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Abstract

This thesis explores empirically the Swiss economic productive structure from
three different angles. First, it applies multiple imputation techniques to com-
bine existing data sources and to construct new and representative value-added
databases at the firm level. These finely disaggregated databases are used to ex-
plore regional productivity patterns in Switzerland applying a novel decomposi-
tion derived from the shift-share literature. This analysis progressively “zooms”
into the Swiss industrial and geographical landscape unveiling the competitive
and structural effects which underpin the very low Swiss productivity growth
of the last decades. Second, relying on firms creation data sources, the thesis
estimates the magnitude of the different types of agglomeration forces at work
in Switzerland. Third, the thesis scrutinizes the spatial mismatch between in-
come and production, as the most productive Swiss regions are not necessarily
the ones reporting the largest revenues. The results obtained from these three
complementary perspectives should be of interest to assess Swiss industrial and
spatial development policies, as well as to inform the fiscal equalization and
geographical equity debates across Swiss municipalities.

Keywords: Swiss firms, value-added, agglomeration economies, productivity
growth, shift-share, structural and competitive effects, localization elasticities,
urbanization elasticities, firms creation, income, spatial, mismatch, distribu-
tion.
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Résumé

Cette theése explore empiriquement le paysage économique suisse de trois per-
spectives. Premierement, en appliquant des techniques d’imputation multiple
et en combinant des sources de données existantes, elle décrit la création de
nouvelles bases de données représentatives de la valeur ajoutée au niveau de la
firme. Ces bases de données désagrégées sont utilisées pour explorer la distri-
bution de la productivité des régions suisses a l'aide d’une nouvelle méthode
de décomposition inspirée de la littérature “shift-share”. Cette analyse “zoome”
progressivement dans le paysage industriel et géographique suisse dévoilant les
effets structuraux et compétitifs qui sous-tendent la tres faible croissance des
dernieres décennies de la productivité en Suisse. Deuxiémement, en se basant
sur des données portant sur la création de nouvelles firmes, cette these estime
la magnitude des différentes forces d’agglomération en Suisse. Troisiemement,
comme les régions suisses les plus productives ne sont pas forcément celles qui
comptabilisent le plus de revenu, cette thése examine 'inadéquation spatiale en-
tre revenu et production. Les résultats obtenus par ces trois perspectives com-
plémentaires sont d’intérét pour le développement des politiques industrielles
et d’aménagement du territoire suisses, ainsi que pour nourrir les débats sur la
péréquation financiere et ’équité spatiale entre communes suisses.

Mots-clefs: firmes suisses, valeur ajoutée, économies d’agglomération, crois-
sance de la productivité, shift-share, effets structuraux et compétitifs, élasticités
de localisation, élasticités d’urbanisation, création de firmes, revenus, analyse
spatiale, inadéquation, distribution.
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General Introduction

1 Motivation and Structure

Spatial constraints are an acute problem within a narrow territory like Switzer-
land. They guide all economic agents location decisions, and consequently the
spatial distribution of population and production. Among the variety of issues
that arise from these constraints, I chose to address empirically three of them,
which are of particular interest in the Swiss context.

First, where do the most productive Swiss firms locate and in which sectors?
Aggregate productivity growth has been notoriously low in Switzerland dur-
ing the last decades. This average trend probably masks important differences
across firms. However, due to the lack of available data at the firm level, and to
the best of our knowledge, the precise distribution of productivity performance
across Swiss firms is presently unknown.

Second, which type of agglomeration forces attract Swiss firms in a particular
cluster? Since the seminal work of Marshall (1920), it has been clearly estab-
lished that firms tend to co-locate to benefit from agglomeration economies.
These forces operate either within a given industry (localization effects) or
across industries (urbanization effects). What is the strength of agglomera-
tion economies in Switzerland? And what is their dominant type?

Third, what is the mismatch pattern between income and production across
Swiss regions? Households’ and firms’ location decisions are based on differ-
ent sets of determinants. As a result, some regions may be highly productive
but weakly populated and vice-versa, with important fiscal and mobility conse-
quences. What is the extent of the income-production mismatch in Switzerland?



2 General Introduction

Is it most acute between or within cantons?

The present thesis provides empirical answers to these issues in four chapters.
The first chapter presents the construction of a new set of firm level value-added
databases for Switzerland for the period 2011-2015, which are then used in the
second chapter to analyze productivity patterns using a methodology derived
from the shift-share literature. The observed heterogeneity across firms is fur-
ther explored in the third chapter by estimating the magnitude and the type of
agglomeration economies in Switzerland. Finally, the last chapter sheds light
on the spatial mismatch between value-added and income across Swiss munici-
palities and cantons.

2 Overview

Value-added data in Switzerland are scarce. Lack of coverage and confiden-
tiality issues are two major obstacles for any empirical researcher interested in
productivity analyses in Switzerland. The first chapter proposes an innovative
solution to both problems. It constructs three value-added datasets, each rely-
ing on their own assumptions, for the period 2011-2015 and at a convenient level
of disaggregation. To do so, it relies on the official source of value-added data
in Switzerland, i.e. the value-added statistics (Wertschopftungsstatistik, WS).
This yearly survey covering around 22’000 firms presents two major challenges.
First, each year one fifth of small firms are renewed leading to an unbalanced
panel structure (or equivalently, a missing data problem). Second, this survey is
conducted at the firm level (administrative unit) rather than at the plant level
(productive unit), which is hindering a proper geographical analysis of value
creation as a large share of big firms operates multiple plants in different lo-
cations. In addition, the Federal Statistical Office (FSO) imposes to aggregate
data' to preserve confidentiality of the survey respondents. This last constraint
has important implications, in particular, the time consistency of the observed
units (pseudo-firms) is not guaranteed as some firms drop out of the survey
because of rollover or non-response. A solution is therefore needed to account
for firms dropping out from the sample and to distribute firms value-added on
their respective plants. One way to do so is to work with a restricted sample
by keeping only single plant firms that are present during the entire time pe-

1This level of aggregation, called pseudo-firm, corresponds to: municipality, industry
NOGA 4, legal form.



General Introduction 3

riod. This drastically reduces the size of the sample. We therefore propose two
alternative solutions, which rely on an external source of employment data? to
enlarge the restricted sample. We use either simple naive proportionality rules
or regression-based rules in a multiple imputation framework. The former maxi-
mizes the size of the sample but comes with strong assumptions on productivity
growth. The latter allows for the introduction of control variables but at the
cost of a loss in the number of observations. These two imputations methods
help in recovering small units and to enlarge significantly the sample size. Fur-
thermore, we construct two sets of weights to reduce the dominance of large
firms in the original sample.

The second chapter makes use of the data constructed in the first chapter.
Switzerland is a natural candidate for productivity analyses because of the het-
erogeneity of economic and social policies across cantons and municipalities.
Using a decomposition technique inspired from the shift-share analysis litera-
ture, we characterize and decompose productivity growth performance into three
structural forces plus a competitive effect across Swiss geographical units (major
regions or cantons) over the 2011-2015 period. After having pointed out general
trends at the most aggregated level (7 major regions and 13 NACE+ industrial
sectors), we “zoom” into the Swiss industrial and geographical landscape. We
show that competitive effects dominate at a high level of aggregation, but when
we increment the number of geographical units (from major regions to cantons)
and/or industrial categories (from NACE+ to NOGA 4 sectors) structural ef-
fects appear and do matter. Another striking result is the heterogeneity among
each major region: the observed pattern at the regional level does not simply
replicate at the level of the respective cantons. Similarly, year-to-year fluctua-
tions do not necessarily reproduce the productivity patterns identified over the
whole period (2011-2015). Besides, more variation is found across geographical
units than industrial ones.

Why do we observe substantial differences across regions and industries?
A potential explanation is the presence of agglomeration economies, which are
estimated in the third chapter. Among the many different approaches, only a
few allow for a rigorous identification of the agglomeration economies at work.
This chapter follows the two-step methodology developed by Jofre-Monseny
et al. (2014), which tackles the endogeneity problems discussed in the litera-

2The Statistique des Entreprises (STATENT) database, which is an exhaustive employ-
ment FSO census available at the plant and firm levels.



4 General Introduction

ture. The first step decomposes agglomeration economies into localization and
urbanization effects, the former being productivity gains arising from spatial
concentration within a specific industry, the latter referring to productivity gains
generated by the spatial concentration of economic activity as a whole (Rosen-
thal and Strange (2004)). This is done in a Poisson regression framework, using
FSO data on employment (STATENT) and newly established firms per industry
and municipality (Démographie des entreprises, UDEMO). The second step ex-
plains the respective identified agglomeration economies on the basis of several
determinants suggested by the Marshallian theory of agglomeration, i.e. labour
market pooling, input sharing and knowledge spillovers (Marshall (1920)). Evi-
dence of both localization and urbanization economies are found in Switzerland,
the latter being larger in magnitude. This result might be linked to the high
density of the Swiss urban environment. This third chapter confirms the nega-
tive relationship between the two types of agglomeration economies discussed by
Jofre-Monseny et al. (2014). The results of the second step indicate a possible
answer: industries characterized by a high degree of specificity exhibit strong
localization effects and tend to cluster in similar areas, irrespectively of the size
of the agglomeration. On the contrary, broad-based industries, which tend to
locate in large urban areas, suffer from being in highly specialized regions.

The last chapter addresses the issue of regional economic performance in a
broader sense. Focusing only on firms value-added omits the possibility for a
municipality to specialize in attracting rich households (rather than productive
firms) to ensure its development. In other words, the value created in a given
region does not necessarily end up in this region as income. This potential
mismatch between income and production can be explained by the theoretical
framework of Borck et al. (2009). This spatial general equilibrium model takes
into account trade and commuting cost. If the latter are not prohibitive, the
model predicts a concentration of firms and a dispersion of households, which
means a concentration of value-added and a dispersion of income. Using the
value-added data constructed in the first chapter and income data from the
Swiss Federal Tax Office, we are able to confirm the prediction of the model.
Moreover, using the ratio between value-added and income as an indicator,
we identify productive centers surrounded by “residential” belts. This spatial
mismatch between production and income is presently at the core of the fiscal
equalization and geographical equity debates among Swiss municipalities.



Chapter 1

Multiple Imputation
Techniques:
An Application to Swiss

Value-Added Data *

1 Introduction

A proper analysis of productivity requires disaggregated data, preferably at the
level of the establishment. Incomplete coverage and confidentiality issues often
drastically reduce accessibility to these data. Building on census and survey
data from the Federal Statistical Office (FSO), we present here a novel way to
address both problems, leading to value-added databases for Switzerland at a
convenient level of aggregation over the 2011-2015 period.'

The official data source for value-added which we use is the Wertschiopf-
tungsstatistik (WS) of the FSO. It is a yearly survey of around 22’000 firms

*This paper is co-authored by Jean-Marie Grether (University of Neuchatel, Faculty of
Economics and Business).

1We thank Nicole Mathys and Tobias Miiller for their recommendations, Sam Banatte,
Markus Daeppen and Stephen Sonntag from the FSO for their data support, and participants
at the Swiss Society for Economics and Statistics and the PdD seminar of the University of
Neuchatel in June 2019 for their comments. The usual disclaimers apply.
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which presents incomplete coverage for two reasons. First, some firms drop
from the sample either because of non-response or because they are not sam-
pled anymore, as each year 20% of small firms (less than 50 employees) are
replaced. Second, the survey is conducted at the firm level, not at the plant
level. Thus, all production of multi-plant firms is reported at a single loca-
tion (headquarters), hindering a proper geographical analysis. We propose a
novel method to estimate missing values and redistribute the value-added of
multi-plant firms by relying on additional data sources and applying multiple
imputation techniques. This leads to a set of enlarged databases for value-added
at the plant level.

In addition to missing data issues, we have to respect confidentiality rules.
To do so, we have to aggregate these data at the level of the legal form, the
municipality and the NOGA-4 industrial sector.? This is what we call a “pseudo-
firm” in the present paper. It corresponds to the finest disaggregation level at
which value-added data is made available in the final databases.

Section 2 presents the imputation techniques which are used to address firms’
dropout and multi-plant firms. They are similar in design, relying mostly on hy-
potheses regarding productivity growth and on employment figures provided by
the Statistique des Entreprises (STATENT) database, a FSO census available
either at the firm or at the plant level. Section 3 presents the final re-aggregation
process at the level of the pseudo-firm. Section 4 presents an overview of the
constructed datasets and a comparison with National Accounts figures. Sec-
tion 5 concludes.

2 Sample selection and imputation strategy

After a brief introduction to multiple imputation techniques, we characterize the
missing data pattern and then provide a detailed presentation of the imputation
procedures followed to complete the value-added data.

2As of 2014, there are 2352 municipalities in Switzerland. NOGA 4-digits is a 615 levels
industry classification and the FSO divides firms into 23 different legal forms.
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2.1 Dealing with missing values through (multiple) impu-
tation

Missing data are a prevalent source of concern for the empirical researcher.
Broadly speaking, there are three ways to address this concern, each one of
them being considered in the present work (see Schafer and Graham (2002) for
a technical discussion). The first obvious way of dealing with missing data is
to keep only non-missing cases in a restricted sample. Such an option is easily
implemented but will bias the results of the analysis if there are structural dif-
ferences between the observed and the missing data. The second option is to
rely on additional data sources (employment in our case) to impute values on
the missing variables by using simple rules e.g. proportional or mean-preserving
attributions. This type of naive imputation methods enlarges the sample size
but fails to take properly into account the potential above-mentioned structural
differences. The third option also relies on additional data but exploits them
more systematically using statistical inference techniques. This third method is
the only one that can capture at least part of the structural differences between
the missing and the observed data.

A particularly flexible case of the third category is the multiple imputation
procedure, which repeats the imputation routine m times, leading to a “distri-
bution” for the missing value rather than a point estimate. This allows to take
into account the uncertainty around its formation (see Rubin (1987)). Standard
procedures can then be applied on the resulting m complete databases. There
are several ways of implementing multiple imputation, which mostly depend
on the missing data pattern. In our case, as described below, we will follow a
simple monotone regression framework.3

2.2 Sample selection and enlargement

As mentioned above, our value-added database results from the combination
of the WS survey and the STATENT census at the firm level for five years
(2011-2015). The WS sample survey covers around 22’000 firms with at least
three employees in the secondary and tertiary sectors except bank and insur-

3Yuan (1994) provides a detailed presentation. He also identifies three steps in any multiple
imputation procedure. First, m estimates are formed for each missing value. Then any
required analysis can be applied to each of the m datasets. Finally, the results are combined
in a valid statistical way (Rubin (1987)).
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ance companies. Large and medium-sized firms (50 employees or above) are
all present in the survey. For small firms (between 3 and 49 employees), the
sample is stratified according to 2-digit NOGA sectors and size categories based
on the number of employees. Small firms are only kept five years in the sample,
which means that every year, 20% of them are renewed. The response rate is
around 90% for large firms, 70% for medium-sized ones and 55% for small ones.*

We first match the two databases at the firm level and compute value-added
as the difference between gross output and intermediate consumption. Then we
eliminate from the sample all firms which are not present in the WS survey, or
never respond, or exhibit a zero or negative value-added at any given year (this
to avoid unrealistic estimates in the multiple imputation procedure). This leads
to a temporary sample of approximately 14’000 observations per year, among
which around 55% (i.e. 7°700) are small firms.

This intermediate sample is still unsatisfactory for analysis because of miss-
ing data due to the rollover of small firms or non-responses, and because the
value-added of multi-plant firms is concentrated at the headquarters’ location.
A number of steps are necessary to obtain more suitable databases. These steps
are stylized in Figure 1.

A first step is to limit the analysis to those firms that are not replaced, are
always responding, and remain single plants (or multi-plant but always active
within the same pseudo-firm i.e. the same combination of legal form, municipal-
ity and four digit sector). This corresponds to the restricted sample represented
by the top left cell of the shaded area of Figure 1. This sample is biased towards
medium to large firms (unaffected by the rollover problem and responding more
than small firms) and excludes multi-plant firms by definition. The number of
firms drops to less than 4’000 per year.

Starting from this minimum benchmark, two enlargements are proposed,
both of them relying on imputation techniques. The second step allows to en-
larging the database using employment (and other) data to infer missing values
due to non-response and firms’ rollover. This corresponds to the intermedi-
ate left cell of Figure 1. At that stage, small firms are better represented,
but multi-plant firms are still absent. The third and final step corresponds to

4See https://www.bfs.admin.ch/bfs/en/home/statistics/industry-
services/surveys/ws.assetdetail.926303.html
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Figure 1: Sample selection and enlargement.

Across the 2011-2015 period, is the firm...
. ..always ...always
...suitabl :
sultable sampled responding . 3 .
for S i ..single plant? ...multi-plant?
T when it is whenitis
' active?? sampled?
YES YES YES 1. Restricted sample
p
3. Multi-plant
YES NO 2a. Non-response enlargement enlargement
NO YES/NO 2bh. Rollover enlargement
NO Not considered

Ufor at least one year, the firm is sampled and responding; it is not reporting negative value-added.
2 a firm is considered active when it reports positive employment in the STATENT census.
¥ also includes multi-plant firms which always remain active within the same pseudo-firm.

re-distributing value-added across the various units of multi-plant firms, repre-
sented by the shaded right cell of Figure 1. The consecutive increase in obser-
vations depends on both the type of enlargement and the imputation method,
as sequentially discussed below.

2.3 Enlargement types
Non-response and rollover enlargement

Among eligible firms, and for certain years, some of them do not answer to
the WS questionnaire while others disappear from the sample due to the yearly
rollover of a quintile of small firms. Imputing value-added to these missing cases
enlarges the sample.

Figure 2 illustrates this enlargement effect in the pure rollover case. Each
year, one quintile disappears — the “old” quintile — and another one appears —
the “new” quintile —. Forward imputation of the old quintiles and backward
imputation of the new quintiles increases the number of observations. In the
final sample 4/9th (around 45%) of observations have been imputed.
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Figure 2: Stylized firm-rollover imputation.
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This is a lower bound given that our stylized reasoning so far abstracts from
the non-response problem. In reality, accounting for both non-response and
rollover, the share of imputed observations turns out to be 54% for small plants
(less than 50 employees), 16% for medium firms (between 50 and 499 employ-
ees), and 5% for large firms (more than 499 employees).

Multi-plant enlargement

So far, the enlargement process has followed the WS survey definition of the
reporting unit, which is the firm, not the plant. For multi-plant firms that are
active across several municipalities and/or 4-digit sectors, this is a problem (re-
call from the introduction that plant level data will have to be re-aggregated
anyway at the level of the pseudo-firm for confidentiality reasons). More pre-
cisely, when using firm-level data, the presence of multi-plant firms leads to
mixing together different 4-digits activities into a single 4-digit one and to mix-
ing together plants in different municipalities into a single one (see Figure 3).
These biases are too severe to be acceptable in any study analyzing the inter-
connections between performance and localization of productive units.

Thus, the second enlargement consists of re-distributing the value-added
among the different units of multi-plant firms. To do this, we have to estimate
value-added shares or allocation schemes through an imputation process which
is again mostly based on employment data.
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Figure 3: Re-distribution of value-added within multi-plants.

municipality 2

4digit sector 1

4digit sector 2

N\ firm-level (all data gathered at headquarter)

....... plant-level

! T: allocation scheme

2.4 Imputation methods

To enlarge the sample according to the two above-mentioned procedures, we
rely on two imputation methods.

Naive imputation

The first method, or naive imputation, consists of using employment (full time
equivalent) shares available from the STATENT census. In the multi-plant en-
largement case, the “allocation scheme” is simply the share of each plant in
total employment of the multi-plant firm. For the other enlargement cases, we
combine STATENT shares with aggregate value added data from the National
Accounts. More specifically, for every firm that is affected by rollover or non-
response in a given year, we proceed as follows:

(i) A first set of value-added estimates at the firm level is obtained by as-
suming that value-added remains proportional to full time employment
equivalents from the given to the closest year. We keep 2011 figures un-
changed but adjust 2012-2015 figures in the rest of the procedure.

(ii) For 2012, we sum up value-added estimates across all imputed firms of a
given sector (k). This gives us a first total for value-added of the missing
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value firms, denoted by TV}

(iii) From the National Accounts, we obtain the 2011-2012 growth rate of labor
productivity at the sector level, denoted by 77, and we posit it also ap-
plies at the level of the completed sample. This, combined with aggregated
STATENT and WS data, allows to compute a second figure for the total
value-added of the missing value firms, denoted by TV?. 5

(iv) To make 2012 firm-level data consistent with national account figures, we
multiply all value-added estimates obtained at step (i) at the firm level by
the TV2/TV;! ratio.

(v) Steps ii-iv are repeated for the remaining three consecutive years, mutatis
mutandis.

This adjusted proportionality rule ensures that the growth rate of labor pro-
ductivity in the constructed sample is consistent with the reported growth rate
from the National Accounts.

Multiple imputation

The second method consists of applying a multiple imputation procedure based
on Rubin (1987). For the implementation, we use the multiple imputation

5The demonstration is as follows. Let us denote value added by V, labor (full time
equivalent) by L, the sector by k, the national level by n, the sample level by s, and any
growth rate by a hat i.e ("). Assuming identical labor productivity growth rates at the
sample and national level leads to [(1 4 Vk")/(l + f/Z)] -1=[1+ Vks)/(l + ﬁZ)] — 1. In the
previous expression, the sample value added growth rate (Vks) can be replaced by a weighted
average of the missing firms value added growth rate (Vks,mv) and the incumbent firms value

added growth rate (V2 ), ie. ViF =05 -V, +(1—03)- V3 . where 05 = Vi, /V;S. After

k,ic
simplification we obtain:

s
k,mv — _ps
1-6;

Lo L) - (460

Applying the above growth rate (bounded between -50% and +50% as a feasibility constraint)
to the firms with missing values and summing up leads to the second estimated total for the
sectoral value added, T’ VkQ.
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PROC MI routine proposed by SAS (SAS Institute Inc. (2015)), using a mono-
tone regression framework.® Whatever the enlargement type, we estimate the
value added of the corresponding unit (the firm for the non-response and rollover
cases, the plant for the multi-plant case) performing the following steps:

(i) Regression of the natural logarithm of value added (V) on the natural
logarithm of employment (full time equivalent, L) and a set of categorical
variables that includes year, 3-digits sector, district and legal form.

In(V) = Bo+B1-In(L) +a; +vi+y: +wy

Where o, v;, y: and wy are fixed effects capturing, respectively, the sec-
toral effect of belonging to 3-digits industry j, district i, year ¢t and legal
form f.7

We control for stand-alone cases where there is no reported observation
because there has been a change of the sector, region, or legal form during
the sample period. We also control for dummy outliers. To do so, we run a
trial imputation (only two runs) without variables log-transformation and
we define as outliers those specific industries, districts or legal forms with
an estimated coefficient that deviates by more than two standard devia-
tions from their classes’ means. All firms that correspond to the identified
stand-alone or outlier cases are dropped from subsequent analysis.

2

(ii) New parameters [ = (30751,@,%,@“@” and variance ¢° are simulated

from the estimated parameters of the above regression, (Bo, ,@1, &5, %, G, Oy),
and estimated variance &2.

an—k—1
g

52=6

6Note that unfortunately, the alternative SAS procedure that imputes the closest observed
values (predictive mean matching) is too time-consuming to be implementable in our case.

"The original specification was run for each monetary variable separately (i.e. gross out-
put and intermediate consumption) and included more than 2800 dummies, in particular all
municipalities and 4-digit sectors. Many dummies turned out non significant but were never-
theless used in the imputation procedure. As many municipalities had too few observations,
this led to unrealistically low or high figures for imputed value-added. Therefore, a unique
specification for value-added was selected, with substantially less dummies (slightly more than
400) by replacing municipalities with districts and 4-digit by 3-digit sectors.
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where n is the number of non-missing observations, k the number of ex-
planatory variables and g ~ x2_, ;.

B=p+eW;Z

where W = W, W), and W}, is obtained by the Cholesky decomposition of
W. Z is a vector of k + 1 normalized random variables.

(iii) Then predicted values (V) are formed using these new coefficients. For
each missing observation, belonging to industry j, located in municipality
i and year t:

V= emp[ﬁo + By - In(L) + é&; + % + Gt + @y + 26

where z is a normal standard deviation.

(iv) The procedure is repeated m times with m being the number of imputa-
tions. The efficiency of the estimators depends on the number of imputa-
tions. For a relative high fraction of missing information, Graham et al.
(2007) recommend a high number of imputations, up to 40 if half of the
observations are missing . To balance estimator efficiency and computing
time, we have selected 20 imputations, a reasonable number according to
Graham et al. (2007) when 30% of observations are missing.

2.5 Combining imputation procedures

We proceed by implementing the various imputations techniques for the non-
response and rollover enlargements. This leads to m + 2 firm-level databases
(including the restricted sample and the one obtained by the naive imputation
method), corresponding to the first column of Figure 4. These databases are
then converted into (n + 1)(m + 2) plant-level databases by the multi-plant
enlargement (remaining columns of Figure 4), applying the allocation schemes
obtained through the naive or multiple imputation techniques.®

8See Figure A.1 in the Appendix for a schematic representation of the sequence of impu-
tations for the m=n=2 case.
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Figure 4: Stylized imputation strategy.
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Notes: Number of firms per year between parentheses. No imputation means keeping only
the restricted sample (see Figure 1); Naive imputation is based on employment share only;
Multiple imputation is based on a multivariate regression and is repeated m(n) times.
Dashed zones correspond to alternative datasets for robustness. Agg: dataset including only
firms of the restricted sample (no imputation). Arr: dataset including all firms from the WS
survey. A;>1,;j>1: datasets including all firms from the WS survey minus outliers and
stand-alone cases.

The rounded average number of firms per year is indicated between paren-
theses in Figure 4. As expected, the restricted sample, which is limited to single-
plant or non-problematic multi-plant firms reporting positive value-added every
year they are active, is small (3’600 firms per year) and biased towards large
firms. Combining naive imputation techniques for firms’ non-response, rollover
and multi-plant firms maximizes the number of firms in the sample (24’000 per
year). Using multiple imputation techniques instead still increases the number
of firms vis-a-vis the restricted sample but to a lower extent (18’000 firms per
year), due to the elimination of outliers and stand-alone cases.

3 Aggregation to pseudo-firms

In a final step, to maintain confidentiality, we re-aggregate all the plant-level
databases obtained from the previous stages at the level of unique combinations
of 4-digit sector, municipality and legal form. Each combination is called a
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“pseudo-firm”.

To document this final aggregation step we calculate (in addition to the
value-added and employment data) the following indicators for each pseudo-
firm: number of plants, number of firms, number of active 6-digits sectors and
coeflicient of variation of full time employment across plants. We also construct
two employment-related variables which are necessary to locate and weight the
pseudo-firms in the final sample:

1. The employment-weighted geographic coordinates of the economic center
of gravity of the pseudo-firms, which allow their spatial localizations (see
Figure B.1 in the Appendix for an example).

2. The weight attributed to each pseudo-firm, which is obtained according
to one of the three procedures described described below.

Whatever the procedure followed to construct pseudo-firm weights, it has
to respect two principles. In the initial WS sample, weights are attributed so
that, if all firms were to respond, the sum of weight-inflated employment figures
would be equal to total true employment in the whole (STATENT) population.
The first principle is to adjust weights in order to maintain this desirable prop-
erty in each (pseudo-firm level) final sample. As a result, whatever the sample,
the employment-weighted total is always the same, and the difference with re-
spect to total employment is due to non-response. Another source of concern
is that some firms disappear and other re-introduced through the selection and
imputation processes described above. It is therefore not guaranteed that the
distribution of pseudo-firms in the final sample is representative of the observed
distribution of firms in the whole population. The second principle is to ad-
just weights in order to minimize the difference between the probability density
function of pseudo-firms in the final sample and the converse density function
obtained from the STATENT population.

3.1 Aggregation of original sampling weights

A first way to comply with the above-mentioned principles, is simply to aggre-
gate reported weights in the original WS sample. We proceed as follows:



Chapter One: Swiss Value-Added Data 17

1. We calculate the sum of weight-inflated employment figures (full time
equivalents) in the initial WS sample, denoted by Lj.

2. If, for a given year, the firm is present in the final sample but missing in
the original sample, we impute for that year the average observed weight
when the firm is not missing. Then we calculate the sum of weight-inflated
employment figures (full time equivalents) in the final sample, denoted by
Lp.

3. We calculate firm-level adjusted weights as the product between the orig-
inal weight and the L;/Lp ratio.

4. We assume identical adjusted weights across all plants of a given multi-
plant firm.

5. When aggregating from the plant to the pseudo-firm level, we calculate the
adjusted-weight of the pseudo-firm as the employment-weighted average
of the adjusted weights of all plants belonging to that same pseudo-firm.

This first set of weights improves the matching between the distribution
of employment in the final samples and the distribution of employment in the
whole population. This is illustrated in Figures 5 and 6 comparing kernels of
employment (full-time equivalent) probability density functions (pdf), for year
2015, for each type of final database defined in Figure 4 (Ao,0, A7,r and A; j, see
Figure 4) and also for the whole reference population i.e. the database obtained
when aggregating STATENT data at the level of pseudo-firms.”

Regarding non-weighted data (Figure 5), as could be expected, the contrast
is striking between the population (STATENT purple curve) and the restricted
sample (Apo pink curve), which is biased towards large firms. The two im-
puted samples (either A;; or A; ;, green and blue curves) lie as intermediate
cases between these two extremes. As it should be, applying weights to the
restricted and imputed samples drastically reduces these differences, as illus-
trated by Figure 6, where all four pdfs now overlap more closely. Results for all
years are similar, they are reported in Figures C.1, C.2 and C.3 in the Appendix.

9 As the WS survey is not supposed to include firms with less than three employees, those
are dropped from STATENT data, except if the report more than two employees during at
least one year. Sectors A, K and U are not officially covered by the WS, so there are also
dropped from all databases.
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Figure 5: Non-weighted density functions for full-time employment equivalents, 2015.

04-

Dataset
A00
All
Aij
STATENT

0.1-

0.0-
\ o
log(empfte)

Notes: See Figure 4 for a description of datasets Agg, Ar; and A;;

Figure 6: Weighted density functions for full-time employment equivalents, 2015
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At closer look however, there remains differences in shape, and although
these differences are stronger for Ay ¢ (which is due to the fact that this database
is biased towards large firms) they are also present for A;; and A; ;. More
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precisely, with respect to the reference population, the pdf of the imputed sam-
ples are larger for small and medium range pseudo-firms, and smaller for large
pseudo-firms. In other words, it suggests that these preliminary weights are too
large at the bottom of the distribution. This is due to the enlargement of the
database towards small firms, and requires further adjustments of the weights,
as performed by the two following procedures.

3.2 Adjusted weights I: Proportional downsizing

The first procedure to adjust weights consists of finding the most appropriate
mix between no weighting at all (which understates the frequency of small firms)
and full weighting (which overstates it). More specifically, for each type of
imputed dataset, we calculate an adjusted weight for pseudo-firm p year ¢ given
by:

L:Jpﬂg = /\twp,t + (1 — )\25)i
nt
where w,; is the original (normalised'’) weight, @, the adjusted weight,
n¢ the number of pseudo-firms and A; the optimisation parameter, A\; € [0,1].
These adjusted weights are then re-scaled so that the sum of weighted employ-
ment figures remains unchanged, as for the weights of subsection 3.1.

We determine numerically the optimal value of A by 0.01 increments. Fig-
ure 7 reports the results for 2015. It turns out that the area is minimised at
A=1for Agp, A =0.69 for A;; and A = 0.73 for A, ;. Figure 8 illustrates the
impact of the optimisation process on the overlap between the two pdf for the
multiple imputation sample (4; ;). Results for the other samples and years are
very similar and available upon request.

10To ease calculation of area differences between the density functions by the R package,
weights are normalised so that their sum is equal to 1.
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Figure 7: Optimal values of the weighted average parameter (\), 2015.
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Figure 8: Impact of optimal weights on the matching between the multiple imputa-
tion sample and the population, 2015.
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3.3 Adjusted weights II: Bottom up reconstruction

Adjustment method I (proportional downsizing) is intuitive but lacks theoretical
justification and does not exploit fully the available information. The alterna-
tive proposed here is to reconstruct weights from the bottom up, making use of
our knowledge of the employment distribution in the sample and over the whole
STATENT population.

General procedure

The basic idea is to decompose the population into different strata according
to geography (Switzerland, large regions, cantons, districts), industry (NOGAZ2,
NOGA3, NOGA4), legal form (yes, no) and size classes (5, 10 , 15 or 20 size
classes, see Figure 9 for a definition). This leads to 96 possible strata definitions
(4x3x2x4). For a given definition, the weight of each particular combination
is defined as the inverse of the sample full-time employment (FTE) share in
total population. Following FSO guidelines, the reference population is the cor-
responding STATENT excluding sectors A and K and firms with strictly less
than three employees during the entire time period. Finally, the best defini-
tion of strata is selected by minimizing again the differential area between the
population and the sample employment distributions.

Dealing with the "zero-weight" issue

Although straightforward, this procedure cannot be applied directly at the
pseudo-firm level. To understand why, imagine that for a given combination of
canton, 4digit industry and legal form there are three plants in the STATENT
population, with FTE Figures of 4, 8 and 9 respectively. Assume further that
we work with 15 size classes (third line of Figure 9) and that the plant with
4 FTE is not present in the sample (a frequent case as small firms are under-
represented in the WS sample). This leads to a sample pseudo-firm employment
of 17, versus 23 for the whole population. As the threshold is 20 between size
classes 8 and 9 (see Figure 9), this leads to a weight of zero for class 8 and no
reported employment for class 9, i.e. a complete loss of all the available informa-
tion. Working at the firm rather than the pseudo-firm level does not necessarily
solve this zero-weight problem (for example if the smallest and largest plant of
the previous example belong to the same firm misclassification also happens).
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Figure 9: Full-time employment (FTE): Size classes definitions.

5 size classes 0 1

10 size classes 0 1 2 3 4 5 6

15 size classes 0 1 2 3 4 5 6 7 8 9 10

20 size classes 0 1 2 3 4 5 6 7 8 9 10 11 12
ETE 0 1 2 3 4 5 78 10 125 15 20 25 30 40
5 size classes 2 3 4

10 size classes 7 8 9

15 size classes i 12 13 14

20 size classes 13 14 15 16 17 18 19

FTE 40 50 60 80 100 150 250

Notes : Class size numbers in italic / upper bound not included in the interval.

At the end of the day, the only way to eradicate the zero-weight problem is
to define weights at the plant level. However, at this stage of the procedure,
we have no access to plant-level data anymore as we are already dealing with
pseudo-firm (i.e. aggregated) data. Thus, we need to recover plant-level data
exploiting the available information we have in STATENT and in the variables
created during the pseudo-firm aggregation. We proceed in three steps (see
Appendix A.6 for a more detailed description of step 3):

1. Direct calculation. When the pseudo-firm has less than 3 plants, knowl-
edge of the mean (X) and the variation coefficient (VC) is sufficient to
calculate plant level FTE (X' if there is a single plant, X + V—\/g if there
are two plants). This corresponds to 94.5% of pseudo-firms (71% of total
FTE).

2. Combinatory analysis. For pseudo-firms with a number of plants which
is larger than two but sufficiently close to the total number of plants in
STATENT, the exact combination of plants within the pseudo-firm can
be retrieved computationally in a reasonable time. Let us denote by n
the number of plants of the pseudo-firm, and N the number of plants for
the same combination of municipality, NOGA4 and legal form values in
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STATENT. Then, among all the possible C.¥ combinations of n out of
N plants, and provided CN < 75000 (threshold determined by trial and
error) one identifies the unique combination that leads to the same X as
the one reported for the pseudo-firm (calculating the VC' constitutes a
proof). This corresponds to 4.5% of pseudo-firms (17% of total FTE).

3. Gamma distribution. For all remaining cases (1% of pseudo-firms, 12%
of total FTE, i.e. essentially large pseudo-firms with many plants), we
assume that plants’ employment follows a Gamma distribution and dis-
tribute total FTE across plants in accordance with the reported values
for n, VC and X. This generates some zero-weight cases. We eliminate
these cases by reshuffling employment across plants in non-zero weight
categories, working with the maximum number of size classes (20) and
along a systematic procedure described in Appendix A.6.

Steps 2 and 3 above are rather time consuming so their application is limited
to the multiple imputation case (A; ; in Figure 4). Moreover, they imply small
adjustments of the reference population.'!

Selecting the optimal strata definition

Once plant-level employment figures have been recovered, plant-level weight
are calculated (inverse of employment share) and re-aggregated back as employ-
ment weighted averages at the pseudo-firm level. Some categories combinations
are present in the population but not in our sample. To recover this missing
employment, we inflate all weights by a common factor. These calculations are
performed for each one of the 96 above-mentioned strata definitions. We select
the most appropriate definition following the same criterion as in the previous
section i.e. by minimizing the difference, in terms of area, between the popu-
lation and sample employment densities. Figure 10 shows that the best strata
definition turns out to be canton, NOGA3, including legal form and 15 size
classes.

HWhen it is not possible to find a combination in step 2 that perfectly matches the reported
X for the pseudo-firm, the selected sample is enriched by all available observations from the
complete STATENT database (i.e. including plants with less than three employees during
the entire time period) for that particular set of year, municipality, NOGA4 and legal form
values. This affects 98 pseudo-firms (i.e. 0.11% of the total). A similar enlargement of the
reference population is necessary for 62 pseudo-firms in step 3 (i.e. 0.07% of the total).
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Figure 10: Selection of the most appropriate strata definition.
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As illustrated by Figure 11, the bottom-up adjustment method (weights 11,
in green) provides a better fit of the population distribution (in blue) than the
proportional downsizing methods (weights I, in pink). On average over the
2011-2015 period, the differential area between the sample and the population
employment densities is 0.091 for weights I (proportional downsizing method)
and 0.082 for weights II (bottom-up method).
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Figure 11: Comparison of the two adjusted weights methods, A; ; (2015).
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4 Data Overview

4.1 Data summary

Table 1 summarizes the characteristics of the main databases generated by the
imputation procedures. Beware that observations here correspond to pseudo-
firms, while in Figure 4 the numbers between parenthesis correspond to firms.
Whatever the sample, the number of pseudo-firms is almost constant over time,
as entry/exit rates are roughly similar. The restricted sample, Ag g, is the small-
est database, with less than 3000 yearly observations. The number of plants is
not much larger. This is normal, as the restricted sample is mostly composed of
relatively large single-plant firms, with only some non-problematic multi-plant
firms with all plants in the same pseudo-firm. The naive imputations (Aj )
considerably increase the sample size, in terms of pseudo firms, due to the non-
response and rollover enlargements, and even more in terms of plants, due to the
multi-plant enlargement. On average, the multiple imputations sample (A; ;) is
around twice smaller than the naive imputation sample, due to the elimination
of outliers and stand-alone cases. However, it remains considerably larger than
the restricted sample (6 times larger in terms of pseudo-firms, 8 times in terms
of plants).

Regarding the composition of each database, it appears that the restricted
sample pseudo-firm is on average twice larger than in the other two databases
(around 100 full time-equivalent vs. 50). It is also more productive (around CHF
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Table 1: Summary statistics of the datasets.

Dataset Year Number* N new” Number Full-time equivalent Value added** Share of municipalities Total employment share’ Total value-added share!!
of plants Min  Max  Mean CV  Min Max Mean  CV covered non-weighted non-weighted ~ weighted (I)  weighted (II)
Ao 2011 2936 3174 0.2 8170.98 938 212 6.0  3540885.80 22463. 39.5% 8.37% 12.43% 121.11% /
2012 2812 67 3052 0.3 808511 974 207 8.0  3920905.00 24582.7 38.6% 8.26% 12.89% 128.27% /
2013 2750 62 2994 0.5 8537.80 1003 212 33.0 355664200 24735.3 38.0% 8.16% 12.47% 127.33% /
2014 2753 107 2994 0.2 8549.70 1018 212 126  3477452.00 25696.0 38.3% 8.20% 12.65% 127.24% /
2015 2803 147 3050 0.2 8524.84  99.8 214 7.7 4183055.00 248384 38.9% 8.15% 12.34% 123.17% /
Arg 2011 33008 52687 0.0 15868.97 47.1 372 0.3 7996248.68  8419.5 81.2% 47.22% 52.37% 102.64% /
2012 33599 1743 53898 0.0 16484.06 46.8 3.81 0.3 847277152  8493.6 81.7% 47.42% 53.22% 104.11% /
2013 35006 2861 57630 0.0 16824.98 464 3.88 0.7  8354980.67 8410.8 83.0 48.03% 53.98% 104.45% /
2014 34918 1675 57547 0.0 1726841 46.9 3.86 1.1  7938707.26  8636.6 83.1% 47.90% 53.93% /
2015 1530 56645 0.0 17708.27 47.3  3.87 0.7  8495329.78  8710.2 82.8% 47.40% 53.09% /
A V2011 17625 / 23878 0.0 15797.35 487 3.67 7896097.33 85350  9.22 65.3% 26.07% 28.35% 100.03% 96.96%
(608705.3)  (18.6)  (0.33) (0.06) (0.27) (0.37)
2012 17924 834 24365 0.0 1641676 485 3.8 8403539.36 83110  9.82 65.9% 26.20% 27.78% 97.43% 94.49%
(592480.1)  (21.3)  (0.33) (0.07) (0.25) (0.35)
2013 17925 794 24398 0.0 16824.98 49.0 3.83 1.0 825943551 83925  9.61 65.6% 26.00% 27.58% 97.21% 93.93%
(0.46)  (696976.5)  (23.0)  (0.38) (0.08) (0.35) (0.40)
2014 17860 794 24342 0.0 1726841 495 3.84 11 774124510 86082  9.11 65.9% 25.88% 27.49% 94.43%
(0.29) (675973.8)  (155)  (0.34) (0.05) (0.32)
2015 17586 808 23934 0.0 1770827 498 3.90 0.5  8362957.38 8736.0  9.55 25.53% 27.23% 93.50%
(0.16)  (682613.6)  (18.4)  (0.36) (0.06) (0.29)
Notes: * Number of pseudo-firms (unique 4 i legal form

4 Number of emerging pseudo-firms (i.e. present in the current year but not previous on

** In thousands CHF.

¥ With (i, j) € {1;20}. In parenthesis, the standard deviation of the given stati
(i.e. statistics are computed on each of the 400 datasets and the mean and standard deviation of the mean of each statistics are reported (implicitly in hundreds when needed)).

ics

T We exclude sectors A, K, T and U from the reference population, as those sectors are not part of the WS survey. Weighted employment results are not reported as they are identical for all samples due to calibration.

H We exclude sectors A, K, T and U from the reference population, as those sectors are not part of the WS survey. Weights I and IT are defined in, respectively, sections 3.2 and 3.3.
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230000 vs. 170000 per full time-equivalent per year). This should not come as a
surprise as the imputed samples were basically designed to recover small firms
which are rolled over and to split value-added across the various units of multi-
plant firms. Both manipulations reduce the average size of the production units.
This result is consistent with the structural differences between the various
sample types discussed in Section 3.

4.2 Global coverage of employment and value added

The last three columns of Table 1 provide the share of employment and value
added covered by the different samples. Consider employment first, the ref-
erence population being the STATENT database. As weights are always cali-
brated in order to match the reference population, there is no point to report
the weighted share for employment. Regarding the non-weighted shares, the
imputation procedures do increase the coverage of the sample, which is rather
low for the restricted sample (Agg), less than 10%, up to more than 25% for
the multiple imputation sample (A; ;) and slightly less than 50% for the naive
imputation sample (A 7).

Regarding value-added, we use as a comparison basis the figures estimated
by the National Accounts department of the FSO. They constitute the official
reference in Switzerland, and the FSO has taken care over recent years to refine
its procedure in order to provide robust estimates of value added at the aggre-
gated level (see (Federal Statistical Office, 2016)). The methodology followed
by the FSO also relies partly on the WS database, but it is distinct from the
procedure applied in the present paper on several counts (apart from the basic
difference in objectives, i.e. we seek to provide firm-level rather than aggregated
level estimates). We focus here on the major distinctions. First, it performs only
a multiplant enlargement, which means that the non-response and turnover en-
largement is not considered. Second, it works at a more aggregated level than
we do for sectors (21 instead of 272), plant size categories (10 instead of 15),
geographical units (7 instead of 26) and legal forms (none vs. 22). Third, it
calibrates its results at the aggregate level in order to make them consistent
with other national account calculation approaches for GDP.

Given the above-mentioned differences, imperfect coverage may be expected
for our three samples. The total non-weighted value added share is indeed rather
low, although slightly larger than for employment. However, and quite surpris-
ingly, there is a rather good match for the weighted figures, particularly for the
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two imputed samples. The value-added share is around 125% for the restricted
sample, again a reflection of the bias of that sample towards large and more
productive single plant firms. The imputed samples are more representative
of the distribution of firms in the population, and although their weights were
obtained from a completely different perspective from the FSO methodology,
they achieve a share in total value added which is quite close to 100% (104%
for A7y, 95-98% for A; ;).

4.3 Detailed coverage of the imputed samples (A4;;, 4; ;)

Pursuing the analysis at a more disaggregated level, Tables 2 and 3 report the
coverage rates for large geographic regions and sectors for the two imputed
samples (see Figure D.2 in Appendix for the restricted sample). As the naive
imputation sample covers a larger share of total employment (around 50% vs.
25% for the multiple imputation sample), it leads naturally to a better employ-
ment coverage for large regions, with an approximate range of 90-110% (vs.
50-120% for A; ;). This remains valid for value added, and to a lesser extent
also for large industry groups, even if the DEPQ share (public utilities, edu-
cation and health) falls to 40% for employment and 55% for value added. As
employment and value added shares are positively correlated, the contrast be-
tween the two samples is less stark regarding the productivity ratio. The better
coverage of the naive imputation sample must be put in balance with its major
drawback namely that its two enlargement procedures are based on the explicit
assumption of a constant productivity whether within firms or across periods.
This makes it less appropriate than the multiple imputation sample to analyse
productivity change at the micro level.

Table 3 also provides the opportunity to compare the two alternative sets of
weights for the multiple imputation sample. The global coverage for value added
is 3% higher for weight I. However, weights II lead to a smaller coverage range
than weights I. This is valid in general, both for employment or value added,
and for large regions or large sectors. Moreover, across the 400 databases, the
standard deviation is generally smaller for weights IT than for weights I. Thus,
on balance, it appears that weights II offer a more stable representation of value
added and productivity differences across Swiss firms.



Chapter One: Swiss Value-Added Data

29

Table 2: Aj; coverage.

Weigthed* full-time equivalent share

Weighted* value added sharef

Productivity shareV

Magjor regions

Espace Mittlelland 99.1% 95.0% 95.9%
Région lémanique 95.5% 120.6% 126.3%
Ziirich 101.1% 102.4% 101.3%
Nordwestschweiz 108.9% 110.0% 101.1%
Ostschweiz 99.6% 90.8% 91.2%
Zentralschweiz 100.9% 116.1% 115.1%
Ticino 90.7% 78.4% 86.5%
Industriestt

GHIJ 124.5% 144.0% 115.7%
BCF 129.8% 135.4% 104.4%
DEPQ 41.4% 56.6% 136.6%
LMNRS 104.8% 93.3% 89.0%
Total 100.0% 104.0% 104.0%
Notes: T Share in value added of the national accounts, excluding industries NOGA 1 A,K T and U, which are not covered by WS.

YV Ratio between average productivity in the sample and "national® productivity.
"National" productivity is based on own calculations using national accounts total value added data and STATENT.

* Weights defined in section 3.2.

1 We exclude from the table sector O, which is not present in our sample.
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Table 3: A;; coverage.

Weigthed full-time equivalent share ~ Weighted value added sharef Productivity ratioV
weights I* weights IT** weights I weights IT weights I weights IT
Magjor regions
Espace Mittelland 101.3% 99.4% 88.0% 82.8% 88.5% 83.3%
(0.36) (0.28) (0.36) (0.29)
Région 1émanique 89.7% 97.2% 113.0% 116.4% 116.2% 119.7%
(0.50) (0.32) (0.52) (0.33)
Ziirich 101.7% 118.7% 104.2% 114.0% 87.8% 96.0%
(0.53) (0.46) (0.44) (0.39)
Nordwestschweiz 123.8% 111.1% 130.2% 113.5% 117.2% 102.2%
(0.42) (0.39) (0.38) (0.35)
Ostschweiz 114.1% 99.7% 88.6% 76.7% 88.9% 76.9%
(0.37) (0.43) (0.37) (0.43)
Zentralschweiz 86.7% 71.2% 68.8% 57.6% 96.6% 80.8%
(0.36) (0.39) (0.50) (0.55)
Ticino 44.4% 63.2% 36.6% 50.1% 58.0% 79.2%
(0.68) (0.38) (1.07) (0.60)
Industries™
GHIJ 107.0% 120.2% 126.0% 131.4% 104.9% 109.3%
(0.44) (0.33) (0.36) (0.28)
BCF 161.7% 144.5% 160.1% 141.4% 110.8% 97.9%
(0.32) (0.36) (0.22) (0.25)
DEPQ 38.4% 35.0% 37.4% 33.7% 107.1% 96.3%
(0.21) (0.14) (0.60) (0.40)
LMNRS 88.9% 96.9% 65.6% 70.4% 67.7% 72.6%
(0.37) (0.30) (0.38) (0.31)
Total 100.0% 100.0% 97.7% 94.7% 97.7% 94.7%
(0.17) (0.17) (0.17) (0.17)
Notes:  Share in value added of the national accounts, excluding industries NOGA 1 A,K T and U, which are not covered

by WS. Standard deviation in parenthesis.
VRatio between average productivity in the sample and “national” productivity.
“National” productivity is based on own calculations using national accounts total value added data and STATENT.
* Weights defined in section 3.2.
** Weights defined in section 3.3.
1 We exclude from the table sector O, which is not present in our sample.
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5 Conclusion

Data on value-added at the level of the production unit is limited in Switzer-
land. It is only reported at the firm level, not the plant level, only available for
a subsample of relatively large firms, and only reported with other monetary
variables, not employment figures. This makes it particularly unsuitable to un-
dertake a proper analysis of productivity at the microeconomic level.

Taking the best out of available data sources, we used several techniques
to address these caveats in a novel way. The new set of three databases that
results includes consistent information on value added and employment at the
level of pseudo-firms over the 2011-2015 period (a required aggregation, for
confidentiality reasons, at the level of the municipality, legal form and 4-digit
sector). Broadly speaking, our results are in line with the value added esti-
mates produced by the FSO along an entirely different methodology. However,
the composition of each sample is different, which must be kept in mind for
interpretations.

For example, using National Accounts data suggests that Swiss productiv-
ity growth (in terms of value added per employee and for the subset of sectors
considered in the WS survey) has been roughly equal to 0.6% per year across
the 2011-2015 period. At the aggregated level, our three samples lead to larger
figures for two of them (the restrictive sample, with 1% and the naive imputa-
tion sample, with 0.75%), and to a lower productivity growth for the multiple
imputation sample (0.01% per year).

These differences reflect composition effects both between and within pseudo-
firms. Limiting this final discussion to the multiple imputation sample (our pre-
ferred sample as it combines finely disaggregated measures of productivity with
an appropriate level of representativeness), yearly productivity changes vary a
lot across both municipalities (between -14% and +22%) and 4-digit sectors
(between -11% and +22%). These structural patterns deserve further examina-
tions in future studies.
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Appendix A: Detailed imputation strategy in the
m=2, n=2 case

Figure A.1l: Detailed imputation strategy.
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Appendix B: Geographic coordinates of a pseudo-
firm: example

Figure B.1: Geographic coordinates of a pseudo-firm: example.
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Red (blue) balloons correspond to the localization of the original firms (constructed pseudo-firm).
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Appendix C: Weighted and non-weighted density
functions

Figure C.1: Non-weighted density functions for full-time employment equivalents,
all years.
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Figure C.2: Weighted density functions for full-time employment equivalents, all
years.
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Figure C.3: Weighted and non-weighted density functions for Aij database, all years.
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Appendix D: Recovering plant-level data employ-
ment figures: step 3

This appendix provides more details on step 3 of the general strategy to recover
plant-level employment described in sub-section 3.3. For all pseudo-firms not
covered by steps 1 and 2, the general principle is to apply a Gamma distribution
first, then perform two further adjustments. The exact procedure is described
below.

Applying the Gamma distribution assumption within pseudo-firms

We proceed as follows:

1. We infer the variance (V) of the pseudo-firm employment (X), V = CV?2.
X?. Then we compute the shape (o) and rate (8) parameters of the

. . . X2 X
Gamma distribution, a = 5~ and 3 = 7.

2. We divide the area below the Gamma pdf in n equi-probable intervals,
with n being the number of plants in the pseudo-firm.

3. We consider the midpoint of each one of the first n — 1 intervals as the es-
timated employment of the corresponding plant. We infer the n'" plant’s
employment by substracting from the pseudo-firm total employment the
sum of the midpoint estimates found in point 3.

Adjusting the estimates obtained through the Gamma distribution

We define as a category the combination of year, municipality, NOGA4 and
legal form that corresponds to each pseudo-firm. Within each category, we
consider 20 size classes (see Figure 9). This allows refining the Gamma approxi-
mation avoiding two types of inconsistencies. More precisely, we reallocate FTE
among plants of a given pseudo-firm in order to eliminate all cases where

e there is a plant in the sample for that category and size class, but no
plant in STATENT. This would lead to attributing a weight of zero to
that plant, i.e. a zero-weight size class.

e there are plants in both the sample and STATENT for that category and
size class, but too many plants in the sample regarding total reported



38 Chapter One: Swiss Value-Added Data

FTE in STATENT. That is, even if FTE per plant was kept at a mini-
mum in the sample (i.e. reduced to the lower bound of the size class for
each plant), total FTE would remain larger in the sample. We call this
an overcrowded size class.

Both problems signal that the Gamma-distribution-based attribution of pseudo-
firm FTA across its plants is not correct. They also distort computed weights
for the category and size-class and therefore deserve correction. The relative
importance of both cases is presented in Table 3. A detailed presentation of
each adjustment type follows.

Table D.1: Adjustments of the Gamma distribution estimates.

Number of pseudo-firms ~ FTE  Average FTE per pseudo-firm  Share of pseudo-firms ~ Share of FTE

Elimination of zero-weight cases

No zero weight 453 205404 91 0.5% 4.7%
Zero weight 710 326303 92 0.8% 7.5%

Elimination of over-crowded cases

Not over-crowded 857 269089 63 1.0% 6.2%
Simple cases 251 192599 153 0.3% 4.4%
Non-simple cases 55 70016 255 0.1% 1.6%
Total 1163 531707 91 1.3% 12.2%

Adjustment procedure to eliminate the zero-weight cases

1. Identify MINS, the minimum size class with positive STATENT FTE fig-
ures and MAXS, the maximum size class with positive STATENT FTE
figures.

2. Identify the number of plants with zero-weights. Classify them in three
groups: UPGR = those with a size class smaller than MINS (must be
lifted up), DWGR = those with a size class larger than MAXS (must be
scaled down) and INGR = those with a size class in between MINS and
MAXS.

3. If the UPGR is not empty, for each zero-weight case, identify the upward
FTE gap, UPFG i.e. the extra FTE needed to reach the nearest larger
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size class with employment in STATENT. Starting from the largest plant,
attribute UPFG of extra FTE to the zero-weight plant while sharing the
corresponding decrease in FTE on all other plants in proportion of their
maximum capacity of provision under the constraint that they do not
change size class. Repeat the procedure of the last sentence until the
UPGR is empty.

4. If the DWGR is not empty, for each zero-weight case, identify the down-
ward FTE gap, DWFG i.e. the decrease in FTE needed to reach the
nearest smaller size class with employment in STATENT. Starting from
the smallest plant, take away DWFG of FTE from the zero-weight plant
while sharing it across all other plants in proportion of their maximum
capacity of absorption under the constraint that they do not change size
class. Repeat the procedure of the last sentence until the DWGR is empty.

5. If the INGR group is not empty, for each zero-weight case, compute the
minimum of the upward and downward FTE gap as described in the pre-
vious two steps, i.e. MNFG=min(UPFG;DWFG). Rank these cases by
increasing MNFG. Starting from the smallest MNFG, adjust the FTE of
the zero-weight plant up (by UPFG) or down (by DWFG) depending on
which adjustment is smaller and compensate that change across all other
plants in proportion of their maximum capacity of absorption or provision
under the constraint that they do not change size class. Repeat the pro-
cedure of the last sentence until the INGR is empty.

Adjustment procedure to eliminate the over-crowded cases

1. Identify all pseudo-firms that present one or more cases of over-crowded
size classes.

2. Identify simple cases i.e. those where there is a single plant to relocate,
either out of two or out of three plants in the corresponding category. For
each simple case, identify the smallest amount of FTE that must be given
to (or taken out of) the plant in order to shift it to the closest available
size class.

3. For non-simple cases, attribute the required changes in FTE “by hand”
i.e. printing the situation and finding the set of minimum changes in order
to eliminate the over-crowded problem.
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4. For both simple and non-simple cases, redistribute the net required FTE
change (in order to maintain total FTE of the pseudo-firm unchanged)
across all other plants in proportion of their maximum capacity of ab-
sorption or provision under the constraint that they do not change size
class.

Table D.2: Ay coverage.

Weigthed* full-time equivalent share ~Weighted* value-added sharef Productivity ratioV
Major regions
Espace Mittlelland 100.1% 114.4% 114.3%
Région lémanique 74.0% 125.1% 169.2%
Ziirich 69.7% 84.5% 122.1%
Nordwestschweiz 141.8% 177.0% 124.8%
Ostschweiz 130.1% 122.4% 94.0%
Zentralschweiz 107.3% 178.6% 166.5%
Ticino 106.2% 79.5% 74.9%
Industriest?
GHILJ 80.2% 166.5% 207.9%
BCF 190.1% 206.9% 108.9%
DEPQ 60.9% 82.7% 135.8%
LMNRS 65.5% 58.1% 89.0%
Total 100.0% 125.4% 125.4%
Notes: T Share in value-added of the national accounts, excluding industries NOGA 1 A,K T and U, which are not covered by WS.

VRatio between average productivity in the sample and “national” productivity.
“National” productivity is based on own calculations using national accounts total value-added data and STATENT.
* Weights defined in section 3.2.

't We exclude from the table sector O, which is not present in our sample.



Chapter 2

Zooming in the Swiss Low

Productivity Puzzle:
A Shift-share Analysis *

1 Introduction

Productivity growth is a key parameter in estimating national economic perfor-
mance and its geographical distribution across domestic jurisdictions. It is of
particular interest in a country like Switzerland, which combines a highly di-
versified industrial structure with a large variety of economic and social policies
across cantons and municipalities. Besides, in spite of healthy economic con-
ditions, Swiss aggregate productivity growth has been dismally low in recent
decades. This has motivated a flurry of analyses, both at the macro and micro
level.!

Unfortunately for the latter group of researchers, Swiss productivity data at
the microeconomic level are almost impossible to find. A potential source of
information is the value-added survey (Wertschopfungsstatistik, WS) from the
Federal Statistical Office (FSO), which provides yearly information on mone-

*This paper is co-authored by Jean-Marie Grether (University of Neuchatel, Faculty of
Economics and Business).

1We thank Nicole Mathys for her recommendations, and Sam Banatte, Markus Daeppen
and Stephen Sonntag from the FSO for their data support. The usual disclaimers apply.
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tary variables at the level of the production units. However, it does not allow
to address directly productivity issues as it does not report employment figures.
On top of that, the WS sample is limited to firm-level (not plant-level) data
and it is biased towards large firms (more than 50 employees).

This paper exploits a novel database created by the matching between the
WS survey and the yearly census of production units (STATENT database,
FSO), which provides employment data. Moreover, as explained in a compan-
ion paper (Tissot-Daguette and Grether, 2019), multiple imputation techniques
are used to enlarge the dataset towards smaller productive units. As a result,
the enriched database we use in the present paper is both suitable for produc-
tivity analysis and more representative of the Swiss industrial structure than
the WS survey.

We follow and extend simple decomposition techniques inspired from the
shift-share analysis literature to characterize productivity performance across
geographical units over the 2011-2015 period. In this framework, productivity
growth can be explained by the combination of three structural forces, depend-
ing on the type of sectors (either incumbent, or emerging or absent in the given
location) plus a competitive effect. Apart from providing interesting results for
specific regions or cantons, the paper proposes a progressive “zoom” into the
Swiss industrial landscape, first identifying general trends at the highest level
of aggregation (7 major regions and 13 NACE+ categories), then extending the
number of geographical units (26 cantons) or industrial sectors (460 NOGA4
sectors?).

The paper is structured as follows. Section 2 presents the literature back-
ground. Section 3 presents the growth rate decomposition method which is
applied to value-added, employment and productivity figures. Section 4 com-
ments the data and section 5 presents the basic results. An alternative database
is discussed in Section 6 for robustness purposes and Section 7 concludes.

2 Literature Review

We provide some basic references on productivity estimates for Switzerland in
recent years then present the fundamentals of shift-share analysis.

2Number of NOGA4 sectors present in our database over 615 NOGA4 sectors in total.
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2.1 Empirical evidence

The low level of productivity growth in Switzerland has been a matter of de-
bate since the 90s. Although early contributions were mostly macro-based (e.g.
Brunetti and Zurcher (2002), Kohli (2005) or Siegenthaler (2015)), more re-
cent studies have focused on firm-level evidence. This is in line with the ongo-
ing international efforts to establish firm-level databases which are reliable and
comparable across countries (e.g. the CompNet base for the EU, the firm-level
projects of the OECD, or private sources like the FactSet or Orbis databases).

However Switzerland is either absent from these databases or its coverage is
not satisfactory.® This is why, apart from studies on specific sectors* most au-
thors have relied on two major sources of labour productivity at the level of the
production unit: the Swiss Earnings Structure Survey (ESS) from the Federal
Statistical Office (FSO) and the Swiss Innovation Survey (SIS) of the KOF Swiss
Economic Institute of the ETH Zurich. In particular, the SIS has been used by
Arvanitis et al. (2013) to provide an extensive analysis of labour productivity
determinants at the firm and sector level over the 1990-2010 period, by Siegen-
thaler and Stucki (2015) to explain the surprising stability of the Swiss labour
share of income in recent decades, and by Kaiser and Siegenthaler (2015) to
analyse the slow productivity growth in knowledge-intensive business services.
Marti et al. (2017) used the ESS to provide a thorough shift-share analysis of
the variety of productivity growth patterns across Swiss regions. These studies
have all contributed to identify sources of low productivity in Switzerland and
the needs for corrective actions, as recently advocated by the Organisation for
Economic Cooperation and Development (OECD, 2017).

In spite of these advances it is fair to say that the microeconomic basis to
evaluate the fine patterns of productivity growth in Switzerland remains slim.
The ESS database does not report measures for value-added, while the SIS
database does not report full time equivalent and excludes firms with less than
5 employees. Meanwhile the low productivity problem persists, with macro
measures (whether total factor productivity or labour productivity) suggesting
that Swiss productivity growth has almost vanished since the big recession (e.g.

3See Ollivaud (2017), who mentions the notable exception of the STATENT database,
which has allowed to perform interesting international comparisons (Mattmann et al., 2016),
although excluding productivity measures as this database does not report information on
monetary variables.

4e.g. Bolli and Farsi (2015) on Swiss universities, Lewrick et al. (2018) on manufacturing
industries or Grass et al. (2017) on the pharmaceutical industry.
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Tille (2018)). Thus, there is a need for further empirical evidence based on more
comprehensive datasets, which is what the present study proposes.

2.2 Shift-share analysis

Shift-share analysis is a descriptive method, which aims to analyze regional
performance (see Dunn, 1960; Fuchs, 1962; Ashby, 1964). It is widely used
and discussed in the regional economics literature (see e.g. Erkus-Ozturk and
Terhorst, 2018). The simplest form of this method decomposes the change
in a variable in a specific location (typically employment of a given industry
(Esteban-Marquillas, 1972), but also value-added (Oguz and Knight, 2010) or
even energy demand (Otsuka, 2016)), into a national growth (NE), a industry-
mix (or structural, SE) and a competitive effect (CE).

Let AX;; be the change of employment in location j, in industry i, that
occurs between two given time periods. The “classical” decomposition is as
follow:®

AX,*J* = X,’j’r‘ + Xij (7‘,' — T) + Xij(’l"ij — ’/‘i)
S~

NE SE CE

where 7 is the national employment growth rate of growth, r; the national em-
ployment growth rate of industry i, r; region j employment growth rate and
r;; the region j employment growth rate in industry i¢. The contribution of
the overall economy to the growth rate in the given location and industry is
captured by the NE term. The contribution of the specialization of region j
in sector i is given by the SE term, while the CE term captures the specific
dynamism of region j regarding the growth rate in industry i.

This simple framework has been extended in several dimensions in the litera-
ture. Some have criticized the overlap between the CE and the SE effects in the
original expression, as the X;; part of the CE term also captures the industrial
structure of the region. For this reason, Esteban-Marquillas (1972) and others
have proposed to introduce further decomposition terms to allow for a better
disentanglement between the CE and the SE effects. Others have focused on
how best to capture the true dynamics of the underlying variable, discussing

5The notation is the one used in Mayor and Lépez (2007). We abstract from period indices
to simplify expressions.
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the length of the time period over which growth rates are calculated, and the
choice between the initial or the final employment levels (or still a combina-
tion of the two) in the above expression (e.g. Barff and Knight (1988), Selting
and Loveridge (1994)). Another source of concern is to incorporate neighbour-
ing effects, by allowing one region to influence another one in other ways than
through the national average (e.g. Nazara and Hewings (2004), Mayor and
Lépez (2007)).

These refinements are worth considering in an in-depth analysis of the re-
gional change of a single variable such as employment. In this paper our fo-
cus is on productivity, i.e. the ratio between two variables, and our firm-level
database® allows considering various degrees of regional aggregation. This makes
it more appropriate to stick to a standard SE-CE decomposition close to the
original formula. As described in the next section, the extension we propose
focuses on growth rates rather than changes in levels, and includes novel terms
to capture the impact of new entrants or absent sectors in specific locations.

3 Methodology

We proceed in three steps, first adjusting the basic shift-share analysis expres-
sion to growth rates of employment and value-added, second extending it to
account for new entrants and absent sectors, and third applying it to produc-
tivity growth.

3.1 Structural and competitive effects for growth rates

We assume first that region j is active (i.e. with positive levels of both employ-
ment and value-added) in all sectors across the sample period. Let us consider
the growth rate of variable X (employment or value-added) either at the na-
tional level (r), or at the level of region j (r;), or at the level of industry ¢,
region j (r;;). By definition, the national growth rate (r) is the X-weighted sum
of regional growth rates (r;, while the regional growth rate is the X-weighted
sum of sectoral regional growth rates (r;;). In other words we can write,

0:;
rj= Z(efj)m

)

6“Firm” is here defined as an unique municipality/NOGA4/legal form combination.
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T = E 91‘7“1‘
i
X

where 0;; = )géj are the shares in the initial period, X = Zj > Xij, 0 = F

and X; = >, X;;. Taking the difference between the two above expressions,
adding ), (

097 )m—zi(%)m on the right-hand side and rearranging one gets

—~
—
~—

6 6
7“1‘—7“22(9*;—90”4-2(7% —ri)g

i J

SE; CE;
where,

ZZ(BB’J’ — 0;)r; is the structural effect (SE;). Abstracting from growth dif-
ferences (i.e. r;; = r;), this indicates the contribution to growth of the
industrial structure of region j. If this effect is positive, this means that
the region is biased towards nationally growing sectors.

> oilra; — ri)% is the competitive effect (CE;). Abstracting from struc-
aJ

tural differences (i.e. %fj = 6;), this is the contribution to growth of the
J

regional growth rate of region j. If this effect is positive, this means that

the region exhibits on average stronger growth rates than at the national

level.

3.2 Accounting for absent and emerging sectors

To become operational, the above decomposition framework must be extended
to account for the fact that some regions are only active in a subset of sectors
and that this subset may change over time.” Figure 1 makes the crucial distinc-
tion between the initial set of active sectors in region j, I, and the enlarged set
of sectors in region j, I;, which includes the set of emerging sectors appearing
in the second period, EF;, but which excludes those sectors that are absent both
periods, A;.

TWe assume that, at the national level, all sectors are always active, which is what is
observed in our sample.
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Figure 1: Initial, enlarged and total sets of sectors
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I;: Enlarged set of sectors in region j

|

I: Total set of sectors at the national level

Note: To ease presentation, the final set of sectors in region j (enlarged set minus disappearing
sectors) is not considered in the calculations.

Equation (1) only applies to the initial set of sectors, I > which is common
to the regional and national level.® To apply it to the total set of sectors, I, we
first introduce some notational conventions regarding growth rates, to highlight
the geographic level of calculation (either region j or the nation) and the sector
set involved (I}, I;, I, Ej, Aj).

At the regional level, r;(I;) denotes the growth rate in region j on the en-
larged set, while e.g. 7;(I}) denotes the corresponding growth rate on the initial
set.? The same conventions apply to growth rates at the national level, e.g. total
growth rate is written r(I) or the national growth rate of absent sectors for re-
gion j, r(A;). Note that, by definition of absent sectors, we have r;(I) = r;(I;).
Moreover, as the denominators of 7;(1;), 7;(I;) are identical while the numera-

8Strictly speaking this is not true, as we should also define a final set which excludes the
disappearing sectors from the enlarged set. However, to simplify the decomposition formula,
and as we consider only two periods in the analysis, we assume that the disappearing sectors
are still there in the second period, but do not hire anybody nor produce anything.

9As usual, growth rates are obtained as the ratio between the final and the initial value
minus one.
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tor of 7;(I;) includes emerging sectors, we have always ;(I;) > r;(I7)."?

Using these notational conventions, we can now characterize the differences
in growth rates between the total set (/) and the initial set (/7) at both geo-
graphic levels:

At the level of region j. As r;(I)=r;(l;), suffice is to define the regional
impact, 0; as 6; = r;(I;) —r;(I7). Note that, as discussed above 7;(I;) >

7;(I7), so ¢; is necessarily positive.

At the national level . Both r(I) and r(I;) can be expressed as a weighted
average of their subcomponents i.e. 7(I)=04,7(A;) + (1 — 0a;)r(l;) =
(1) +0a,(r(A;) —r(I;)) and 7(1;)=0g,r(E;) + (1 = 0g; )r(L;) = r(I}) +
Op, (r(E;) —r(I})), with 64, (0g,) representing the initial share of absent
(emerging) sectors for region j in the national total. Combining these two
expressions leads to r(I) = 7(I})+0g, (r(E;)—r(I7))+0a, (r(A;)—r(I;))."!

Replacing r; (=r;(I})) by r;(I;)-0; and r (=r(I})) by r(I)-0g,(r(E;) —
7“([]*)) —04,(r(A;) —r(l;)) in Equation (1) and rearranging we obtain,

rj —r = ASE; + ESE; + SE; + CE} (2)

where r; = r;(I;), r = r(I), ASE; = 04, (r(I;) —r(Ay)), ESE; = 6; —
Or, (r(Ej)—r(I;-*)), SE; = Zief; (%7 - (1_9E€+QAJ)> ri,and CEf = Ziel; (rij—

6;
7"7;) 0

2 and Op;.
J

In the above expression, the interpretations of the structural (SE]*) and
competitive (CE}) effects are similar to Equation (1).'* The novelty comes
from the two additional effects:

10This last inequality does not necessarily apply at the national level i.e. (I ;) may be
larger, smaller or equal to T(I;f).

1INote that a similar expression is not workable at the level of region j given that initial
share of the set of emerging sectors in the regional total is zero and its growth rate infinite.

12Note that shares as 0; are now defined on a larger total (including absent and emerging
sectors i.e. X7 = XI; + XEj + XAj = XIj + GEjX + GAj X). Thus, when limiting the sum
to I sectors, 6; shares must be inflated by a 1/(1 — 0, — 0.4, ) factor so that their total still
leads to 1.
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The absent sectors effect (ASE;). The net impact of absent sectors on the
growth gap of region j is proportional to the initial share of absent sectors
at the national level (64, ), and is positive (negative) if the absent sectors
are lagging behind (running ahead) at the national level, i.e. if r(I;) >
r(4;) (if r(I;) <7(4;)).

The emerging sectors effect (ESE;). The net impact of emerging sectors
on the growth gap of region j is positive (negative) if their impact on
the regional growth rate, 5;, is larger (smaller) than their impact on the
national growth rate, Op, (r(E;) — r(I7)).

3.3 Productivity growth decomposition

We first perform decomposition (2) on value-added and employment data. As
the growth rate of a ratio is approximately equal to the growth rate of the nu-
merator minus the growth rate of the denominator, it is tempting to assume
that decomposition (2) simply applies by analogy to productivity growth, with
each decomposition effect being equal to the difference between the correspond-
ing effects for value-added and employment. However there is an error term and
we have to slightly adjust the definition of the decomposition effects.

Let us denote value-added by V', employment by L and productivity by P.
The value-added growth rates at the regional and national levels are given by:

P \%4 L

T =r) =i =€
P =V -l ¢
L
where €; = (r} — TJL)(lier) and e = (rV — rL)(lf;%) are the error terms. By
i

subtracting the two expressions we get,

rf—rP:(r;»/—rv)—(TjL—rL)—(ej—e)

In the above expression, we substitute r;/ — 7V and TjL — rl by their respective

decompositions and spread the combined error term homogeneously across the
decomposition effects to obtain,

rf —rP = ASEY + ESEY + SE*F + CE*F (3)
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where ASET = (ASEV — ASE™Y)—(1)(¢j—¢), ESEF = (ESEY —ESEL) —
(%)(ejfe), SE*F = (SE*V —SE*F)—(3)(¢j—¢), and CE*F = (CE*Y —CE*L)—
4

4 Data

We first describe the origin of the datasets used to decompose productivity
growth. Then we comment the overall trends of employment and value-added
growth across the 2011-2015 period.

4.1 Data sources

We match two data sources from the Federal Statistical Office over the period
2011-2015, the employment data from the STATENT census (Statistique Struc-
turelle des Entreprises) and the value-added data obtained from the WS survey
(Wertschopfungsstatistik). The WS survey is at the firm level, excludes the pri-
mary sector and the banking and financial services sector, and is limited to firms
with three or more employees. Small firms (below 50 employees) are sampled
according to sectoral and size categories, and remain in the sample for five years
only. Combined with non-response and the necessity to aggregate the data at
the level of pseudo-firms (i.e. a given combination of NOGA-4digit sector, mu-
nicipality and legal form) for confidentiality reasons, these characteristics make
it particularly challenging to ensure that the final sample is sufficiently repre-
sentative of the whole population.

We address these issues into detail in Chapter 1. Our basic strategy is to
construct two types of samples. On the one hand, a restricted sample is ob-
tained by trimming out all firms that are replaced, do not respond, or regroup
establishments spread across pseudo-firms (i.e. municipality-sector-legal form
combinations). This considerably reduces the size of the sample, to less than
3’000 observations per year (starting from around 22’000 initial observations
per year in the WS survey). The matching with the distribution of employment
in the whole (STATENT) population is imperfect, and the representativeness
of the restricted sample is therefore limited. On the other hand, we construct
a series of imputed samples using either proportionality conventions (naive im-
putations) or econometric techniques (multiple imputations). Both imputation
routes allow to avoid losing information from the original survey and achieve
a far better matching with the whole population. The naive imputation route
is not appropriate in the context of the present paper as the basic assumption
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to reconstruct missing data is that productivity remains constant over years or
over establishments of the same firm. Thus, we will focus here on the databases
obtained through multiple imputation techniques, which account for a bit less
than 18’000 observations per year and are more representative of the entire
population of Swiss firms than the resricted sample.® As there are 20 runs
of imputations performed to address two sources of missing data (first rollover
and non-response of small firms, second multiplant spreading), this leads to 400
different imputed datasets per year. We report here the average results across
these 400 datasets and a confidence interval based on their standard deviation.

In order to simplify the presentation of results, the main text will focus on
aggregate results obtained from the imputed sample on average over the 2011-
2015 period, for the seven large regions and thirteen NACE+ sectors. Unless
otherwise specified, all calculations involve weights so the identified patterns
apply to the population as a whole, not only the selected samples. Results at
the NOGA4 classification level, for cantons and for the restricted sample are
discussed subsequently. Yearly results are reported in the Appendix.

4.2 Broad trends in employment and value-added

Unless otherwise specified, when calculating growth rates, we consider the aver-
age over the 2011-2012 (2014-2015) sub-period as the initial (final) value. This
allows smoothing out short run fluctuations. Figures are then converted into
yearly equivalents.'4

Table 1 reports the initial shares and yearly growth rates of employment
(full-time equivalent) and value-added for large regions and broad industrial
categories.'?

13See the companion paper for descriptive statistics on the alternative datasets obtained.

41n the particular case of decomposition formulas (2) and (3), we start calculating for each
element the overall growth rate over the whole 2011/12-2014/15 period. This satisfies precisely
each equality. Then we consider the net growth rate on the left-hand side and annualize it.
Each element on the right-hand side is then adjusted in the same proportion as the left-hand
side net decrease.

15Large regions are those defined by the Federal Statistical Office. Large sectors are based
on the nine NACE+ categories where categories 2a (manufacturing industries) and 4 (services)
have been split into subcategories as they jointly represent around two-third of employment.
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Table 1: Large regions and large sectors in Switzerland

Code  Name 2011-2015 Share Average growth 2011-2015
Pseudo-firms  Employment  value-added Employment  value-added
ZH Ziirich 15.3% 22.5% 22.6% 0.96% 1.36%
ML Espace Mittelland 21.0% 18.8% 19.4% 1.04% -0.82%
LE Région lémanique 18.5% 22.4% 21.1% 1.53% 2.22%
NW  Nordwestschweiz 15.4% 17.7% 19.7% 1.09% 0.72%
os Ostschweiz 16.6% 13.0% 10.4% 0.91% 1.21%
7S Zentralschweiz 9.7% 6.7% 5.7% 1.90% 1.66%
T1 Ticino 2.4% 2.9% 2.4% 2.35% 5.01%
41 Whole and retail sales 21.8% 17.6% 23.7% 0.50% 0.77%
2a3 Metal and machines manufacturing industries 13.7% 16.9.2% 17.5% -0.89% 0.37%
8 Scientific and technical activities, administrative services 12.8% 14.2% 12.9% 2.42% 3.03%
3 Building sector 8.0% 11.9% 9.4% 1.95% 1.98%
9 Public administration, defense, teaching, health and social activities 7.5% 6.6% 3.5% 6.10% 3.51%
43 Accomodation and food services 3.5% 6.5% 3.3% 1.71% 0.33%
2al Food, textiles and wood manufacturing industries 8.4% 5.8% 5.6% -0.32% -2.37%
42 Transport and storage 4.7% 5.6% 5.1% 0.36% 0.70%
44 Communication and information services 5.3% 5.2% 6.7% 0.73% 1.99%
2a2 Chemicals and Pharmaceuticals manufacturing industries 4.4% 5.0% 8.8% 0.10% 1.38%
10 Other services 5.4% 2.7% 1.5% 3.58% 2.29%
7 Real estate 3.2% 1.6% 1.5% 2.19% 3.03%
2 Extraction and other industries 1.3% 0.4% 0.4% 2.59% 1.70%

To ease interpretation, growth rates are plotted in Figure 2 (for regions) and
Figure 3 (for sectors). Horizontal and vertical dotted lines in both figures repre-
sent national average growth rates, and the location of a dot above (below) the
45 degree line indicates an increase (decrease) in productivity over the sample
period for that particular region or sector.

A striking feature for regions is that they are very homogeneous in terms
of employment growth rates, as most dots are vertically aligned along the na-
tional growth rates of slightly more than 1%, with the notable exceptions of
Zentralschweiz and Ticino (around 2%). The variance is a lot stronger for
value-added, with extreme cases represented by Ticino (5%) and Mittelland
(less than -1%). Between these extremes, productivity increases in Zurich, Ré-
gion lémanique and Ostschweiz, and decreases in Nordwest and Zentralschweiz.
Section 5 below will help us to understand what hides between these contrasted
results.

The overall picture for large sectors is different, with the majority of sec-
tors pretty much aligned along the diagonal, which means a productivity that
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Figure 2: Average growth of employment and value-added by major regions 2011-

i
Value-Added '
Rate of Growth H e
H
4%
! .
i /. e
2% LE oz ’ Average employment

’,’/ zSs| ® 200000

'
' P '} @ 400000
ZH| .7
= @ 600000
v
i,

2% 4% Employ.
Rate of Growth

Note: Annual growth over the 2011-2015 period; employment measured in full time equiv-
alents; the size of dots is proportional to the average regional employment; see Table 1 for
names of (and basic statistics on) major regions.

remains quite stable on average. Sectors with decreasing productivity are basi-
cally Food, Textiles and Wood (with a decrease of around -2% in value-added
and almost stable employment), and Public administration (with an increase
of +6% in employment which is not matched by a corresponding increase in
value-added). Conversely, Scientific equipment, Communication and Informa-
tion, and Chemicals and Pharmaceuticals do exhibit an increase in productivity.

These average trends over the whole period may hide important year-to-year
differences. Figure 4 reports five maps of productivity growth for Switzerland.
The far-right panel, which covers the whole 2011-2015 period, confirms the pat-
terns identified in Figure 1, with a strong increase in productivity for Ticino
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Figure 3: Average growth of employment and value-added by large sectors 2011-2015.
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Note: Annual growth over the 2011-2015 period; employment measured in full time equiva-
lents; the size of dots is proportional to the average industrial employment; see Table 1 for
detailed names of (and basic statistics on) major sectors.

and a decrease for Mittelland. However, the other four panels show that results
may change quite importantly from one year to the other, as often discussed
in the literature (e.g. Selting and Loveridge (1994)). This is why we generally
complement the results by yearly indicators in the Appendix.
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Figure 4: Regional productivity growth in Switzerland 2011-2015.
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Note: Growth rate of the average value-added per full time equivalent in each major region;
annual equivalent for the 2011-2015 period.

5 Results

We discuss the results of the shift-share decomposition exercise combining two
types of figures.

Two-dimensional plot diagrams. These plots allow to identify at a single
glance the main sources of employment growth (or value-added, or pro-
ductivity) along the lines of expression (2). More precisely, we report on
the horizontal axis the sum of the first three terms (ASE, ESE and SE*)
and call this sum the (combined) structural effect, while we report the
CE* term on the vertical axis, representing the competitive effect. This
is done in Figures 5 (employment), 6 (value-added) and 7 (productiv-
ity), which also reports the negatively sloped 45-degree line as a reference
locus. Any point above (below) that diagonal indicates a positive (neg-
ative) growth differential with respect to the national average, and the
larger the orthogonal distance from the diagonal, the larger the absolute
growth differential.

Bar-diagrams. The second type of figures are bar-diagrams presenting pre-
cisely the detailed decomposition of expression (2) namely the growth
differential (r; — ), the absent sectors effect (ASE), the emerging sectors
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effect (ESE), the (pure) structural effect (SE*) and the competitive ef-
fect (CE*). These more precise diagrams also report the national growth
rate (r) and a confidence interval derived from the 400 imputed datasets.
Figure 8 reports the average results for employment, value-added and
productivity over the whole sample period 2011-2015, while year-to-year
results are reported in Figures A.1, A.2 and A.3 in the Appendix.

For each one of the three variables, the logic of the discussion is to start with
the quicker-to-read two-dimensional plot and then look at the bar-diagram fig-
ure for more in-depth explanations of the observed patterns. We first discuss the
results for major regions, then report and comment results at the cantonal level.

5.1 Results for major regions and NACE+ sectors

Starting with employment, Figure 5 suggests that effects are rather small (dots
are close to the origin) and that most regions have a small differential with re-
spect to the national average (distance to the dotted line). The only regions that
stay apart from that pattern are Ticino and Zentralschweiz, with a CE around
1%. This is confirmed by the upper panel of Figure 8, which also shows that the
(weak) negative SE effects for Northwestschweiz and Espace Mitteland are due
to a “pure” structural effect, as the ESE and ASE terms are zero at this level
of aggregation. In short, employment growth has been low and homogeneous
across regions. The exception comes from Ticino and Zentralschweiz where the
positive differential is mainly due to the dynamism of those specific regions.
A look at Figure A.1 in the Appendix suggests that the first (2011-2012) and
the last subperiod (2014-2015) are the main drivers of that specific pattern in
Zentralschweiz, while they consist of subperiods (2012-2013) and (2013-2014) in
Ticino.

Results are more contrasted for value-added. Figure 6 shows roughly three
different groups: first, low-growth differential regions, close to the origin (Zurich,
Nordwest and Ostschweiz), second a group of three major regions with a weak
structural effect but a large competitive one, either positive for Zentralschweiz
and Région lémanique or negative for Mittelland; and third an outlier repre-
sented by Ticino, with a strong competitive effect. This pattern is confirmed by
the middle panel of Figure 8, which shows that the larger growth achieved by
Région 1émanique with respect to Zurich is mostly due to its strong competitive
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Figure 5: Structural+competitive effects, employment, regions 2011-2015, NACE+.

Competitive Effect (%)

zs) T
&
\ -
2% "[’\W‘_ %
o \\\\

Note: The horizontal axis regroups the SE, ESE and ASE terms of equation (2) in the main
text, the vertical axis represents only the CE term.

effect, while Zurich relies on a (pure) structural effect. These average patterns
over the whole sample period hide important variations across years as illus-
trated by Figure A.2 in the Appendix. It shows for example that the relatively
small net change for Nordwestschweiz is the combination of a sharply positive
differential in 2012-2013 followed by opposite negative ones in 2013-2014 and
2014-2015. Overall, the competitive effect is the main driver of the net outcome.

As differential growth effects are smaller for employment than for value-
added, it is expected that the decomposition results for productivity will broadly
mimic the value-added ones. Figure 7 (or the lower panel of Figure 8) confirms
that this is the case, with a pattern which is very similar to Figure 6 (or the mid-
dle panel of Figure 8). There are three differences however. First, the national
productivity growth (r) is slightly negative. Second, the growth differential is
now similar for Zurich and Région 1émanique, due to differences in employment
growth (negative for the former, positive for the later). Third, Zentralschweiz
exhibits a negative differential, because employment growth has been larger
than value-added growth. Here again, Figure A.3 in the Appendix confirms
strong year-to-year variations.
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Figure 6: Structural+competitive effects, value-added, regions 2011-2015, NACE+.
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Figure 7: Structural4+competitive effects, productivity, regions 2011-2015, NACE+.
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Note: The horizontal axis regroups the SE, ESE and ASE terms of equation (2) in the main
text, the vertical axis represents only the CE term.
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Figure 8: Detailed decomposition for employment, value-added and productivity,
major regions 2011-2015, NACE+ sectors
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5.2 Results for major regions and NOGA4 sectors

The weak structural effects identified so far are probably due to the fact that
thirteen NACE+ sectors are too few to reveal important structural differences
between regions. What constitutes “machine manufacturing” firms in the Mit-
telland may be different to what they are in, say Ticino or Région lémanique.
Thus, “zooming in” i.e. going further down the industrial classification may
unveil differences across regions, which is why we report below results obtained
by replacing the NACE+ by the NOGA4 industrial classification (460 sectors,
see Figure B.4 in the Appendix).

At first sight, the impact of that change is negligible, at least regarding
employment. Most dots in Figure 9 (NOGA4) are at the same location as in
Figure 5 (NACE+). However, this is not true for value-added. In Figure 10,
apart from Ticino which remains an outlier, most dots are now more evenly
spread horizontally in comparison to Figure 6. Structural effects are now non-
negligible, either positive as in Zurich and Nordwestschweiz, or negative as in
Zentralschweiz, Mittelland and Région Lémanique. For the same reasons as
previously discussed, the pattern for productivity growth is very similar (see
Figure 11).

Overall, the productivity growth pattern that emerges looks different now.
While most of it was attributed to the competitive effect while working at the
NACE+ level (dots aligned along the vertical axis in Figure 11), both types of
effects seem to matter when using NOGA4 sectors (dots more evenly spread in
Figure 7). Of course the orthogonal distance to the downward-sloping diagonal,
i.e. the net total effect, remains identical between the two diagrams, but the
contributions of the two effects to that distance are now more varied. In short,
it seems that zooming in the industrial structure has allowed to explain part of
the competitive effects identified at the aggregate level.

Figure 12 presents the decomposition of the three elements constituting the
gross structural effect discussed above (see Equation (2)). As it turns out, apart
from Ticino where they play a relatively minor role, the impact of the emerging
sectors (ESE) and absent sectors (ASE) effects on productivity growth appears
negligible. Most of the variation can thus be attributed to the “pure” structural
effects affecting the incumbent sectors.!® However, this may be due to the fact

16 Apart from a few exceptions, this remains true when working on year-to-year variations,
see Figures B.1, B.2 and B.3 in the Appendix
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Figure 9: Structural+competitive effects, employment, regions 2011-2015, NOGA4.
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Note: The horizontal axis regroups the SE, ESE and ASE terms of equation (2) in the main
text, the vertical axis represents only the CE term.

that regions are so large that even when working at the NOGA4 level, all sectors
are present in all regions and all years. This may not be the case anymore when
working with smaller geographical areas like cantons, which is what the next
subsection analyses.
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Figure 10: Structural+competitive effects, value-added, regions 2011-2015, NOGA4.
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Figure 11: Structural+competitive effects, productivity, regions 2011-2015, NOGA4.
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Figure 12: Detailed decomposition for employment, value-added and productivity,
major regions 2011-2015, NOGA4 sectors.
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5.3 Results for cantons and NOGA4 sectors

Figure 13 provides the scatter plot for employment and value-added growth at
the level of cantons over the 2011-2015 period. The general picture is simi-
lar to what is obtained at the level of major regions (see Figure 2) i.e. most
dots seem vertically aligned along the sample mean. Apart from the specific
cases of Ticino and Zurich, the only major region which seems homogeneous is
Nordwestschweiz, with Aargau, Baselstadt and Baseland locating close to one
another. All other major regions present sharp contrasts between the highest
growing canton (Fribourg, Vaud, Appenzell Innerrhoden and Nidwald) and the
lowest growing canton in terms of value-added (Neuchétel, Geneva, Thurgau
and Luzern).

Figure 13: Average growth of employment and value-added by cantons 2011-2015.
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Note: Annual growth over the 2011-2015 period; employment measured in full time equiva-
lents; the size of dots is proportional to the average cantonal employment.

The SE-CE decomposition applied to employment, value-added and produc-
tivity leads to overall figures (see Figures 14, 15 and 16) which are similar in
shape to those obtained above that is, rather low SE effects for employment, but
larger ones for value-added and productivity. The order of magnitude is larger,
as could be expected given the observed heterogeneity within major regions. In
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particular, the highest productivity growth is found in Schwiz, Vaud and Glarus
(around +5%) and the lowest is experienced by Neuchétel (around -7%).

Figure 14: Structural4+competitive effects, employment, cantons 2011-2015,
NOGAA4.
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Note: The horizontal axis regroups the SE, ESE and ASE terms of equation (2) in the main
text, the vertical axis represents only the CE term.
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Figure 15: Structural4+competitive effects, value-added, cantons 2011-2015,
NOGAA4.
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Figure 16: Structural4+competitive effects, productivity, cantons 2011-2015,
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The structural effects that appear in the plot diagrams are underestimates of
the true structural forces at work, given that they collapse the three effects de-
scribed in equation (2) into a single term. Figure 17 provides the decomposition
into the three components. In several instances, there are strong compensations
between the three effects.

For example, for employment growth in Glarus (and to a lesser extent in
Appenzell Ausserrhoden), the “pure” structural on incumbent sectors (SE) is
strongly negative (around -2%) but it is almost perfectly matched by the posi-
tive impact of emerging and absent sectors (ESE and ASE effects). The opposite
occurs for employment growth in Schaffhausen, where the positive pure SE ef-
fect is almost matched by the negative ASE effect. In the case of Fribourg,
the contribution of incumbent sectors on productivity growth is negative, and
compensated by the positive impact of emerging sectors.

Overall, and as expected, the structural effects turn out to matter more
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when using cantons rather than major regions.!” Even if the competitive effect
remains the dominant force in certain cases (e.g. the strong productivity in-
crease for Ticino and Schwyz), it becomes less prevalent in other cases (e.g. in
Neuchétel, where structural forces regarding incumbent and emerging sectors
combine to generate a strong productivity decline).

17See also their importance in year-to-year variations in Figures C.1, C.2 and C.3 in the
Appendix)
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Figure 17: Detailed decomposition for employment, value-added and productivity,
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6 Alternative data sample

A final set of results is obtained using the alternative restricted sample de-
scribed in section 4. As above mentioned, this sample is less representative of
the whole population of Swiss firms, with around six times less observations and
a bias towards large single plant firms. It should come as no surprise if results
turn out to be different, which they do. As patterns are already different at the
most aggregated level (major regions and large sectors) we limit the discussion
to that case.

Figures 18 and 19 present growth rates for employment and value-added
either for regions or sectors, and should thus be compared to Figures 2 and
3. The overall pattern of dots rather aligned vertically for regions and along
the diagonal for sectors remains broadly unchanged, so for that sample also we
should expect that region-specific competitive effects dominate over structural
effects, as can be verified looking at Figure 20.

However, apart from theses general similarities, there are a number of dif-
ferences. First, the overall growth rate for value-added is almost twice as large,
while the growth rate for employment is similar, Therefore, based on the re-
stricted sample, on average there is an increase (slightly less than 1%) in pro-
ductivity in Switzerland, contrasting with the small decrease (around -0.2%)
discussed for the imputed sample.

Second, important differences appear between regions. Ticino loses its out-
lier status. The outlier is now Zurich, with a strong productivity increase due to
both an increase in value-added and a decrease in employment. In total contrast
with the imputed sample, Région 1émanique and Ticino now exhibit a productiv-
ity decrease while productivity slightly increases in Zentralschweiz. Year-to-year
differences are also important (see Figures D.1, D.2 and D.3 in the Appendix).

Third, there are also some differences for sectors. In general, the sign of the
productivity growth rate remains unchanged (apart from Accommodation and
food services and Real estate where productivity increases). However, there are
important differences in the magnitude of employment growth, which becomes
very large for the Building and Real estate sectors.
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Figure 18: Average growth of employment and value-added by major regions 2011-
2015 (restricted sample).
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Figure 19: Average growth of employment and value-added by major sectors 2011-
2015 (restricted sample).
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Figure 20: Detailed decomposition for employment, value-added and productivity,

major regions 2011-2015 (restricted sample).
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7 Conclusion

On the basis of a shift-share analysis of productivity growth applied to a novel
database across the 2011-2015 period, we identify a number of robust patterns.
First, productivity growth differences tend to be larger across geographical units
than across sectors. Second, structural effects tend to be weaker for employment
growth than for value-added or productivity growth. Third, when the aggre-
gation level is high (major regions or NACE+ sectors), competitive effects are
dominant, but incrementing the number of geographical units (cantons) and/or
the number of industrial categories (NOGA4 sectors) increases the importance
and the variance of structural effects (related to incumbent, emerging or absent
sectors). Fourth, year-to-year fluctuations are stronger and do not necessarily
replicate the observed pattern of productivity growth sources across the whole
period. Fifth, at the level of large regional and industrial categories, productiv-
ity growth has been particularly weak for the Mittelland and for the Real estate
sector.

These results broadly confirm previous findings in the literature although
they get in deeper details. For example, Marti et al. (2017) also find differ-
ent productivity growth patterns depending on the time period studied, and a
lower productivity growth for the Jura Arc which is in line with our observa-
tion for the Mittelland. The pattern of a larger heterogeneity of productivity
growth across geographical units than across industrial ones is also confirmed.
Estimated structural effects are weak, but the analysis is carried out at a more
aggregated level than in the present paper, which is consistent with our claim
that disaggregated data are needed to identify clearly structural effects.'®

These stylized facts show that the low productivity puzzle of Switzerland
hides a reality which is far more complex and varied than what aggregate perfor-
mance suggests. Even if they jointly combine to generate low aggregate figures
along the above-mentioned trends, productivity performances vary a lot across
sectors, regions and years. This has been extensively presented and discussed
in the paper.

When considering an alternative sample which is biased towards larger sin-

8Marti et al. (2017) perform a productivity analysis on two time periods (2008-2012 and
2012-2014) for 106 MS-Regions and 19 industries using ESS data. This leads to a maximum
of roughly 2000 observations per year, compared to close to 12000 for the present study (25
regions x 460 industries).
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gle plant firms, the five above-mentioned stylized facts remain robust. However,
detailed productivity growth rankings are altered. This calls for prudence in
interpretation and constitutes a clear invitation to pursue the analysis further.
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Appendix A: Detailed results for major regions
2011-2015, NACE+ sectors

Figure A.1: Detailed employment decomposition for major regions 2011-2015,
NACE+ sectors.
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Figure A.2: Detailed value-added decomposition for major

NACE+ sectors
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Figure A.3: Detailed productivity decomposition for major

NACE+ sectors
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Appendix B: Detailed results for major regions
2011-2015, NOGAA4 sectors

Figure B.1: Detailed employment decomposition for major regions 2011-2015,
NOGA4 sectors.
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Figure B.2: Detailed value-added decomposition for major regions 2011-2015,
NOGAA1 sectors.
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Figure B.3: Detailed productivity decomposition for major regions 2011-2015,
NOGAA4 sectors.
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Figure B.4: Average growth of employment and value-added by NOGA4 sector 2011-

2015.
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Appendix C: Detailed results for cantons 2011-
2015, NOGAA4 sectors

Figure C.1: Detailed employment decomposition for cantons 2011-2015, NOGA4 sec-
tors.
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Figure C.2: Detailed value-added decomposition for cantons 2011-2015, NOGA4 sec-
tors.
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Figure C.3: Detailed productivity decomposition for cantons 2011-2015, NOGA4
sectors.
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Appendix D: Detailed results for major regions
2011-2015, NACE+ sectors (restricted sample)

Figure D.1: Detailed employment decomposition for major regions 2011-2015 (re-
stricted sample).
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Figure D.2: Detailed value-added decomposition for major regions 2011-2015 (re-
stricted sample).
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Figure D.3: Detailed productivity decomposition for major regions 2011-2015 (re-

stricted sample).
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Chapter 3

Measuring agglomeration
economies in Switzerland

1 Introduction

Among the many approaches to estimate agglomeration economies, only a hand-
ful provide a rigorous framework to identify the actual sources of agglomeration
effects. Moreover, most of the evidence is based either on the US or on EU
countries (see e.g. Jofre-Monseny et al. (2014) or Holl (2004)). As a result, it is
not surprising that the existing literature for Switzerland is relatively scarce. It
focuses on fiscal concerns, exploiting the fiscal heterogeneity across Swiss can-
tons, that can be used as a natural experiment (see e.g. Briilhart et al. (2012)
or Bacher and Brithlart (2013)).

This paper argues that the type, magnitude and sources of agglomeration
economies in Switzerland deserve a re-examination for two major reasons. First,
recent methodological developments allow for a more robust and detailed char-
acterization of agglomeration economies and their determinants at the industry
level. Second, refined estimates can be used to improve policy guidance in a
variety of domains where firms localization matters, i.e. not only growth, where
agglomeration effects have been suggested to be prevalent (Stohr (2014)), but
also in other fields, such as industrial and labor market policies. To do so, I
follow the two-step method developed by Jofre-Monseny et al. (2014), and apply
it to the Swiss context. The first step decomposes agglomeration economies into

89
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localization effects and urbanization effects, the former being the productivity
gains arising from spatial concentration of a specific industry, the latter being
the productivity gains arising from spatial concentration of economic activity
as a whole (Rosenthal and Strange (2004)). The second step identifies poten-
tial determinants of agglomeration effects, based on the Marshallian theory of
agglomeration sources, i.e. labor market pooling, input sharing and knowledge
spillovers (Marshall (1920)).

Using recent data is crucial to capture contemporaneous forces. To serve this
purpose, I rely on the number on newborn firms and employment per industry
and per municipality from the Swiss Federal Statistical Office (FSO) over the
2012-2013 period. Combined with these latest Swiss data, the Jofre-Monseny
et al. (2014) method offers the additional advantage to easily deal with the
endogeneity issue which affects this type of studies, without having to rely on
external — and always debatable — instruments.

The next section provides a brief overview of the literature on localization of
firms and agglomeration economies. Section 3 presents the empirical framework,
with the methodology and data employed. Results for the first and second
step of the estimation are presented in section 4, some robustness verifications
are performed in section 5, while conclusion and recommendations follow in
section 6.

2 Literature Overview

Since the seminal work of Marshall (1920), the empirical literature has firmly es-
tablished that industries benefit from spatial concentration through productivity
gains. But what hides beyond agglomeration economies? A useful preliminary
step towards answering, as described by Rosenthal and Strange (2004), is to tell
the difference between localization economies on the one hand, resulting from
the spatial concentration of a specific industry, and urbanization economies on
the other hand, resulting from the spatial concentration of economic activity as
a whole. This fundamental distinction is now widely accepted in the literature.

At a deeper level of analysis, the new economic geography literature has
been developed to formalize why economic agents tend to agglomerate leading
to an unevenly distributed economic activity (see e.g. Fujita et al. (1999), Fujita
and Thisse (2002) or Baldwin et al. (2005)). More recently this literature has
evolved towards quantitative modelling in a similar way as the trade literature



Chapter Three: Measuring Agglomeration Economies in Switzerland 91

itself became more quantitatively based in the past (see e.g. Eaton and Kortum
(2002)). The most recent models aim, in particular, to a better fit with the ob-
served data (see e.g. Allen and Arkolakis (2014) or Caliendo et al. (2017)). In
explaining localization choices, this literature highlights the distinction between
“first nature” factors (physical endowments) and “second nature” factors (ag-
glomeration forces through externalities). To have a more comprehensive view
about these “second nature” factors, a large empirical literature has emerged.

Many empirical papers have analysed the importance of both types of ag-
glomeration economies. Hashiguchi and Tanaka (2015) use a Bayesian approach
to estimate agglomeration effects based on Chinese industry data. They find
that, while localization economies do matter, urbanization economies do not
seem to play any important role. Furthermore, they find evidence of gains
for firms producing similar products through knowledge spillovers and input
sharing. Graham (2009) uses data on British firms and a general translog
production-inverse input demand system to estimate and disentangle urbaniza-
tion and localization elasticities for manufacture and service industries. He finds
positive localization economies in a 10 km radius from the firm with a magni-
tude depending on the industry. He also finds positive urbanization economies.
Interestingly, retailing services, real estate, post and telecommunications and
public services do not exhibit positive localization economies (i.e. they do not
benefit from industry-specific concentration effects) since their localization is
based on their consumers location. Therefore these service industries do not
tend to concentrate.

The empirical literature on agglomeration forces faces endogeneity problems,
leading to different methodologies to overcome the issue but making inter-studies
comparison difficult (Combes and Gobillon (2015) or de Groot et al. (2016)).
As described by Combes and Gobillon (2015), the problem may arise when a
productivity increase in a given area attracts more workers (affecting the lo-
cal characteristics), which in turn attracts new firms, rising productivity again.
Jofre-Monseny et al. (2014) propose a very intuitive way of dealing with the
endogeneity issue. By focusing on Spanish newly created firms, they tackle the
simultaneity problem of firms establishments. They use a random profit d la
Carlton for modelling the firm creation process and then estimate urbanization
and localization effects by industry using a Poisson regression framework. An
additional contribution of their paper is the disentanglement of the agglomera-
tion effects into their possible sources, i.e. labor market pooling, input sharing
and knowledge spillovers. Their results show that there exists a negative cor-
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relation between localization and urbanization effects, but both matter in the
location decisions of the firms. Furthermore, knowledge intensity of the indus-
try has a negative impact on localization economies but a positive impact on
urbanization effects. This result is in line with the concept of “nursery cities”
of Duranton and Puga (2001). They show that diversified and specialized cities
can coexist since innovation takes place in large urban centers, while mature
firms tend to relocate to specialized economic area where they can benefit from
industry-specific effects. It is worth mentioning that most empirical studies tend
to focus on manufacturing industries, although Graham (2009) campaigns for
for the inclusion of services, as well as Chang et al. (2015) who, in addition,
incorporate network effects.

In Switzerland, as mentioned in section 1, the existing literature on firms lo-
calization is closely linked to fiscal policies. For example, Brilhart et al. (2012)
find that agglomeration economies reduce the impact of tax competition. Bacher
and Brithlart (2013) find that tax progressivity is positively associated with firms
births while tax level and complexity are negatively related. Other dimensions
have also been explored. Axhausen et al. (2015) analyse the impact of public
transport on agglomeration economies. Stohr (2014) studies agglomeration ef-
fects and the relationship between spatial concentration and economic growth in
Switzerland for the period 1860-2008. This paper highlights the important role
of urban policies in Switzerland. It argues that the observed densification of ur-
ban areas in the period 1860-1910 fed economic growth up to 1930. Thereafter,
policies promoting less urbanization hampered economic growth, in particular
during the period 1970-2000. This line of reasoning suggests that more research
on agglomeration economies is needed in Switzerland, a country where growth
relies substantially on the performance of small and medium enterprises and
on innovative startups, whose survival rate depends on industrial localization
(Renski (2011)).

In short, it is fair to say that, apart from the tax competition literature,
the issue of estimating agglomeration economies in Switzerland has been quite
neglected so far, in spite of both recent methodological developments and of
interesting potential policy implications. The empirical exercise proposed by
the present paper aims at filling this gap in the literature.
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3 Empirical framework

I follow the empirical framework of Jofre-Monseny et al. (2014). As stated
above their two-step procedure allows to quantify urbanization and localization
economies and proposes a decomposition in their possible sources. The method
makes use of data on new firms per industry and municipalities explained by
non-contemporaneous employment data to avoid the simultaneity issue (new
firms — employment) encountered in this type of studies. In this section, the
methodology, the empirical specification and the data used are described in
more details.

3.1 Methodology
First step

Following Jofre-Monseny et al. (2014), I assume that the firms creation process
follows a random profit approach ¢ la Carlton'. Abstracting form the time
dimension at this stage, the profit of firm j, located in city ¢ and belonging to
industry %, noted mj;., is postulated as follow:

Tjic = Bloe €MPic + Blwy €MP—ic + The 7' + €jic (1)

where emp;. and emp_;. are the log of employment levels in city ¢ in, re-
spectively, industry ¢ and in all industries except industry ¢, along with semi-
elasticity f3f,, capturing localization economies and semi-elasticity 3% , captur-
ing urbanization economies; x/, is a set of controls and " the associated elastic-
ity, while €j;. is an unobserved firm specific error assumed to follow an extreme
value type II distribution.

Carlton (1983) shows that the probability of firm j to locate in city ¢, P(j €
¢) , given (1) and the distribution of €j;., has a conditional logit form 2:

exp(ﬁgoc €MPic + Bfn‘b EMp—ic + x;c ’yl) (2)

P(jec) = - ; i
> exP(Bfye empic + Bl emp—ic + 2, 1)

where the coefficients of interest can be equivalently estimated through the
following Poisson regression (Guimardes et al. (2003) 3) with exponential mean

ISee Carlton (1983).

2See McFadden (1974) for a discussion of the conditional logit model.

3For a discussion on this equivalence and its related literature, see Briihlart and Schmid-
heiny (2011, 2015).
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function given by:
E(Nic) = eXp(Blioc empjc + Biin‘b emp—_;c + x;a ’yl) (3)

where N;. denotes the number of new firms per industry ¢ and city c¢. To avoid
endogeneity, “chronological” simultaneity is broken between the number of new
firms created (dependent variable) and employment levels (explanatory variables
along with controls). This simultaneity problem arises because employment at-
tracts new firms and new firms create employment.

For the estimation of (3), the Poisson quasi-maximum likelihood estimator
(QMLE) is used (see Wooldridge, 2002, chap. 19). Applied to this problematic,
the Poisson QMLE is the set of Blioc, BAfwb and 4, belonging to the parameter
space, solving :

max. Zlc(ﬁliow ’lZ:LT'b”yi) Viel

BloeBurp?*

%

where I is the set of industries and 1.8}, 3,,,7") is the log-likelihood of city
¢ (in each industry 4, there are as many observations as cities ¢), defined as:

lc(ﬁliow 1in‘b7 ’yl) :Nic (Blioc E€MPic + Biiwb EMP—ic + {E;C 71)
- eXp(ﬁlioc empic + ﬁ’tin“b emp—ic + x;c ’yz)

For each industry i € I, I find the parameters (Bfoc, A,fwb, 4%) that maximize* the
sum of the log-likelihood across observations (i.e. cities). As argued by Jofre-
Monseny et al. (2014), if the control vector = does not include wages and rents,
despite what (1) would imply (Greenstone et al. (2010)), then the elasticities
found are net agglomeration effects. This means that an estimated positive
elasticity for an industry should be interpreted as an increase in productivity
net of cost.

Second step

The second step of this procedure is the decomposition of the estimated local-
ization effects and urbanization effects, enclosed, respectively, in the vectors 5o
and [,p, into their possible sources. To reach this goal, localization elasticities

41 perform this maximization using the function mle2() from R-package bbmle. Alternative
maximizations have been performed without improvement, in particular, to check for local
maxima, via simulated annealing using the results of mle2() as priors.
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are pooled together and regressed using ordinary least squares on indicators re-
lated to the Marshallian theory of agglomeration (see equation (4)). The same
is done with the estimated urbanization elasticities (see equation (4’)).

A 0 1 2 3 . 4
ﬁlOC = Qoe T Qge lmp + Qe - ks + Qppe = 18 + Qg ctr + €ioc (4)

A 0 1 2 3 . 4
61“’17 = Qg T Oy - lmp + o ks + Qyrp " 18 + Q- ctr + €urp (47)

The industry-specific indicators are labor market pooling (Imp), knowledge
spillovers (ks) and input sharing (is). Equations (4) and (4’) allow also for
using a set of controls (ctr). Detailed specifications are described in the next
subsection.

3.2 Data availability and empirical specification

In this subsection the empirical specification of each of the two steps of the
methodology exposed above is presented in details, as well as the data and their
limitations. For a synthetic view of these elements, please refer to Table 1.

First step

For the estimation of equation 3, data on new firms (dependent variable) and
employment (independent variable) are needed. For the former, the database
Démographie des entreprises (UDEMO) of the Federal Statistical Office (FSO)
is used. This database registers all new firms (6-digits NOGAS®, employment
data, legal structure, etc.) from 2001 up to 2013. For the latter, I use employ-
ment (in full-time equivalent) per city and per industry (3-digits level) from the
Statistique structurelle des entreprises (STATENT). As its collection method is
new, the 3-digits aggregation level is only available for the years 2011 to 2013,
while some data exist for years 2005 and 2008 at a level of aggregation between
1- and 2-digits. As argued in subsection 3.1, simultaneity between firms’ birth
and employment has to be broken. This implies in the present study to restrict
the sample of new firms to the years 2012 and 2013 and the sample of employ-
ment to 2011, the last year of 3-digits level data availability. For this reason, the
dependent variable N;. is obtained by aggregating new firms created between
2012 and 2013 by municipality and NOGA 3-digits and explanatory variables
are gathered by taking the log® of employment levels of 2011.

5In Switzerland, industries are classified according to the NOGA 2008 classification.
61 add one to all employment levels to avoid log(0) issue.
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The set of controls (vector x in (3)) includes the (log) of city area (in ha),
as a large city has larger chance to be chosen by a new firm. A regional dummy
is also added, as it is needed to control for regional fixed effects.” Due to data
limitation, I am not able to control for wages or rents meaning that positive
agglomeration elasticities should be interpreted as increases in productivity net
of costs (Jofre-Monseny et al. (2014)).

At each step of the construction of the data, I make sure to correct for
merging or dividing municipalities. Since the study is conducted at the indus-
try level, I exclude the industries with less than 5 new firms created over the
selected two years period. Therefore the final sample contains 142 3-digits in-
dustries (over 249) and 24’186 new firms (over 24’331). Table A.1 presents a
short summary of firms creation per industry and Table A.2 presents new firms
by municipality. These two tables point out that the largest industries and mu-
nicipalities, in terms of employment, experience largest increase in new firms.
The analysis of the firms-to-employment ratio reveals the most dynamic sectors
and municipalities of the sample. This ratio, calculated either at industry the
level (Table A.1) or municipality level (Table A.2), equals one if the share of
new firms is equal to the employment share.

Second step

The second step of the procedure regresses localization and urbanization elastici-
ties (identified in the first step) on the three Marshallian indicators as described
in equations (4) and (4’). Following Jofre-Monseny et al. (2014), I construct
proxies as follows:

1. Labor market pooling (Imb) is proxied by a skill specificity index for each
industry. This index is given by:

1 Loi Lofi
kill; = = E —
SK1 B . ’

L; L,

where L; is the total labor in industry i, L_; is the total labor outside
industry ¢, L,; is the labor in occupation o, in industry ¢ and L,_; is the
labor in occupation o outside industry ¢. This reflects for each industry if

T add a dummy by “Swiss greater region” (i.e. Lemanic Region (Geneva, Vaud and
Valais), Mittelland Region (Bern, Fribourd, Jura, Neuchatel and Solothurn), Zurich, Easter
Switzerland (Appenzell (AR, AI), Graubiinden, St.-Gallen, Schaffhausen and Thurgau), Cen-
tral Switzerland (Luzern, Nidwald, Obwald, Schwyz, Uri and Zug), Ticino).
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it is specialised as this index measures how it diverges from the average
baskets of occupations needed to operate production in the economy. This
skill specifity index is constructed using data from the Relevé structurel
(prepared by the FSO). For each industry (1- and 2-digits), it contains
the (extrapolated) number of workers in Switzerland active in each of the
ten occupations defined according to the Nomenclature suisse des profes-
sions.®

2. Input sharing (is) is proxied by manufactured inputs per value of sales.

Additionally, I use an inputs specificity index per industry i:

1
input; = 5 Z
k

where the first term is the share of inputs used by industry ¢ from indus-
try k£ and the second term is the reciprocal for the total economy. The
interpretation is similar to the skill specificity index described above. It
informs how the industry diverges from the average mix of inputs in its
production. Data on manufactured inputs and data used to construct this
index are taken from the input-output matrix prepared by the FSO. The
level of aggregation is therefore between 1- and 2-digits levels. Data on
industries sales come from the Swiss Finance Department, through value-
added taxes (available at a 3-digits level).

Ioio Iy

I, I,

3. Knowledge spillovers (ks) are captured by the share of workers having
a tertiary level education (University, University of applied sciences or
technical colleges) in each industry. This gives a measure of knowledge in-
tensity of each specific industry which will be used as proxy for knowledge
spillovers. The share of workers with tertiary level education by industry
(2-digits) comes from the Relevé structurel.

Finally, I also add as control (ctr) first nature agglomeration represented
by energy and primary sector inputs per value of sales. Data on energy and
primary sector inputs are also derived from the input-output matrix. Including
this control helps capturing the fact that firms relying on these intermediate
inputs tend to locate closer to their sources for avoiding extra transport cost.

8In Switzerland, occupations are classified in the following categories : agricultural,
forestry economy and breeding occupations; manufacturing occupations except construction
works; construction and mining occupations, hotel, restaurant and personal service occupa-
tions; management, administration, banking, insurance and law-related occupations; health
and teaching occupations; unknown or non-identifiable occupations.



98 Chapter Three: Measuring Agglomeration Economies in Switzerland

Table 1: Summary of data availability and empirical specification.

Variable Availability * Use in step: T Data source
Period Disaggregation level (2) at FSO &

New firms 2001-2013 6-digits, Municipality = Dep. var. / Démog. des Entreprises
(696) (2396)

Employment 2005, 2008 ~2-digits, Municipality / Stat. des Entreprises et
(48) (2396) Registre des Entreprises

2011-2013 3-digits, Municipality =~ Expl. var. / Stat. des Entreprises

(261) (2396)

Occupations 2010-2014 2-digits, Occupations Labor market Relevé Structurel

(88) (9) pooling proxy
Value of inputs 2011 ~2-digits Input sharing Matrice input-
(48) proxy output
Education 2010-2014 2-digits, Education Knowledge Relevé Structurel
(83) (3) spillover proxy
Value of sales 2008-2013 6-digits Input sharing Stat. taxes sur VA
(688) proxy and control
City area (ha) 2004,/2009 Municipality Control / Stat. de la Superficie
(2396)
Energy and 2011 ~2-digits Control Matrice input-
primary sector inputs (48) output

Notes:

* corresponds to the highest level of disaggregation available. Number of categories in parentheses

(differences for the same disaggregation level due to data availability). digits corresponds to the

industrial NOGA classification; ~2-digits corresponds to an aggregation level between 1- and 2-digits;

Occupations corresponds to the (extrapolated) number of workers by occupational category;

Education gives the (extrapolated) number of workers holding secondary I, secondary IT

and terciary education level degree.

T Step (1) corresponds to the estimation of equation (3) and Step (2) corresponds to the estimation of

equations (4) and (4’). Use stands for either direct or indirect use (i.e. used directly as a variable or

used in the construction of a variable.)
4 Swiss Federal Statistical Office
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4 Results

The next two subsections correspond to each of the two steps of the estimation
procedure. The first one being the decomposition of agglomeration economies
into localization effects (triggered by industry-specific employment concentra-
tion) and urbanization effects (due to overall employment concentration). The
second step corresponds to exploring potential sources, based on the Marshal-
lian theories of agglomeration, for the effects identified in the first step. Doing
so helps us bringing a quantitative and comprehensive explanation of agglom-
eration economies.

4.1 Step 1: Decomposing agglomeration economies

The estimation is performed for the 194 industries contained in the sample.
Descriptive statistics for localization and urbanization elasticities are depicted
in Table 2. T find significant® localization elasticities for 69 industries and sig-
nificant urbanization elasticities for 134 industries. Contrary to Jofre-Monseny
et al. (2014), I find larger urbanization estimates, on average, than localiza-
tion estimates. This points towards the important role of cities in Switzerland,
in particular because of the smallness of its territory. This could be also the
reflection of the flexible Swiss labor market where workers might change occu-
pation and industries easier than in other parts of the world. Finally, this might
originate form the inclusion of the service industries in the sample, because an
increase in city size is particularly beneficial to them as it represents an rise in
their market size.

Table 3 presents the industries with the highest and smallest localization
elasticities. For instance, Dentists and doctors activities benefit a lot of local-
ization economies, this is a priori no surprises since they need, in particular, a
very skilled labor force. Toys and games manufacturing features a high localiza-
tion elasticity, a possible explanation is that this industry need specific inputs in
the production making industry spatial concentration rational. I notice that Re-
tail on stall and markets benefits from significant localization and urbanization
elasticities. This is expected as this industry should locate where its customers
are, i.e. cities, and benefit from being surrounded by similar neighbours. It is
indeed the exact structure of a market. On the side of low significant localization
effects, I find construction activities. They benefit little from industry specific
concentration but much more from dense urban environment (see the values of

9At a minimum of 5% significance level.
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Table 2: Descriptive statistics of localization and urbanization elasticities.

Descriptive statistics of localization and urbanization elasticities

Localization Urbanization
elasticity elasticity
Median 0.3177 0.6806
Mean 0.3766 0.7244
Standard deviation 0.1922 0.2854
Minimum 0.1006 0.2020
Maximum 1.1360 2.6270
Significant at 5% 69 industries 134 industries
Notes: T Based on the estimated elasticities with a minimum

significance acceptance level of 5%.

urbanization elasticities), one can expect these industries would largely bene-
fit from an increase in city size since they would take part in its construction.
Finally, Wholesale trade in food supplies, beverages and tobacco exhibits also a
small significant localization effect while its urbanization counterpart is pretty
large. A potential explanation is that this industry would find its customers lo-
cated in cities so that an increase in city size would most likely generate business.

From Table 4, we notice that Hospital activities is the industry featuring the
highest urbanization economies. This is a priori a confirmation that hospitals
tend to locate in dense urban area. This is no surprise that retail activities (see
2-digits industries 47 in Table 6 or e.g. Retail of fuel in specialized stores in
Table 4) will benefit the most from an increase in city size, since this represents
indirectly a rise in potential clients. A little more surprising is the particular
high urbanization elasticity of Call centers activities. This might be the reflec-
tion of the low skilled workers needs of this industry that one can easily find in
urban area. In the lower part of Table 4, the industries with the lowest signifi-
cant urbanization effects such as Management consulting or Fund management
are depicted. These are specialized industries, which, while still gaining from
an increase in city size, benefit most from localization effects. This might the
sign of the very skilled labor force that they need. Tourist hosting and other
short term hosting activities feature the third smallest significant urbanization
elasticity. A potential explanation is that this industry tend to agglomerate
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around tourist sites.

Looking at Tables 3 and 4, an eye-catching element appears. In industries
with high urbanization economies, localization economies tend to be small. The
contrary seems to hold as well. In fact, I find a correlation of —0.4663 between
the two, when considering the industries for which both agglomeration effects
are significant (see Appendix B for more details). This result confirms the find-
ing of Jofre-Monseny et al. (2014). A potential explanation is proposed by these
authors; based on the insights by Duranton and Puga (2001), they argue that
specialized cities tend to be small, implying that, in their location decision, firms
have to choose to benefit from either localization economies (coming form city
specialization) or urbanization economies (coming from city size). My results
are in line with the conceptual framework presented by Duranton and Puga
(2001).

More generally my results are in line with Jofre-Monseny et al. (2014); I find
evidence of positive agglomeration effects coming from the two forms of agglom-
eration economies identified by Rosenthal and Strange (2004). In contrast to
Spain, analyzed by Jofre-Monseny et al. (2014), Switzerland benefits more from
urbanization economies than localization economies. From this perspective, the
second step of the estimation will be helpful for analyzing the underlying de-
terminants of this finding. Furthermore, I identify a lot of heterogeneity across
industries (see Appendix C).
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Table 3: Localization elasticities.

Industries with the highest localization elasticities '

NOGA 3-digits Localization = Urbanization

(id and name) elasticity elasticity

324 Toys and games manufacturing 1.1356* 0.3480

862 Dentists and doctors activities 0.8070%** 0.2164

478 Retail on stalls and markets 0.8056*** 0.6174%**

Industries with the smallest localization elasticities T

NOGA 3-digits Localization ~ Urbanization

(id and name) elasticity elasticity

412 Residential and non-residential 0.1006* 0.7233%**
buildings construction

463 Wholesale trade in food supplies, 0.1266* 0.7883***
beverages and tobacco

439  Other activities of specialized 0.1403* 0.5975**