantduen to determine which enterprises have a susgcio
turnover. The reason is that a deviant small tuenavill either have
a) asmall influence measure, because of a small verrint andt-4; In this case an enterprise
is not detected anyway.
b) a large influence measure, because of a largevermot-4. In this case an enterprise has a
suspicious growth rate and will be detected.

For enterprises that are suspicious on the basigrdver the following holds
3 >0® @ Q@
53 >QY +C[Q9 -Q2) | ©)

where (5(‘)’? is thep-th stratum quartile based on turnover values in swdtand periods, where zero
h

values are excluded a@ > 0. In the editing phase for peribdriterion (6) is applied fos =t and
s=t— 4, where paramet€y can be different in both periods. The default gdhr C; is 4.

The degree of suspiciousness of the turnover eihderprise is given by

El(af?,j B 21)
A

s_ )1+ alséﬁyi >z

v, =

5 ()
1 alsOy; <z

wherez; equals the right side of inequality (6) én> 0. This is applied for both=t ands=t — 4 and
parameteré, can be chosen differently in both periods. Thisipgeter can be used to scale the degree of

suspiciousness. Note that for new enterprises ihere information for periotl— 4 and for ceased
enterprises there is no information for perioth these cases the degree of suspiciousness dgfmals
periodt — 4 and period respectively.

We also assess suspiciousness for both the gratgland the inverse of the growth rate. The groatid
of transformed turnover is given by

él,l—4 —_ 6}:,] (8)
h. 6}:-}4
and the inverse growth rate by
1 ~. O
=G ==L, 9

~ti-4 h.j t
G, O,



These growth rates can therefore both be Writteérﬁs wheres =t andu =t — 4, respectivelg=t -4
andu =t.

Enterprises that are suspicious on the basis dirtkierse) growth rate are enterprises for which

Gey >Q2, +C,(02, -2, (10)

G G G
where éép) is thep-th stratum quartile based on the growth rategésiodu to sin stratumh of
h
transformed turnover (iﬁ,?’ ;% @nd 5;1{ ; # 0 andC; > 0. Parametet, can be chosen differently in
both cases (growth rate and inverse growth rate).default value fo€, is 4.

The degree of suspiciousness of an enterprise lmasttk (inverse) growth rate, is given by

1+M a|S—G~::‘ > z
= z, B (11)
1 alsG' <z

wherez, equals the right side of inequality (10) afid> 0. For the growth rate and inverse growth rate
the scale parametét, can be chosen differently. For new and disappeanéstprises in the publication
cellv;" = 1.

Lastly, the suspiciousness measures are combinmtetmeasure for enterprise
V(i) =max{vy v b v -1 (12)

The maximum ofv; andV.™ is taken, because turnover that is suspiciougiio@t and period — 4 is
not considered more questionable than turnovelighaily suspicious in peridcor periodt — 4. For
v, andV;™ itis not necessary to compute a maximum becdesetmeasures cannot be larger than

one at the same time.

Various suspiciousness measures are either bagednawer level or on growth rate. The length & th
right tail of the distribution of these measures/mary. This length must be comparable across
measures, because values are considered suspidienghey are in the right tail of a measure. Weeha
to prevent one measure dominating the detecticusgpicious values. The scale paramefgrand &,

are therefore chosen in such a way that thesetagbtare comparable.
D. PIE score

To arrange enterprises according to editing psicéch enterprise is assigned a Potential Inflaknti
Error (PIE) score. This score indicates the rigkafio incorrect yearly growth, in a publication cafid
period, if the turnover for that enterprise is lefichanged. The PIE score is given by:

P (i)=ve, (i) (13)

The threshold for (13) is set at 0.01 and the thotekfor (12) is set at 0.005. Enterprises with hifighest
PIE score on the so called PIE list are edited. fitkis process consists of checking whether th€NA
size class and VAT turnover are correct.



E. Causes for influential errors

Some extreme turnover values are caused by fraroeseFor instance, an enterprise that is considere
be a retailer, but is actually a wholesaler. A vélsaler can have a higher turnover than a retaiterthe
same number of employed persons. To check the NaGternet search is done for the company to
find out its main activity. Whether turnover is sifered to be correct depends on the turnovertfaro
periods, the seasonal effect expected for the hrgussible differences between VAT turnover and
‘statistical’ turnover, and values of related vhlés for

There are several causes for influential errors:
a) an enterprise is wrongly classified in the popolatirame;
b) an enterprise makes a typing error while fillinghe questionnaire;
c) a VAT unit is wrongly matched to an enterprise;
d) a VAT unit makes a typing error while filling inglvAT declaration form;
e) a VAT unit declares VAT turnover which includesarection related to an earlier period;
f) a VAT unit does not declare turnover which is ralefor Statistics Netherlands;
g) a VAT unit declares turnover which is relevanttioe Dutch tax authority, but is not relevant
for Statistics Netherlands.

5. TOP-DOWN EDITING

At SN we want to increase the use, reliability, amgroducibility of top-down editing of business
statistics. For a publication cell the followingt@@haracteristics are examined to decide whether
turnover growth and turnover level is plausible:

a) Population dynamics within and between publicatielts. E.g. if a large enterprise moves to a
different publication cell, this may have an effentyearly growth of net turnover;

b) Turnover aggregates and yearly growth for all gmises, for the Top 1900 and the remainder
separately, for each NACE, and for each size class;

c) Aggregates for wages, employees (fte), and worgirgons (fte) for the same groups of
enterprises as for b). These aggregates are retatachover and are estimated by means of
edited pay roll declarations.

d) Distributional characteristics of turnover andeatisuch as minimum, maximum, and quartiles.
E.g. a useful ratio is turnover divided by workipgysons (fte). Graphical methods, such as
histograms, scatter plots, and box plots can bd.dd®e aim is to detect outliers, which can
represent frame errors, match errors or VAT erfbngse outliers are not edited directly, but
they serve as a check for the PIE list. For ins#aitds useful to examine a scatter plot with
turnover for quarter versus turnover for quarted, where enterprises on the PIE list have a
different colour or sign;

e) Maximum value of PIE-score and humber of enterprige PIE list.

Examining data characteristics gives an impressifatata quality. The next step is to edit entegwis
with suspicious turnover. An editing tool is buhowing relevant data for an enterprise, such as
— Series of quarterly turnover for the enterprise
— Series of wages, employees (fte), and working per¢ibe) for the enterprise
— Name of enterprise
— Name and turnover of underlying VAT units

If turnover of an enterprise is found to be incotrde turnover value is deleted and imputed.df th
enterprise is classified in the wrong publicati@l the NACE is adjusted. Step b) is repeated sesthe
impact of selective editing on the output. If thexéime and manpower left, more suspicious enisepr



should be edited. In practice, there may not beigindgime or manpower. In this case we should have a
idea of the potential impact of remaining potenitiflluential errors.

Table 2 gives the number of potential influentiabes, for each quarter of 2009. Only a small pathe
enterprises has as a potential influential errdfAT turnover. For wholesale trade the number & Rl
relatively high. About 21,6% of the PIE occur inailésale trade, while only 9,5% of the enterprisaéh w
observed turnover is a wholesaler. For wholesaldetthere are several VAT regulations that cantresu
in a suspicious turnover. Furthermore, the relatietween turnover and number of working persons is
weak in this branch. The number of working persenssed to form strata.

Table 2. Number of enter prises based on observed VAT turnover, number of imputed enterprises, and
number of potential influential errorsin quarterly turnover, for each quarter of 2009.
All branches Retalil trade Wholesale trade

Period observed imputed | PIE | observed imputed| PIE | observed imputed| PIE
1% quarter 2009 | 608.428 114.836 810| 73.066| 15.209) 64| 59.441 11.004| 192

2 quarter 2009 | 618.177| 171.815 848| 73101 13.365 50| 59.542| 9.712| 169
39 quarter 2009 | 635.933 206.676 928| 74.856| 13.486| 58| 59.721| 9.724| 198
A" quarter 2000 | 631463 211463 896| 74.252] 14.035 52| 58.782) 10.013| 192

V. CONCLUSIONS

Statistics Netherlands aims to increase the us&\dfturnover for STS and SBS. We therefore changed
the composition of enterprises in such a way they tan be linked to VAT units more easily. Several
editing strategies are implemented for VAT datartprove the quality of estimates for turnover
aggregates and yearly growth of turnover. Systeneaitors in VAT units are corrected automaticatiy a
top-down editing is used to detect influential esrim turnover for (groups of) enterprises.

In 2011 we want to

a) provide consistent estimates for yearly growth &al turnover per month, quarter, year;

b) use VAT turnover instead of questionnaires foeallerprises, except enterprises for the
1900 largest groups of enterprises or for branelfese VAT turnover is not usable;

c) automatically correct systematic errors in VAT twvar and filled-in questionnaires;

d) impute missing turnover values for VAT units andeeprises;

e) deal with differences in definition between VAT tiower and ‘statistical’ turnover;

f) use top-down editing, including interactive corractof influential errors.
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