Hagtidindi Working papers

Statistical Series

10 December 2019

Effects of changes in
working experience and
education on the Icelandic

Wage Index

Rannsdkn & dhrifum starfsaldurs og menntunar a launavisitélu

1
T

Statistics Iceland



Icelandic summary

[ bessari greinargerd er greint fra helstu nidurstddum rannséknar & pvi hvort haekkandi
starfsaldur og aukin menntun hafi ahrif 4 préun launavisitélu Hagstofu Islands. Rannséknin er
gerd i kjolfar uttektar & launavisitdlu sem for fram haustid 2018. Uttektin var 4 vegum nefndar
um umbeetur & drvinnslu og nytingu launatolfreediupplysinga sem skipud var af
forsaetisradherra og kom til vegna gagnryni & utreikningum launavisitélu. | pvi sambandi var
bent 4 ad launavisitalan ofmeti launabreytingar par sem utreikningur hennar byggir a
porudum samanburdi. Hann felur i sér ad mael er breyting launa a milli samliggjandi
timapunkta hja fastri einingu sem er algeng adferd vid geedaleidréttingar verdvisitalna.

Uttektin var framkveemd af 6hadum sérfraedingi, dr. Kim Zieschang, og var tilgangurinn ad
meta adferdir og gogn sem liggja til grundvallar Utreikningi & launavisitdlu dsamt pvi ad leggja
til Urbeetur eftir porfum. Nidurstédur Gttektar voru paer ad launavisitalan er traust, byggir a
adferdafraedilega sterkum grunni og areidanlegum gégnum af naegilegri pekju. [ Gttektinni var
malt med Hagstofan breyti hvorki gagnaséfnun né adferdum sem liggja til grundvallar
launavisitélu en kanni hvort launavisitalan feli i sér ahrif af auknum gaedum vinnuafls yfir tima
med haekkandi starfsaldri og aukinni menntun. A grundvelli uttektar beindi nefndin peim
tilmaelum til Hagstofunnar ad rannsakad yrdi hvort haekkandi starfsaldur og aukin menntun
hefdi ahrif a launavisitolu og yrdi par tekid mid af tillogum attektaradila. Rannsoknin ték pvi
mid af tilmaelum nefndar um umbaetur 4 Urvinnslu og nytingu launatoélfraediupplysinga og
samrad var haft vid uttektaradila, dr. Kim Zieschang um rannsdknina.

Menntun og starfsaldur eru daemi um eiginleika vinnuaflsins sem breytast yfir tima. [ tilfelli
launavisitélu er mikilveegt ad hafa i huga ad breytingar @ pessum eiginleikum vinnuaflsins tekur
ekki til einstaklinga heldur radningasambands. Radningasamband er su meelieining sem liggur
til grundvallar launavisitélu, pad er launagreidandi, launamadur, starf og atvinnugrein. Ef
einstaklingur faer heerri laun i kjolfar pess ad hann skiptir um starf eda fer ad vinna hja 6drum
launagreidanda pa maelast paer breytingar ekki i launavisitélu par sem radningarsamband hans
hefur rofnad. Greining & gagnasafni launavisitélu leidir i ljés ad um helmingur
radningasambanda hefur rofnad eftir prju ar. Haekkandi starfsaldur og aukin menntun geta
skilad auknum gaedum vinnuafls og leitt til launahakkunar en po er ekki haegt ad ganga ad pvi
visu, til deemis pegar menntun er étengd vidkomandi starfi.

Helstu adferdir sem beitt er vid geedaleidréttingar & verdvisitolum er poérun (e. matched
sample models) og spar eda tilreikningar & grundvelli adhvarfslikana (e. hedonic models). |
launavisitélu er byggt a4 pérudum breytingum reglulegs timakaups milli tveggja samliggjandi
manada ad pvi tilskyldu ad radningarsamband sé Abreytt. Ahrif breytinga menntunar og
starfsaldurs a launavisitolu voru épekkt en nuverandi adferdir maela ekki pa peetti. Auk pess
hafa areidanlegar upplysingar um menntun og starfsaldur ekki verid adgengilegar fyrr en
sidustu &r. | pessari rannsékn var byggt 4 adhvarfslikdnum (e. hedonic models), sem pekkt eru
ur freedum verdvisitalna, til ad meta ahrif starfsaldurs og menntunar 4 launavisitolu. Likénin
gera pad kleift ad bera saman mat a launabreytingum med og an ahrifapatta og meta pannig
ahrif menntunar.


https://www.stjornarradid.is/lisalib/getfile.aspx?itemid=40395406-2616-11e9-942f-005056bc4d74
https://www.stjornarradid.is/lisalib/getfile.aspx?itemid=40395405-2616-11e9-942f-005056bc4d74

Helstu nidurstodur rannséknarinnar voru paer ad fravik 8 milli visitalna sem reiknadar eru a
grundvelli likana med eda dn menntunar og starfsaldurs eru ekki tolfreedilega marktaek a milli
manada. Ahrifin eru ekki linuleg og geta ymist verid til haakkunar eda leekkunar & manadarlegri
launavisitélu. Nidurstodur, sem byggja 4 manadarlegum meaelingum launavisitélu arin 2008 til
2018, benda hins vegar til pess ahrifin geti safnast upp til lengri tima. Ahrifin eru ad medaltali
0,024% & manudi (Cl = [-0,2%, 0,3%]) og 2,9% ad medaltali eftir 10 ar. Hafa ber i huga ad pvi
lengra timabil sem er skodad pvi vidari verda oryggisbilin og par sem pau innihalda alltaf null
er ekki haegt ad utiloka ad ahrifin séu engin.

Rannsdknin er einstdk i sinni rod og eftir pvi sem Hagstofan veit best eru ekki til adrar
rannsoknir, hvorki innlendar né erlendar, um petta efni. Ljost er ad fleiri rannsdknir parf til ad
skyrari visbendingar faist. Pa parf ad hafa i huga ad pad a ekki alltaf vid ad aukinn starfsaldur
og menntun séu geedabreytingar. Einnig parf ad huga ad pvi ad timabilid sem lagt er til
grundvallar er sérstakt med tilliti til efnahagspréunar og pvi er ekki haegt ad utiloka ad annad
timabil hefdi skilad 68rum nidurstédum.

Uttekt og rannséknir & launavisitdlunni gefa pvi ekki tilefni til ad breyta ttreikningum. En mikil
groska er i rannséknum 4 adferdum a svidi verdvisitalna um pessar mundir og telur Hagstofan
ahugavert ad rannsaka frekar fleiri adferdir vid Utreikninga 4 verdbreytingum.

Auk umfjollun um rannséknina ma finna i greinargerdinni lysingu 4 adferdum launavisitolu (sja
einnig lysigdgn um launavisitlu) og umfjéllun um mat & launapréun ef notast er vid

nidurstodur launavisitdlu annars vegar og medallauna hins vegar.


http://hagstofan.s3.amazonaws.com/media/public/2019/7f64f084-6fef-43cd-95b6-5cefcfec8cd9.pdf
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In this paper we investigate the effect of changes in factors such as working experience (total
and with employer) and education of employees on the Icelandic wage price index (IWPI)
through time. This is due to the fact that the variables included in the calculation of the
wage index, like employee-employer contract, occupation and economic activity are not always
reflecting quality changes events at the desired level of detail. The data used for the present
paper has been used by the current index calculation system for the past ten years and is
enhanced with the corresponding employee attributes.

The main conclusions of the analysis are: (i) if the relative variation of the rnonthly index
which is due to quality changes is defined by ¢y = T'/ T —1, where T, T are the wage index and
its value when controlling for quality changes by wage modelling, then it has an average g, =
0.00024, i.e. 0.024% and a 95% confidence interval of [—0.002,0.003] and thus not statistically
significant; (ii) this average value grows linearly with the number of index chaining time steps,
while the confidence interval expands as well. The average reaches a value of 0.0288 after about
10 years and its confidence interval still covers the value zero although much wider.

The difference between the IWPT and an index based on average earnings (AEI) is explained
as well, in the second part of the paper. The difference is mainly due to the distinct sample
structures used by the two approaches but is also generated by the differences between ratios of
geometric and ratios of arithmetic means employed when calculating these two index numbers.
The samples mirror structural and quality changes of the labour market such as employment
levels or composition and amount of hours worked in the case of AEI but mainly market induced
price changes in the case of IWPL

1 Introduction

The goal of this paper is twofold:

e to evaluate the influence of factors such as working experience (total and with employer)!and
education? of employees on the Ieelandic wage price index (IWPI)

e to explain differences between the IWPI and indices based on other averaging formulae and
sampling structures, like the average carnings formula and corresponding sampling

1 Age is used as a proxy for total working experience
2ISCED levels grouped as low (ISCED less than 3) medium (ISCED between 3 and 5), high (ISCED=6), very
high education (ISCED bigger than 7)



The first evaluation is suggested since factors such as experience, age and education of employees
change in time while the data used when calculating the wage index, e.g.  employee-cmployer
contract, occupation and economic activity, do not always reflect these changes at the desired level
of detail.

The serutiny of multiple wage index definitions is due to the fact that different formulac/sample
structures often generate divergent results while the causes are not always made explicit for the
users. We build simple examples to illustrate and explain when cach index is more appropriate,
depending on the goal of the users’ analysis. In the process, we define the index number based on
average carnings in order to make the comparison meaningful.

The wage index is regarded as a price index for hourly wages. The general price index problem
is to measurce the changes in prices between two points in time at constant quality, changes solely
determined by market forees, while: (i) the sample evolves with time (new and disappearing items),
(i) the quality of persistent items can change with time, (iii) long time series of index changes need
to be defined, (iv) other errors can be present, including measurement errors.

There arce two solutions for this problem:

1. based on observed wages, i.e. exclusively on data: this is the matched models approach for
constant quality. If this is based on a direct index, as has been the CPI practice in the past,
the sample becomes non-representative and residual quality effects accumulate. If a chained
index is used, then this can lead to chaining drift, the drift size size depending on the index
formula, on data characteristics and length of chaining. If not all quality changes are captured
by the matching process, then they are captured by the index. However, there are cases when
the drift can be kept to small values, i.e. by using superlative index formulac (Térnqvist or
Fisher) and when employing data which is monotonous, as is the case for wages. Residual
quality effects may also be kept at small or even non-significant levels, depending on the
length of time series, on the matching process and the sample structures.

2. based on imputed wages, i.c. the hedonic models’ approach for constant quality. A good
example, in consumer price index (CPI) context is given in (1). Hedonic methods, like all
modelling solutions generate in addition to the estimates for the index values, confidence
intervals which need to be reported as well®. They can also be confronted with biases due to
the prevalence of missing items, differences in wage variances over matched and unmatched
items, or to the choice of functional form of the model. On the other hand, one may define
transitive, drift free indices and may include all information about data at all time points
when building some of the hedonic types of indices.

The literature has been growing recently due to rescarch on hedonic modelling, we only mention
a very good overview here given in (2) and references therein. The main rescarch problems are
related to: (i) the choice of prices (in our case wages) to be imputed: all or only the missing
ones?, (ii) the choice of model for fitting the data: for each time point, for two adjacent ones, for
many sucecessive time points and using rolling windows (since index revisions are not popular), (iii)
the choice of the type of model: fixed effects model, regression based on sets of characteristics,
functional form, (iv) the choice of index formula.

Differences between hedonie and matched models (for one chain link) are due to several factors:
(i) how different the imputed wages of matched and non-matched items are, at the moment of

3The data based approach is also accompanied by sampling errors which can be kept low by using large samples
4Le. for new/disappearing items at the moment before/after joining /separating from the sample of matched items



separation (leaving or joining the sample), (ii) how different the weights of the matched items are,
between successive points in time. The ratio of imputed wages depends in turn on the regression
cocflicients and on differences in average characteristics over samples at successive points in time.

In this paper we compare the matched model index based on observed wages and a matched
model index which controls for residual quality changes by using imputed values® based on hedonic
models. This is done for bilateral indices in order to avoid combining drift and quality effects, while
estimating the average long term effect by the product between the average monthly effect and the
number of chaining steps. It is also done by comparing the corresponding multilateral, drift free
indices.

The paper is structured as follows. In the next section we describe the main findings of our
analysis, in section 3 we give a short review of the index and data. Section 4 is dedicated to the
hedonic modelling of wages and its effect on the IWPL. We give several notes about shortcomings and
advantages of such models in the next section and a detailed note on the differences in calculations
between the wage price index and average earnings index in the last section of the paper. Details
of theoretical calculations and illustrative examples are listed in the Appendices.

2  Summary of findings

The main results of data analysis, modelling and theoretical calculations are presented in this
scection.

1. The dynamic nature of the sample, matching and chaining for the multilateral wage index

Any bilateral price index8 aims at measuring the average market induced changes in prices, in

our casc hourly wages, between two points in time. If the population or sample used for such
calculations is always the same (static universe), a bilateral, direet index could be caleulated
between any two moments, no matter how far from cach other. In real life, the sets of hourly
wages which can be measured are usually different from one moment to the next (dynamic
universe). Moreover, the set of comparable wages between #; and ;47 (matched items) is
usually different from the set of comparable wages at t; and ¢4, when @ # 3.

The probability of measuring the hourly wage of the very same contract employee-employer
(i.e. with same occupation, cconomic activity) for two successive points in time decreases
with the length of the temporal interval between these events. Empirically, we found that less
than a half of these contracts may still be found in the total sample after about three years
(while almost five years for the public seetor) from the moment they are included in it.

The events which create this continuous evolution of the samples and of the matched item
sets are: appearance and disappearance of items, i.e old contracts arc replaced by (different
number of-) new ones. Chaining the bilateral index values is therefore a well known solution
for building a multilateral index, although not without disadvantages, the most celebrated
one being the chaining drift. One should note that, as previously confirmed for our wage data
(3), based on (4), (5) and (6), the Térnqvist index used for the IWPI has the smallest drift
of all superlative indices, especially for longer periods.

SAll items change between two points in time since the employees’ total experience for instance is always different
between these points
SMeasuring wage changes between two successive points in time



2. The effects of quality changes

One may control for changes in quality as the ones defined by the time - evolving age,
experience and education levels of employees by (hedonie regression) modelling the wage
data as a function of these characteristics. The corresponding relative variation of the (bila-
teral, monthly) wage index depends then, as shown in section 4, on the products between:
the regression coefficients and the corresponding variation in average sample characteristics
between suceessive time points.

Due to the dynamic nature of the hourly wage samples described above, the average values
of the characteristics oscillate through time”. Figure 1 illustrates the average changes over all
cconomic sectors®, noting that such changes between successive points in time are small and
have both negative and positive signs.

The numerical values of the regression coefficients of the present data models are in agreement
with studics on gender payed gap (GPG) of Statistics eeland (8), (9). Details are found in
the Appendix.

3. The size of the relative variation of the IWPI induced by quality changes

The size of the monthly relative variation of the wage index T with respect to the index
controlled for quality changes T is defined by T/ T—1 = €. The point estimate of ¢ is 0.00024,
with a 95% confidence interval of [—0.002,0.003] and a symmetric density distribution. This
average value grows linearly with the number of chaining time steps (N), as also pointed out in
(7) as Nep. The confidence interval expands accordingly. The empirical density distribution
of the ey term for the whole labour market is shown in the Appendix. The Appendix also
includes the empirical distributions of € by occupation and economic activity (for the private
sector) and by sub-sector (central and local) for the public one.

The present analysis is concerned with the evaluation of the effect of quality changes on the
wage index based on matched model Torngvist - formula as used in practice. Our calculations
are similar to the analysis in (2). In addition, we analysed the effect of aggregation and the
influence of including fixed effects in the models with and without characteristics.

4. The difference between the wage price index (IWPI) and average earnings based index (AEL)

As explained in section 6, where several illustrative examples are discussed, this is due to two
main causes: (i) the sample structures used by the two different formulac are different, as
previously explained in (3), (ii) ratios of geometric and arithmetic averages are not identical
and their discrepancy has no preferred direction, (iii) the IWPI is a price index while the
AEI involves quantity. The IWPI includes, at cach point in time, matched items, i.c. items
which have been in the sample at least at the previous moment in time. The purpose of
IWPI is to reflect only price changes but not quality and structural changes. In contrast,
the AEI includes all items that are sampled throughout the year, thus capturing exactly the
effect of structure and quality changes, c.g. the ones driven by the variation in the number
of employees or in the number/composition of hours worked for instance.

TThis remark is in agreement with the calculations in (7), made in the context of evaluating the turnover effects.
8 Analogue results stand for individual sectors



3 Short description of IWPI and data structures

The IWPI is a price index which measures the changes in hourly wages paid to an employee
for fixed working hours within the same occupation by the same employer. These changes are
combined in accordance with the price index theory by using a Torngvist index formula for the
lower aggregation levels and linear combination of the obtained index numbers for higher level of
aggregation, as described in (3). The sector index numbers are chained for obtaining times series
of index values.

The wages used in the calculation of IWPI are regular hourly wages, i.c. all basic wages paid
for both day-time and shift-work hours as well as fixed wage contract hours, including additional
payments like fixed overtime and bonuses settled regularly in cach wage period. Overtime and other
irregular payments are excluded as well as employers’ social contributions and taxes?.

The data used for calculating the index is mainly data collected through the Icelandic Survey
on Wages, Earnings and Labour Costs (ISWEL; Launarannsokn Hagstofu i:-;l;mds) conducted by
Statistics Iceland. The ISWEL data are aimed at adequately representing the population on the
private market, municipalities and central government. Administrative data are also utilised in the
calculations of the IWPL, primarily PAYE (Pay as your Earn) data. The monthly PAYE data reflects
for example the sum of the taxable income of workers for the entire labour market, irrespective of
sector or employer’s size, but does not contain information on working hours. Henceforth, the
use of PAYE data is primarily on constructing a sample frame for ISWEL and weights for various
statistical products in the wage statistics such as the IWPIL. For the present study, monthly IWPI
data of all cconomic sectors for the period 2008-2018 were used, after additional characteristics of
employees and employers, needed for hedonie modelling!?, have been added to the data set used in
production.

4 Hedonic wage modelling effect on the IWPI

The goal of hedonic modelling is to control for the effects of variation in quality, as reflected by a
set of characteristics, as originally developed for problems related to the CPL

Two approaches were considered for such modelling of the enriched wage index data with further
attributes of employees and companies: (i) a unique model (for cach seetor) where the regression
cocflicients of the characteristics are independent of time, data is pooled over many time periods
and time dummy variables are introduced, and (ii) multiple independent hedonie models, for cach
point in time (and cach or pooled cells in a sector). A good comparison of all types of hedonic
models is shown in (1), where they all give very close results, although the distance between hedonic
and matched models grows with time.
For the present analysis, a regression model' with time dummy variables and a complete set
of characteristics of the wage index matched item data set was chosen since best fitting while mini-
mizing omitted variable bias and small sample effects. The main time - incrementing factors were
identified as : experience (of employees in a given company), education and age of the employees.
Age is also a proxy for total experience in Iceland where population is rather homogencous as
illustrated by the age of starting to work which is very young in general. Higher powers of age and
experience enter the model as well, 8,42 (oz_r;n’.’.ﬁ)2 and Beoperience? (r:.z':pr:-r:-ien(:rzi)2.

Yhttps:/ /statice.is/publications/metadata?fileld—19576
10T his new data structure has become available to Statisties Ieeland in recent years.
M As also recommended in (7)



In this setting one defines new wage values where the effect of age, experience and education is
controlled for, by:

In ()} = Inpf =Y Be - 2l (1)
k

where 35 are model point estimates of the hedonic regression coefficients. Therefore, as shown in
the Appendix, the relation between the corresponding wage indices is:

B N (Ty) (Tty)
InT = InT + Z Be |z — 7;.0 (2)
k

The relative variation of the (occupation - economic activity cell or occupation - labour union cell)
index with respect to its quality controlled value is:

N N (Ty) (Tey)
T/T —1=cxp Zﬁh zZh — ZP -1 (3)
k

. (T:) (Teg)
In the equations above, f; are the estimated model parameters and the averages zj | E;’;’ of the
characteristics are calculated over the samples of (cell) items at time t,ty. Details, including the
effect of multiple aggregation levels and chaining of the index, typical for price index numbers, are
given in Lemma 1 - Lemma 4 of the Appendix.

If one fitted a model for cach time point, the calculations would be very similar and the quality
related factor would be:

(T ()
exp Z(ﬂi Z — B EY)) -1 (4)
k

with ,é;b ,:%i“ the estimates obtained by fitting distinet for ¢ and ty respectively.

Hedonic indices can be built in several ways: by using single imputations of wages which app-
car/disappear between two moments ¢, £y , by using double imputations, i.c. for all wages, present
and not present in the matched samples | by using so-called exact /superlative hedonies as in (10)
(11) or (12) or full imputation time dummy indices as analysed in detail in (2).

The terms in the equations (3) or (4) depend on: (i) the cocfficients of the hedonic models S
or %fc (i) the changes in average characteristics on the samples between two time points.

The differences in averages of characteristics between successive points in time are illustrated
in Figure 1, for all the attributes. The figure shows how very little these quantities vary through
time and that these variations can be either positive or negative. This is due to the fact that the
sample of items entering the index at successive points in time changes continuously, which is the
very reason why one needs to chain the index.

Two cases may be identified when analysing the quality related factor:

. -t =t i

1. For a static sample, z}, — z,! (where averages are calculated on the sample at time ¢ and at
. - - [
time # respectively, for unchanged, static, sample) would be the same as (zf‘ —z;), equal
to one and always increasing between two successive time points for attributes like age and
experience. This difference would grow lincarly with time and a direct, i.c. non-chained index

would suffer of sample degradation although not of chain drift.



2. For a dynamic sample, as in the case of the real life data, the changes in characteristic averages
oscillate through time. In the case of the age-characteristic (proxy of total experience) for
instance, this oscillations are around a mean of the order of 0.1 (months) as shown in Figure
1. One has the options of chaining a bilateral or calculating a multilateral, drift-free, time
dummy hedonic index as deseribed in (2), with equivalent results for the monthly quality
effect.

The estimated monthly size of the quality effect defined as the relative variation of the index
T/ T-1= €y has an average ¢ = 0.00024 or 0.024% and a density distribution showing that
both negative and positive changes, albeit small, can be induced by changes in quality as the ones
described previously. The effect is quite similar on the private and public sector: (i) the mean for
the private sector is 0.00026 with a 95%C.1. = [—0.006, 0.006] and (ii) the mean for the public sector
is 0.00027 with a 95%C.1. = [—0.005,0.005]. The average value of the quality effect does increase
with the chaining number of steps to N - ¢y where N is the number of monthly time steps. It should
be kept in mind that the width of the confidence interval of this value grows with time as well.
The empirical density distribution'? of the monthly quality factor is illustrated in the Appendix.
Distributions are also shown for sub-aggregates of the main cconomic sectors, i.c. by occupation
and cconomic activity for the private sector and by sub-sector (local or central) for the public one.

5 Advantages and disadvantages of using hedonic models

The use of hedonic regressions as described in the previous section is not the ideal solution to the
problem of building an improved price index. Following are several difficulties which may arise
during such an excercise and which concern both data and user requirements.

The estimated coefficients of such a models are biased, if one does not account for the exponential
transformation involved, although this bias is in general small. Another type of bias of these indices
may arise due to the effect of the prevalence of imputed wages of unmatched items.

If a time pooling approach is adopted, the model fitting is done for the whole data available at a
given point in time and the coefficients of such model change when new data points are added. By
contrast, revisions are not casily accepted by the users of a price index. A rolling window solution
to this problem has been proposed in (13) and tested for a particular price index in (15).

If the opposite approach is attempted, i.e fitting a hedonic model for each point in time, some
aggregates are not sufficiently large for the purpose and new aggregation structures have to be
defined for cach instance, based on yet to be defined homogeneity measures.

The quality controlled price indices obtained by following this type of procedure are character-
ised, in addition to modelling errors, by errors due to the structural form of the hedonic functions,
by measurement errors for all characteristics, by errors in defining the set of characteristics, the fit
of the models and the number of observations.

On the other hand, time dummy full imputation index numbers based on hedonic models offer
a fast processing and a no drift, transitive multilateral type of index, once a model has been
evaluated and defined as optimal for the data. In addition, such an index makes use of all sample
data available, including both the separated and the matched items.

12 An ergodic assumption is employed for this purpose.



6 When are the IWPI and AEI different

Since users may be interested in more than one measure of wage variations published by Statistic

Ieeland, we deseribe here what generates diserepancies between them. We conclude by explaining

when one measure is more useful than the other for practical applications.

We start with four oversimplified examples for the purpose of illustrating the difference in the
behaviour of the IWPIL and an index based on average carnings (AEIL), due to their very definitions
as detailed in the Appendix 8.3. These are slight generalizations of the numerical examples in (17):

1.

if only market based changes in wages take place between two suceessive points in time (7, 77),
without changes in the number of employees, hours worked and quality, then: the bilateral
indices satisfy IW PI = AFEI, at least approximately, the small difference being generated by
technical reasons as explained in the paragraph below

if only the number and/or composition of hours worked changes between T, T, everything
clse being the same (hourly wages, number of employees, quality), then: IWPI is constant,
while AEI increases if the number of hours increases or decreases if the number of hours does
80

if only the number of employees increases between Ty, 77, while wages, time worked and quality
are constant, then IWPI is constant while AEL: (1) increases if the new employees have wages
which arc all higher than the average wage at Th; (ii) decreases if the new employees have
wages which are all lower than the average at T

if only wage changes due to factors unrelated to the market and not measured by any character-
istic of the job contracts take place, while the number of employees and hours worked are
constant between Ty and Ty, then: AEI changes exactly like in the case 1 above, while IWPL:
(i) does not change if the matched items mechanism can detect the causes (ii) changes in the
same way as AEIL

In general, the dynamics is determined by a mixture of all the cases above, in different proportions,

and it is not casy to disentangle their individual contribution to the index movements.

Several technical differences make more subtle contributions as well:

the monthly IWPI is (as a Térngvist index) the ratio of two geometric, weighted, means of
hourly wages; the chained IWPI over a year is the ratio of two ’double geometric means’ of
hourly wages p;(7): over all items ¢ € S ) and over time 7 € [T, T]. Here S is an economic
sector or a cell and Ty, T are successive years.

an index based on the average carnings over a year is the ratio of two ’double arithmetic
means’ of hourly wages p;(7): over time 7 € [Ty, T| and over items 7 € S.

while an arithmetic mean is greater than a geometrie mean (and equal only when all hourly
wages would be identical), the difference between the ratio of two arithmetic means and the
ratio of two geometric means does not have a fixed direction. The differences are greater for
more diverse hourly wages.

the order of averaging, over time and over items in sample is different for the two procedures
and



The procedures are based on different sample structures:

1. matched items, for the IWPI, with the goal of measuring only price changes and little else,
versus

2. all items in sample throughout the year (weighted) with the goal of capturing changes in
quality and in structure.

In conclusion, users may decide on AEI or IWPI depending on their goals. If they are trying to
estimate market induced wage changes, then the IWPI should be the right tool. If their aim is to
capture structural changes (e.g. employment) and to estimate current levels of average wages, then
the AEI is the most appropriate measure.

7 Conclusions

In this paper we have analysed the cffects, on the IWPI, of controlling for changes in quality as
measured by several characteristies like age, experience with employer and education of employees.
These can be regarded as quality changes as long as they are not reflected in the usual variables
measured for the purpose of calculating the IWPI.

The monthly quality effect is small, its average grows lincarly with time but its values show
symmetric density distributions, with both positive and negative signs. This is due to the growth
rates of the IWPI and of the wage index based on hedonic modelling which are different at cach
point in time. The difference does not have a fixed direction, although the IWPI is overall faster.
Therefore applying potential quality controlling factors to the IWPI would decrease the current
index values at some points in time but also increase it at others. The very long term chained
indices would be accompanied by higher values of the total average quality effect although with
wide confidence intervals as well. The latter are signaling high uncertainty about the value of the
quality effect but also higher probabilities of observing both small or high actual values. Should
there be any large oscillations in wages at the same time as large quantity changes, the risk of
growing drift and quality effects would increase as well.

The modelling approach explored here could be considered as a candidate when designing a new
type of index, after a careful testing along the lines mentioned in section 5. Practical solutions for
avoiding to reach long term significant values of the quality effects while simultancously avoiding
growing drift values would include using shorter spans of index time series, building multilateral
(time dummy type) indices or chaining with adaptive frequency. Employing any of these methods
would require rigorous data driven evaluation. In addition, the effect of quality changes on the
cmployer side (not only on the employee) should be explored and evaluated.

The comparison between IWPI and AEI was made explicit by using their definitions and specific
limiting cases as examples in order to illustrate the factors which can and should create divergencies
between them, since these two measures are related but not deseribing identical phenomena.

8 Appendices

8.1 Theoretical calculations of the hedonic modelling effects on the IWPI

Lemma 8.1. : the quality factor of the cell Térnguist index



If for each item i, at each point in time t, the wages controlled for quality changes are defined
by:
Inpi = Inp! — Z Br - 2z (5)
k

while the time dummy (D, ), with or without fized effects (v; included or not included v ) wage
models are:

Inp; = Z&J@ +9) + Zﬁk 2 € (6)
t k

then the relative variation of the bilateral Térnguist index of a cell aggregate T, between time ty and
time t, due to the effect of quality changes, is:

TF(t: tﬂ)

fr‘(t, to) — 1 = Br(t,ty) + O(B?) .

with the factor :
R (T'y) (Fin)
Br(t,to) = > B | Zk — 2z (])
k

where E;,“ and Ei; are weighted averages of the values of the characteristics of the items found in the
cell T at time tg and at time t. We denoted O(B?) higher order terms in the series expansion of
the exponential, which are much smaller than the first order term Br.

Note that the index variation due to quality can be equivalently expressed, up to a small bias
due to the structural form of the model, as:

Tl—'(t? tn)

= —1=-cxp(d, — &) — (
ot to) 1 p( )—1 9)

when the same reference point # is used for fitting two alternative models: one which includes and
which does not include the quality reflecting characteristics.

Proof
Direet caleulations, based on (1), serics expansion of an exponential and Térnqvist index formula:

L
InTr(t,t) = sz‘(t: to) In ( p}-ﬂ) (10)

ier P
where the weights w;(t,t0) = 3 (wi(t) + wi(to)).

Lemma 8.2. : the quality related factor of the Térnguist sector index
If the variations of cell index numbers are given by (8), then the bilateral, sector Térnquist index

numbers satisfies:
Ts(t,to)

ot o) 1 = Bs(t,ty) + O(B?) (11)

where

N (5:) (Seq)
Bf,'(t,t(]) = Z 15/ Ei - Ein (12)
k
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(5¢) (Stgy)
while Zj, and Eif’ are the weighted averages of characteristics of the items in sector S at time t
and time ty respectively. These sector weights are the product between the item weight in a cell and
the cell weight in the sector.

Proof
InTs(t,t0) = Y ArTr(t, to) (13)
and ~
InTs(t,t0) = Y ArTi (¢, to) (14)
thus

In Tf,'(t._. t(]) —In f:r,‘(t._. t(]) = Z /\l" Z,{éﬁ Z w‘-zik - Z w‘-zf,“c (15)

res k iel(1) iel(lo)

which is equivalent to (12) if we identify the sector averages with

(Se)
-}

Zp = Z Z /\pwisz = Z Z Q,gr'zik (16)

resiel(t) res+ier(t)

Lemma 8.3. : the quality factor of the sector index used in practice
If the relative variation of the sector Térnquist index is given by (12) and the indexr used in
practice 1s Laspeyres type as defined by:

Ls(t.to) = > ArTr(t, to) (17)
r
where Ar are cell weights, then:
Lg(t,t .
Islih) _, + B§(t,to) + O(B?) (18)
LS(t:‘ tn)

with fls(t, to) the quality controlled index and with BL(t,ty) a weighted average of Térnquist cell
factors, with "renormalised "weights depending on all cell weights Ar and all cell index numbers Tr.

Proof B
Inserting the expression of Tr(t,tg) = Tr(t, to)e~Britlo) into

Ls(t,to) = Y ArTr(t, to) (19)
r

and using (17), one obtains:

Ls(tt) (Z ArTr(t, t0)(1 — Br + 0(3{‘1)))_1 (20)

ES()‘;! tl’l) a T Zl’" Ar Tt (tv t“)
which 1s: Ls(t to)
5D 143 () Br + O(BR)) = 1+ BE(t,1y) + O(BR) (21)
Ls(t,t0) T
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where

ArTr(t, 1
Xr = T 1“( ’ U) (22)
> o AT (¢, to)
and AT (b 4
Z rTr(t,to) 1 (23)
= >opr Ar T (t, )

which concludes the proof.

Lemma 8.4. the quality factor of the chained sector index
If the relative variation of the bilateral sector indez is given by (12) then the relative variation
of the chained index grows linearly with the number of chaining steps and satisfies:

Ls(tn,to)

N
- 1~Y BL(t. t:_{)=~N.B® 24
Ls(t, to) Z .‘)(J. J 1) S (24)

=1
with BY the average monthly factor.

Proof

By direct calculation, using chaining definition and the previous lemmas. A corollary of this
lemma is that the average quality factor of a chained sector index is a multiple of the average
monthly quality factor.

Notes: (i) the wage index based on time dummy models can be caleulated directly from the
cocflicients of the time dummy variables for any two points in time, no matter how far from cach
other, if they are included while model fitting. Such an index is transitive and has a very small
bias, but neceds to be revised cach time a new data point is measured. This also corresponds to
the differences in average characteristics over the samples measured at these time points. In turn,
these differences grow on average lincarly with the number of time steps, giving the same result as
obtained above by chaining two-point indices. (i) the same type of relation holds when summing
(weighted) sector terms.

8.2 Comparing regression coefficients across studies

The regression coefficients can be compared across studies if one takes into account the differences
of scale due to time units, i.c. months in the present one versus years in the GPG studies:

— the estimate of the coefficient for experience of employee with a given company (linear term)
is 3.5¢ — 041% when fitting a hedonic model to the monthly data of 2008-2018, or 0.0048 for a
yearly fit, in agreement with 0.004 for both females and males in the GPG study (9). These
values also agree with the carlier study where the coefficient for males was 0.004, although at
that point in time the fixed effect model for females gave a smaller value for the coefficient of
the experience linear term.

— the estimate of the age (lincar term) coefficient is 1.6¢ — 03 on monthly datal?, i.e. 0.02 for a
yearly fit, in agreement with 0.04 for females and 0.05 for males of the study (8). The values
of (9) which only include the private sector, were slightly higher, for the years 2000-2007, i.c
0.06 and 0.07 respectively.

Bstandard error—=7.5¢ — 06, t-value 46.2 and p-value < 2.2¢ — 16
Mgtandard error—1.2¢-05, t-value 124.7 and p-value < 2.2¢ — 16
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— the estimates of the coefficients of the second power of experience and age characteristics
(negative values, of the order ¢ — 06 and e — 07) are also in agreement with the previous
studies.

— the coeflicient of education level ISCED = 6 (university degree), when the reference level
of the education factor is set at ISCED < 3 level, is estimated at 0.057 in our study when
using fixed effeets and characteristics and 0.02 when using only characteristics, and 0.06 ( and
0.07) for males (and females) in (9). Although not dircetly comparable, since the education
factor levels were somewhat differently defined there, the older study shows slightly smaller
values®®.

8.3 Theoretical calculations: comparing IWPI and AEI

The ITWPI calculations are based on Térngvist index formula, which gives, when chaining through
a whole year, a ratio of double weighted geometric averages, over time ¢; and items k.

[T (or (£:)) < (toots—0)
Tyearty = | | T(tis ti1) = — (25)
- 1:[ 1:[ 5 (pr(Bim) )@ (bastizn)

such that the minimum ¢; = 7 and maximum is ¢; = T + 1.
The AEI formula is a ratio of arithmetic averages, over items k for two successive values of the
(yearly) time T' .
A ~ 2w Pe(T 4+ Du(T + 1)
e S @n(T)

where pg(7) is the average wage over time (over a year 1), for item k while v (7)) are the associated
weights.

The difference between the ratio of two arithmetic means and the ratio of two geometric means
does not have a fixed direction. The differences are greater for more diverse hourly wages.

(26)

8.4 Figures

150.04 and 0.03 for males and females respectively
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Mynd 1: Changes in average characteristics over the samples used by the IWPI, at successive
points in time (appropriate statistical tests for these time series do not reject stationary hypotheses;
statistical tests do not show scasonal variations either), all oscillating around values which are very
close to zero. This illustrates the fact that the samples entering the index calculation are very
similar through time, as far as quality related characteristics (like age, experience with employer
and education level proportions) are concerned.

14



13 14 15 16

actual and quality controlled indices
12

1.0

0 20 40 60 80 100

month

Mynd 2: The actual wage index, over ten years time, if the index reference point (index—1) is
January 2008. The wage index values when quality controlled (lines).
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Mynd 3: The monthly quality factor, i.c. the relative difference between the monthly index and its
quality controlled value.
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Mynd 4: The multilateral quality factor, i.e. the relative difference between the monthly index and
its quality controlled value.

17



80 100
1

60

Density

0.02

0.00

T
-0.04 -0.02
epsilon0

Mynd 5: Density distribution of the quality factor, i.e. the relative difference between the monthly

index and its quality controlled value (epsilon0).
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Mynd 7: Empirical density distribution of the quality factor (epsilon0) by cconomie activity for the
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Mynd 8: Empirical distribution of the monthly quality factor (epsilon0) for the public sector, local
government.
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Mynd 9: Empirical distribution of the monthly quality factor (epsilon0) for the public sector sector,
central government.
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