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Foreword

This study takes the principles and methods of compositional data analysis, initiated by John Aitchison more than
20 years ago and applies them to wage components. Despite the fact that these principles and methods now enjoy con-
siderable support from theorists, they have not yet been extensively applied to survey data. The aim of the present
study is to provide insight into the precision and variability of wage components, as measured in the Swiss Earnings
Structure Survey (SESS), and at the same time to propose instruments to assess and convey the precision of multivar-
iate data in the framework of official statistics.

Many people should be acknowledged here: the researchers network around the University of Girona, Spain, for
their outstanding ability to transmit their innovative new techniques, in particular Vera Pawlovski-Glahn (Univ. of
Girona) and Juan-José Egozcue (Univ. Politécnica de Catalufia) for the helpful discussions. Special thanks are also due
to Philippe Eichenberger (METH) for his support throughout the period spent working on this project and to Anne
Renaud (METH) who read the manuscript. The team from the section «wages and living conditions» (LOHN) should
be warmly thanked for the many discussions, and especially Sara Keel for her input in the comments of several charts.
Thanks also to Randall Jones from Languages Services (LING) for reviewing the English in this report.

Abstract

Precision of released figures is not only an important quality feature of official statistics, it is also essential for a
good understanding of the data. In this paper we show a case study of how precision could be conveyed if the multi-
variate nature of data needs to be taken into account.

In the official release of the Swiss Earnings Structure Survey, the total salary is broken down into several wage
components. For surveys 2002 and 2004, we first investigate the incidence of components and then follow Aitchison’s
approach for the analysis of compositional data, which is based on logratios of components.

Different multivariate analyses of the compositional data are performed and compared between the years, whereby
the wage components are broken down by economic activity classes. Then we propose a number of ways to assess pre-
cision.
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1 Introduction

There are several aspects of quality of surveys in public statistics (see e.g. Eurostat
[9] for the definition advocated by Eurostat). One aspect of quality is accuracy,
the first feature of accuracy being precision in relation with sampling variability.
Among the many ways used to assess precision, the most recommended indicator
is the coefficient of variation (CV) (Eurostat [9]). Being dimensionless, it enables
easy comparisons of precision among variables with different orders of magnitude.
However in the case of multivariate data which are correlated by nature, like parts of
a whole, CV’s are not enough to assess precision. We seek a generalization of the CV
along the lines of multivariate statistics. This global CV will thus be related to the
matrix norm of the covariance matrix of estimates. In the present case study, one
aspect of the Swiss Earnings Structure Survey is considered, namely the estimation of
population wage components. We use the framework of compositional data analysis
as developed by Aitchison [1]. The principle is to compute the logarithm of ratios
of the components. The total variance is the sum of the variances of all possible
logratios of components. If we divide the total variance by the number of ratios, we
obtain an average variance. It will be shown that the linearized form of this average
variance can be interpreted as an average squared CV. Graf [14] gives a first analysis
of the 2002 data.

Other applications of compositional analysis to public statistics have been published
by Silva and Smith [18], Brunsdon and Smith [6], Larrosa [10] and Anyadike-Danes

5].

2 Basic notions on compositional vectors

Basic notions and notations on compositional data are recalled here. Compositional
data are observations expressed as parts, thus having a unit sum constraint. A good
mathematical summary of the principal notions is provided by Aitchison [3], a less
formal introduction in Aitchison [2] and a thorough presentation of the theory in
Aitchison [1]. A unit-sum compositional vector of length D, (p1, pa2, ...pp) has strictly
positive components with sum equal to 1:

pr+pr+..+pp=1 (1)

The set of these vectors is the simplex SP.

Figure 1 shows the 3-part simplex S®. It is the locus of all points such that the sum
of the distances to the 3 edges is 1. These distances are equal to the parts of the
corresponding composition. If one part is equal to 1, the composition is located at
the vertex opposite to the corresponding edge. Each part of a composition is thus
associated to a vertex and its coordinate is given by the distance to the opposite edge.

Equation (1) implies that

Var (p1 +p2+ ... +pp) = 0= ZCOV (pi,pj) = — Var (p;) Vj
7]

>



A: (0.5,0.3,0.2) [
B: (0.3, 0.6, 0.1)

Figure 1: Representation in D = 3 dimensions. Dotted lines are 0.1 apart.

so there is necessarily a negative correlation between the components. This shows
that the correlations are not directly interpretable. To release this constraint, Aitchi-
son proposes 2 alternative transformations:

e the additive logratio transform (alr)
Consider the vector of ratios of the d = D — 1 first components to the last,
that is
r = (v1,...,24) = (P1,---,0d) /PD = P—D/PD (2)

The alr is defined by the logarithm
alr(p) = y = Inz = (In(p1/pp), (p2/pp), .., n(pa/pp))

Applying this transformation, the resulting vector is no longer constrained and
correlations between y; and y; can be interpreted.

e the centred logratio transform (clr)
It is often desirable that all components are treated symmetrically. In the clr
transform, each component is divided by the geometric mean

I 1/D
9(p) = (H pi)

clr(p) = (In(p1/9(p)), n(p2/9(P)), .., n(pp/9(p))) (3)



2.1 Aitchison’s geometry in the simplex

(This paragraph can be skipped by the non-mathematically inclined reader. It will be
referred to only in the discussion of § 4.3.3.)

The closure of a vector w with positive coordinates is obtained by dividing each
coordinate by their sum:

p = clo(w) = w/Zwi

The vector space structure in the alr or clr transforms induce a vector space on
the simplex. There are two basic operations in a vector space: the addition of two
vectors and the multiplication of a vector by a scalar. In the case of compositions,
these classical operations have different names.

2.1.1 Classical operations

e perturbation:
a® p = clo(aipy, azpa, .., appp)

Perturbation corresponds to the vector addition in the alr and the clr repre-
sentations.
® powering:
b®p = clo(p}, p, ..pp).-

Powering corresponds to the scalar multiplication in both representations.

2.1.2 Isometric logratio transformation

e ilr coordinates (Egozcue et al [7])

The space generated by clr(p) is a vector subspace of RP of dimension d. An
orthonormal basis is given by the Helmert matrix:

1 1
S . %
G G G 0 | &
- - - B - -
V/D({D-1) +/D(D-1) /D(D-1) 7 D(D—1) €a

The image of this basis in the simplex S is given by
clr*(e;) = clo(exp(e;)), i=1...,d

. The clr™!(e;) thus form a natural basis for the simplex.



A (1,1,2)/4
B (1,4,2)/7
M (1,1,1)/3

perturbation by
M' (2,1,3)/6

Figure 2: ilr coordinates and perturbation.

Figure 2 shows the 2 ilr axes in 3 dimensions (dotted lines). They intersect in M,
which corresponds to the constant composition (1/3,1/3,1/3) and is the origin of the
vector space. The first axis goes through vertex 3 and is the locus of all compositions
such that parts 1 and 2 are equal. The second axis is a curve from vertex 1 to 2
through M. It is the locus of compositions such that part 3 is equal to the geometric
mean of parts 1 and 2. If we perturb M, A and B by M’, we obtain M’, A" and B’.
The images of the ilr coordinate axes (dashed lines) are also plotted. It is clear from
this picture that perturbation is the concept of translation adapted to the simplex.
Other graphical effects of perturbation can be found in von Eymatten et al [19].



2.2 Statistics on compositions

2.2.1 Centre

The centre of the distribution for x is given by the geometric - and not the arithmetic
- mean of the compositions. Its theoretical counterpart (expressed with the help of
the expectation of the alr coordinates) is:

§ = exp (E (Inz)) = exp(E(alr(p))) (4)
It can be transformed back to give the centre for p:
cen(p;) = £+id i=1,..,d
L+>°&
j=1
1
cen(pp) = ———
1+ 3¢
j=1

That is:
cen(p) = alr ™! (E [alr(p)])

An equivalent expression can be obtained with the help of clr coordinates:

cen(p) = clr ™ (E [clr(p)])

2.2.2 Dispersion
There are different equivalent and linearly related dispersion matrices, Aitchison [1,
§ 4.8].

1. The d x d - covariance matrix of the logratios:

3 = [0y;] = Cov (Inz;,Inz;) = Cov (ln &, In p_]> (5)
bp  Pp

The only drawback in this setting is that the last component pp is treated
differently.

2. All components of p are handled symmetrically, if they are divided by the
geometric average g(p). The D x D - centred covariance matrix is given by:

— [7;:] = Cov In 2 1n 2
L=yl =0 (l g(p)’1 g(p)) ©)

pi _
9(p)

which is singular, because ) In

3. The last possibility is to use the D x D -variation matrix, with all elements
being variances:
T = [r;;] = Var (ln &) (7)
pj
This matrix has a zero principal diagonal and only one positive eigenvalue,
corresponding to eigenvector 1p.



2.2.3 Asymptotic distribution

Under regularity conditions, y = (Inxy,Inas, ..., Inxy) is asymptotically normally
distributed N¢(u, ¥) with g = In& and ¥ given by Equation (5). The derived
distribution for p = (py, ps,...pp) on the simplex SP is called the additive logistic
normal distribution and denoted by L% (1, ).

2.2.4 Confidence domains

Under the asymptotic distribution hypothesis,

1. for y the confidence domain D;_,, (y) is limited by a d dimensional ellipsoid.
Let x5, _, be the (1 — «) quantile of the chi-square distribution with d degrees
of freedom. Then

Dia(y)={y R | (y—p)'=" (y— 1) < Xiua)
2. for x in Equation (2), the equivalent domain is

Dig(e)={r Rz —p)S (hz—p) <3y} ®)

3. for p = (p1, ..., pp), the domain is a subset of the simplex S7:

D1 o(p) = {p S (ln% - u) > (lnp_—D - u> < Xfma} (9)

Pp

2.2.5 Total variance

Whereas a thorough study of the precision of a composition implies computing a d-
dimensional confidence domain, but we also need a simple global characterization of
precision. This is generally given by a matrix norm of the covariance matrix. Aitchi-
son defines (among other measures) the total variance for which different equivalent
formulations exist (Aitchison [1, Chapter 4]):

totvar(p) = tr(T') = Z\/ar (ln g&) (10)

D
= 35 ZVar (ln p—J) = 35D Z Tij (11)

i<j ij=1
or
1 & 1
tOtV&I‘(p) = E zJZ::l Tij = EQ (D tr (2) — 1&210{)
1
= (%) - 5151, (12)

10



3 The Swiss Earnings Structure Survey

The Swiss earnings structure survey (SESS) is a biennial written survey sent out
to businesses. The survey is constructed on a stratified two-stage sampling scheme
(Graf [13]). The 2002 and 2004 samples are rather large: 1/3 of all businesses
in Switzerland are involved. The extrapolation weights and the finite population
correction take non response into account (which we suppose is ignorable within the
stratum). The variance estimation method applied here is the classical linearization
of the estimators, see e.g. Sérndal et al [15]. Other aspects of precision computed
for the 2000 survey were studied in (Graf [11], [12]), see also Eurostat [8]. A general
report on the 2002 survey can be found in (SESS [17], [16]); a description of the
sampling design and extrapolation in Graf [13]).

3.1 Design

The sampling frame is the business register (BR) in its latest state at the time of
sampling. The stratification was originally designed as a combination of 41 activity
classes, 3 business size classes and 13 regional subdivisions. In the SESS, the activity
classes are the NOGA at 2 digits level with some grouping in order to avoid the
appearance of very small strata (see Table A1)!. Class 0 represents the total of all
activities considered.

The survey design is a stratified two-stage sampling, with a simple random (SI) sam-
ple of businesses in each stratum and a SI sample of salaries within each sampled
business. The stratification is a combination of geography, activity and size classes.
While the last 2 categorizations are exactly the same in 2002 and 2004, some changes
appear in the geographical subdivision, due to differing special demands of the can-
tons, see Table 1.

The sampling fraction at both stages depends on the size class. The largest busi-
nesses form exhaustive strata. For medium and small businesses, a Neyman alloca-
tion based on the variance of the mean standardized gross earnings of the preceding
survey is computed. The strata sizes are then modified so that a minimum of 10
units (businesses) are sampled (if stratum size permits). Large businesses have to
furnish 33% of the earnings paid out in October. Medium size businesses furnish
50% while the smallest businesses give them all. The desired sampling fraction and
the expected non-response rate are used to determine the number of businesses to
contact.

3.2 Calibration - robustification of weights

The non response is assumed to be ignorable at the stratum level and the Horvitz-
Thompson weights at both stages are in principle used (the actual number of salaries
paid by the business in October is asked in the questionnaire). Few expansion
weights are large due to non-response. To robustify the procedure, these weights
were trimmed, first at the cluster level, and then at the stratum level. The resulting

IThe NOGA is the Swiss version of the Statistical Classification of Economic Activities in
the European Community, Revision 1 (NACE Rev. 1). Both classifications are till the 4th level
identical.

11



Table 1: Geographical subdivisions GRS for surveys 2002 and 2004

NUTS II GR GRS 2002 Cantons (NUTS III) GRS 2004

11 GE 11

Lake Geneva region 1 12 VD 12
13 VS 19

22 BE 21

) 29 FR 22

Central plain 2 93 NE 93
22 SO+JU 29

Northwestern Switzerland 3 30 AG+BL+BS 30
Zurich 4 40 ZH 40
} 51 SG 51

Eastern Switzerland O 59 SH+TG+AI+AR+CGLAGR 59
} 61 7G 60

Central Switzerland 6 62 UR4SZ4+NWAOW-LU 60
Ticino 7 71 TI 70

weights are recalibrated using the CALMAR raking procedure?, in such a way that
the marginal total weights on the 3 stratum classifications remain constant. Thus
the “unreliable” estimates are weighted down without changing the total. If the
whole population is considered, this procedure changes the results very little. The
sampling plan was designed for the main variable, namely the monthly standardized
gross earnings. In this study, we are interested in the compositional analysis of the
weighted total of monthly non standardized total salary.

4 Compositional analysis of wage components

In the SESS, 5 wage components are published (social security contributions, over-
time earnings, hardship allowances, 13th or n-th salary, bonuses), see SESS [16],
[17]. They are reproduced here for 2002 and 2004 (Table A1, Appendix). In Table
Al, wage mass is defined for an economic branch as the extrapolated sum of all
sampled salaries, using the above calibrated weight. The “non standardized total
monthly salary”, MBLIU, is the sum of the 5 components and the rest (the “naked”
salary), which forms a 6th component and is never published as such. The non-
standardized gross monthly salary BLIMOK, includes the “naked” salary and social
security contributions, but excludes components 2 to 5. The defined components
are summarized in Table 2. The wage percentage attributed to each component in
Table A1l are computed relative to BLIMOK, and not to MBLIU. Thus the published
proportions are:

(51782753a84735) /(81 +$6) (13)

We see that Table 2 contains two different subcompositions, the first is a 2-

2SAS macro written at the French national statistical office INSEE.

12



Table 2: Wage mass attributed to the different components

Definition Code Total amount
Social security contributions SOZABG S1
Overtime earnings VERDUZ S
Hardship allowances ZULAGEN S3
13th salary (/12) X111 28@ Sy
Special payements, bonuses (/12) SOND12E®) 55
“Naked” salary - S
Non-standardized gross earnings BLIMOK s+ s
with social contributions ! 6

6
Monthly non standardized total salary MBLIU s
i=1
(@) X111 2E=ROUND (XIIILOHN/12) ()SOND12E=ROUND(SONDERZA /12)

dimensional composition expressed as a part sy/(s; + sg), and the second is 5-
dimensional, expressed as ratios of components (sg, $3, S4, S5) /($1 + S6)-

These two subcompositions will be analyzed separately. We stress that in this frame-
work, the interest is not in the wage composition at the individual level, but in the
global composition for segments of the population. The advantage from a mathe-
matical point of view is that no zero components are observed, while they exist at
the individual level.

4.1 Variance estimation

The variance-covariance matrix of the estimates is based on the sampling distribution
of the wage components. Computing the variance of these global compositions in a
stratified double stage cluster sample is a complex task, because no closed formula
for the variance is available. The large sample size implies that finite population
corrections (fpc) are indispensable for realistic estimates of the precision of the pop-
ulation values. The extrapolation weights and the finite population correction take
the non response into account (which we suppose ignorable within the stratum). The
variance estimation method applied here relies on the linearization of the estima-
tors and is equivalent to the recovery of the compositional variation array from the
crude mean vector and covariance matrix, see Aitchison [1, §4.4]. (An alternative
would be to use resampling methods, but it would be extremely cumbersome in this
large survey). In fact we simply use the first order approximation, which is a slight
overestimation:

Var(ln)?) %E<ln)A(—lnX>2%E<)?%X>2:CV2 <)A(> (14)

where X is an unbiased estimator for X and CV is the coefficient of variation.

13



For a ratio:
(15)

Var (ln é)
- ) {e e (F) o

We recognize in the left expression in brackets in Equation (16) the formula for the
linearization of the variance of a ratio. Practically a program for computing the
linearized variance of a ratio will do the job.

Var (mﬁ) ~(L L )zm( ks ) (17)

1
=
VR
<)
< |
<
|
=
=
~
~—

In matrix form:

Y

where X ¢ ¢ is the covariance matrix of X et Y. The covariance is found by a variance
computation using

Cov ()?, ?) = % [Var ()? + ?) — Var ()?) — Var (?)} (18)

Once the covariance matrices of the logratio of the wage components to the gross
salary are obtained, we are in position to 1. assess the accuracy of the population
composition estimates, and 2. test hypotheses on differences in composition between
subpopulations. Graphical representations and interpretations of the results will be
presented.

4.2 Proportion of the social contributions within the gross
salary

With s; and sg as defined in Table 2, let

q=s1/(s1+ s6) (19)

Our variable of interest is ¢, which represents the proportion of the social security
contributions within the non-standardized gross monthly earnings BLIMOK. 1 — q is
the “naked salary” part.

In this case the compositional vector is of length D = 2 and is denoted by ¢ =
(¢,1 —q). q can be replaced by the equivalent form of length d = 1

7' =q/(1—-q)
From CV(q) the following 95% confidence intervals for ¢ are obtained:

1. Normal approximation CI for q:

The drawback of approximation (20) is that the inferior bound can be negative.

14



2. Log-normal approximation CI for In (%q), using Equation (17):

CV(q)
(1-2q)

[bligs, blugs] = In (L) +1.96
1—gq

3. CI for q deduced from 2 (logistic normal approximation)

exp (bllg5) exXp (blu95) :|
exXp (bl195) + 1’ exp (blu95) +1

s ] = | 1)
The approximation (21) is reliable if CV(q) is less than about 40%. Otherwise
the interval will be too wide.

4.2.1 Coeflicients of variation

The social security contributions by economic activity classes and their variation
coefficients for the years 2002 and 2004 are given in Table A1. The intervals given by
Equations (20) and (21) (not shown here) are very similar: the maximum difference
is 0.01% (NOGA2=61, water transport, which is marginal in Switzerland). We prefer
Equation (21) which has the advantage to guarantee that the bounds are in [0, 1].

4.2.2 Tests between activity classes

Observations in different activity classes being independent, we can easily test 2 by
2 differences in social security contributions. If ¢; and ¢y are the proportions of
the social security contributions in classes 1 and 2, then equality of proportions is
rejected with risk «, if

2 2
CV(q1) CV(q2)
\/((1—91)) + ((1—q2)>

where z1_q/9 is the (1 — a/2)-quantile of the standard normal distribution.

Table A2 (Appendix) shows the p-values of all two by two tests, separately for
production and services and per year. Classes are ordered within the sector by
increasing social security contribution (SOZABG). Results are plotted in Figure 3.
Non significant differences in proportions (with @ = 5%) are connected by a seg-
ment. The horizontal axis has no meaning: a small random quantity is generated
for the abscissa so that the connecting segments become distinguishable. It can be
seen that in the secondary sector, a larger proportion of the non-standardized gross
monthly salary BLIMOK is generally devoted to social security contributions than in
the third. Activities 45 (construction), 10-14 (mining and quarrying of stone) and
60 (land transport/pipelines) in 2002 and 62 (air transport) in 2004 have the highest
contributions. The contribution for activities 20 and 27 (manufacture of wood and

15



basic metals, respectively) is among the highest in 2004. At the other extreme, 40
(electricity, gas and water supply) devotes the smallest part of the overall wage bill
to social security in 2002. 61 (water transport) is the least precise in 2002, being
connected to remote classes on the vertical scale; in 2004 the part devoted to social
security contribution in class 61 has increased by 1%.

16



Significance test of the 2 by 2 differences in social security contributions
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Figure 3: Non significant differences in proportions at the 5 % risk are represented by a connecting

segment (2002 (top), 2004 (bottom).
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4.2.3 Tests for change

Tests for change were performed (Table A3). Because the 2002 and 2004 samples
are drawn independently, the variance of the difference in SOZABG is the sum of the
2002 and 2004 variances. It is interesting to note that all the significant differences
in the production sector indicate a larger contribution in 2004 compared to 2002.
For the services, a majority of the significant differences are positive too.

4.3 Other components of the gross salary

From the six-parts compositional vector (p1, p2, p3, P4, Ps, D), let us form a new com-
position by amalgamation of components 1 and 6:

(827 53, 84, S5, S1 + 86)

p = (P2, D3, P4, D5, P1 + D6) = 5 (22)
D i1 Si
This vector can be written in the equivalent form
So S3 Sq Sy
T = (21,22, T3,T4) = , ) ) 23
(1 278 4) (81+86 S1+ Sg S1 + Sg 81+86> ( )

Interpreting s;,7 = 1,...,6 as in Table 2, we see that p represents a decomposition
of the non standardized total monthly salary MBLIU into 5 components, and that x
equals the ratios of the 4 first components VERDUZ ... SOND12E to the fifth (the non-
standardized gross monthly salary BLIMOK). For each economic activity grouping,
the main columns 2 to 5 of Table A1 are the components x;, expressed in %.

4.3.1 Incidence of components

The only component that is always present is the gross earnings BLIMOK. The
wage percentages in Table Al have a different meaning, whether the corresponding
mass is distributed over a large or a small number of ultimate units. In order to
investigate this point, the average incidence of the components 2-5 was computed.
Table 3 shows the weighted incidence of each component. It can be interpreted as
a probability that a randomly chosen unit is getting a non-zero amount for that
component. So an estimated proportion of 75-76% of wages encompasses a 13th
salary. The probability of obtaining the components VERDUZ and ZULAGEN defined
in Table 2 is doubled, if the 13th salary is present. On the contrary, the probability
of having the SOND12E share given the presence of XI1112E is slightly smaller.

There are 16 possible presence/absence combinations of the 4 components in Table
3. Everyone is observed, but with very different frequencies. The more frequent
are “0010” (only x11112E) and “0000” (nothing at all). Let us combine all the other
configurations into one, named “Others”. For each economic activity class, the wages
can be partitioned into these 3 configurations. In Figure 4, the proportion of wages in
each configuration are represented with the help of the barycentric coordinates.It is
interesting to note that the triangle can be divided into 2 equal parts, and that except
for class 93, the proportion of “Just XI112E” is always larger than the proportion
of “Nothing”. Class 93 is the nearest to the edge “Nothing”, meaning that the
proportion of wages without any supplementary component is the largest. In Table 4
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Table 3: Weighted proportion of wages with the considered component: global (first 2 lines) and
given presence/absence of X1II12E (4 last lines)

year XII12E VERDUZ ZULAGEN SONDI12E
2002 0.753 0.031 0.106 0.258
2004 0.760 0.041 0.113 0.255
given XIIT12E
2002 0 0.018 0.063 0.295
2002 1 0.035 0.120 0.246
2004 0 0.016 0.051 0.273
2004 1 0.049 0.132 0.249

the 13 existing configurations for class 93 are shown, together with N, the number of
sampled units and TOTAL, the estimated number in the population. Small numbers
are replaced by a * for disclosure control reasons; the sum of the masked values of
TOTAL is 783. The 11 first configurations in Table 4 form the category “Others” for
that class.

For class 65 (banking), the category “Others” form 67% and is dominated by the
configuration “just SOND12E” (44%), whereas for class 16 (manufacture of tobacco
products) the category “Others” (77%) consists mainly of 0011 and 0110 (44%).

Nothing

just XIl112e Others

Figure 4: Incidence of component combinations for the 2002 data, ordered by N.
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Table 4: Configurations for the activity class 93 (other service activities).

NOGA2 VERDUZ ZULAGEN XIII12E SONDI12E N TOTAL
93 1 1 1 1 * *
93 0 1 0 1 * *
93 0 1 0 0 * *
93 0 1 1 1 * *
93 1 0 1 1 * *
93 1 0 0 0 * *
93 1 0 0 1 * *
93 0 1 1 0 * *
93 1 0 1 0 * *
93 0 0 1 1 209 770.15
93 0 0 0 1 577  2618.96
93 0 0 1 0 1000  5458.21
93 0 0 0 0 2957 15370.37

4.3.2 Multivariate analyzes of the estimated components

Before we compute the precision, it is important to get a rough idea of the data.
A multidimensional scaling on logratio estimates (alr scale, see §1) was performed
with the S-plus procedure CMDSCALE on the 2002 data, using as distance between 2
economic activities the Euclidian distance between the corresponding logratio vec-
tors. (The same result would be obtained by principal component analysis). This
metrics choice was based on the form of the published Table A1, which gives the
ratios of the components to the gross salary BLIMOK.

The 2 panes in Figure 5 represent the same projection onto the first two principal
axes®. This plane explains 90% of the total variability. Thus the distance between
2 points in the plane can be interpreted as a measure of discrepancy between the
corresponding compositional vectors. In the left pane, activity classes are coded
by their NOGA2 code, whereas in the right pane, they are represented by a star
plot (the half diagonals of the quadrilateral are proportional to the z;,i = 1...4). A
partition was also performed (using the 4 new coordinates) by the S-plus procedure
PAM (partition around medoids) and an optimal number of 3 groups was obtained.
The groups are visible on the left pane (circles, triangles and diamonds).

It is typical for the first group (diamonds) to report a large share of “special pay-
ments/bonuses” and a relatively small portion of “13th month salary”. It is also
typical for the share of “overtime pay” and “hardship allowances” to be practically
nonexistent. All eight branches in this group fall in the tertiary sector.

The second group (triangles) counterbalances the first group to a certain extent.
Apart from “13th month salary”, the branches in this group report practically no
wage components. This indicates that in these branches pay is limited to base
monthly salary. The nine branches in this group are arranged according to economic
sector and number of employees. That said, the vast majority of the branches in

3The usual terminology is “principal components principal”; the expression “principal axes” is
being used instead, in order to avoid confusion with the salary components.
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this group fall in the tertiary sector.

It is typical for the third group (circles) to report relatively small shares of wage
components, with the exception of “13th month salary”, especially when it comes
to “overtime pay”. In addition, there are three times more branches of trade in this
group than in the first two groups. Most (i.e. sixteen of the twenty-four branches)
fall in the secondary sector.

All things considered, it can be said that the shares of the four wage components vary
considerably. The share of “13th month salary” is about the same in all branches;
the share of “hardship allowances” and “overtime pay” are small to very small, which
makes it difficult to assess them in the chart; in contrast, the share of “special
payments/bonuses” varies considerably from branch to branch.

Multidimensional scaling on logratios
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Figure 5: Multidimensional scaling on estimated logratios corresponding to the 5-part composition
for all activity classes (2002 data). Circles, triangles and diamonds on the left pane give the group
membership computed by PAM; numbers are the NOGA classes. The right pane shows star plots.
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4.3.3 alr and clr metrics

(This paragraph can be skipped by the non-mathematically inclined reader.)

Aichison [1] showed that there are three equivalent ways of considering ratios within
a compositional vector with linearly related dispersion matrices. They correspond
to

1. the alr transformation with the covariance matrix in Equation (5),
2. the clr transformation with covariance matrix in Equation (6),

3. the logratios of all pairs of components, with variation matrix in Equation (7).

Aitchison and Greenacre [4] studied the relationship between the singular value
decomposition of the compositional data matrix, when transforms 2. and 3. above
are applied, but discarded the alr transform 1. as being least interesting. The reason
is that the representation of a composition as a point within the simplex gives all
components a symmetrical role and is thus not compatible with the alr transforms
for which the last component plays a special role.

The use of the alr representation for the 2002 multidimensional scaling is justified by
the form of the published table (Table Al: relative values of the other components to
the gross salary). The gross salary BLIMOK indeed plays a special role, because it is
the only component that is always present (see preceding paragraph). On the other
hand, if we want to make full use of the compositional analysis theory, we should
treat all components symmetrically, that is base our analysis on the clr transform.
It is thus of importance to make a comparison of the 2 metrics.

Let p and P be 2 compositions.

e The simplicial distance A between p and P is the Euclidian distance between
the clr transforms, given by

D

2 . n bi 0 P,
A, Py =3 (n ooy —In o

)* (24)

e The squared distance between alr(p) and alr(P) is given by
d

, P
alr(p) — alr(P)|2 = S (I 22— =
Jalrp) —ale(P)* = 30 o

)* (25)

e The norm of a composition p is defined as the distance of p to the constant
composition (1/D,...,1/D). Both alr and clr images of the constant composi-
tion is the origin of the corresponding space.

Straightforward computations show that

2 A2 aPo Pp |,
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Table 5: Correlations between the last ilr component and the first two principal components pcl
and pc2 in the alr and clr metrics

Metric  Cor(ilrg, pc;) Cor(ilrg, pca) multiple correlation
alr 0.788 -0.578 0.977
clr 0.418 -0.461 0.623

The last term is proportional to the squared distance between the last isometric
logratio ilry(p) and ilry(P), where

ilry(p) = €, - In(p)

and ¢, is the last line of the Helmert matrix (see § 2.1). More concretely ilrg(p)
is the component that contrasts the logarithm of the geometric mean of the d first
parts to the logarithm of the last part and has more weight in the alr metric. As
expected, because the alr metric gives more weight to the distance in the last ilr, we
see in Table 5 (2002 data) that the last ilr component is more correlated with the
first 2 alr than clr principal components.

Comparison of clr and alr metrics on 2002 data
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Figure 6: Comparison of clr and alr metrics.

Figure 6 shows the norms (left pane) and the pairwise distances between activity
classes (right pane) for both metrics. There is a good agreement between the metrics
in this application. We expect similar results on using alternate metrics.
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The groups shown in Figure 5 change somehow if the same analysis is made on the
clr scale. This is to be expected because they merely form zones in the plane instead
of well separated groups, so that very small differences can result in a group change.

4.3.4 Discriminant analysis

In order to see the relationship to clr transforms and also to evaluate the stability
of the groups between 2002 and 2004, we performed 2 linear discriminant analyses
using the 3 groups shown in Figure 5 that were obtained in 2002 with the help of
the alr transformed data®.

1. The first analysis used as input the 4 principal components computed from the
clr transformed 2002 data (not shown). The result of the discriminant analysis
is displayed at Figure 7 (top). We see that the point cloud is very similar to
the one in Figure 5 that was based on the alr transformed data and that the
PAM groupings are equally well separated.

2. In order to see the changes occurred in 2004, the 2004 clr principal compo-
nents are projected onto the 2002 discriminant functions (Figure 7, bottom).
Globally, the groups are stable.

The results of the discriminant analysis are the same, whether we use the alr or
the clr transforms. The canonical correlations between the principal axes and the
discriminant functions do not depend on the transform used®. Only the first 2
discriminant functions are non zero, because 2 functions are enough to distinguish
between 3 groups. They are given in Table 6. It can be seen that a very small
loss in discriminating power has occurred in 2004: the 2nd canonical correlation is
slightly smaller. This is confirmed in Figure 7 where few activity classes changed
group in 2004: the largest moving is observed for class 19 (manufacture of leather)
that passed from the triangle group to the dot group. Class 52 (retail trade) was
at the border between diamonds and triangles and changed to the border between
triangles and dots. This implies a moving of aggregate 5052. 30 and 62 moved
slightly and changed the group. Class 16 (manufacture of tobacco products) moved
down the second discriminant variable. We see in Table A1 that the share in special
payments (SOND12E) for class 16 has doubled in 2004.

4The first discriminant function is the linear function of the variables that maximizes the ratio
of the between-group sum of squares to the within-group sum of squares. The second discriminant
function is the linear combination that is uncorrelated with the first, and has the same optimality
criterion.

5The 1st canonical correlation between two sets of variables is the maximum attainable corre-
lation between a linear combination of the first set of variables and a linear combination of the
second. These linear combinations are the first canonical variables. The 2nd canonical correlation
is the maximum attainable correlation between 2 linear combinations of the first and second set
that are in each set uncorrelated with the preceding canonical variable
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Table 6: Canonical correlations of the 2002 discriminant functions and the clr transforms for the
2002 and 2004 surveys

Year 1st canonical correlation 2nd canonical correlation
2002 0.867 0.733
2004 0.867 0.669
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2002 discriminant analysis on 2002 data
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Figure 7: Discriminant analysis of the PAM groupings of the 2002 data (top) and projection onto
the 2002 discriminant variables of the 2004 data (bottom).
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4.4 Precision
In the preceding paragraph, we did not use the information on the survey design and

analyzed the results as if they were a simple data set. Let us return to the concepts
described in Chapter 2.

4.4.1 Approximations

The following approximations are obtained by the linearization techniques described
in §4.1.

Univariate statistics Let {; = E(z;) and p; = E (Inx;). Denote the coefficient
of variation by CV. By linearization and by Equation (14)

pi = Ing (27)

g = O 5‘@' (28)
o , Var(x;) 5

Var (Inz;) = E(Inz; — ;)" = — = CV*= () (29)

i

We get the following 95% CI:

1. Normal approximation for x;:

[bn§g5, bnu%} = 2; (1£1.96CV(z;))
2. Normal approzimation for In (z;):
[bz§;5, bzu%} = In (27) + 1.96 CV(z;)
3. Deduced CI for x; (lognormal approzimation):
[bl;)g), bug5] = [exp (blgé) , eXp (blfj&)] = z; exp (£1.96 CV(x;)) (30)

The CV’s can be found in Table Al. If we postulate a lognormal distribution
for =, the squared CV(x;) is given by exp (o;;) — 1 which slightly overestimates
oy = Var (Inx;).

Covariances and correlations The univariate confidence intervals are mislead-
ing because they ignore the dependencies between components. By the linear ap-
proximation in Equation (28), matrix ¥ = [0y;] in Equation (5) is given by
Cov(x;, x;)

&i&;
The approximation of ¥ given by Equation (31) can be seen as a multivariate form

of the coefficient of variation. Moreover the correlations are given by correlations of
x:

~

oij = Cov(lnz;, Inx;) (31)

Cov(z;, x;) Cov(z;, xj)

& CV(z,) OV (z;) \/Var(z;) Var(z;)

Il

pi; = Cor(Inz;, Inz;) = Cor(z;, x;)
(32)

27



which is not surprising, the approximation of In x; being linear in ;.

These correlations should not be used for sociological interpretations. Indeed the
finite population correction implies that exhaustive strata (with full response) are
excluded from the calculations and that other strata have different weights. More-
over, differences in the stratification between the 2 surveys (see Table 1) precludes
the comparison of correlations matrices between 2002 and 2004. Thus the correla-
tions are only useful for evaluating the precision of the global ratios, and have no
other interpretation. Correlation matrices by economic activity class can be found
in Table A4 for 2002 and 2004.

Confidence domains In the following confidence domains, we make the simpli-
fying assumption that the correlations above as well as the variances are estimated
without error. This assumption leads the use of a chi-square quantile as critical
value and is similar to the choice of a normal quantile for the confidence intervals
and tests for the social security contributions.

Let R ={[p;;] be the 4x4 correlation matrix with elements given by Equation (32),
and let us approximate p by In¢ in Equation (27).

The approximate confidence domain in Equation (8) at level 1 — « is given by:

Dia(@)={re R Q) < o} (33)

where

Inz1—In&
CV(z1)
Inzo—Inés
_ Inz;—In& Inzo—In & Inzz—Iné&s Inzys—Iné&y —1 CV
Q (ZL‘) - < CV(z1) CV(z2) CV(x3) CV(z4) ) R 1119035%1)&3 (34)
CV(zx3)
Inzg—Inéy

CV(z4)

In the coordinates (Inxq,In s, Inzs, Inzy), this domain is a 4-dimensional ellipsoid.
In the coordinates (z1,x9,x3,24), the shape of the domain is similar to a drop.
There is no direct relationship between the length of the one-dimensional confidence
intervals and the limits of the corresponding 4-dimensional confidence domain.

Multivariate test for change Let us denote by In(x4), In(xg), X4 and Xp
the estimated alr compositional vectors (in logarithmic scale) and their covariance
matrices of a given activity grouping for 2 independent samples A and B respectively.
By the independence between the samples, the covariance matrix of the difference
between the compositional vectors (in logarithmic scale) is given by the sum X4 +
¥ 5. Under the null hypothesis of no change, the statistics M in Equation (35)
follows a chi-square distribution with 4 degrees of freedom:

M = (In(xp) — In(x4))" (T4 + Xp) '(In(xp) — In(x4)) (35)

M is known as the Mahalanobis squared distance. If M > Xika /2 the null hypoth-
esis is rejected at the a-level.
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4.4.2 Simplex view of confidence domains

3-part compositions can be seen as points within an equilateral triangle with height

1, in which each vertex represents 100% in the corresponding part. To visualize the

95% confidence domains above in Equation (34), let us split the 5-part composition

into two 3-part compositions: an amalgamation (VERDUZ+ZULAGEN-+SONDI12E,

XI11113E, BLIMOK), and a subcomposition (ZULAGEN, SOND12E, VERDUZ) (see Aitchi-
son [1] for a thorough description of amalgamation and subcomposition). Both are

unit-sum compositional vectors. Because our approximation is linear, it is easy to

deduce the corresponding covariance matrices from X.

The following figures show the results for the economic activity groupings requested
by Eurostat in 2002 and 2004. Figures 8, 9 show for years 2002 and 2004 re-
spectively the 95% confidence domains per activity classes for the amalgamation
(VERDUZ+ZULAGEN-+SOND12E, XI1I113E, BLIMOK). The data in the original scale
are found at the top panes. At the bottom panes, the data are centred at the na-
tional estimate. That is, the compositions are represented by the perturbation to be
applied to the national composition in order to get the composition of a particular
activity grouping. Thus the national estimate is at the middle of the triangle, and
those compositions that are nearer to one edge present a larger share of the cor-
responding part. It is observed that the sizes of the confidence domains are more
similar in the centred representation. Another advantage is that there is no need to
zoom the picture. The interpretation is otherwise equivalent.

We see that the amalgamations are very precisely estimated, the worst is for banking,
insurance 65-67 for which the uncertainty is essentially in the demarcation between
the amalgamation of “gross earnings” and “13th salary” (BLIMOK+XIII12E) and
OTHERS. Apart for this group, OTHERS is never larger than 6%. A robust regression
line® of In(z3) onto In(z; + x5+ x4) in Equation (23)is fitted in the logratio 2-
dimensional alr space. It can be seen that groupings from Production are always
below the line, indicating a larger share of 13th salary (X11112E) in Production
than in Services. Figures 10 and 11 show how the small amount of OTHERS is
distributed among the remaining components. In general, the subcompositions have
a minimum of 50% share in bonuses (SOND12E) and very little parts of overtime
earnings (VERDUZ) and hardship allowances (ZULAGEN), except grouping 85 “health
and social work” which shows narrowly 20% of SOND12E but more than 80% of
ZULAGEN. The subcompositions are fairly precisely estimated, as can be seen by
the small 95% confidence domains. One exception is the grouping 55 “Hotels and
restaurants” which indicates a rather large uncertainty (particularly in 2002) in the
separation between SOND12E and VERDUZ. Considered in perspective of Figure 8 or
9, where it is observed that the part OTHERS of the grouping 55 represents only 1%,
the rather large uncertainty visible in Figure 10 looses its importance. The centred
pictures show a roughly similar distribution of classes around the national estimate
between the 2 years. A move towards the VERDUZ edge in 2004 for class 50-52 (sale,
repair) can be seen.

6An ordinary least squares line would have been attracted by 65-67.
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4.4.3 Tests between activity classes

Let us define the samples A and B in Equation (35) as the samples extracted from 2
different and disjoint activity groupings on the same year. Using the independence
between the estimates of compositions for these two samples, we can compute the
covariance matrix of the difference of compositional logratios. Under the asymptotic
distribution, 2 by 2 tests of differences between the 5-dimensional compositions in
Equation (22) of economic activity classes within sectors have been processed for the
year 2002 at the 5% risk, and show that the null hypothesis of no difference is gener-
ally rejected. A small group from 60-64 (transport, storage and communication) are
mutually not different in wage compositions, namely 61 (water transport), 63 (sup-
porting and auxiliary transport activities) and 64 (post and telecommunications).
Only one other non-significant difference is found between 61 (water transport) and
90 (water processing and other disposal). We conclude that the SESS has a good
discriminating power for the wage compositional data.

4.4.4 Tests for change

Did the estimated compositional vector of a given activity class change significantly
between 2002 and 20047 Let us now define the samples A and B in Equation (35) as
the samples corresponding to the same activity grouping in the years 2002 (A) and
2004 (B). We test the null hypothesis of no change against the alternative that a
change occurred in at least one component along the lines described above in Equa-
tion (35). Results are found in Table A5. To give a rough idea of the comparative
location of the 2002 and 2004 compositional vectors, the geometric means of the
5 components are added. (These geometric means have no direct relationship to
the test for change.) The Mahalanobis distance M in Equation (35) shows very
large values for “manufacture of tobacco products” (class 16) and “Air transport”
(class 62) where structural changes occurred. If we choose the 1% risk level, and
the 12 activity groupings required by Eurostat, we have significant differences for
the “manufacturing” group 15-37, for “Transport, storage and communication” 60-64
and “Other community, social and personal service activities” 90-93. Table 7 is an
extract from Table A1l and shows that the significant differences in these groupings
correspond to an increasing proportion of the overall wage bill in some or all the
extra components (other than the gross salary BLIMOK) between 2002 and 2004.
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Table 7: Significant changes at the 1% level for Eurostat groupings

Activity grouping Year VERDUZ ZULAGEN XIII12E SONDI12E
15-37 2002 0.6 1.3 7.5 2.5
15-37 2004 0.7 1.3 7.5 2.9
60-64 2002 0.3 1.0 6.8 1.2
60-64 2004 0.4 1.1 6.9 2.5
90-93 2002 0.2 0.4 5.1 1.1
90-93 2004 0.2 0.7 5.3 1.5
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Amalgamation for Eurostat groupings

Others

Xlll12e BLIMOK

Centred amalgamation for Eurostat groupings
Others

Xlll12e BLIMOK

Figure 8: 2002 amalgamations (top) and amalgamations centred on the national estimate given
by (O X B)=(4.02 5.68 90.30)% (bottom). Dotted lines are spaced by 10%.
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Amalgamation for Eurostat groupings

Others

Xlll12e BLIMOK

Centred amalgamation for Eurostat groupings
Others

Xlll12e BLIMOK

Figure 9: 2004 amalgamations (top) and amalgamations centred on the national estimate given
by (O X B)=(4.32 5.71 89.97)% (bottom).
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Subcomposition for Eurostat groupings
verduz

zulagen sond12e

Centred subcomposition for Eurostat groupings
verduz

zulagen sond12e

Figure 10: 2002 subcompositions (top) and subcompositions centred on the national estimate
given by (v z s)=(7.67 15.95 76.39)% (bottom).
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Subcomposition for Eurostat groupings
verduz

zulagen sond12e

Centred subcomposition for Eurostat groupings
verduz

zulagen sond12e

Figure 11: 2004 subcompositions (top) and subcompositions centred on the national estimate
given by (v z s)=(8.14 14.81 77.05)% (bottom).
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4.4.5 Global CV

Whereas a thorough discussion of precision must take into account the multivariate
nature of compositions, it is also of importance to derive a simple summary measure
in order to characterize the overall precision. This will be done under the denomi-
nation of “global CV”.

The total variance per activity class is computed by Equation (12). Taking the first
formulation in Equation (11), we define an average standard deviation for logratios
by

> Var <1n %)

totvar(p) | i<
(D-1)/2 \ D(D-1)/2

stot(p) = (36)

In its linearized form, Var <1n %) ~ CV? (g—) We can interpret Equation (36) as

J
a Lo-average of the CV’s of all possible ratios of components (i.e. the square root

of the mean squared CV’s). Practically, it is computed using the linearized form of
Equation (5) and the second interpretation of the total variance in Equation (11). It
is given in the last column of Table A1l under the heading “global CV”. The global
CV is a good candidate for an overall assessment of precision and has a theoretical
counterpart in the context of compositions. In this application, the global CV is
always between the extremes of the 4 corresponding univariate CV’s. The represen-
tation within the simplex of the 10 economic activity classes with the largest average
standard deviation (Figure 12 for 2002) show a differing pattern of variability be-
tween classes. For class 67 the observed uncertainty is essentially in the sharing
out between gross salary BLIMOK and “others”, but category “others” in this case is
practically only “Special payments” SOND12E. For class 18 (manufacture of wearing
apparel; dressing and dyeing of fur), which has the second largest average standard
deviation for logratios, the amalgamation is very precisely estimated. The largest
variability is in the subcomposition where we see that the variability lies in the rel-
ative parts of SOND12E and VERDUZ. It is interesting to note that the breaking
down of the 5-dimensional composition in Equation (22) into the above amalgama-
tion and subcomposition is sufficient for the recovery of the original compositions,
but not for the full original covariance matrix. For instance Cov(BLIMOK, VERDUZ)
cannot be recovered from the covariance matrices of the provided amalgamation and
subcomposition.
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Amalgamation for activity classes with the largest total variation

Others

Xlll12e BLIMOK

Subcomposition for activity classes with the largest total variation
verduz

zulagen sond12e

Figure 12: Representation of the activity classes with the 10 largest total variation (2002 data).
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4.5 Discussion

The lack of precision in Table A1 is linked with very small proportions, i.e. with a
large discrepancy between components. If the discrepancy in components is large,
the geometric mean ¢ (p) will be small. For a given dimension D, max (g(p)) = 1/D
is attained for the uniform composition. A plot of ¢ (p) in function of stot(p) (Figure
13 for the 2002 data) shows a clear relationship between discrepancy and variability.
Points are coded by the PAM groupings (Figure 5). This gives a further interpre-
tation of the groups: the dots group has the least discrepant and least variable
compositions; the diamonds group has more discrepancy but is still precisely esti-
mated; while for the triangles group, the compositions generally have at least one
very small component and also the largest average standard deviation. We see that
the top half of the dots group is exclusively formed by activities from the production
sector.

Another look at this plot is given at Figure 14 where a comparison between the
years is made. Only classes at the most detailed level are shown in Figure 14 (i.e. no
groupings). With that remark in mind, top pane is the same plot of g(p) in function
of stot(p) as in Figure 13, but points are coded by the sample size: if n, and n,, are
the number of answering businesses and transmitted wages respectively, the radii
of the small and large circles are proportional to (n;/1000)%7 and (n.,,/1000)%/7
respectively. The exponent of 2/7 is chosen by trial and error for a good overall
visibility. The factor 1000 has the effect that a sample size of 1000 will be represented
by the default size of the plotting character. It is clear from the plot that the very
large stot(p) (i.e. average standard deviation or global CV) are linked to activity
classes with a small sample size. Looking at Table A3 where n; is given, one can
see that class 67 has more than doubled its primary unit sample size and the global
CV decreased from 25.5 in 2002 to 12.2 in 2004, as can be read in Table A1l. This
is due to structural changes in this branch. Class 19 has a large move upwards in
the geometric mean. Despite its large average standard deviation, we find in Table
A5 that the change in the compositional vectors is significant; Table A1 shows that
for class 19 there is an increase in “Overtime Earnings” and “Hardship allowance”
at the cost of “13th month salary” and “Special payments”. The extremely large
Mahalanobis distance for class 16 (Table A5) has to be linked with the small number
of businesses in the branch (Table A3).

The relationship between the geometric mean and the average standard deviation
(or global CV) observed in 2002 is confirmed in 2004.
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Overall statistics per activity class and cluster membership
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Figure 13: Geometric mean and square root of mean total variation (2002 data). Clustering is
based on a partition computed from the multidimensional scaling components (see Figure 5).
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Figure 14: Overall statistics per activity class, 2002 data (top), 2004(bottom). Circles

: small

radius is a function of the number of answering businesses, large radius of the number of wages.
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5 Conclusion

The whole study is based on the interplay between Aitchison’s theory of compo-
sitional data and the first order approximation of the logratio covariance matrix,
interpreted as a multivariate coefficient of variation. If the (univariate) CV is less
than 0.3, the approximation is good; otherwise, the computed squared CV overesti-
mates the logratio variance: for a CV = 0.50, the square root of the actual logratio
variance would be around 0.47.

The global CV can be viewed as the square root of the average squared CV for
all possible ratios of components. It is also the linearized form of Equation (36),
which is proportional to the square root of Aitchison’s total variance divided by the
degrees of freedom. The proportionality factor v/2 is the norm of the vector ¢ whose
components are equal to 0, except ¢; = 1 and ¢; = —1, contrasting In(p;) and In(p;).

If the variability of the global estimates of the components is small enough for the
linear approximation to be valid, the proposed approach shows a way for generalizing
to multivariate compositional data Eurostat’s recommendations for communicating
precision by CV’s. Should the variability be too large, we would suggest that CV'’s
be replaced by the variance of logratios, along the lines given for the analysis of
compositional data.

41



Appendix
Table Al: Wage componentsin overall wage hill, in %
Private and public sector (Confederation) combinec
Switzerland 2002

TA14  Economic activities Social security |  Overtime Hardship  [L3th or nth monttppecial paymenty Global
contributions earnings allowances | wage/salary bonuses Ccv
in% [ CV (%) |in%| CV(%)|[in%] CV(%)|in%]| CV(%) |in% [CV (%) in %

0 TOTAL 12.9 01| 03 22| 07 16| 6.3 09| 34 4.4 34

01 Horticulture 121 06| 03] 179| 02| 278| 64 16| 06 10.6 218

10-45  SECTOR 2 PRODUCTION 135 02| 05 29( 11 22| 75 04 21 28 29

10-14  Mining and quarrying of stone 14.2 05| 04 89| 03] 123| 80 09| 14 135 12.8

15-37  Manufacturing 13.3 02| 06 26| 13 22| 75 05| 25 29 29

15 Manufacture of food products and beverages 13.0 03| 08| 103| 17 60| 71 09| 11 7.3 8.7

16 Manufacture of tobacco products 11.7 01| 02] 110 24 17] 73 02| 53 29 7.3

17 Manufacture of textiles 131 05| 04 95| 19 51| 6.2 31| 24 8.5 9.0

18 Manufact. of wearing apparel; dressing and dyeing of fur 12.6 08| 01] 504 0.1 173 59 20| 11 11.6 34.3

19 Manufacture of leather and leather products 12.1 10| 01f 29.3| 00| 269| 56 86| 10 10.7 26.1

20 Manufacture of wood and wood products 13.7 05| 04 99| 07] 187 74 13] 07 10.1 14.9

21 Manufacture of pulp, paper and paper products 13.3 08| 09| 105| 44 60| 7.7 10| 1.8 5.2 8.4

22 Publishing, printing, reproduction 135 05| 05 88| 14| 104| 75 13] 13 5.7 9.2

23,24 Manufacture of coke, chemicals 12.1 11| 0.2 88| 24 56| 89 22| 46 7.1 8.5

25 Manufacture of rubber and plastic products 13.4 06| 07 82| 25 53| 7.3 12] 19 9.2 8.6

26 Manufacture of other non-metallic mineral products 13.6 06| 08 771 10 6.7 7.8 09| 15 10.9 8.8

27,28  Manufacture of basic metals 13.7 03| 08 58| 1.0 54| 71 09| 16 7.8 7.3

29,34,35 Manufact. of machinery & eq. N.E.C., -of motor vehicles 135 03| 07 421 08 58| 7.3 15] 25 4.1 5.3
30-32  Manufact. of electrical equipment, precision machinery 13.8 0.7] 06] 121 1.0 72| 76 07| 36 7.5 10.7

33 Manufacture of medical and precision instruments 13.0 06| 06 52| 06 78| 76 09| 35 7.6 7.6
36,37  Manufacturing N.E.C. 135 0.7] 04] 234 04 741 71 11] 1.6 10.7 15.9
40,41  Electricity, gas and water supply 111 08| 03] 144 13 401 7.9 07| 40 10.0 10.8
45 Construction 14.1 04| 04] 128| 04 76| 7.3 08| 09 8.9 10.7
50-93  SECTOR 3 SERVICES 12.6 02| 02 32| 05 22| 56 14( 4.0 54 4.4
50-52  Sale, repair 122 04| 02 53| 02 72| 6.0 17( 31 4.3 6.7
50 Sale, repair of motor vehicles 12.6 05| 03] 137 01| 171 6.7 12] 16 6.2 14.2
51 Brokerage, wholesale trade 12,5 03] 0.2 541 0.2 81| 64 10| 45 5.8 7.2
52 Retail trade, repair of pers. & household goods 11.9 0.7] 01] 105( 03] 119 55 421 2.2 115 135
55 Hotels and restaurants 115 07] 02] 289 02| 155( 44 22| 06 10.0 21.6
60-64  Transport, storage and communication 13.4 03| 03 35| 10 47| 6.8 15] 1.2 6.4 5.6
60 Land transport/pipelines 14.2 02| 03 6.3] 09 771 73 06| 06 9.2 8.7
61 Water transport 12.7 19( 02 161 13 55| 65 97] 11 32.8 225
62 Air transport 12.3 07] 02| 167 13 86| 53 18 25 8.5 12.9
63 Supporting and auxiliary transport activities 12.6 05| 03 941 11 92| 6.1 58| 16 8.2 9.0
64 Post and telecommunications 132 04] 03 32| 10 84| 69 18 1.6 117 10.1
65-67  Banking; insurance 125 0.7] 02| 108 0.2 90| 36 7.7] 117 7.5 11.1
65 Banking 13.0 05| 02 91] 03 89| 30 115] 142 8.1 12,5
66 Insurance 11.8 15( 01 158| 01| 16.0| 48 73| 56 8.8 15,5
67 Activities relating to banking/insurance 11.9 09| 05] 499 02| 246 43 6.9 16.6 9.8 36.0
70-74  Real estate, computer, research & development 12.3 03| 03 80| 03 82| 58 11] 52 3.7 7.5

70,71  Real estate activities/renting of machinery & equipment 12.2 07| 01] 117 02| 186 65 31| 26 6.4 14.8
72,74 Computer and related activities; other business activities 12.3 03| 03 84| 03 88| 5.7 12| 54 3.9 7.9

73 Research and development 12.5 05| 01] 123]| 0.2 83| 6.6 33| 47 9.8 11.5
75 Public administration, national defence; social security 14.9]1) 0.2(1) 0.5(1) 7.8(1) 0.5(1)

80 Education 132 04( 02| 121| 01| 104] 5.2 17| 07 9.0 11.7
85 Health and social work 134 03| 03 65 20 19| 68 11| 05 5.4 5.7
90-93  Other community, social and personal service activities | 12.4 03] 0.2 90| 04 95| 5.1 17] 11 5.7 9.3
90 Waste processing and other disposal 135 09| 03 75| 12| 109| 6.6 23] 11 13.1 11.7
91 Activities of membership organizations n.e.c. 12.8 03| 01] 11.3| 04| 113 6.1 141 09 7.5 11.1
92 Recreational, cultural and sporting activities 12.1 05| 03] 162 05 11.0f 53 241 13 8.5 14.1
93 Other service activities 119 08| 03] 151 01f 350| 26 99| 10 175 25.9

Wage bill : Total of non-standardised gross monthly salary

Non-standardised gross salary : Gross salary in the month of October (incl. employee social insurance contributions, benefits in kind, regularly paid shares in bonuses,
turnover or commission), but without any overtime pay, hardship allowances (for shift, night and Sunday work), 13th month salary and annual special payments.

CV: coefficient of variation;  1): not computed, because the results are not based on a random sample.
Global CV: Linearized form of the average standard deviation, that is square root of average total linearized variance of logratios of components (see text).

Source: Swiss Federal Statistical Office, Swiss Earnings Structure Survey (SESS) 2002
Original table: wage components only. 42




Table A1 (continued) : Wage components in overall wage bill, in %
Private and public sector (Confederation) combined

Switzerland 2004

TA14 Economic activities Social security Overtime Hardship  [L3th or nth montfppecial paymentq Global
contributions earnings allowances wage/salary bonuses cv
in% | CV (%) |in%]| CV(%)|in%]| CV(%)]|in%]| CV(%)]|in%]|CV(%) | in%

0 TOTAL 13.0 01| 04 54| 07 141 63 10| 37 51| 35
01 Horticulture 125 0.7 04 132] 01 94| 5.9 171 08 127] 92
10-45 SECTOR 2 PRODUCTION 138 02| 0.6 24 11 21| 75 03| 24 32 20
10-14 Mining and quarrying of stone 14.3 06| 04 200 02 153 7.7 10| 20 130] 11.9
15-37  Manufacturing 135 02| 07 25| 13 22| 75 04| 29 34| 22
15 Manufacture of food products and beverages 13.3 04| 05 74| 1.7 68| 7.1 10| 15 9.2 6.2
16 Manufacture of tobacco products 11.9 01] 03 1541 29 12| 52 04] 10.6 0.7 6.9
17 Manufacture of textiles 135 08] 03 98] 23 83| 7.0 17| 15 10.9 7.6
18 Manufact. of wearing apparel; dressing and dyeing of fur 12.9 23| 04 59.0( 0.1 245| 65 25| 22 9.6| 30.1
19 Manufacture of leather and leather products 13.2 10| 15 259] 03 332| 46 51| 04 105] 19.9
20 Manufacture of wood and wood products 14.2 05| 05 11.4| 06 323| 75 09| 07 105 15.9
21 Manufacture of pulp, paper and paper products 13.4 06| 1.1 126| 43 28| 74 09| 22 39 6.0
22 Publishing, printing, reproduction 13.9 04] 0.6 133 12 114 77 09] 1.2 6.1 7.9
23,24 Manufacture of coke, chemicals 12.1 07| 0.3 701 23 52| 88 21| 6.2 8.0 5.7
25 Manufacture of rubber and plastic products 135 04] 08 60| 22 451 75 09] 22 63| 45
26 Manufacture of other non-metallic mineral products 13.6 05| 0.9 8.0 0.9 88| 7.6 11| 14 9.3 6.5
27,28 Manufacture of basic metals 14.2 03| 11 57| 14 62| 74 08| 1.8 5.9 4.6
29,34,3! Manufact. of machinery & eq. N.E.C., -of motor vehicles 13.7 03| 0.7 37] 08 57| 73 06| 22 31 33
30-32  Manufact. of electrical equipment, precision machinery 13.8 11| 08 104| 08 51| 73 13| 46 7.1 6.4
33 Manufacture of medical and precision instruments 13.2 06| 0.6 43| 07 77 1.7 05| 38 6.6 49
36,37 Manufacturing N.E.C. 135 04| 04 101 06 137] 71 08| 14 62| 79
40,41 Electricity, gas and water supply 12.1 05| 0.2 113] 14 49| 7.9 06| 26 7.8 6.2
45 Construction 147 03| 03 76| 04 70| 7.3 06| 1.0 82| 57
50-93 SECTOR 3 SERVICES 12.6 02| 03 105] 05 18| 58 15| 44 63| 57
50-52  Sale, repair 124 03| 05 226| 03 96| 6.3 13| 30 39| 103
50 Sale, repair of motor vehicles 12.7 05| 0.2 116 0.1 16.0| 6.7 1.2] 20 9.1 9.6
51 Brokerage, wholesale trade 12.5 03| 03 55| 0.2 78| 6.5 08| 53 39 4.6
52 Retail trade, repair of pers. & household goods 12.1 06| 08 274 04 114 6.2 28| 14 6.7] 120
55 Hotels and restaurants 11.6 04] 0.2 145 01 140 48 15 05 7.7 9.4
60-64 Transport, storage and communication 135 03] 04 33| 11 32| 69 12| 25 5.8 315
60 Land transport/pipelines 14.0 02| 0.2 85| 1.0 6.3 7.7 05| 0.6 5.8 515
61 Water transport 137 111 03 11.7] 12 61| 74 30| 04 17.6| 101
62 Air transport 14.2 02| 0.0 142]| 04 52| 34 12| 07 4.0 6.9
63 Supporting and auxiliary transport activities 13.0 12| 03 125 13 78] 74 05| 20 5.6 7.0
64 Post and telecommunications 13.3 05| 0.6 471 12 38| 65 32| 48 51 41
65-67 Banking; insurance 125 07| 01 6.0 0.2 89| 37 9.2 133 8.6 7.6
65 Banking 124 08| 0.2 60| 03 79| 31 14.0] 15.2 103]| 95
66 Insurance 12.6 171 01 136] 01 170] 49 81| 83 13.0| 119
67 Activities relating to banking/insurance 12.0 04| 0.1 239 01 122 42 28| 145 421 122
70-74 Real estate, computer, research & development 12.3 04| 0.3 75| 0.2 72| 55 14| 54 4.0 51
70,71 Real estate activities/renting of machinery & equipment 12.4 07| 0.2 1571 02 158| 6.6 19| 34 143| 118
72,74  Computer and related activities; other business activities 12.2 04| 0.3 79| 0.2 79| 54 16| 5.6 43 5.4
73 Research and development 12.7 08| 0.1 315] 01 16.1] 6.0 23| 5.1 441 16.0
80 Education 131 04| 0.2 103] 0.2 108] 5.1 171 07 1421 93
85 Health and social work 13.2 02] 0.2 481 20 14| 69 06| 04 48 31
90-93 Other community, social and personal service activities 124 03] 0.2 89| 07 13.7| 53 16| 15 6.0 8.0
90 Waste processing and other disposal 13.9 0.7 0.6 108] 1.2 99| 6.8 21| 18 9.9 7.8
91 Activities of membership organizations n.e.c. 12.6 04] 01 132 0.2 11.0| 6.2 17| 08 73 8.3
92 Recreational, cultural and sporting activities 12.3 05| 0.2 158 11 133] 57 23| 20 75| 104
93 Other service activities 11.7 0.7] 0.2 210 01 232| 18 55| 1.2 152 15.2

Wage bill : Total of non-standardised gross monthly salary

Non-standardised gross salary : Gross salary in the month of October (incl. employee social insurance contributions, benefits in kind, regularly paid shares in bonuses, turnover
or commission), but without any overtime pay, hardship allowances (for shift, night and Sunday work), 13th month salary and annual special payments.

CV: coefficient of variation.
Global CV: Linearized form of the average standard deviation, that is square root of average total linearized variance of logratios of components (see text).

Source: Swiss Federal Statistical Office, Swiss Earnings Structure Survey (SESS) 2004
Original table: wage components only.
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Table A2: p-values for the 2 by 2 equality tests for social security contributions
1) Sector 2 + horticulture

2002

Noga2

40

16

23

19

1

18

33

15

17

21

25

36

29

26

22

20

27

30

45

1014

40
16
23
19
1
18
33
15
17
21
25
36
29
26
22
20
27
30
45
1014

0

0

0
57
62

57
0
54

62
54

0
50
90

50
0
94

90
94

95

95
84
90
96

96
99

84
67
78
83

94
99

90
67
57
67
83
96

99
99

96
78
57

65
88
99

96
83
67
65

72
92
98
97

99
94
83
88
72

81
92
93

99
96
99
92
81

63
75

99
98
92
63

71

99
97
93

75
71

2) Sector 3

2002

Noga2

55

66

67

93

52

92

70

62

72

51

63

73

50

61

91 65

80

85

90

60

55
66
67
93
52
92
70
62
72
51
63
73
50
61
91
65
64
80
85
90
60

0

85
98
99

85

63
71
75
95
98
99
99

98
63

61
69
98

99
71
61

58
97
99

75
69
58

96
99

95
98
97
96

85

91
99

99

99
99
85

63

71
99

96

99
91
63
55

97
99

95

99

99
71
55

95

99
97

89
95
97
83

99
89
59

66
70

95
59

57
67

97
66
57

65

99
96
95
95
83
70
67
65

72
88
96
99

72 88
% 0
%

99

98

Less than 97.5% p-values show non-significant differences.

Larger than 99.5% % p-values are replaced by dots

Noga2 class numbers are ordered by increasing social security contributions.

(if several classes are grouped, the first is given. See Table A3 for exact denominations)
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1) Sector 2 + horticulture

Table A2 (continued):

2004

16

23

40

1

18

33

19

15

21

17

36

25

26

29

30

22

27 20 1014 45

16
23
40
1
18
33
19
15
21
17
36
25
26
29
30
22
27
20
1014
45

0
98

98
0
54

99

54
0

99

0
90

99
99
90

81
84
92
95
97
98
98
99
99

81
61
97

99
99

84
61
80
90
95

98
99

92
97
80

81
92
99

95
99
90
81

72
81
89
98

99

97
99
95
92
72

53
63
87
92
96

98
98
99

81
53

65
94
99
98

98
99
89
63
65

90
98
97

99

98
87
94
90

59
86

99

92
99
98
59

84

99
96
98
97
86
84

71
99
99

99 99

0 60 86
60 0 78
86 78 0

2) Sector 3

2004

55

93

67

52

72

92

70

65

51

91

66

73

50

63

80

85

64 61 90 60 62

55
93
67
52
72
92
70
65
51
91
66
73
50
63
80
85
64
61
90
60
62

0
92

92
0

88
84
90

99
99

99

84
66

94
97

97

90
66
89
94

95

99
94
89

66
95
98
86
98

99
97
94
66

82
92
79
94
99

95
82
84
66
88

99
99

98
92
84

55
71
92
98

99
97
95
86
79
66
55

56
66
89
99

98
94
88
71
56

67
94

99
99
92
66
67

91

99
98
89
94
91

84
93
96

99
84

90
95

93
90

81

96

95

81

0 . . .
0 73 91
73 0 83
91 83 0
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Table A3: Tests of significance of difference in social security contributions between years 2002 and 2004

2002 2004
Noga2 Economic activities 2002 2004 p- signi- no of no of
estimate  estimate  value ficancel businesses businesses
0 TOTAL 12.90 13.00 1.00 b 42133 42670
01 Horticulture 12.13 12.48 1.00 ** 696 1396
10-45 SECTOR 2 PRODUCTION 13.45 13.76 1.00 b 13842 14189
10-14 Mining and quarrying of stone 14.23 14.30 0.72 - 165 175
15-37 Manufacturing 13.27 13.46 1.00 ** 11303 11420
15 Manufacture of food products and beverages 12.99 13.32 1.00 * 732 1000
16 Manufacture of tobacco products 11.72 11.94 1.00 b 11 10
17 Manufacture of textiles 13.12 13.49 1.00 b 3 292
18 Manufact. of wearing apparel; dressing and 12.57 12.88 0.83 - 202 198
dyeing of fur
19 Manufacture of leather and leather products 12.12 13.20 1.00 b 73 79
20 Manufacture of wood and wood products 13.72 14.21 1.00 b 754 745
21 Manufacture of pulp, paper and paper 13.32 13.41 0.74 - 159 160
products
22 Publishing, printing, reproduction 13.62 13.90 1.00 b 1449 1240
23,24 Manufacture of coke, chemicals 12.08 12.12 0.59 - 499 571
25 Manufacture of rubber and plastic products 13.45 13.52 0.78 - 459 520
26 Manufacture of other non-metallic mineral 13.56 13.63 0.75 - 507 504
products
27,28 Manufacture of basic metals 13.74 14.19 1.00 *k 1440 1284
29,34,35  Manufact. of machinery & eq. N.E.C., -of 13.52 13.65 0.98 * 1636 1649
motor vehicles
30-32 Manufact. of electrical equipment, precision 13.80 13.81 0.52 - 863 916
machinery
33 Manufacture of medical and precision 12.99 13.16 0.95 - 1212 1334
instruments
36,37 Manufacturing N.E.C. 13.51 13.50 0.54 - 996 918
40,41 Electricity, gas and water supply 1121 12.13 1.00 *x 183 203
45 Construction 14.13 14.75 1.00 b 2191 2391
50-93 SECTOR 3 SERVICES 12.62 12.61 0.56 - 27595 27085
50-52 Sale, repair 12.23 12.37 0.99 * 7025 6405
50 Sale, repair of motor vehicles 12.57 12.72 0.94 - 1323 1087
51 Brokerage, wholesale trade 12.44 12.53 0.97 - 3244 2878
52 Retail trade, repair of pers. & household goods 11.95 12.15 0.97 - 2458 2440
55 Hotels and restaurants 11.60 11.57 0.64 - 2419 2147
60-64 Transport, storage and communication 13.37 1351 0.99 * 2250 2478
60 Land transport/pipelines 14.25 13.96 1.00 b 870 1053
61 Water transport 12.67 13.75 1.00 ** 44 55
62 Air transport 12.26 14.17 1.00 o 72 84
63 Supporting and auxiliary transport activities 12.54 12.95 0.99 * 1063 1076
64 Post and telecommunications 13.12 13.25 0.94 - 201 210
65-67 Banking ; insurance 12.55 12.45 0.79 - 1993 2472
65 Banking 12.97 12.44 1.00 ** 997 971
66 Insurance 11.81 12.62 1.00 b 429 207
67 Activities relating to banking/insurance 11.88 12.05 0.92 - 567 1294
70-74 Real estate, computer, research & 12.29 12.26 0.66 - 6987 5723
development
70,71 Real estate activities/renting of machinery & 12.23 12.39 0.92 - 1213 1267
equipment
72,74 Computer and related activities; other 12.28 12.23 0.75 - 5595 4249
business activities
73 Research and development 12.56 12.66 0.80 - 179 208
80 Education 13.24 13.12 0.95 - 1245 1394
85 Health and social work 13.45 13.19 1.00 b 2489 2931
90-93 Other community, social and personal 12.37 12.36 0.55 - 3186 3534
service activities
90 Waste processing and other disposal 13.53 13.86 0.98 * 227 217
91 Activities of membership organizations n.e.c. 12.82 12.60 1.00 o 1126 1096
92 Recreational, cultural and sporting activities 12.12 12.27 0.96 - 1072 1220
93 Other service activities 11.92 11.70 0.96 - 761 1001
! Legend: ** = significant (risk=1%) * = significant (risk=5%) - = non significant
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Table A4: Correlation matrices for components 2 to 5 (total, horticulture and secondary sector), 2002

1
0
1.00 0.14 0.00 0.02
0.14 1.00 0.18-0.21
0.00 0.18 1.00-0.74
0.02-0.21-0.74 1.00
2
1
1.00 0.16 0.01 0.01
0.16 1.00 0.28-0.14
0.01 0.28 1.00-0.18
0.01-0.14-0.18 1.00
3
1045
1.00 0.05-0.04 -0.07
0.05 1.00 0.09-0.05
-0.04 0.09 1.00 0.09
-0.07-0.05 0.09 1.00
4
1014
1.00 0.08-0.04 -0.08
0.08 1.00-0.03 0.07
-0.04-0.03 1.00 0.08
-0.08 0.07 0.08 1.00
5
1537
1.00 0.00-0.10-0.16
0.00 1.00 0.09-0.16
-0.10 0.09 1.00 0.08
-0.16-0.16 0.08 1.00
6
15
1.00 0.21 -0.06 -0.04
0.211.00 0.35 0.01
-0.06 0.35 1.00-0.30
-0.04 0.01-0.30 1.00
7
16
1.00 0.47-0.04-0.11
0.47 1.00-0.36 -0.37
-0.04-0.36 1.00 0.34
-0.11-0.37 0.34 1.00
8
17
1.00 0.12-0.04 -0.02
0.12 1.00-0.09 0.11
-0.04-0.09 1.00-0.70
-0.02 0.11-0.70 1.00
9
18
1.00 0.00-0.11 0.00
0.001.00 0.350.35
-0.110.35 1.00 0.08
0.000.35 0.08 1.00

10
19
1.00 0.09 0.16 0.01
0.09 1.00 0.20-0.04
0.16 0.20 1.00-0.23
0.01-0.04-0.23 1.00
11
20
1.00 0.11 0.09-0.08
0.11 1.00 0.15-0.11
0.09 0.15 1.00-0.36
-0.08-0.11-0.36 1.00
12
21
1.00-0.05 0.11 0.10
-0.05 1.00 0.31-0.20
0.11 0.31 1.00-0.12
0.10-0.20-0.12 1.00
13
22
1.00 0.40-0.04-0.19
0.40 1.00-0.09-0.10
-0.04-0.09 1.00 0.23
-0.19-0.10 0.23 1.00
14
23
1.00 0.18-0.17-0.22
0.18 1.00-0.09 -0.47
-0.17-0.09 1.00-0.37
-0.22-0.47-0.37 1.00
15
25
1.00-0.17-0.03 0.02
-0.17 1.00 0.03 0.00
-0.03 0.03 1.00-0.03
0.02 0.00-0.03 1.00
16
26
1.00 0.25-0.08 0.24
0.25 1.00-0.14 0.46
-0.08-0.14 1.00-0.15
0.24 0.46-0.15 1.00
17
27
1.00 0.040.02-0.19
0.04 1.000.05-0.16
0.02 0.051.00 0.14
-0.19-0.16 0.14 1.00
18
29
1.00-0.09 -0.07 -0.05
-0.09 1.00 0.13 0.01
-0.07 0.13 1.00 0.11
-0.05 0.01 0.11 1.00

47

19
30
1.00-0.10 0.30-0.33
-0.10 1.00-0.22 -0.40
0.30-0.22 1.00 0.26
-0.33-0.40 0.26 1.00
20
33
1.00-0.07 0.09 -0.09
-0.07 1.000.37 0.07
0.09 0.371.00 0.36
-0.09 0.07 0.36 1.00
21
36
1.00 0.07-0.35 0.71
0.07 1.00 0.19-0.03
-0.35 0.19 1.00-0.48
0.71-0.03-0.48 1.00
22
40
1.00 0.39 0.100.26
0.39 1.00-0.050.07
0.10-0.05 1.000.44
0.26 0.07 0.441.00
23
45
1.00 0.15 0.06 0.07
0.15 1.00-0.08 0.11
0.06-0.08 1.00 -0.02
0.07 0.11-0.02 1.00

Explanations :
Matrices are represented
on 3 columns.

By column :

1% line:  sequential number

2" line 1 NOGAZ2 class number
(if several classes, the first is
given, see Table A3 for exact

denominations)

336" lines : correlation
matrices of (Xq, X, X3, Xa).



Table A4 (continued): Correlation matrices for components 2 to 5 (third sector), 2002

24
5093
1.00 0.12-0.16 0.20
0.12 1.00 0.06-0.15
-0.16 0.06 1.00-0.74
0.20-0.15-0.74 1.00
25
5052
1.00 0.08-0.18-0.21
0.08 1.00-0.42 -0.16
-0.18-0.42 1.00 0.02
-0.21-0.16 0.02 1.00
26
50
1.00 0.10-0.03 0.03
0.10 1.00-0.20 0.12
-0.03-0.20 1.00-0.03
0.03 0.12-0.03 1.00
27
51
1.00 0.11-0.02 -0.09
0.11 1.00 0.13-0.06
-0.02 0.13 1.00 0.12
-0.09-0.06 0.12 1.00
28
52
1.00 0.09-0.22 -0.45
0.09 1.00-0.53-0.32
-0.22-0.53 1.00 0.24
-0.45-0.32 0.24 1.00
29
55
1.00 0.04 -0.01 0.00
0.041.00 0.12 0.00
-0.010.12 1.00 0.04
0.00 0.00 0.04 1.00
30
6064
1.00 0.01 0.27-0.06
0.01 1.00 0.20-0.14
0.27 0.20 1.00-0.03
-0.06-0.14 -0.03 1.00
31
60
1.00-0.09-0.20 -0.02
-0.09 1.00 0.20-0.08
-0.20 0.20 1.00-0.02
-0.02-0.08 -0.02 1.00
32
61
1.00-0.27-0.23 0.93
-0.27 1.00 0.48-0.23
-0.23 0.48 1.00-0.10
0.93-0.23-0.10 1.00

33

62
1.00 0.23 0.02-0.10
0.23 1.00-0.06 0.17
0.02-0.06 1.00-0.26
-0.10 0.17-0.26 1.00

34

63
1.000.350.350.24
0.351.000.67 0.15
0.350.67 1.00 0.66
0.24 0.150.66 1.00

35

64
1.00-0.26 0.52-0.33
-0.26 1.00-0.30-0.33
0.52-0.30 1.00-0.46
-0.33-0.33-0.46 1.00
36

6567
1.00 0.53-0.43 0.55
0.53 1.00-0.77 0.70
-0.43-0.77 1.00-0.67
0.55 0.70-0.67 1.00

37

65
1.00 0.65-0.62 0.69
0.65 1.00-0.86 0.64
-0.62-0.86 1.00-0.58
0.69 0.64-0.58 1.00

38

66
1.00 0.31 0.47-0.20
0.31 1.00 0.24-0.19
0.47 0.24 1.00-0.54
-0.20-0.19-0.54 1.00

39

67
1.00-0.15 0.49-0.19
-0.15 1.00-0.18 0.61
0.49-0.18 1.00-0.31
-0.19 0.61-0.31 1.00
40

7074
1.00 0.17 0.05 0.03
0.17 1.000.11-0.08
0.05 0.111.00 0.08
0.03-0.08 0.08 1.00

41

70
1.00-0.13 -0.07 -0.09
-0.13 1.00 0.20-0.10
-0.07 0.20 1.00 0.26
-0.09-0.10 0.26 1.00

48

42

72
1.00 0.17 0.05 0.03
0.17 1.000.11-0.08
0.05 0.111.00 0.07
0.03-0.08 0.07 1.00

43

73
1.00 0.41 0.43-0.22
0.41 1.00-0.01-0.59
0.43-0.01 1.00 0.30
-0.22-0.59 0.30 1.00

44

80
1.00-0.05 0.11 0.04
-0.05 1.00-0.11 -0.06
0.11-0.11 1.00 0.19
0.04-0.06 0.19 1.00

45

85
1.00-0.01 0.12-0.16
-0.01 1.00 0.37-0.17
0.12 0.37 1.00-0.54
-0.16-0.17-0.54 1.00
46

9093
1.00-0.28-0.19 0.15
-0.28 1.00 0.63-0.11
-0.19 0.63 1.00-0.12
0.15-0.11-0.12 1.00

47

90
1.00-0.05-0.26 0.02
-0.05 1.00-0.18 0.30
-0.26-0.18 1.00-0.53
0.02 0.30-0.53 1.00

48

91
1.00 0.24-0.05-0.04
0.24 1.00 0.25-0.14
-0.05 0.25 1.00 0.06
-0.04-0.14 0.06 1.00

49

92
1.00-0.39-0.26 0.2
-0.39 1.00 0.67-0.3
-0.26 0.67 1.00-0.2
0.20-0.30-0.20 1.0

50

93
1.00 0.26-0.11 0.23
0.26 1.00-0.07 0.37
-0.11-0.07 1.00-0.20
0.23 0.37-0.20 1.00



Table A4 (continued): Correlation matrices for components 2 to 5 (total, horticulture and secondary sector), 2004

1

0

1.00 0.14 0.26-0.14
0.14 1.00 0.35-0.28
0.26 0.35 1.00-0.82
-0.14-0.28-0.82 1.00
2

1

1.00 0.05-0.47 0.09
0.05 1.00-0.03-0.02
-0.47 -0.03 1.00-0.01
0.09-0.02-0.01 1.00
3

1045

1.00-0.02 -0.01 -0.03
-0.02 1.00 0.08-0.10
-0.01 0.08 1.00 0.03
-0.03-0.10 0.03 1.00
4

1014

1.00 0.57 0.13 0.02

0.57 1.00 0.06 0.03

0.130.06 1.00-0.02

0.02 0.03-0.02 1.00

5

1537

1.00 -0.08 -0.04 -0.11
-0.08 1.00 0.05-0.20
-0.04 0.05 1.00 0.02
-0.11-0.20 0.02 1.00
6

15

1.00-0.14-0.23 0.08
-0.14 1.00 0.36-0.14
-0.23 0.36 1.00-0.26
0.08-0.14-0.26 1.00
7

16

1.00 0.13 0.04 0.03
0.13 1.00 0.14-0.34
0.04 0.14 1.00-0.29
0.03-0.34-0.29 1.00
8

17

1.00-0.09 0.03-0.04
-0.09 1.00-0.31 0.30
0.03-0.31 1.00-0.65
-0.04 0.30-0.65 1.00
9

18

1.00-0.47 0.73-0.32
-0.47 1.00-0.26 0.33
0.73-0.26 1.00-0.07
-0.32 0.33-0.07 1.00

10

19
1.00-0.02-0.87-0.10
-0.02 1.00 0.00 0.00
-0.87 0.00 1.00 0.14
-0.10 0.00 0.14 1.00
11

20

1.00 0.11 0.02 0.03
0.11 1.00 0.30-0.02
0.02 0.30 1.00-0.03
0.03-0.02-0.03 1.00
12

21

1.00 0.200.02-0.10
0.20 1.000.10-0.16
0.02 0.101.00 0.01
-0.10-0.16 0.01 1.00
13

22

1.00 0.54-0.10-0.15
0.54 1.00 0.07-0.11
-0.10 0.07 1.00-0.17
-0.15-0.11-0.17 1.00
14

23

1.00 0.29-0.11-0.35
0.29 1.00-0.04-0.51
-0.11-0.04 1.00-0.46
-0.35-0.51-0.46 1.00
15

25

1.00 0.09-0.06-0.11
0.09 1.00-0.13-0.02
-0.06-0.13 1.00-0.34
-0.11-0.02-0.34 1.00
16

26

1.00 0.42-0.07 -0.05
0.42 1.00-0.04 0.07
-0.07-0.04 1.00-0.11
-0.05 0.07-0.11 1.00
17

27

1.00-0.09 0.01-0.07
-0.09 1.00 0.15 0.08
0.01 0.15 1.00-0.08
-0.07 0.08-0.08 1.00
18

29

1.00 0.03-0.030.09
0.03 1.00-0.08 0.10
-0.03-0.08 1.000.04
0.09 0.10 0.04 1.00

49

19

30

1.00-0.32 0.50-0.19
-0.32 1.00-0.43-0.34
0.50-0.43 1.00 0.41
-0.19-0.34 0.41 1.00
20

33

1.00-0.14 -0.06 0.08
-0.14 1.00 0.54 0.00
-0.06 0.54 1.000.18
0.08 0.00 0.181.00
21

36

1.000.02 -0.11 0.06
0.021.00 0.190.29
-0.110.19 1.00 0.02
0.06 0.29 0.021.00
22

40

1.00-0.14-0.57 0.63
-0.14 1.00 0.15 0.01
-0.57 0.15 1.00-0.67
0.63 0.01-0.67 1.00
23

45

1.000.14 -0.01 0.06
0.141.00 0.01 0.10
-0.010.01 1.00-0.15
0.060.10-0.15 1.00



Table A4 (continued): Correlation matrices for components 2 to 5 (third sector), 2004

24

5093

1.00 0.35 0.30-0.13
0.35 1.00 0.35-0.24
0.30 0.35 1.00-0.83
-0.13-0.24-0.83 1.00
25

5052

1.00 0.90 0.80-0.39
0.90 1.00 0.77-0.45
0.80 0.77 1.00-0.51
-0.39-0.45-0.51 1.00
26

50

1.00-0.01 0.04 0.25
-0.01 1.00-0.10-0.04
0.04-0.10 1.00-0.04
0.25-0.04-0.04 1.00
27

51

1.00 0.04 0.00-0.03
0.04 1.00 0.21-0.12
0.00 0.21 1.00-0.08
-0.03-0.12-0.08 1.00
28

52

1.000.90 0.84 0.22
0.901.00 0.81 0.13
0.840.81 1.00-0.17
0.220.13-0.17 1.00
29

55

1.00 0.00-0.02 0.45
0.00 1.00-0.030.01
-0.02-0.03 1.000.10
0.45 0.01 0.101.00
30

6064

1.00 0.03 0.28 -0.43
0.03 1.00-0.11-0.03
0.28-0.11 1.00-0.62
-0.43-0.03-0.62 1.00
31

60

1.00-0.1 0.03 0.02
-0.10 1.0 0.20-0.10
0.03 0.2 1.00-0.29
0.02-0.1-0.29 1.00
32

61

1.00 0.02 0.04-0.18
0.02 1.00 0.38-0.01
0.04 0.38 1.00-0.01
-0.18-0.01-0.01 1.00

33

62

1.00 0.27-0.05-0.04
0.27 1.00-0.09 -0.06
-0.05-0.09 1.00 0.08
-0.04-0.06 0.08 1.00
34

63

1.00 0.26 0.06 -0.18
0.26 1.00-0.11-0.19
0.06-0.11 1.00 0.10
-0.18-0.19 0.10 1.00
35

64

1.00 0.23 0.53-0.86
0.23 1.00-0.33 0.11
0.53-0.33 1.00-0.54
-0.86 0.11-0.54 1.00
36

6567

1.00 0.53-0.43 0.42
0.53 1.00-0.69 0.68
-0.43-0.69 1.00-0.69
0.42 0.68-0.69 1.00
37

65

1.00 0.46-0.54 0.48
0.46 1.00-0.63 0.66
-0.54 -0.63 1.00-0.63
0.48 0.66-0.63 1.00
38

66

1.00 0.31 0.53-0.35
0.31 1.00 0.40-0.35
0.53 0.40 1.00-0.45
-0.35-0.35-0.45 1.00
39

67

1.00-0.01 0.34-0.14
-0.01 1.00 0.03-0.05
0.34 0.03 1.00-0.58
-0.14-0.05-0.58 1.00
40

7074

1.00 0.02-0.06 -0.04
0.02 1.00 0.13-0.07
-0.06 0.13 1.00 0.02
-0.04-0.07 0.02 1.00
41

70

1.00 0.12-0.32 0.03
0.12 1.00-0.20 0.05
-0.32-0.20 1.00-0.49
0.03 0.05-0.49 1.00

50

42

72

1.00 0.02-0.05-0.04
0.02 1.00 0.13-0.07
-0.05 0.13 1.00 0.04
-0.04-0.07 0.04 1.00
43

73

1.00-0.01 0.03-0.01
-0.01 1.000.12-0.28
0.03 0.121.00 0.24
-0.01-0.280.24 1.00
44

80

1.00 0.00 0.05-0.07
0.00 1.00 0.08-0.03
0.05 0.08 1.00-0.01
-0.07-0.03-0.01 1.00
45

85

1.000.05 0.01-0.01
0.051.00 0.09 0.06
0.010.09 1.00-0.07
-0.010.06 -0.07 1.00
46

9093
1.00-0.44-0.31-0.18
-0.44 1.00 0.68 0.35
-0.31 0.68 1.00 0.31
-0.18 0.35 0.31 1.00
47

90

1.00-0.20 0.07 0.21
-0.20 1.00-0.33 0.45
0.07-0.33 1.00 -0.47
0.21 0.45-0.47 1.00
48

91

1.00 0.41-0.48-0.17
0.41 1.00-0.45-0.09
-0.48-0.45 1.00 0.15
-0.17-0.09 0.15 1.00
49

92
1.00-0.54-0.32-0.10
-0.54 1.00 0.70 0.07
-0.32 0.70 1.00 0.13
-0.10 0.07 0.13 1.00
50

93

1.00 0.230.08 0.14
0.23 1.000.21-0.05
0.08 0.211.00 0.12
0.14-0.050.12 1.00



Table A5: Multivariate tests of change in the 5-dimensional compositional vectors between years 2002 and 2004

2004 2002
Noga2 Economic activities geometric  geometric  Mahalanobis p- signi-
mean (%) mean (%) distance  value ficance
0 TOTAL 3.29 3.15 13.44 0.99 *
01 Horticulture 157 1.76 29.44 1.00 b
10-45 SECTOR 2 PRODUCTION 3.63 3.52 15.15 1.00 **
10-14 Mining and quarrying of stone 2.44 2.40 11.24 0.98 *
15-37 Manufacturing 4.03 3.86 20.92 1.00 b
15 Manufacture of food products and beverages 3.52 3.63 2791 1.00 i
16 Manufacture of tobacco products 461 3.83 8133.53 1.00 i
17 Manufacture of textiles 3.45 3.75 29.47 1.00 i
18 Manufact. of wearing apparel; dressing and 1.97 1.25 37.40 1.00 o
dyeing of fur
19 Manufacture of leather and leather products 2.33 0.86 185.38 1.00 i
20 Manufacture of wood and wood products 2.54 251 4.79 0.69 -
21 Manufacture of pulp, paper and paper 5.23 4.84 21.73 1.00 i
products
22 Publishing, printing, reproduction 3.33 331 3.54 0.53 -
23,24 Manufacture of coke, chemicals 4.26 4.09 6.09 0.81 -
25 Manufacture of rubber and plastic products 433 424 6.47 0.83 -
26 Manufacture of other non-metallic mineral 3.44 3.48 3.23 0.48 -
products
27,28 Manufacture of basic metals 4.10 3.54 17.56 1.00 *
29,34,35 Manufact. of machinery & eq. N.E.C., -of 3.51 3.64 10.74 0.97 -
motor vehicles
30-32 Manufact. of electrical equipment, precision 411 3.90 39.11 1.00 b
machinery
33 Manufacture of medical and precision 3.65 3.55 7.68 0.90 -
instruments
36,37 Manufacturing N.E.C. 2.78 2.76 8.29 0.92 -
40,41 Electricity, gas and water supply 3.14 3.38 10.07 0.96 -
45 Construction 2.24 2.24 2.68 0.39 -
50-93 SECTOR 3 SERVICES 301 2.80 14.34 0.99 *
50-52 Sale, repair 2.74 2.23 12.24 0.98 *
50 Sale, repair of motor vehicles 1.66 1.94 29.40 1.00 b
51 Brokerage, wholesale trade 2.44 2.45 8.87 0.94 -
52 Retail trade, repair of pers. & household 2.78 1.97 26.09 1.00 b
goods
55 Hotels and restaurants 1.39 1.44 10.35 0.97 -
60-64 Transport, storage and communication 3.36 2.80 133.50 1.00 b
60 Land transport/pipelines 2.37 243 51.35 1.00 b
61 Water transport 2.35 2.62 68.71 1.00 *
62 Air transport 1.25 3.00 1209.81 1.00 **
63 Supporting and auxiliary transport activities 3.23 2.89 12.16 0.98 *
64 Post and telecommunications 411 2.96 296.38 1.00 i
65-67 Banking; insurance 2.30 2.42 13.41 0.99 *
65 Banking 243 2.58 38.04 1.00 i
66 Insurance 1.93 1.62 15.76 1.00 **
67 Activities relating to banking/insurance 1.76 3.03 37.83 1.00 i
70-74 Real estate, computer, research & 2.59 2.62 14.18 0.99 *
development
70,71 Real estate activities/renting of machinery & 2.16 2.05 4.39 0.64 -
equipment
72,74 Computer and related activities; other 2.63 2.67 13.67 0.99 *
business activities
73 Research and development 2.02 2.00 9.43 0.95 -
80 Education 1.50 1.46 0.91 0.08 -
85 Health and social work 2.40 2.70 55.64 1.00 b
90-93 Other community, social and personal 2.31 2.13 33.36 1.00 b
service activities
90 Waste processing and other disposal 348 2.69 39.16 1.00 b
91 Activities of membership organizations n.e.c. 1.40 1.72 65.34 1.00 **
92 Recreational, cultural and sporting activities 2.78 241 37.97 1.00 b
93 Other service activities 1.31 1.50 18.93 1.00 **

o1
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